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Abstract

The present thesis is dedicated to the design wmtesis of novel biologically relevant
carbo- and heterocycles and describes the synthmtential of different 3-substituted
chromones, namely 3-acyl- and 3-halochromonesstitited by the domino reactions with
different binucleophiles. The reactions of 3-acychones with dimethyl 1,3-
acetonedicarboxylate and 1,3-diphenylacetone a&ffbrch variety of functionalized 2-
hydroxybenzophenones Hebenzof]chromenes and benzpfoumarins, while reactionwith
heterocyclic ketene aminals proceeded to the foomaof various fused pyridine-related
heterocycles. An efficient and convenient method flee synthesis of functionalized 2-
salicyloylfurans and 2-benzoykBthieno[2,3b]indoles was developed by the cyclization
reactions of 3-halochromonesgth f-ketoamides and 1,3-dihydroindole-2-thiones, respely.
Electronic and steric effects play an importanenol these reactions with regard to the product
distribution. Synthesized compounds are of pharhogomal relevance due to their structural
similarity to bioactive natural products and synihdrugs. Various fluorine-containing products
were synthesized using 3-perfluoroacylchromonesmesaosynthesized compounds show

promising photophysical properties.

Kurzbeschreibung

Die vorliegende Arbeit ist dem Design und der Sgsth von neuartigen biologisch
relevanten Carbo- und Heterocyclen gewidmet undhregbt das synthetische Potential von 3-
Substituierten Chromonen, namlich 3-Acyl- und 3-dg¢g@nchromonen, durch Dominoreaktionen
mit verschiedenen Dinukleophilien. Die Reaktionem \8-Acylchromonen mit Dimethyl 1,3-
Acetondicarboxylat und 1,3-Diphenylaceton lieferfenktionalisierte 2-Hydroxybenzophenone,
6H-Benzof]chromene und Benzdcoumarine, wahrend die Reaktionen mit heterocgoks
Ketenaminalen verschiedene kondensierte PyridinivBXer lieferten. Eine effiziente und
gunstige Methode fiir die Synthese von funktionaftsen 2-Salicyloylfuranen und 2-Benzoyl-
8H-thieno[2,3b]indolenwurde durch die Zyklisierungsreaktionen von 3-Halaghromonen mit
S-Ketoamiden und 1,3-Dihydroindol-2-thionen entwikk&lektronische und sterische Effekte
spielen eine entscheidende Rolle in diesen Reaktiorsynthetisierte Verbindungen sind
pharmakologisch relevant wegen ihrer Strukturdhikidt zu biologisch aktiven natirlichen und
synthetischen Produkten. Verschiedene fluoriertelkte wurden durch den Gebrauch von 3-
Fluoroacylchromonen hergestellt. Einige synthetisiesSubstanzen zeigen vielversprechende

Absorption- und Fluoreszenzeigenschaften.
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Chapter 1. Preface

Chapter 1

Preface

1.1 Task and Motivation

Organic chemistry plays a great role in modernetgciThis fact can be well illustrated
by the synthesis of drugs, new materials for tetdgyg polymers and petrochemical industry.

In 1763, Edward Stone isolated the active ingradaéraspirin® In 1853, acetylsalicylic
acid was first prepared by Charles GerharBy the late 1920s, only a few compounds were
used as medical®.g. aspirin, codeine, morphine, nitroglycerin and limsuln the 1930s,
antibiotics including penicillin were discoverégd. Since then, the development of new drugs
increased with a huge speed.

One of the main focuses of modern organic chemisrythe discovery of new
biologically active compounds and drugs. An impertenethod for the development of new
pharmacologically valuable scaffolds is based andiversity oriented synthesis of compound
libraries, which are inspired by natural producfsThis method is coupled with high-throughput
biological screening. Therefore, development ofpdenefficient and convenient methods for the
synthesis of target compound collections is an g task for organic chemists nowadays.

Among the various synthetic approaches, thoseutiilete cascade (domino) reactions of
readily accessible starting materials are highlyaative owing to their simplicity and atom
economy. Cascade reactions can be a powerful tool to oectstdiverse combinatorial
compound libraries. In this context, 3-substitutddtomones can be very good synthetic
platforms due to the presence of several reacéwéres. The multiplicity of electrophilic centres
of 3-substituted chromones allows cascades of el&ahsteps, which can lead to the selective
formation of elaborated molecular architectutés.

On the other hand, many organofluorine compoundse htbound their use as
pharmaceuticals and agrochemicgl$zluorine-containing compounds often show intenggti
biological activities, because of the unique prtipsrof the fluorine atom, which is the most
electronegative element. Thus, the carbon-fluobord is one of the strongest single bond in

organic chemistry. As a result, organofluorine compds are metabolically stable. Moreover,
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Chapter 1. Preface

fluorine acts as a bioisostere of the hydrogen atamto its small size. In view of these facts, 3-
perfluoroacylchromones were suggested as fluomhatglding blocks for the synthesis of a

variety of perfluoroalkyl-substituted heterocycles.

1.2 3-Substituted chromones as bielectrophiles fordomino cyclization

reactions

Chromones (A-chromen-4-ones) are an important class of oxygetaining
heterocyclic compounds, which represent a parhefftavonoid family (Figure 1.7 Many
natural and synthetic chromone derivatives showicee wange of valuable biological activities,
for example, anti-bacterial, anti-fungal, anti-canc anti-oxidant, anti-HIV, anti-ulcers,
immunostimulators, biocidal, wound healing, anflammatory and immune-stimulatoty°
Chromones have occupied an important place in desgarch and nowadays are so-called
privileged drug scaffold.1” Very recently, Keriet al'* and Gaspaet al'® have published
excellent reviews related to biological propertigschromones. Some examples of chromone-

based compounds, which have found their use asnattautical agents, are shown in Figure 1.2.

(0] (0]
: (@) I (0)
Chromone Flavone Isoflavone

Figure 1.1 Chromone scaffold and flavonoids.

Furthermore, the biological and industrial impodanof chromones has led to a
considerable amount of synthetic works in the fiefdhese compounds. Nowadays, they are
important building blocks in organic chemistry aar@ used as valuable synthetic intermediates

in the preparation of new biologically relevanttmarand heterocyclic systents??

10



Chapter 1. Preface

OCHj;
Khellin

Apigenin

Flavoxate

Figure 1.2 Chromone-based compounds used as pharmaceutsdkag

3-Substituted chromones, for instance, 3-h#io3-cyano232> 3-nitro-!* 2° and 3-
acylchromoneg®3? especially 3-formylchromoné$*® have received much attention in last
decades. One of the reasons behind the inter@ssistituted chromones as building blocks is
the presence of several reactive centres, whichvaldifferent domino reactions and formation
of more complex molecules.

3-Acylchromones are highly reactive molecules, Wwhigossess three electrophilic
centres, namel¢-2 andC-4 carbon atoms of the chromone system and carloamgbn atom of
the acyl group (3-COR, see Figure 1.3. Because of that, they can reditt different
nucleophiles. The 2-position of 3-acylchromoneghis most electrophilic centre, because of
electron-withdrawing effects of the oxygen atom &t two adjacent carbonyl groups. Hence,
the reactions of 3-acylchromones usually procaadnitial nucleophilic conjugate addition at
the 2-position of chromone. Nevertheless, becatisieotronic and steric effects, induced by the
R2-substituent and the nature of the nucleophile,ititéal attack can also be directed to the

carbonyl group COR

Figure 1.3Reactive centres of 3-acylchromones.
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Chapter 1. Preface

According to the literature, the opening of th@yrone ring of the chromone moiety,
which leads to the formation gkdicarbonyl intermediaté, is characteristic for the reactions of
3-acylchromones with binucleophiles (Scheme 1 Brgo, 3-acylchromones can be considered
as 1,3-dicarbonyl compounds with a masked sali¢ylagment.5-Dicarbonyl intermediaté is
capable of different intramolecular cyclizationsvd main general directions of the reaction are
possible in this step, see Scheme 1.1. The seaaridaphilic attack can be directed to the acyl
carbonyl group COR (pathway I) or to the carbonyl carbon atom of fhemed salicyloyl
moiety (pathway lIl). Pathway Il is often accompahi®y additional cyclization of the phenolic
hydroxyl group with remaining acyl carbonyl grolyonetheless, other additional cyclizations
can take place as well. In summary, different fiomalized salicyloyl derivatives (structure 1) or
fused heterocycles (structure 11l) can be synttees{icheme 1.8 In the next chapters, based
on the general Scheme 1.1, | will discuss possibiechanisms of the reactions of 3-

acylchromones, which are studied in this work.

pathway
Lrag " ;
R —_—
N 1l £
0 OH (@ (O 4 OH Nu I|\Iu]

rw pathway
2 II
+ Smwernll PUNGEN R N
pyron ring ~ 1 Nu
o opening Nu! N r N,
> intermediate A ¢
2
Nu 1 o)
Nu T|\Iu
: X
R R2
O OH

Scheme 1.1General possible pathways of the reactions ofyBzammones with binucleophiles.

3-Formylchromone is the simplest representative3@cylchromones and was first
synthesized in the early 1970s. This chromone I8 ingestigated and widely used in the
synthesis of heterocycles. Excellent reviews, eelato the chemical behaviour of 3-
formylchromones towards various nucleophiles, werklished by Ghosht al.2 Ali et al® and

Plaskonet al!® It was shown that 3-formylchromones can react veitmple nucleophiles,
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Chapter 1. Preface

specifically with amines or methylene active compag; as ordinary aromatic aldehydes, where
only formyl group is participating in the reactiéhBut, these reactions are less typical for 3-
formylchromones, because of the presence of seaet@ke centres, which can take part in the
reaction. In most common cases, 3-formylchromoeastras 1,3-bielectrophilesa C-2 carbon
atom and aldehyde moiety, because of the highetivég of these centres compared to the C-4
carbon atom. Though, it should be noticed thas idifficult to determine which part of 3-
formylchromone reacts at first: C-2 carbon atomaftehyde group. Such reactions usually
proceed withy-pyrone ring opening accompanied by further reezgtion (pathway I, Scheme
1.1). This direction of chemical behaviour of 3ffglichromones can be illustrated by numerous

reactions® The most well-known and studied of them are preeskim the Scheme 1.2.

Me;SiO  OSiMe;

OH O 0 0 ?\/LRZ OH O
N Ny R2NHNH, N H ﬁ N COR?
R L O ———
I I N KOH, EtO Z 0 I
1

\ Me;SiOTf
R’ R2 MW, 120 C \Y OH

R R3
0
| © 0
,R2 AcOH or ‘i
Het” N Aﬁ MeSicl i]\ 2
H D?\/[F €301 ,: NH, NH,OAc R
OH O OH O
X
| \\ Het
R‘// I N\ )
RA

Scheme 1.ZReactivity of 3-formylchromones towards differémucleophiles.

In this way, different heterocycles, such as pylezdgstructure 1), pyrroles (structure II)
and hetero-fused pyridine (structure l1ll) derivaBy were synthesizedia reactions of 3-
formylchromones with aryl hydrazines, hetarylme#imines and aminoheterocycles,
respectively (Scheme 1.9).Besides, three-component reactions of 3-formyletmoes with
active methylene compounds in the presence of amasmurce have attracted much attention
and led to the formation of pyridine derivativesysture IV)° In the group of Prof. Langer, 3-
formylchromones, as well as 3-acetylamones, have received much attention in domino
“Michael-retro-Michael-aldol” reactions with 1,39silyl enol ethers, which proceeded to the
formation of different 2-hydroxybenzophenones (tinee V)38 4447In summary, reactions of 3-
formylchromones with different binucleophiles arevaluable approach to the synthesis of
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Chapter 1. Preface

various salicyloyl derivatives containing carbo-raterocycles. Also, after the initial attack to
the C-2 atom of 3-formylchromone, the second nuyaddir attack can occur at the C-4 atom
(pathway II) followed by additional cyclization (gtture Ill, Scheme 1.1). Thus, reactions of 3-
formylchromones with amidines, guanidines and uremder alkaline gave 5-
hydroxybenzopyrano[4,8}pyrimidine derivatives? However, other examples of such reactions
are rare. Finally, 3-formylchromones, as well asc8tylchomones, can take part in heterodiene
cycloaddition or other ring annulation reactighg®>2

It was proposed that the introduction of electrathdrawing groups, like methoxalyl,
polyfluoroacyl or aroyl (which also contain elecatravithdrawing groups, for example, nitro-
group), into the 3-position of chromone can incee#is reactivity towards nucleophiles and
provide new synthetic applications of this impottarygen-containing heterocyclic system.

3-Methoxalylchromone containing an additional esgerup was first synthesized by the
group of Prof. Langer in 2010. Its reactions with 1,3-bis-silyl enol ethers (G-
binucleophiles) and electron-excessive aminoheyetes (1,3€,N-binucleophiles) proceeded to
the formation of functionalized 2-hydroxybenzophee® (structure 1§ or 2-salicyloylpyridines
(structure 11)2% 3! respectively (Scheme 1.3). Very recently, Borngdiet al. reported the
synthesis of polysubstituted 4-aminoxanthones ¢gire I1l) via multicomponent reactions using
3-methoxalylchromong® Noteworthy, in all these mentioned reactions, 3hmealylchromone
reactedvia C-2 carbon atom and carbonyl carbon atom COCO©OG@Gith a very good
regioselectivity. Although there are only few regordedicated to the reactivity of 3-
methoxalylchromones, these chromones have alreamep themselves as promising building

blocks for the synthesis of new carbo- and hetarlesy

O O
R!-F N | COOCH;4
Me;SiO  OSiMe; = o 2 .
= . | .
OR~ AcOHor| ™ U
3 TSOHor !]\ N o
R Me;SiOTf Me;SiCl j NI ool
T O COOCH,
2
| AN COOR Rl_: N
=
1/ = 1 OH ]](I) (
R 2
R’ HN\Rz

Scheme 1.Reactivity of 3-methoxalylchromones in reactiongwbinucleophiles.
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Chapter 1. Preface

Other useful examples of 3-substituted chromonamety 3-polyfluoroacylchromones,
were first synthesized by the group of Prof. Yokoghe early 1990% Since then, they have
attracted much attention as fluorinated buildingcks for the synthesis of a wide variety of
polyfluoroalkylated heterocycles. Sosnovskihal. reported a significant number of articles,
related to the reactivity of 3-polyfluoroacylchrones towardsN,N-, C,N- and N,O-
binucleophilesg.g.primary amines (reaction 1f; **diamines?® heterocyclic amines and anilines
(reaction 11)>" %8 hydroxylamine (reaction 1V), hydroxylamine hydrémtide (reaction VJ?: ®°
amidines (reaction 1%} and hydraziné$ (Scheme 1.4).

7011 \th
\
X
/ =

Scheme 1.4?eactivity of 3-polyfluoroacylchromones towardfetient binucleophiles.

O-N

It is interesting to notice that the formation oftable cyclic semiketal forms containing
the polyfluoroalkyl group is typical for reaction$ 3-polyfluoroacylchromones (structures A, B,
D, F). However, in some reactions of 3-polyfluorglabromones, mixtures of regioisomers due
to competing pathways | and Il (Scheme 1.1) wetainbd. The structures of obtained products
are often dependent on the reaction conditions.igiance, in the reaction with heterocyclic
amines and anilines, different products (structi@e€, D) were obtained depending on the type
of heterocycle and reaction conditions (reactignSitheme 1.4 %8 Another example is the

reaction with hydroxylamine hydrochloride (MBH-HCI, MeOH, reflux), which gave 4-
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Chapter 1. Preface

salicyloylisoxazoles (structure G), while reactiaith hydroxylamine (NHOH-HCI, KOH,
MeOH, r. t.) proceeded to the formation ¢i-¢hromeno[3,4d]isoxazol-4-ols (structure FY: 50
Examples of the participation of 3-polyfluoroacylcimones in the reactions with active
methylene compounds or other C-nucleophiles arg segirce. Only three-component reactions
of 3-polyfluoroacylchromones with acetoacetamidihyle acetoacetate and dimedone in the
presence of ammonium acetate have been reptrféd.

Additionally, due to steric and electronic factoBsaroylchromones are less active than
3-methoxalyl- and 3-polyfluoroacylchromones. Foistleason, these chromones have not
received much attention. Only a few reports, whigscribe reactions of 3-benzoylchromone
with binucleophiles, have been report€d>°In this work, it was proposed to synthesize new
3-aroylchromones, which will be activated by eleotwithdrawing substituents located at the
aryl moiety, specifically nitro-group or fluorinécam.

3-Halochromones are another class of 3-substitudebmones. They are highly
functionalized molecules, which contain @g-unsaturated carbonyl moiety and a halogen atom
as a good leaving grodp,and are used for the synthesis of various hetetes}t 5> 7274
Sosnovskikret al reported a very informative review related to slyathesis and reactivity of 3-
halochromones towards different substratest was shown that different reactions of 3-
halochromones with simple nucleophiles can procéadthe syntheses of 3-substituted
chromones}: " 2,3-methanochromanoné&s, 2-substituted chromon€sand benzofuranone
derivativest! In contrast, it should be noted that data on #aetions of 3-halochromones with
binucleophiles are scarce. The reported transfoomabf 3-halochromones with binucleophiles

show that, in general, there are two charactenttbways of these reactions (Scheme 1.5).

O
Nu?
(0 pathway | >
I
A3 X N2 Michael 0] u % OH Nu!
( UX  addition '/h -
| 2 + D —— 2
(0) \/ Nu1 ‘\I/ Nu

pathway R
(0) i Nu]\) N& OH Nu> Nu!

-

X

Scheme 1.9Possible pathways of 3-halochromones in reactotisbinucleophiles.
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In this way, similar to other 3-substituted chroresnthe first attack of binucleophile
usually takes place at the carbon atom in the #iponsof 3-halochromones. The second
nucleophilic attack can be directed to the caridomaattached to the halogen (pathway [) or to
the carbonyl group (pathway II). As a result, negmteetic ways can be developed for the
synthesis of different salicyloyl derivatives (patty |) or highly functionalized phenols
(pathway II). The most attention have attracted mbactions of 3-halochromones with 1,3-
binucleophiles (Scheme 1.6). Commonly, they proededa pathway | giving different five-
membered heterocycles, for example, furan (stractyr pyrrole (structure Il), imidazole-2-
thione (structre 1ll) and imidazo[2/lhiazole (structure IV} derivativest! Besides, it is
known that 3-bromo- and 3-chlorochromones reactitdl amidinesvia pathway Il and gave 2-
(5-chloropyrimidin-4-yl)phenols (structure Vi§, while the reaction of 3-iodochromones
proceeded to the formation of imidazole derivati(gtsucture V)2° It might be explained by the
fact that iodine atom is a better leaving groumtihlorine atom. Even so, it is necessary to
mention that examples of formation of six-membéreterocycles are very raftAll these data
illustrate the effectiveness of 3-halochromonedbuatding blocks for the synthesis of different

salicyloyl derivatives containing five-membereddretycles.

O /RZ O Me
/
= N = N
Rl—\ | | ) —SMe RI&— | | >:S
OH NHR? X"oH N
NO
1 ) \M\as’\g yfw Im Me
K;CO\ ON «§ _
(X=Br) &/ &X=D
H 1
0 0o o O Net” O
= O P . A X s I! = S
YA E S @ty R
X DBU or (X=B X=1) K,CO; N -
OH pan o * B Z o X=D KqCO, OH N___
1 7 =0 v -5
L pBU (X=D)
"R &<cLpy DBUO NH,
( . K,CO;
OH 0

Scheme 1.@Reactivity of 3-halochromones towards differer®-tiinucleophiles.

17



Chapter 1. Preface

In conclusion, all these above discussed facts ghawtransformations of 3-substituted
chromones, such as 3-acylchromones and 3-halocimesnavith binucleophiles demonstrate the
broad synthetic potential of these compounds. Thigjh reactivity ensures the existence of
several pathways of reaction. On the one handditessity of properties complicates prediction
of the structures of the final products, but, or tther hand, this fact makes 3-acyl- and 3-
halochromones attractive objects for further steidiom the point of their chemo- and
regioselectivity.

In view of the various unique biological propertiasd a great synthetic potential of
different chromones as building blocks, this thasisledicated to the design and synthesis of
novel biologically relevant carbo- and heterocyclemsed on the domino reactions of 3-
substituted chromones, namely 3-acylchromones (Banalyl-, 3-polyhaloacyl-, 3-
aroylchromones) and 3-halochromones, with variausssates, like 1,&,C-, 1,3C,N-, 1,3-
C,0- and 1,3€,S binucleophiles.
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Chapter 2

Synthesis of starting materials: 3-substituted chrmones

2.1 Introduction

The widespread usefulness of chromones in lifensei® has stimulated the development
of numerous methodologies for their synthesis. #ig reason, a range of well-established
classical methods for the synthesis of chromonesadable and has been well documented in
reviews reported by Ellist al®! and Gaspaet al'® In general, the synthesis of chromones can
be attained using phenols (for exampla Simonis or Ruhemann reactionsjrtho-
hydroxyarylalkylketones or salicylic aci#sOne of the most common and widely used routes
for the synthesis of chromones involvegho-hydroxyarylalkylketones as starting materials.
These methods include Vilsmeier-Haack reaction,is€ta condensation (classic Claisen
condensation, Baker-Venkatamaran or Kostanecki+iaini reactions), as well as reactione

benzopyrylium salts (Scheme 21%).

(0] Cl O
Vilsmeier-Haack L N~ RN CcHo
— R'5r P | —= R P |
OH (0]
O

O OEt
Via benzo- NN N
X 2 li It -
Rl—: CH,R pyrylium salts Rl_: P P ClOy4 ) Rl_: |
Zon 0 0
. Classic Claisen (0] (0]
Acylation condersation
o _ R2
Baker- o \ P R?
RIL N CH,R?>  Venkatamaran o o R'—\ | |
% ) 3
Q RIS R o
RV&O Kostanecki- L R?
Robinson 0
R3/§O

Scheme 2.XClassic methods of synthesis of chromones usitigp-hydroxyarylalkylketone$®
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Chapter 2. Synthesis of starting materials: 3-suhged chromones

Over the years, a big number of modifications @sthreactions has been reported. In
1973, the Vilsmeier-Haack reaction using formylgtagent (DMF, POG) was applied for the
first time for the synthesis of 3-formylchromorfésSince then, this methodology is widely used
for the synthesis of different 3-substituted chroess®32 5% 8. 84n this work, a simple and
convenient method, based on the modification ofthemeier-Haack reaction, was chosen for

the synthesis of different 3-acylchromones and [8diomones.

2.2 Results and discussions

As it was mentioned above, this work describegéaetivity of 3-substituted chromones
towards different 1,3-binucleophiles. According ttus task, various chromones containing
different substituents Rin the aryl moiety and different groups at thed®ifion, namely acyl
groups, containing a variety of substituents & halogen atoms X, were synthesized (Schemes
2.2 and 2.3).

My initial point was the synthesis of a series ead¥lchromonest-8 by a modified

Vilsmeier-Haack reaction using procedures repoalegidy in the literature (Scheme 2.2, Table
21) .30_32’ 54, 83, 84

Acylation agents 3:
O or o O s
cl )J\RZ RZJ\O)J\ R? 16 X
R —_
2 - =

R2
ii 7 |

O 48

=)

Scheme 2.5ynthesis of 3-acylchromondsS.
Reaction conditiong(i) 1 (1.0 equiv.), DMF-DMA (1.5 equiv.), 90 °€,2h;
(i) 2 (1.0 equiv.) 3 (1.1 equiv.), pyridine (3.3 equiv.), DCM or MeCN.
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At first, commercially available 2-hydroxyacetopbeesl, which allowed the variation
of substituents R were converted into 3-dimethylamino-1-(2-hydroxyporop-2-en-1-one<
using DMF-DMA. Then, the acylation in the presewtelectrophiles3, which introduced the
functional groups R has resulted in the formation of 3-acylchromo#és In this way, different
3-methoxalyl-, 3-perfluoroacyl-, 3-aroylchromonesida also chromones/ and 8 were
synthesized in good to excellent yields (Table(a:-t)). Almost in all cases, corresponding acyl
chlorides were used as acylation ageht©nly for the synthesis of 3-trifluoroacetyl- afd
pentafluoropropanoylchromones, trifluoroacetyl apdntafluoropropanoyl anhydrides were
used, respectively. In addition, the proceduretlier synthesis of chromonés7 was improved
in the acylation step by using MeCN instead of DCM.

Table 2.1 @) Synthesis of 3-methoxalylchromonés

2 3 4 R! R? Yield,? %
a a H COOCH; 82
b b’ 6-CHs COOCH 93
c c 7-OCHs COOCH 83
d 2 d 6-Cl COOCH 90
e e 6-Cl, 7-Ch COOCH 83
f f 6-Br COoOoCH 95
g g 7,8-benzo COOoCH 77

“ Compounds have already been reported.
2Yields of isolated products.

It is necessary to note that 3-perfluoroacylchroesdh were obtained as a mixture of
hydrated and non-hydrated forms (Table D). (It was proved according ttd and'°F NMR
spectral data, which showed two sets of signalseNkeless, this fact did not hinder the use of
3-perfluoroacylchromones in further investigations. They were used as mtstiates and are

not described in this work.
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Table 2.1 p) Synthesis of 3-perfluoroacylchromortes

2 3 5P R? R?2=RF Yield,2 %
a a® H CRs 60
c b 7-OCHs Ch 75
d b c 6-Cl Ck 84
f d 6-Br CR 80
g e 7,8-benzo Ck 99
a f* H CaoFs 96
b g 6-CHs CaFs 92
h h’ 7-CHs CaFs 88
[ i 6-OCHs CoFs 91
C i’ 7-OCHs CaoFs 95
j c k 6,7-(OCH). CoFs 67
d I 6-Cl CoFs 99
e m 6-Cl, 7-CH CoFs 93
f n 6-Br CoFs 80
k 0] 7-F GFs 58
g p 7,8-benzo eFs 91
a q H CsF7 76
b r 6-CHs Csk 45
c S 7-OCHs Csk 36
d d t 6-Cl Gz 85
e u 6-Cl, 7-CH CsF7 86
f % 6-Br G 95
g w 7,8-benzo GF7 87

22

* Compounds have already been reported.
2Yields of isolated products.

b A mixture of hydrated and non-hydrated forms:

o o OHO OH
=z R2 z RrR2
R I 22 ol ]
0 -H0 0
5 5

¢ Compound was purified by sublimation and used im-hydrated form.
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Table 2.1 €) Synthesis of 3-aroylchromonésnd chromoneg, 8.

2 &) 6 R? R? Yield,? %
a e a H Ph 80
a f b H 2-FGsHa 86
a g C H 2-C4H3S 81
a h d H 2-NOCeH4 70
b [ e 6-CHs 2-NOCgH4 81
c | j | f 7-OCHs 2-NOCeHa 79
a Kk g H 3-NOCgHa 81
b | h 6-CHs 3-NOCeHa 85
a m i H 4-NO;CeH4 83
a n j H 3,5-(NG)2CeH3 58
a 0 7 H X Ph 68
a P g H CHCb 75

* Compounds have already been reported.

2Yields of isolated products.

3-Aroylchromones are less reactive than 3-methdxalyd 3-perfluoroacylchromones.
Therefore, electron-withdrawing groups, for exampiéro-group or a fluorine atom, were
introduced into their aroyl moiety to increase theactivity. In this way, the described protocol
was first applied for the synthesis of a serieseM 3-aroylchromone$ (Table 2.1 ¢)).

Additionally, 3-[(2ZE)-3-phenylprop-2-enoyllchromon& (3-cinnamoylchromone) was
prepared. The synthesis of chromdhand some other its derivatives has already bguortesl.
However, other synthetic approaches were 63&8lit should be emphasised that almost no data
on the chemical properties of this molecule wasrnepl. At the same time, it was found that
some chromones, which contain hydrophobic side nchgbossess antioxidant and
acetylcholinesterase inhibitor activiti&sin the context of this work, it was assumed that th
presence of a double bond as an additional reactintre can allow alternative selectivity in the
domino cyclization reactions apart from usual patsweported for 3-substituted chromones.

Finally, 3-(2,2-dichloroacetyl)chromon®, which is a polydentate electrophilic agent

utilized for the synthesis of dichloromethylatedmgmundswas first synthesized and studied by
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my colleague Dr. Satenik Mkrtchydh This chromone was also used for some experiments i
the present work.

As a second goal, the series of 3-halochrom@nkswere prepared starting from already
obtained 3-dimethylamino-1-(2-hydroxyaryl)prop-2-eones2 by further halogenation using
iodine, bromine or iodine monochloride, respectivébcheme 2.3, Table 2.2).32 8 A
obtained 3-halochromone®-11 have already been reported and described. NoesH)ethe
synthesis of 3-iodochromondd was optimized by using iodine in the presence yfdmne.
Almost all obtained 3-halochromone8-11 were purified by recrystallization from
heptane/isopropanol. Only compourid}a and10d were purified using column chromatography

in order to remove a dibrominated by-product. Tieddg of these compounds were lower.

OH O 5
Halogenation agents:
~...CH S
3%\)/“\/\ITI 3 I, (@), Br, (b) or ICI (¢) l6 X | X
4 \/\ 6 CH3 R -
R'3 ; 8/ o
i 9-11

Scheme 2.3ynthesis of 3-halochromon@sl 1
Reaction conditionga) 2 (1.0 equiv.),4 (1.5 equiv.), pyridine (2.0 equiv.), CHEI
(b) 2 (1.0 equiv.), Bf (1.1 equiv.), MeCN;d) 2 (1.0 equiv.), ICI (1.3 equiv.), MeCN.

Table 2.2Synthesis of 3-halochromon@sl 1

3-Halochromone’ X R! Yield,? %
%9a I H 80
9b I 7,8-benzo 86
10a Br H 49
10b Br 6-CHs 74
10c Br 6-Cl, 7-CH 81
10d Br 7,8-benzo 58
1lla Cl H 82
11b Cl 7-OCHs 86
1llc Cl 7,8-benzo 76

" Compounds have already been reported

2Yields of isolated products.
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2.3 Conclusions

The scope of the already known protocol of the rinedliVilsmeier-Haack reaction was
significantly expanded by the synthesis of varinas 3-substituted chromones. In the following
chapters, the use of synthesized 1,3-bielectrapBi#l in cyclization reactions with different

binucleophiles will be considered.
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Chapter 3

Reactions of 3-acylchromones with active methylermompounds:
Synthesis of 2-hydroxybenzophenonesHebenzolclchromenes and

benzolcJcoumarins

3.1 Introduction

Benzophenones represent a class of natural comppwidch consists of about 300
members and exhibits a great structural diversityl aarious biological activities, like
antifungal, anti-HIV, antimicrobial, antioxidantntviral and cytotoxi®® Noteworthy, basic
skeletons of natural benzophenones contain thetsteu of 2-hydroxybenzophenone (Figure
3.1). For this reason, 2-hydroxybenzophenone diéresare attractive targets from the point of
their pharmacological properti€s®* Furthermore, 2-hydroxybenzophenones are well-known

UV-A/B filters widely used in sun-creams and as taistabilizers in cosmetics.

Figure 3.1Basic skeletons of natural benzophenones.

On the other hand, coumarins are a well-known ctdseatural products, which are
extensively used as biologically active compout¥d§? Natural and synthetic coumarins were
verified to have antioxidant, antiinflammatory, iaatterial, antifungal®® anticoagulating,
estrogenic, dermal photosensitizing, vasodilatoglgesic, anticancéf? 10 anti-HIV°® and
other activities?""1%Also, coumarins are widely used as additives odfgerfumes, cosmetics,

also as optical brightenétg and fluorescent or laser dy&$.Some of the coumarins are of
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economic importance. For instance, 3,4-dihydrocoumia used in the perfume industry, while
7-hydroxycoumarin found its applications in sunesers and fluorescent brightenélrs.

In addition, 61-benzof]chromen-6-ones occur in a number of pharmacoldligieative
natural productse.g. autumnarioP® autumnariniot!? alternariot’® and altenuisot?? and are
specific inhibitors of the growth of endothelic Isét* and estrogen receptdrs: 1 Moreover,
dibenzofE,hjchromen-6-ones represent a class of natural afitbi and antitumor agents,
specifically, gilvocarcins, chrymycins and ravidams!!’?° Some of the important
biologically active natural8-benzof]chromen-6-ones are shown in the Figure 3.2.

OH
CH; O
O OH
HO 0”0  HO

. Autumnariol: R = H;
Alternariol Autumnariniol: R = OCHj; Altenuisol Defucogilvocarcin V

Figure 3.2 Examples of biologically active naturaié&enzof]chromen-6-ones.

Classical methods for the synthesis of benzophemarvatives mainly rely on the
Friedel-Crafts acylatio®*1?* while coumarins and their derivatives can be sssitted, for
example, by Pechmant®, Perkinl?® 127 Knoevenaget?® Reformatsky?® and Wittig30-133
reactionst®® 134Besides classical methods of the synthesis &f-lBenzofjchromen-6-ones are
based on the cyclizations ofbromobenzoic acid with phend&:**® Other modern methods
including various metal-catalysed reactions hawe &leen reportetd®14 Nevertheless, these
methods are limited and are often expensive angtExnTherefore, the new routes of synthesis
of benzophenones and coumarins are still of gretrest due to the wide field of their
applications.

As illustrated in Chapter 1, chromones are valusbiéding blocks in organic chemistry
nowadays. The use of the chromone derivativeshsynthesis of 2-hydroxybenzophenotfés,
145 coumaring* 146-152gnd 64-benzof]chromen-6-on€s31® has attracted much attention in
recent years. Our research group has also repoewdoutes of the synthesis of functionalized
2-hydroxybenzophenoné$, 38 156160 55 well as HB-benzof]chromen-6-one! 161164 py
reactions of unsubstituted chromones as well asor@fl-, 3-acetyl- and 3-

methoxalylchromones. In these cases, 1,3-bis-s#gbl ethers were used as T3>
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binucleophiles. The examples of the participatibB-acylchromones in the reactions with other
1,3-C,C-binucleophiles, which also could proceed to thenfation of interesting carbocycles, are
very scarce. In this context, dimethyl 1,3-acetacetboxylate and 1,3-diphenylacetone were
proposed to examine as IC3e-binucleophiles in the reactions with 3-acylchroren
Dialkyl 1,3-acetonedicarboxylates are well-known lyfunctional nucleophiles

containing two active methylene components. Thexetadready proven themselves as valuable
substrates in the reactions with chromones. Inwhay, different carbo- and heterocycles were
synthesized depending on the substituent in thesgipn of chromone (Scheme 3.1).

Scheme 3.Reactions of 3-substituted chromones with dialk@tacetonedicarboxylates.
Reaction conditionga) DBU, THF; (b)) DABCO, EtOH, reflux; €) piperidine, MeOH, reflux.

So, the reactions of unsubstituted chrométtesd 3-nitrochromoné¥* with dialkyl 1,3-
acetonedicarboxylates proceeded to the formation behzof]jcoumarins (structure ).
Interestingly, the nitro-group of 3-nitrochromoniel chot take part in the reaction. At the same
time, H-chromeno[2,®]pyridine derivatives were obtained from 3-cyanachones due to the
participation of the CN-group in the domino cyctipa reaction (structure If¢e 167 3-
Formylchromones reacted with dimethyl 1,3-acetocestboxylatevia C-2 carbon atom and
formyl group giving functionalized 2-hydroxybenza@miones (structure 1), while by the use of
3-halochromone, namely 3-bromochromone, an uneggemimpound containing a cyclopropyl
ring was obtained as a major product (structure!¥lt is necessary to underline that described
reactions proceeded under basic reaction conditionorder to activate the methylene
components of dialkyl 1,3-acetonedicarboxylate.-Digabicyclo[5.4.0Jundec-7-ene (DBU)
was used for this purpose in almost all cases deredl above (reaction conditiors,(Scheme
3.1).
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In addition, 1,3-diphenylacetone also contains twmethylene carbon atoms. This
compound is less reactive than dialkyl 1,3-acetmaeldoxylates due to steric and electronic
factors. Nonetheless, 1,3-diphenylacetone is fretipesed in aldol condensation reactions with
dicarbonyl compounds giving different polyphenylhqmounds, which found their use for the
synthesis of chromophorfé® % and polymerd’® No data on the reactions of 1,3-
diphenylacetone with any chromones was reportecréefs.

According to the importance of carbocycles, pafléidy, benzophenones and coumarins,
and to the successful results obtained in the dtemiof chromones and dialkyl 1,3-
acetonedicarboxylates, | was motivated to studyehetions of different 3-acylchromones, such
as 3-methoxalyl-, 3-perfluoroacyl- and 3-aroylchmmas, with dimethyl 1,3-
acetonedicarboxylate and 1,3-diphenylacetone. @nieeomain points was the investigation of
the influence of the acyl group at 3-position ofazhone on the course of the reaction and the

structure of obtained products.

3.2 Results and discussions

3.2.1 Reactions of 3-acylchromones with dimethyl 3;acetonedicarboxylate

The investigation, related to the reactivity aneérolical behaviour of 3-acylchromonés
6 in the presence of dimethyl 1,3-acetonedicarbdgyl®, was started by the study of the
reactions of 3-methoxalylchromonds(R?> = COOCH;). A test reaction of chromonéa with
binucleophilel2 was performed under basic reaction conditionsguBIBU (1.3 equiv), which
was well-proven in the reactions of 3-formyl- anithey 3-substituted chromones with active
methylene compound€® in dioxane at room temperature (Scheme 3.2, Talile The reaction

was carried out approximately 10-12 h until fulhgersion of the chromone.

OH O R?
R~ | + mycooc_JL__coocH; —- |
Z o pathway I ~ 494~6 OH
4 12 R 5
13 COOCH;

Scheme 3.5ynthesis of compounds.
Reaction conditiong(i) 4 (1.0 equiv.)12 (1.1 equiv.), DBU (1.3 equiv.), 1,4-dioxane, 20 °C
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Gratifyingly, the experiment was successful. Intespdf the multiplicity of reactive
centres of 3-methoxalylchromones, 2-hydroxybenzophe 13a was obtained in good yield
(74%) with an excellent regioselectivity. Encourdday the obtained result, the scope and
limitation of proposed reaction protocol were nesgtudied. Thus, reactions of 3-
methoxalylchromoned with dimethyl 1,3-acetonedicarboxylai@ resulted in the formation of
functionalized 2-hydroxybenzophenon&3a-g with a good regioselectivity in 46-87% vyields
(Scheme 3.2, Table 3.1). The highest yield (87%$ witained for compounti3b (R! = 5'-
CHs), while compoundL3g with the largest substituent {R 3",4"-benzo) showed the lowest
yield of 46%, probably caused by steric effect.

Table 3.1Synthesis of compoundss.

4 R? R? 13 Yield,? %
a H COOCH a 74
b 6-CHs COOCH; b 87
c 7-OCHs COOCH; c 73
d 6-Cl COOCH d 72
e 6-Cl, 7-Ch COOCH; e 71
f 6-Br COOCH f 81
g 7,8-benzo COOCH g 46

2Yields of isolated products.

Inspired by the obtained results, the reaction8-p&rfluoroacylchromones (R? = R)
with dimethyl 1,3-acetonedicarboxylat@ under the same reaction conditions were nextetudi
Surprisingly, the reactions took an entirely difier course and gave a series dfl-6

benzof]chromened 4a-uwith good yields in most cases (Scheme 3.3, Taldp

OH
o O H5CO0C COOCH;
0
N R2 i 1
R~ | + nycooc._J__cooc; 2N
Z0 pathway Il R'—— P OH
5 12 3 o SR

4

Scheme 3.3Bynthesis of compoundsl.
Reaction conditiong(i) 5 (1.0 equiv.)12 (1.1 equiv.), DBU (1.3 equiv.), 1,4-dioxane, 20 °C
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Table 3.2Synthesis of compoundsg.

5 R? R?2=RF 14 Yield,2 %
a 7-OCHs CRs a 21
b 6-Cl CR b 64
c 6-Br Ck c 59
d H CoFs d 65
e 6-CHs CaFs e 31
f 7-CHs CaoFs f 40
g 6-OCHs CoFs g 27
h 7-OCHs CoFs h 65
[ 6,7-(OCH)2 CoFs i 52
i 6-Cl CoFs j 67
k 6-Cl, 7-CH CaoFs k 57
I 6-Br CoFs I 68
m 7-F GFs m 33
n 7,8-benzo eFs n 78
o] H Csk o] 69
p 6-CHs CsF7 p 64
q 7-OCH; CsF q 67
r 6-Cl G r 77
S 6-Cl, 7-CH CsF S 71
t 6-Br Gk t 56
u 7,8-benzo GF u 71

2Yields of isolated products.

" Besides, compountb was isolated in 23% yield (structure see below).

OH O

CF;

COOCH3
H,CO OH
15

COOCH;

™ Besides, compounth was isolated in 33% vyield (structure see below).
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The study of scope and limitation of the reacti@s Ishown that the present protocol
could be applicable to various types of 3-perflaaygchromoness (R™ = CFR, CFs, CsF7)
providing a convenient route for the synthesis afide range of the fluorine-containingH6
benzof]chromened 4 (Scheme 3.3, Table 3.2). The highest yields wetaindd for compounds
14nand14u (R = 3",4"-benzo). The lowest yields were obtainadtiie productd4aandi4g
The low yield of compound4acan be explained by the formation of side-prodictormed by
a competing pathway of the reaction. 2-Hydroxyb@hsmonel5 could be isolated in 23%
yield, its structure is similar to the obtained yroxybenzophenone$3 (Scheme 3.2). In
contrast, the low yield af4gcan be explained by the formation of by-produgin 33% vyield.
Apparently, compound4g has lost its perfluoroalkyl-group and thereby &gdrinto coumarin
16. Even so, it should be emphasised that synthe$iddoknzof]chromened 4 were stable and
could be used for the further investigations. Femtiore, the formation of a stable cyclic
semiketal form containing the polyfluoroalkyl gromas already observed in reactions of 3-
polyfluoroacylchromones (Scheme 1.4).

Motivated by the finding of significant influencé the acyl group of chromone on the
course of the reaction, | was next interested udysthe reactions of 3-aroylchromor@¢R? =

Aryl) with binucleophilel2 using the same reaction conditions (Scheme 3.4eT3aB).

0
X
R~
=
o)
+
O I
H;CO0C JJ\/COOCH3 !

12

Scheme 3.4ynthesis of compounds and18.
Reaction conditiong(i) 6 (1.0 equiv.)12 (1.1 equiv.), DBU (1.3 equiv.), 1,4-dioxane, 20 °C

It was found that 3-aroylchromonéa-c (R?> = Ph, 2-FGH4, 2-C4H3S) in reactions with
dimethyl acetonedicarboxylatel2 gave mixtures of 2-hydroxybenzophenon&3 and
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benzof]coumarins18. Gratifyingly, compound47a-c and 18a-c could be isolated by column
chromatography in a pure form. At the same timar@4Achromone$g, i, j (Ar = 3-NOCsHa,
4-NOCeHa4, 3,5-(NQ)2CsHz) containing nitro-group in the reactions with kiteophile 12
delivered 2-hydroxybenzophenoné&3d-f in good yields, 47-83%. Highly interestingly, in
contrast, similar reactions of 3-(2-nitrobenzoyhmhones6d-f with substratel2 proceeded to
the formation of benzoJcoumarins18d-f with a very good regioselectivity in 72-84%elds.
The structures and ratio of obtained products wlepeendent on the electronic and steric effects
of the R-substituent of 3-aroylchromonésit will be considered in details by the explaoatbf

a reaction mechanism (see below).

Table 3.3Synthesis of compounds and18.

6 R? R? = Ar 17 Yield,2 % 18 Yield,2 %
a H Ph a 49 a 27

b H 2-FGHa b 23 b 46

Cc H 2-C4HsS c 7 c 63

d H 2-NOCeHa _ _ d 72

e | 6-Chs 2-NO:CoHa . . e 84

f 7-OCHs 2-NOCeH4 _ _ f 73

g H 3-NOCsH4 d 83 L L

[ H 4-NOCeH4 e 47 L L

j H 3,5-(NG)2CeH3 f 70 L .

2Yields of isolated products.

3.2.1.1 Proposed reaction mechanism

The proposed mechanism of the domino reactionsaafy®hromoneg-6 with 1,3-C,C-
binucleophile, specifically dimethyl 1,3-acetonextimoxylatel?, is outlined in the Scheme 3.5.

According to the chemical behaviour of known 3-abybmones towards binucleophiles,
which was described in Chapter 1 (Scheme 1.1) tldtructures of synthesized produt®s
14, 17 and 18, it was suggested that all reactions of 3-acylettes4-6 have started by
nucleophilic attack of one of the base-activated >Gtups of dimethyl 1,3-
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acetonedicarboxylat&2, directed to the most electrophilic carbon at6R2 of the chromone.
Subsequent opening of thepyrone ring of chromone proceeded to the formatodns-
dicarbonyl intermediatéd containing several electrophilic centres (1,4-add). In general,
nucleophilic attack of the second active methyleomponent (Cktgroup) of binucleophild2
can be directed to the acyl carbonyl group EQFathway |) or to the carbonyl carbon atom of

the formed salicyloyl moiety (pathway Il) (Schenie$ and 3.5).

0 (9 [J0O[Hj; 0

{ o
= R2 . = AN R2
N 0J

4-6 H, 00

Base J

H;0000]

2 _pF 2 _
K=K RizAr pathway I | R? = JOO[H;, Ar;
-H0 -[H;0H

OH
o

O OH O R?
H; 100 (OO H; . "OO[H;3 _ | 100! H;
N N X" 0oH Y4
R H Rl— | R OH
= 0 RF 14 AN o 0 18 [IOO[H;

13: R? = [JOO[Hy; 17: R? = Ar;

Scheme 3.5°roposed reaction mechanism for the formation ofmaundsl3, 14, 17 and18.
Reaction conditiong(i) 4-6 (1.0 equiv.)12 (1.1 equiv.), DBU (1.3 equiv.), 1,4-dioxane, 20 °C

Ergo, 2-hydroxybenzophenon&8 were formed by reactions of 3-methoxalylchromones
4 via the second nucleophilic attack of dimethyl 1,3tanedicarboxylatd 2, directed to the acyl
carbonyl group COR(pathway I). This trend can be explained by thghér electrophilicity of
the carbonyl carbon atom of methoxalyl moiety (CQBIH:;) compared to the salicyloyl
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carbonyl group, because of the activating (eleetwdhdrawing) effect of additional ester group.
Noteworthy, the carbonyl group of the ester moitsgif did not take part in the reaction.

In contrast, in the reactions of 3-perfluoroacytchones5, the second nucleophilic
attack of binucleophil&2 was directed to the salicyloyl carbonyl group (pedy Il). As a result,
6H-benzof]chromenesl4 were formed including further additional intrammiéar cyclization
of phenolic OH-group with remained-free CO&oup (see intermediat®), delivering cyclic
semiketal form (Scheme 3.5). This fact indicatest the perfluoroacyl-group of chromongs
was less active towards nucleophilic attack of coumal 12 than the salicyloyl carbonyl group
under the used reaction conditions.

Finally, 2-hydroxybenzophenonég (pathway I) and benzojcoumarinsl8 (pathway II)
could be synthesized by reactions of 3-aroylchragsénwith substratel2 It should be noticed
that coumarinsl8 were formedvia additional intramolecular cyclization of OH-growpth
carbonyl group of COOCHmoiety (see intermediat®). Further fission of the OGgroup led
to the formation of the coumarin core (Scheme 3.5).

Thus, mixtures of products/ and18 were formedy reactions of 3-aroylchromonéa-
¢ (R? = Ph, 2-FGH4, 2-C4H3sS) with binucleophilel2, because of similar electronic and steric
properties of aroyl carbonyl CBRand salicyloyl carbonyl groups of formed internagdiA
(Table 3.3, Scheme 3.5). Nevertheless, reactiochadmone6c (R? = 2-C4HsS) proceededia
salicyloyl carbonyl group giving compountBc as a major product in a good yield (63%),
because of the deactivating (electron-donatinggoefbf thenoyl moiety on the acyl carbonyl
group COR. At the same time, a slightly activating influerafeelectron-withdrawing properties
of ortho-fluorophenylene substituent on the carbonyl C@QPup caused that the produdtb
was also formed (23%), while produtb gave only 46% vyield. Obviously, 3-aroylchromones
609, i, j containing electron-withdrawing N&yroups, which activate the aroyl moiety COR
reactions with substrate? delivered 2-hydroxybenzophenorkad-f (pathway 1). Formation of
coumarins18d-f (pathway Il) by similar reactions of 3-(2-nitrolz@yl)chromonestd-f can
probably be explained by a steric effect of the-M@up inortho-position. This phenomenon
was also observed for reactions of 3-aroylchromonil electron-rich aminoheterocyles in
current study of our group.

In summary, electronic and steric effects of aaylup COR play a great role in the
cyclization reactions of 3-acylchromonds6 with dimethyl 1,3-acetonedicarboxylai® and
have a huge influence on the course of the reacfiba structure of obtained products is mainly
depend on the intramolecular cyclization step tdrmediateA (Scheme 3.5).
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3.2.1.2 Structure identification

All structures were confirmed by spectroscopic rodf)i.e. NMR, IR and mass

spectrometry, as well as X-ray single crystal asialyThe characteristic signals of compounds

13, 14, 17and18 observed from NMR-spectra, are shown in the Talle

Table 3.40bservation from NMR analyses for compout@s14, 17 and18.

Compound

Structure

Characteristic signals in NMR-spectra

13
or
17

'H NMR:

2 OH: s,6 = 10.5-13.5 ppm;

C5-Har: 5,6 = 8.1 ppm;

3 OCHs: s,6 = 3.5-4.0 ppm, in the case 13,
2 OCHs: 5,6 = 3.5-4.0 ppm, in the case bf.

1*C NMR:

C=0:s,6 =192-202 ppm,;

3 OCHs: 5,6 = 50-54 ppm, in the case b3,
2 OCHs: 5,6 = 50-54 ppm, in the case bf.

14

H NMR:

C9-OH: s,6 = 11.0 ppm,

C6-OH: d,5 ~ 9.6 ppm {Jur ~ 4.0 Hz),
C7-Har: d,8~ 8.1 ppm {nr =1.5 Hz);
2 OCHs: 5,6 = 3.5-4.0 ppm.

BC NMR:
if RF = CR: C6: ¢,8 = 95 ppm tJcr~ 32.5 Hz),

CE q,5 =~ 122 ppm tJcr ~ 291.0 Hz);
if RF = CoFs, CsF7: C6: 1,6 ~ 97 ppm fJc = 27.5 Hz);
2 OCH: s,6 = 50-54 ppm.

°F NMR:

if RF= CFRs: 5,6 = -82 ppm;

if RF= CoFs: 5,6 = -78 ppm, CE, two d,8 =~ -122 and
-124 ppm, CE, CJrr= 279 Hz);

if RF = CsF7: s, 8 ~ -80 ppm, CE, two dg,8 ~ -118
and -121 ppm, GF ((Jrr = 285 Hz,Jrr = 8.5 Hz),
two d,8 ~-123 and -124 ppm, &, (Jrr~ 290 Hz).

18

'H NMR:

OH: 5,6 = 12.5-13.5 ppm;
C9-Har: 5,6 = 8.1 ppm;
OCHza: s,6 = 3.5-4.0 ppm.

*C NMR:
C=0: 5,6 =188-197 ppm;
OCHz: s,6 = 50-54 ppm.
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In the low field of*H-NMR spectra of 2-hydroxybenzophenorigsand17 in DMSO-ds,
two phenolic QH-groups appeared as singlets=atl0.5-13.5 ppm. The shift of OH-groupsdto
=~ 11.0 ppm can be explained by hydrogen bond foomaitvolving neighbouring carbonyl
group (O-H---0O=C). However, the values of chemstafts of OH-group of the salicyloyl
moiety were also dependent on th&sBbstituent. A typical singlet of the aromatic hygen
atom C5-H; could be detected at~ 8.1 ppm. Expectedly, three and two singlets of @CH
groups were observed at= 3.5-4.0 ppm for compounds3 and 17, respectively. In thé3C-
NMR spectra of productk3 and17, the salicyloyl carbonyl carbon atom gave a sigmahe low
field at 6 = 192-202 ppm. Additionally, a corresponding numbe singlets of OCHktgroups
were observed at= 50-54 ppm.

In the low field of'tH-NMR spectra of Bl-benzof]chromenesl4 in DMSO-ds, three
characteristic signals were found, which belongxto OH-groups = 9.6 and 11.00 ppm) and
the aromatic hydrogen atom C7Ho = 8.1 ppm). The shift of singlet of phenolic C9-Okbgp
tod = 11.0 ppm can be caused by the hydrogen bond fmmakt the same time, C6-OH-group
has not aromatic character £ 9.6). It is necessary to note that signals of bgdn atoms C6-
OH and C7-H: appeared as doublets, because of the coupling tivghfluorine nucleus. In
contrast to compounds3 and 17, in the low field of*3C-NMR spectra of compoundst, no
signals of any carbonyl groups were detected. Iditiach, 3C-NMR analyses gave spectra
containing typical quartets at= 95 and 122 ppm, caused by the presence of the@©@Ep. In
the cases of £5 and GF7 moieties, it was possible to see only the triptétshe carbon atom C6
ato = 97 ppm. Other signals of these moieties weredwotbd be detected due to the multiple C-
F couplings. In addition, two singlets of two O&gtoups were observed &t 3.5-4.0 ppm and
& = 50-54 ppm in théH-NMR and®*C-NMR spectra, respectively.

In theH-NMR spectra of benzoJcoumarinsl8in DMSO-ds, the OH-group appeared as

a singlet ab = 12.5-13.5 ppm, indicating the possibility of Ingden bond formation. A singlet
of the aromatic hydrogen atom C9;Hould be detected at~ 8.1 ppm. It is important to
mention that, in contrast to the other produt® 14 and 17, in the H-NMR spectra of
compoundsl8, only one singlet of OC#group was observed € 3.5-4.0 ppm), since the other
COOCH;-group, derived from binucleophile2, was lost during the cyclization. In th&-NMR
spectra, aroyl carbonyl group appeared at188-197 ppm.

The structures of fluorine-containing compount, 15, 17b and 18b were also

confirmed by!*F-NMR. The CEk-group appeared as a singletoat -82 ppm. The &Fs-group
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appeared as a singletat -78 ppm (Ck-group) and two doublets at= -122 and -124 ppm,
indicating that two fluorine-atoms of_Ggroup in the GFs moiety are not equivalent and couple
to each otherThe GFs-group appeared as a singletéat -80 ppm (Ck-group), two double
gquartets ab = -118 and -121 ppm (GJand two doublets at= -123 and -124 ppm ). The
fluorine atoms in aryl moieties of compourid& and18b appeared as singletsét -113 and -
109 ppm, respectively. Besides, in tH€-NMR spectra ofL7b and 18b the corresponding
doublets of carbon atoms of the aromatic ring dairtg a fluorine atom were observed.

Due to the high diversity of potential intramolemutyclizations of the studied reactions
leading to the formation of different regioisomexsray crystal analysis was crucial for initial
structure determination. Thus, the structures ofijpoundsl3b, 13c, 14015, 16, 17 17b, 18a
and 18d were unambiguously confirmed by X-ray single caysanalyses (Table. 3.5). In
addition, X-ray analysis allowed to determine thespnce of hydrogen bonds in the crystalline
state of compounds due to the values of distancesaagles between corresponding groups. A
value for such bonds appears by summing the ndrsorad length of an H-X bond, where X is an
electronegative atom, the covalent radius of hyeinogtom and the van der Waals radius of X.
The calculated distance of O-H---Cxi.7 A" Therefore, also in the present work, this value

was considered as critical for the determinatioplatisible hydrogen bond formation.

Table 3.5Crystal structures of compounti3b, ¢, 140 15, 16, 17a b and18a, d.

Crystal structure Compound Structure

’;L:,‘h, s

Lrc1e
!g‘o (F\%OS
.

02 Jcis 06

13b
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For all 2-hydroxybenzophenon&8b, 13¢ 15, 17aand17b, X-ray single crystal analyses
showed distances of 1.7-1.9 A between the hydregem of OH-groups and oxygen atom of
neighbouring carbonyl groups, indicating the preseof two hydrogen bonds of these groups
for each structure. As expected, the molecules-loydtoxybenzophenones are not planar. The
salicyloyl phenol ring of these compounds is in glane with the linking carbonyl group
twisted out of the plane with a torsion angle of 8 to another phenol ring.

6H-Benzof]chromenel4oandbenzof]coumarinl6 crystallized in a monoclinic system
with space group#$2; and P2i/c, respectively. The space group of the X-ray stmectof
compoundl4o revealed that the obtained crystal consists ofpame R- or S-enantiomer. The
presence of hydrogen bonds (about 1.9 A) between a@#l carbonyl oxygen atom was
confirmed by crystal structures of compoutdo and 16. Moreover, X-ray structures of
described products indicated weak intramoleculan-elassical hydrogen bonds, involving
aromatic hydrogen atorh$ (C12-H of 140, C9-H of 16) and the oxygen atoms of carbonyl
groups (04 ofl4g, 06 0f16) as distances of 2.7 A and 2.5 A, respectively.

The presence of typical hydrogen bonds, involvingGH-group and the neighbouring
C=0 group, were indicated also for compouth8a and18d. In addition, the X-ray structure of
18aindicateda non-classichydrogen bond (2.6 A) between the aromatic hydraagem C9-H
and neighbouring C=0 group of aroyl moiety, whilgstal structure ofl8d showed similar
hydrogen bond (2.4 A) between the hydrogen atonH@Hd oxygen atom O8 of N@roup.

Obviously, the core of benzgfoumarin moiety of compound$6, 18a and 18d is
planar. In contrast, the structure dfi-8enzof]chromenel4o is not planar, because of the
presence of a quaternary carbon atom C17, whodeyaaation is near to tetrahedral. The values
of angles lie within 104-113°. The theoretic vatii@ tetrahedral angle is about 109.47°.

3.2.2 Reactions of 3-acylchromones with 1,3-diphelagcetone

Encouraged by the successful results, obtainedhgluhe study of the reactions of
different 3-acylchromone$-6 with dimethyl 1,3-acetonedicarboxylat@, | was next interested
to examine the reaction of 3-acylchromodeand6 with another 1,3z,C-binucleophile, such as
1,3-diphenylaceton&9 (Scheme 3.6). The condensations were performedrigighilar reaction
conditions using DBU as a base, but at reflux, bseaof the less expressed nucleophilic
properties of 1,3-diphenylacetofh®in comparison with substral®.
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The reactions of 3-methoxalylchromondswith binucleophile19 proceeded to the
formation of 2-hydroxybenzophenon@9a b in moderate yields (Scheme 3.6, Table 3.6).
Similar to the 2-hydroxybenzophenonk3 obtained by reactions of 3-methoxalylchromodes
with 1,3-C,C-binucleophilel2, these products were formed initial 1,4-addition of substrate
19 (CHq-group) to the C-2 carbon atom of chromone followsd y-pyrone ring opening
(intermediateA). Subsequent intramolecular nucleophilic attackhefsecond Cktgroup of19
was directed to the acyl carbonyl group COR? = COOCH), activated by the electron-
withdrawing ester group (pathway I, Scheme 3.6,ase Schemes 1.1 and 3.5). Nonetheless,
the regioselectivity of these reactions was lowemntthe regioselectivity of the reactions with
substratel2 (Scheme 3.2, Table 3.1). By-products were obsebyedLC. However, it was not

possible to isolate them.

R! — P
20a, b o 20e-g L OH

Scheme 3.@ynthesis of compoun@® and21
Reaction conditiong(i) 4, 6 (1.0 equiv.)19 (1.1 equiv.), DBU (1.3 equiv.), 1,4-dioxane, reflu

As the next step, | studied reactions of 3-aroyowness with 1,3-diphenylaceton&9
(Scheme 3.6, Table 3.6»n this way,2-hydroxybenzophenoné&fc-g (pathway I) and phenols
21a-e (pathway II) were obtained. It should be emphakideat synthesis of compoun@4d
proceeded without additional cyclization involvipgenolic OH-group and acyl group COfR?
= Aryl), see also Scheme 1.1. As a result, highigcfionalized phenol21 were delivered.
Noteworthy, these structures were not obtained dmctions of 3-aroylchromone8 with
substratel2 due to the presence of active COQ@Hhbiety, derived fronil2, which took part in
cyclization with phenolic OH-group (Schemes 3.4 3rfs).
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Table 3.6 Synthesis of compoun@® and21.

4 0r6 R? R? 20 Yield, @ % 21 Yield, @ %
4a H COOCH; a 49 _ -
4f 6-Br COOCH b 54 B .
6a H Ph (o 32 a 25
6¢C H 2-C4H3S d 29 b 18
6d H 2-NOCsHa4 _ _ c 59
6e 6-CHs 2-NOCeH4 _ _ d 73
6f | 7-OCHs | 2-NOCeHa - o e 61
69 H 3-NO:CeH4 e 42 L L
6i H 4-NOCeH4 f 69 L L
6j H 3,5-(N)2CeH3 g 74 . L

2Yields of isolated products.

Specifically, 3-benzoyl- and 3-(2-thenoyl)chromonéa and 6¢ reacted with 1,3-
diphenylacetond9 to give mixtures of compound®9c d (pathway I) an®1a b (pathway II),
which were possible to separate. However, duedcsimilar physical properties of compounds
20 and 21, its separation by column chromatography was cmaigld, causing the losses in
yields of isolated productfTable 3.6). The reactions of 3-aroylchromoiegsi, j containing
NO2-groups with binucleophil&9 led to the formation of 2-hydroxybenzophenoés-gwith a
good regioselectivity in 42-74% vyields, becausehef activating (electron-withdrawing) effect
of the nitro-substituent on the aroyl group GQRathway I). In contrast, because of the steric
effect of the N@-group in ortho-position of the aroyl moiety COR reactions of 3-(2-
nitrobenzoyl)chromone$d-f resulted in the synthesis of phend&c-e in 59-73% vyields
(pathway 11).

In summary, all these results are in a good coomdpnce to the results obtained by the
study of reactivity of 3-acylchromonesand6 towards dimethyl 1,3-acetonedicarboxyla®
considered above. Synthesis of obtained prod20tsnd 21 can be explained by a similar
reaction mechanismia Sdicarbonyl intermediaté formation, which was described for the

reactions of3-acylchromoned-6 with binucleophilel2 (Schemes 1.1, 3.5 and 3.6).
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3.2.2.1 Structure identification

All structures of compound®20 and 21 were confirmed by NMR, IR and mass
spectrometry, as well as X-ray single crystal asialy

In the *H-NMR spectra of compound0 in DMSO-ds, two OH-groups appeared as
singlets a® = 8.6-9.3 ppm and 10.5-11.6 ppm. Most probablg,dignals shifted t6 ~ 11 ppm
belong to protons of OH-groups of salicyloyl moietyhich could form an intramolecular
hydrogen bond with the neighbouring carbonyl gropcontrast, in théH-NMR spectra of
compound£21, two singlets of two OH-groups were observe®d at 8.4-9.2 ppm. The shift of
both signals of OH-groups ~ 9 ppm can indicate the absence of hydrogen bamdth
cases. In th&C-NMR spectra, the salicyloyl carbonyl groups ofngmunds20 and21 appeared
at 6 =193-202 ppm and = 188-193 ppm, respectively. In addition, the Q@bup of
compound0aand20b obtained from 3-methoxalylchromones was obsenrgea singlet ab =
3.5-4.0 ppm in théH-NMR spectra and a@t= 50-54 ppm in th&’C-NMR spectra.

The exact structures of compourliix;, 20d, 20f, 21b and21ewere established by X-ray

single crystal analysis (Table 3.7).

Table 3.7Crystal structures of compoung&8c¢ d, f and21b, e.

Crystal structure Compound S
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Expectedly, X-ray analyses of compoun@® confirmed the existence of an
intramolecular hydrogen bond (about 1.8 A), involyithe salicyloyl phenolic OH-group and
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neighbouring carbonyl group (C=0). In contrast,ciystal structures of compoun@d, the
distances between the aroyl carbonyl group €@RI OH-group of another phenol ring were too
long for hydrogen bond formation, because of tlgmificant torsion angle between phenolic
rings. These facts correspond to the data obtabyedH-NMR analyses. The structures of
compounds20 are also not planar. In the analyzed structuresoaipounds20, the plane of

salicyloyl moiety made a torsion angle of 57-64th® adjacent phenol ring.

3.3 Additional investigations

Modification of benzophenones and bemopumarins is of interest, since these
scaffolds are important structural fragments of ynaatural and biologically active substances,
as mentioned in the introduction. Furthermore, sdrmapzoylbenzoic acids exhibit attractive
biological properties/® In view of that, base-mediated hydrolysis of obgdin 2-
hydroxybenzophenonels3 and 61-benzof]chromenesl4 was performedThe obtained results
are shown in the Scheme 3.7 and Table 3.8.

COOH
3 o COOCH; i COOH
4 /\ 2) ii
COOCH3 COOH

OH
H;COOC COOCH; HOOC COOH
1
2 T l) i
RI3—, _ OH 2) pr
707 TR?

Scheme 3./Synthesis of compoun@? and23.
Reaction conditiongi) 13or 14 (1.0 equiv.), KOH (8.0 equiv.), methanol, reflux;
(i) agueous solution of HCI (30%).

Thereby, compoundk3 reacted with potassium hydroxide in methanol fitixeresulting
in the formation of tricarboxylic acid22 with excellent yields of 80-92%. Interestingly,
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structurally similar 3-methoxybenzene-1,2,4-tricaylic acid was first obtained as the minor
product of the oxidation of gladiolic acl® Likewise, 64-benzof]chromenesl4d and 14u
reacted with potassium hydroxide to produce prax@8a and 23b in 70% and 92% vyields,
respectively. So far, acids, which are structuraisilar to compound3, have not been

described. All structures of compoun@® and 23 were confirmed by NMR, IR and mass

spectrometry.
Table 3.8Synthesis of compoun@® and23.

13 R! R? 22 Yield, @ %

H COOCH a 80

5-CHs COOCH; b 84

e 5-Cl, 4-CH COOCH; c 92

g 3,4-benzo COOCH d 89
14 R? R? 23 Yield, 2 %

d H CaoFs a 70

u 3,4-benzo GF b 92

2Yields of isolated products.

3.4. Photophysical properties

The sunlight ultraviolet radiation (UV) can caudsomallergic and cytotoxic reactions
leading to skin cancer, because of the possibiitphotochemical reactions of the DNA, for
instance, [2+2] cycloadditions of thymifeThe most dangerous radiation of sunlight for the
human skin lies in the range of UV-A (400-320 nmyl &JV-B (320-280 nm) bands, while the
UV-light with shorter wavelengths in the range o0¥4C (280-200 nm) bands is absorbed by
ozone in the upper parts of the atmospRe@rganic compounds, which contain system with
certain unsaturated groups drbitals) or atoms with unpaired electrons (n talB), can absorb
UV radiation without decomposition by exciting dearon from its ground state into an excited
state. In such way, these compounds can act agltd¥sf In an effort to protect the human skin
from negative effects of UV light, a variety of penal care products containing UV filters has

been investigated and producédOptimal sun-protecting compounds should have adand
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strong absorption of UV-A and UV-B radiation, beoptr, thermo- and chemically stable and
have a moderate lipophilicity. Sun-creams can ¢ontdV-A/B broad spectrum filters or a
mixture of UV-A and UV-B filters. Many organic corapnds, e.g. para-amino benzoates,
salicylates, dibenzoyl methanes and camphor derestare approved for use in sun-protecting
materialst’®> However, they do not possess full UV-light proiegtproperties. Besides, many of
them are thought to be toxic, carcinogenic, agiwess unstable and need photostabilizers.
Benzophenone derivatives are an important class oodanic UV-filters. 2-
Hydroxybenzophenones, like so called benzophenohei2zophenone-3 and benzophenone-8,
are widely used as UV-filters in sun-protecting emetls in cosmetics due to their ability to
absorb in both the UV-A and UV-B ranges (Figure).3’3 ’®Benzophenone-3 is one of the
most widely used UV filters in commercial sunscieddonetheless, this compound is thought to
be photocarcinogenid/28 In addition, the highly lipophilic properties of néwn
benzophenones enable them to rapidly cross thealléisaue, what can cause bioaccumulation
in the human body. For these reasons, the develupoienew UV-A/B filters is still of much
interest. The group of Prof. Langer has previousfyorted the synthesis of a series of new 2-
hydroxybenzophenones as novel UV-A/B filters, whibhve shown intensive absorption

properties’®
OH O OH OH O OH O OH
H;CO i i OH H3CO i II H;CO i i
Benzophenone-2 Benzophenone-3 Benzophenone-8

Figure 3.32-Hydroxybenzophenones approved as UV-A/B broadtspm filters.

On the other hand, coumarins are very attractingeta from the point of their absorption
and especially emission properti€umarin derivatives present a wide range of flsceace
properties-81-184 They often exhibit high fluorescence quantum \seldrge Stokes shifts, very
good light stability and low toxicityBecause of that, these compounds have found usgtiaal
brightener$'® and fluorescent and laser dy&sSubstituted coumarins, which contain electron-
withdrawing groups participating in the coumarimgmation system, are the most important
subsets, for example, 7-amino, 7-methoxy- and #dxytoumarins (Figure 3.4%% 185
Moreover, benzocoumarins and benzochromenones, hwhepresentr-extended coumarin

systems, have also attracted attention due to th&éresting fluorescence properti€&:88
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Additionally, some fluorinated coumarin derivativdsave shown intensive fluorescence
properties and improved photostability. These fictnake them superior fluorescent dyes for

use as reporter molecules in biological syst&ths.

R R
L N
I\L o 0 N o 0 (0] o "0 HO o "0
7-aminocoumarins: R = CHs; R = CFj3; 7-methoxycoumarin 7-hydroxycoumarin

Figure 3.4 Commonly-used coumarin fluorescent probes.

Taking into account the structural similarities thie synthesized carbocycles in this
chapter with presently known UV-filter, it was poged to study the UV-activity of 2-
hydroxybenzophenoned3, 6H-benzof]jchromenes 14 and products of their hydrolysis
(compound22 and23). At the same time, one of the attractive featufethe synthesizedHe
benzof]chromenedl4 was their intensive fluorescence behaviour. Alkey can be considered
as systems related to the coumarins. Thereforeast proposed to start the investigation of the
emission properties of compoundg in collaboration with Dr. S. Tschierlei and Pr@.
Lochbrunner (Institute of Physics, University ofgack).

The structure of benzophenones consists of two yphemgs (t orbitals) connected
through a carbonyl group (n orbitals) forming onenjagated system. Accordingly,
benzophenones usually showx=n* andt — =©* transitions, which result in two peaks in the
UV-A and UV-B ranges, respectively’ The low-energy transitions (320-340 nm) of o-
hydroxybenzophenone have been attributed to a eleagsfer transition involving the carbonyl
and hydroxyl group$™ In the structure of synthesized 2-hydroxybenzophes 13, two
hydroxyl groups form hydrogen bonds with their idagring carbonyl groups. This fact lowers
the energy required for the— n* and n— =* transitions and increases the wavelength of the
UV absorbance. In addition, the presence of a narmbearbonyl and hydroxyl substituents in
the phenyl rings provides different tautomeric ferrithe electron density delocalization in the
molecules of benzophenon&8 can be illustrated by resonance structures, warehshown in
Scheme 3.8.
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Scheme 3.&Resonance structures of 2-hydroxybenzophenb8es

As expected, 2-hydroxybenzophenori have shown intensive absorption resulting
usually in three absorption maxima at 230 nm (UVY-2)0-290 nm (UV-C) and 315-380 nm
(UV-A/B). The absorption coefficients are abaut 45000-89000 crtmol!l (Figure 3.5, Table
3.9).

Normalized absorbanc

200 240 280 320 360 400 440

Wavelenght, nm

Figure 3.5UV absorbance spectra of compout@s

Continuing the investigation of absorption propestof the synthesized compoundd; 6
benzof]chromenesl4 were next studied (Figure 3.6, Table 3.10). Compsu 4 have shown
high absorption coefficients, which can be expldibg the maximal overlapping between the
orbitals of two benzene rings, caused by the rigidf the structure. The absorption coefficients
are abouts = 29000-88000 crfmolll. The highest absorption coefficient was meastfoed
compoundl14r, ¢ = 88200 critmol™l. It is necessary to underline that absorptionffanents
obtained in this study for compound8 and 14 are significantly higher compared to other
known UV-A/B filters1’®
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Table 3.9The UV properties of compounds.

13 c-10° mol- It A Amax, NM g, cnrl-mol?- | log &
0.656 228 45248 4.66
13a 1.45 0.538 252 37127 4.57
0.268 330 18460 4.27
13b 161 0.872 229 54161 473
0.281 331 17422 4.24
0.722 204 44870 465
13c 161 0.324 285 20114 4.30
0.311 328 19307 4.29
134 238 1.289 218 54151 473
0.358 341 15024 418
0.507 227 89745 4.95
136 0.57 0.088 269 15585 4.19
0.054 344 9554 3.08
13 1.70 1.240 229 72935 4.86
0.320 331 18834 4.27
0.690 227 60491 478
139 114 0.830 262 72811 4.86
0.175 381 15388 4.19

2 Compounds were dissolved in DCM.

¢ — concentration, A — absorptian;- extinction coefficient.

Normalized absorbanc

Wavelenght, nm

Figure 3.6 UV absorbance spectra of compoutds
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Table 3.10The UV properties of compoundéd.

14 c-10° mol- It A Amax, NM g, cm-mol?-| log &
0.356 232 20421 447
14b 1.21 0.340 287 28099 4.45
0.211 337 17438 4.24
0.578 227 44122 4.64
14c 131 0.153 288 11679 4.07
0.105 344 8015 3.90
0.618 215 44783 465
14¢p 1.38 0.302 286 21884 4.34
0.213 333 15435 419
0.641 228 60472 478
14h 1.06 0.373 344 35189 4.55
0.445 231 35600 455
14k 1.25 0.388 291 31040 4.49
0.288 341 23040 4.36
0.583 227 84249 4.93
14] 0.69 0.152 288 21965 4.34
0.094 344 13584 413
0.812 232 68235 483
0.679 284 57059 4.76
14n 1.19 0.336 325 28235 4.45
0.251 365 21092 4.32
0.630 227 65831 4.82
140 0.96 0.241 289 25183 4.40
0.168 339 17555 4.24
0.620 216 47328 468
14p 131 0.305 289 23282 4.37
0.209 339 15954 4.20
0.633 227 48321 468
149 131 0.368 344 28092 4.45
0.740 227 88200 4.95
14r 0.84 0.173 287 20620 431
0.106 344 12634 4.10
0.371 232 34037 453
14s 1.09 0.308 291 28257 4.45
0.227 341 20826 4.32
0.361 229 76972 4.89
14t 0.47 0.225 288 47974 4.68
0.146 334 31130 4.49
0.535 232 51442 471
0.450 283 43269 4.64
14u 1.04 0.219 323 21058 4.32
0.159 365 15288 418
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The study of fluorescence properties ¢i-Benzofjchromenesl4 was started by the
investigation of the influence of different substihts R and R and their electronic effects on
the emission properties. The comparison of absmrpiand emission spectra and calculated
guantum vyields of studied compouridsare shown in Figure 3.7 and Table 3.11.

The study of compoundb4a, 14h and 14q which contain the same substituerit Bt
different perfluoroalkyl-groups 'RCFs, C2Fs, CsF7), has shown that the"Rjroup does not have
an influence on the absorption as well as the dsocence spectra of these compounds (Figure
3.7 (a)). With regards to the intensity of the fiescence, the different substituents ave a
slight impact on the quantum yields: aH-®enzof]chromenesl4a 14h and 14q are very
strong emitters in the order 54%, 63% and 73%aesely (Table 3.11).

Table 3.11The quantum yields of studietH&enzof]chromened 4.

Compound? R! R? PP
1l4a 3-OCHs Ck 0.54
14d H CaoFs 0.06
14e 2-CHs CaoFs 0.14
14f 3-CHs CaoFs 0.21
14h 3-OCHs CoFs 0.63
14 2-Cl CoFs 0.08
14k 2-Cl, 3-CH; CoFs 0.15
141 2-Br CoFs 0.01
14n 3,4-benzo eFs 0.19
14q 3-OCHs CsF 0.73

& Compounds were dissolved in methanol.
b Quantum yields were determined relative to quirbisalfate in 0.05 M sulfuric acid as

guantum yield standargp & 0.54).
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As a next step, different HBbenzof]chromenes 14, which possess the similar
perfluoroalkyl-group R (CoFs) but different substituents’Rwere studied. As a result, the first
absorption maxima as well as the emission maxin@wofpoundd.4d, 14f and14h were shifted
in the order of substituents'RH < 3-CH; < 3-OCH; to higher wavelengths (Figure 3.7 (b)).
Hence, the methoxy group at the 3-position hagangér impact on the electronic properties
compared to the methyl group. Similar results webtained for the quantum vyields. The
guantum vyield of compounti4d was only 6%. In contrast, the substituted syst&aig3-CHs)
and14h (3-OCH) gave quantum yields of 21% and 63%, respecti{eiple 3.11).

If the methyl group was located at the 2-positiddd, the emission maximum was
shifted to higher wavelengths compared to the marinobtained for compountif (3-CHs),
(Figure 3.7 (c)). The quantum yields were approxatyain the same range of 21%4f) and
14% @4¢. Compoundd4j, 14k and 14l showed that CI- or Br-substituents in the 2-positilid
not have any significant influence on the emissipactra (Figure 3.7 (c) and (d)). The quantum
yields of productd.4j and14l were very low of 8% and 1%, respectively (TablEL}.

Finally, 6H-benzof]chromenel4n containing a 2,3-benzo-substituent has shown the
biggest shift of emission maximum to higher wavgtés (Figure 3.7 (e)). Obviously, this result
is caused by the extendedsystem due to the presence of the additional beunbstituent.
However, the quantum yield was not strongly inflcesh The compound emitted only 19% of
the incoming photons (Table 3.11).

In summary, substituents in the 3-position of coomus 14, which can take part in the
conjugatedrn-system of two benzene rings of®enzoflchromene moiety, have the biggest
influence on the emission properties of these prt=uThe great results were obtained for
compoundd4a 14hand14qcontaining a methoxy group in the 3-position. Thez&on density
delocalization in molecules ofH8benzof]chromenes exemplified by compouddh is shown
in Scheme 3.9. The mechanism of photophysical ptiegeof 61-benzof]chromened4 is now
under further studies in collaboration with Dr.TSchierlei and Prof. S. Lochbrunner.

/H\\ @/H\\@
O O ©O O O

HsCO O OCH, HsCO O OCH,
O e - (X T
H,CO 0~ “CFs H,CO 0~ CoFs

Scheme 3.Examples of possible resonance structuresHabénzof]chromenel4h.

@]
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The last goal of photophysical investigations waes $tudy of absorption properties of
compounds22 and 23 (Figure 3.8, Table 3.12). Also for these compoutitee absorption
maxima were observed at220 nm (UV-C)= 260 nm (UV-C) and 310-360 nm (UV-A/B). In
general, the absorption coefficients are very high56000-99000 crimol™I.

1,27 —22a
i —22b
o 1
c
©
=
o
[%2)
Q
[
©
()
N
©
£
(@]
pz
190 230 270 310 350 390 430
Wavelenght, nm
Figure 3.8 UV absorbance spectra of compoug@sand23.
Table 3.12The UV properties of compoun@2 and23.
Compound? c-10° mol-I* A Amax, M g, cmt- mol?-| log €
0.860 206 66154 4.82
22a 1.30 0.374 256 28769 4.46
0.224 335 17231 4.24
0.805 218 67083 4.83
22b 1.20 0.422 256 35167 4.55
0.257 346 21417 4.33
0.831 221 75545 4.88
22¢c 1.10 0.397 259 36091 4.56
0.235 342 21364 4.33
1.307 219 99015 5.00
1.076 260 81515 491
22d 1.32 0.387 299 20318 4.47
0.298 360 22576 4.35
1.198 264 79867 4.90
23 1.50 0.289 308 19267 4.28

& Compounds were dissolved in methanol;

c — concentration, A — absorptian;- extinction coefficient.
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In summary, due to the intensive UV-absorption prips, investigated compountls,
14, 22 and23 might find use in the preparation of sun-protextiwaterials. Moreover, some of
6H-benzof]lchromenesl4 have shown promising fluorescence properties With quantum
yields and might be useful as fluorescent dyes.

3.5 Conclusions

The domino reactions of different 3-acylchromonéih W, 3-C,C-binucleophiles, namely
dimethyl 1,3-acetonedicarboxylate and 1,3-diphesstiene, were studied. It was found that
electronic and steric effects of the acyl group3edcylchromones play an important role and
have a huge influence on the course of the reaction

In this way, a simple and convenient method for the synthesisun€tionalized 2-
hydroxybenzophenones was developed based on damauwtions of 3-methoxalylchromones
and electron-deficient 3-aroylchromones with dingeth,3-acetonedicarboxylate and 1,3-
diphenylacetone. At the same time, the domino m@astof 3-perfluoroacylchromones with
dimethyl 1,3-acetonedicarboxylate afforded varifiusrine-containing 61-benzof]chromenes.
Furthermore, the significant influence of the stegffect of the N@group inortho-position in
the aroyl moiety of 3-(2-nitrobenzoyl)chromones wasind. Thus, reactions of these 3-
aroylchromones with dimethyl 1,3-acetonedicarboeylgproceeded to the formation of
benzof]coumarin derivatives. In addition, their reactiongh 1,3-diphenylacetone delivered
highly functionalized phenols.

The synthesized compounds might be very attraatiwects from the point of their
pharmacological properties, because of their sirattsimilarity to bioactive natural and
synthetic products. The biological evaluation dfoditained compounds described in this chapter
is now in the study. Moreover, the synthesized @rbyybenzophenoned3 and &H-
benzof]chromenesl4 have shown strong UV-absorption properties. Tloeegfthey may find
application in the preparation of the sun-protectimaterials. Additionally, some H6

benzof]chromened 4 exhibit intensive fluorescence properties.
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Chapter 4

Reactions of 3-acylchromones with heterocyclic kete aminals:

Synthesis of functionalized fused pyridine derivaties

4.1 Introduction

Heteroannulated pyridines are present in a vamétpatural and synthetic molecules
exhibited a wide range of important biological wities.9>1% Pyridine derivatives fused with
five- or six-membered nitrogen heterocycles, suchs apyrrolopyridines?®-202
pyrazolopyridine€3-2*2imidazopyridine$'® and pyridopyrimidined'* 2**can be considered as
purine isosteres. Purines are valuable componenta number of important biomolecules,
namely DNA, RNA, ATP, GTP, AMP and NA#® Therefore, purine-related compounds are
privileged scaffolds in drug discovery (Figure 4.1)Additionally, purine and pyridine
derivatives, which possess an ester group at 2iposof the purine structure, are potent

inhibitors of inosine-5monophosphate dehydrogenase (IMPBH).

NH, (@)
NTX—N NN HN N
PN ﬁg ALY
NN NT N ENT N N
Purine Adenine Guanine

Figure 4.1 Main purine-derived nucleobases.

Chromenopyridines consist of two important moietidse chromone and pyridine. Its
core structure occurs in a number of pharmacoldlgicactive products, which show, for
example, anticancer, anti-HIV-1, antibacterial aadtistress activitie$®?>> Noteworthy,
chromenopyridines, specifically amlexanox and neolod, are used as medicals nowadays.
Nedocromil is used for the treatment of asthma aihdr breathing problems (Figure 4!2).
Amlexanox is a commonly prescribed topical antiuleed antiallergic agest? Other -
chromeno[2,3)pyridin-5-ones (1-azaxanthones) have been repoideghow antiallergié®
anti-tumor??% 227 anticancer?® 22°and acetylcholinesterase inhibd®ractivities. Moreover, 1-
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azaxanthones have beeéesigned and developed as novel fluoregéerit?and optical probeS?
234 as well as effective sensitizers for terbium andopium luminescenc&®2% In addition,
other pyridine derivatives 3-salicyloylpyridinesalexhibit interesting biological activitie824?

and are effective ultraviolet absorbéts24°

O OH O (@)
W° dfh
OH _— | _
0~ "N~ "NH, 0 NK N~ “CHj,

Nedocromil Amlexanox Antitubercular agent

Figure 4.2Biologically active chromenopyridines.

In a view of unique biological properties of pynds, the development of new synthetic
approaches for their preparation is of much intefes organic chemist¥’ One of the
convenient and efficient methods for the synthe$iised pyridine derivatives is based on the
cyclization reactions of enamine-like substratess@irce) as 1,8,N-binucleophiles with
different bielectrophile$®-2°! In this context, chromones can be proposed asC.3-
bielectrophiles. In the last decades, Larggeal 2% 27 2°-31Sosnovskikhet al3® 57 58 83and other
groups® 2°2 have studied the cyclization reactions of différéhsubstituted chromones,
especially  3-acylchromones, with enamine-like bieaphiles (electron-excessive
aminoheterocyles and anilines). This methodology successfully applied for the synthesis of
various fused pyridine derivatives. Besides, 3-8tied chromones are also known as building
blocks for the synthesis of chromeno[bjpyridines. As mentioned in the introduction of
Chapter 3, Bl-chromeno[2,®]pyridine derivatives were synthesized by reactiafs 3-
cyanochromones with dialkyl 1,3-acetonedicarboxeddScheme 3.1%% 8”Moreover, different
three-component reactions using 3-formylchromone$ @mines resulted in the synthesis of
chromeno[2,3)pyridines2®3 254

Heterocyclic ketene aminals (HKAs) are polyfuncibmolecules containing three
nucleophilic centres (C-2 carbon and two nitrogéones), which can react with various
electrophilic agents. HKAs can also be considermetdighly active enamines. For these reasons,
HKAs are widely used in efficient domino and mwitimponerf®® >>°reactions for the synthesis
of various fused heterocyclic systems containingr fnstance, indole®¥’ quinolines,

naphthyridineg®® 1,2,3-triazoles, coumarirt&’ pyridines and pyrimidine®? In most these
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cases, HKAs react as 1G3N-binucleophiles. The double bond of HKAs is higplylarized due

to the presence of two electron-donating amino ggoand the electron-withdrawing carbonyl
group. For this reason, the C-2 carbon atom isrthst nucleophilic centre. Therefore, the first
electrophilic attack is usually directed to the €&bon atom. It is also interesting to note that
many reactions of HKAs are catalyst-fféfeor/and solvent-free representing green chemistry.
However, the reactions of HKAs with chromone-ralatmmpounds have not received much
attention so far. In fact, only a few articles teth to the reactions of coumarins and
naphthoquinones with HKAs have been reported (Sehem)?®” 262 25Thereby, different fused
pyridine derivatives were synthesized (structuredl,l IV). Recently, the reaction of 3-
formylchromone with HKAs was described to form vesttractive tetracyclic fused
chromenopyridine derivatives (structure V), whiahe structurally similar to some natural
alkaloids, particularly, circumdatin D and?®.It is necessary to mention that this reaction
proceeded under base-free conditions.

i % e 0 e
:*/ o

v n
NH

N NH I

Scheme 4.1Reactions of HKAs with chromone-related compousuad naphthoquinones.
Reaction conditionga) EtN, EtOH, 20 °C; If) EtOH, 20 °C; ¢) EtN, 120 °C; ) DCM, reflux.

Being inspired by the biological importance of fdggyridine derivatives and the great
chemical potential of HKAs for the synthesis ofrogen heterocycles, and continuing the
research program dedicated to the study of re&gtofi 3-acylchromones, | was interested to

investigate the reactions of 3-acylchromoAe®with HKAs in a role of 1,32,N-binucleophiles.
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4.2 Results and discussions

4.2.1 Reactions of 3-methoxalyl-, 3-aroyl- and 3+mhamoylchromones with HKAs

HKAs 24 containing five- or six-membered heterocyclic sngvere prepared in
collaboration with group colleagu@s according to reported literature procedures. At fia-
oxoketene dithioacetals were synthesized startiogn fcorresponding aryl ketones by reaction
with carbon bisulphide in the presence of potasdierrbutoxide followed by alkylation with
methyliodide?®® In the second step, obtainedoxoketene dithioacetals were used in the
reactions with diamines to give the correspondihgfll 24,267 268

The investigation of reactivity of different 3-aclifomones4-8 towards HKAs was
started by the study of the reactions of 3-methdgaiomones4 (R? = COOCH). The test
reactions of 3-methoxalylchromoda were performed with HKA&4a(n = 1) and24b (n = 2) in
1,4-dioxane at room temperature (Scheme 4.2, Tddg The reactions were carried out
approximately two days. As a result, tetracyclisefd chromenopyridine derivativeSaand25d
were obtained with an excellent regioselectivityields of 71% and 91%, respectively.

o o o O
0) 3
S R? N R3 P &7 TR

R~ | N _ O
= o ( N . pathway I OR2 NWNH
n
H 24 n
4 25

Scheme 4.5ynthesis of compoun@s.
Reaction conditiong(i) 4 (1.0 equiv.)24 (1.1 equiv.), 1,4-dioxane, 20 °C.

In an effort to decrease the reaction time, reastiof 3-methoxalylchromonéa with

HKA 24a(n = 1) and24b were carried out in 1,4-dioxane at reflux, as veallin solvent with
higher polarity, namely DCM, at room temperaturettBprocedures resulted in an acceleration
of the reactions, full conversion of the startingterials took about 3-4 h. However, more side-
products were detected by TLC and the regioseléctiv the reaction decreased. In the reaction
proceeded in the presence of DBU (1.3 equiv.), id-dloxane at room temperature,
chromenopyridine derivatives were not observed b.TIn contrast, another product was
detected. Most probably, it was a salicyloyl detia with remained opeg-pyrone ring of the
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chromone moiety, without additional cyclizationardhromenopyridine derivative. Based on the
performed experiments, mild reaction conditionscsically stirring in 1,4-dioxane at room
temperature, was preferred to use for the furtheestigations. Noteworthy, the reactions of 3-
formylchromones with HKAs, which proceeded to thernfation of chromenopyridine

derivatives, showed the best results without teaisainy additive$®*

Table 4.1Synthesis of compoun@s.

3-Methoxalylchromone HKA Product
4 R! R? 24 n R3 25 Yield, @ %
a H COOCH a 1 Ph a 71
c 7-OCHs COOCH a 1 Ph b 72
g 7,8-benzo COOCH; a 1 Ph c 77
a H COOCH b 2 Ph d 91
c 7-OCHs COOCH b 2 Ph e 88
d 6-Cl COOCH b 2 Ph f 77
g 7,8-benzo COOCH b 2 Ph g 94

2Yields of isolated products.

The preparative scope was next studied. Prod2eteere obtained with an excellent
regioselectivity and in very good yields of 72-940kable 4.1). In general, the yields of
compounds25d-g containing a six-membered heterocyclic ring detiveom the HKA were
slightly higher than the yields of compourizZisa-cwith a five-membered heterocyclic ring. The
difference might be explained by the slight inflaerof the steric effect of the heterocyclic ring
of the HKAs. The highest yield (94%) was obtained product25g containing a benzo-
substituent in the case of reaction of HRAb (n = 2).In addition, it is worth mentioning that
the obtained tetracyclic fused chromenopyridinavagéives 25 showed intensive fluorescence
properties observed under the UV-light.

Following the initial successful results, as a ngaal, a set of other 3-acylchromones,
such as 3-aroylchromonésand 3-cinnamoylchromoné were studied. A test reaction of 3-
benzoylchromonéa with HKA 24a using proposed reaction conditions afforded theeeted
chromenopyridine derivative26a, albeit, only in 14% vyield (Scheme 4.3, Table 4.2)
Surprisingly, H,3H-imidazo[1,2a]pyridine 27a was isolated as a major product in 76% Yyield.
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Gratifyingly, because of the different physical peaties of product@6aand27a they could be
easily separated. Thus, because of low solubifitpompound27ain 1,4-dioxane, this product
was isolated by simple filtration of the precipggdbrmed in the reaction mixture. Afterwards,
product26awas isolated from the filtrate using column chréogaaphy (ethyl acetate-heptane).
Accordingly, non-polar solvent (1,4-dioxane) wasyeseful to perform this reaction.

Scheme 4.35ynthesis of compoun@6 and27.
Reaction conditiongi) 6 or 7 (1.0 equiv.)24 (1.1 equiv.), 1,4-dioxane, 20 °C.

For a deeper understanding of the reaction cothiegyreparative scope was next studied
(Scheme 4.3, Table 4.2). It was found that reasti@mf 3-acylchromoness and 3-
cinnamoylchromone7 with HKA 24a (n = 1) delivered H,3H-imidazo[1,2a]pyridine
derivatives27a-f, h in moderate to excellent yields (51-96%). In casty reactions of the same
chromones with HKA24b or 24c (n = 2) resulted in the formation of chromenopyred
derivatives26d-n with an excellent regioselectivity and in very dogelds (60-98%).

Thereby, obtained results show the huge influeridbeosize of the heterocyclic moiety
of HKAs 24 on the course of the reaction and the structufdermed products. At the same
time, talking about 3-acylchromonésand 7, their substituent (R= Aryl or cinnamoyl) in 3-
position seems not to have a significant influencethe structure of obtained products. An
exception from this trend was observed only in risction of 3-(2-nitrobenzoyl)chromortel
resulting in the formation oft2,3H,4H-pyrido[1,2-a]pyrimidine 27gin 92% yield, because of a
steric effect of the N&@group inortho-position. This fact corresponds to the resultsaiietd
during the study of the reactions of 3-(2-nitrob®irhromones with dimethyl 1,3-
acetonedicarboxylat&2 described in Chapter 3 (Scheme 3.4, Table 3.3hduld be noted that
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a steric influence of the substituentdrtho-position of the aroyl moiety was observed only for
the NQ-group, while the fluorine atom of 3-(2-fluorobeyBehromone6b did not show such
an effect, obviously, because of its small sizeaddition, the electron-withdrawing character of
the NQ-group of chromonesh and6i also had an influence on the product distributibnis
was observed during the synthesis f,3H-imidazo[1,2a]pyridines 27e and 27f, where by-
products26b and26c could be isolated in 42% and 32% yields, respeltiv

Table 4.2Synthesis of compoun@s$ and?27.

3-Aroylchromone HKA Product (pathway 1) | Product (pathway I1)
6 R? R? = Ar 24| n R3 26 Yield, 2 % 27 Yield, 2 %
a H Ph a Ph a 14 a 76
b| H 2-FGHa a Ph - - b 96
o H 2-C4H3S a Ph . _ c 62
d| H 2-NO,CeHs | a ! Ph . . d 78
h|6-CHs | 3-NOxCeHs a Ph b 42 e 54
[ H 4-NO2CgH4 a Ph c 32 f 51
al| H Ph b Ph d 91 - -
a H Ph c 4-ClCsHs | e 98 L .
b| H 2-FGsHa b Ph f 92 . -
c| H 2-C4H3S b Ph g 63 - -
d| H 2-NOCeHs | b Ph . . g 92
g| H 3-NOCeHs | b |2 Ph h 75 . -
gl H 3-NOCeH4 c 4-CICsHs4 | i 60 - -
i| H 4-NOCeHa | b Ph i 70 . .
[ H 4-NOCgH4 c 4-CICsHs | k 62 o -
j H 3,5-(NG)2CeHs | b Ph | 88 L o
7| H X Ph all Ph _ - h 65
7] H X Ph b |2 Ph m 84 . -
7| H X Ph c|2|4CIGHs| n 87 . _

2Yields of isolated products.
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In summary, by means of the steric effect of theetoeyclic moiety of HKAs24, the
course of the reactions of 3-aroylchromoBeand 3-cinnamoylchromonéand the structure of
obtained products can be controlled. It is necgssaemphasise that 3-formylchromones in the
reactions with HKAs proceeded only to the formatafrchromenopyridine derivativesHZ3H-
imidazo[1,2a]pyridine derivatives were not obtainé.In addition, obtained tetracyclic fused

chromenopyridine derivative showed intensive fluorescence properties undethdight.

4.2.2 Reactions of 3-polyhaloacylchromones with HK&

To further explore the potential of proposed methogy, the reactions of 3-
perfluoroacylchromone$ with HKAs 24 were studied. Obtained results are presented in the
Schemes 4.4 and 4.5, Tables 4.3 and 4.4.

At first, 3-trifluoroacetylchromones were investigd. Unexpectedly, the reactions of 3-
trifluoroacetylchromone$ with HKA 24a(n = 1) afforded mixtures of 2-salicyloylpyridin28
and coumarin derivative®9 in 34-61% and 29-46% vyields, respectively (Schemds Tables
4.3).

Scheme 4.48ynthesis of compoun@8 and29 starting from 3-trifluoroacetylchromonés
Reaction conditiong(i) 5 (1.0 equiv.)24 (1.1 equiv.), 1,4-dioxane, 20 °C.

Compounds28 and 29 were separated by column chromatography using ettstate-
heptane for the isolation of produ@8 and methanol for the elution of coumari® However,
in case of the reaction of chromobe, only product28c could be isolated, because of the

formation of a number of other by-products in snaafiounts. Nonetheless, during the synthesis

65



Chapter 4. Reactions of 3-acylchromones with he®yrclic ketene aminals:

Synthesis of functionalized fused pyridine derivags

of compound8d and29¢ by-product (chromenopyridine derivati2éo) was isolated in 18%
yield. Noteworthy, in the case of formation of canm derivative29 the intermediate semi-
ketal form containing OH- and Gfgroups was not stable (Scheme 1.4, Scheme 3.8)efine,
the reactions proceeded with elimination of the-Gfeup as a leaving group.

At the same time, reactions of the same 3-triflacatylchromone$ with HKAs 24b (n
= 2) delivered functionalized 2-salicyloylpyridin€éerivatives 28e-h with an excellent
regioselectivity and in very good yields (78-95%)tained results again display the significant

steric influence of the heterocyclic moiety of HK24 on the product distribution.

Table 4.3Synthesis of compoun@s8 and29 starting from 3-trifluoroacetylchromonés

5 R1 24 n 28 Yield,2 % 29 Yield,2 %

a H a 47 a 46

b 7-OCHs b 61 b 31
a 1

c 6-ClI C 48 L L

e 7,8-benzo d 34 C 29

a H e 88 - -

b 7-OCHs f 72 L L
b 2

c 6-ClI g 95 L L

e 7,8-benzo h 78 - _

2Yields of isolated products.

" Compound26owas isolated in 18% yield (structure see below).

As the second step, 3-heptafluorobutanoylchromareze studied. Coumarin derivatives
29aand29cwere obtained by the reactions of 3-heptafluoraboylchromone$&qg and5w with
HKA 24a(n = 1) with excellent regioselectivity, in yield$ 84 and 91%, respectively (Scheme
4.5, Table 4.4). This finding shows the influendetle electronic and steric effects of the
perfluoroalkyl-group on the regioselectivity of tihheaction and the product distribution. It is
worth mentioning that during the attempt to prepampound®9aand29c at first mixtures of
the fluorinated semi-ketal and produ2® were observed by NMR. The products were not

possible to separate, because of the unstableenatuhe fluorinated product. For this reason,
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the reactions were carried out at reflux until fedinversion of the fluorinated semi-ketals into
coumarin derivative0.

As could be expected, similar to the reactions-tifRioroacetylchromones, reactions of
3-heptafluorobutanoylchromone® with HKAs 24b and 24c (n = 2) afforded 2-
salicyloylpyridine-related derivative80 in good yields of 60-76% (Scheme 4.5, Table 4.4).
However, the reactions also involved elimination tbé heptafluoropropyl-group. A small
amount of fluorinated 2-salicyloylpyridine derivags could be detected on the TLC. In addition,
it should be mentioned that all described reactafr®perfluoroacylchromoneswith HKAs 24
continued approximately 10-12 h.

i i
0 0 29
H
R N | C3F; N>_?'R3 pathway I
, _
_ o
O 5 ("ﬁ H h2 OH O 0
24 x = = R3
pathway I y | ‘

R!
30

Scheme 4.55ynthesis of compoun@® and30using 3-heptafluorobutanoylchromortes
Reaction conditiong(i) 5 (1.0 equiv.)24 (1.1 equiv.), 1,4-dioxane, refluxj)X5 (1.0 equiv.),
24 (1.1 equiv.), 1,4-dioxane, 20 °C.

Table 4.4Synthesis of compoun@® and30using 3-heptafluorobutanoylchromortes

5 R? 24 | n R3 30 Yield,2 % 29 Yield,2 %
q H a 1 Ph . - a 91

w 7,8-benzo a Ph L _ C 84

r 6-CHs b Ph a 76 - -

t 6-Cl c 4-CIGsHa b 60 . .

v 6-Br b . Ph C 76 _ .

w 7,8-benzo b Ph d 70 _ _

2Yields of isolated products.
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Unfortunately, the use of 3-pentafluoropropanoybchones in the reactions with HKAs
was unsuccessful, because of the formation of arsdye mixture of products. Most probably, it
was a mixture of fluorinated and non-fluorinatedaicyloylpyridine and coumarin derivatives.

Additionally, the reactions of 3-(2,2-dichloroad@tirromone8 with HKAs 24 were
carried out using the described protocol (Scher6g Zhe treatment of chromorgewith HKA
24a(n = 1) proceeded to the formation of tetracycltomenopyridine derivativ26p in 41%
yield, while the reaction of the same chromone WHKA 24b (n = 2) delivered 2-
salicyloylpyridine derivative28i in 50% vyield. The reaction times were about 102
Noteworthy, in both cases the reaction proceadadhe 2,2-dichloroacetyl carbonyl fragment
by the second nucleophilic attack. Nonethelessdymb26p was formedvia an additional
intramolecular cyclization involving the phenoli¢tiegroup and semi-ketal centre. The moderate
yields can be explained by the formation of a numbk by-products detected by TLC.
Unfortunately, these by-products could not be isala

= Ph

m
[ CHCL N 26p, 41%
-
0 n

0 7’
Ph i
N H n=2 OH O o)
H 24 i

8
= | Ph
HO™/>N" >NH
CLHC
28i, 50%

Scheme 4.@Reaction of 3-(2,2-dichloroacetyl)chromodivith HKAS 24.
Reaction conditiong(i) 8 (1.0 equiv.)24 (1.1 equiv.), 1,4-dioxane, 20 °C.

4.2.3 Proposed reaction mechanism

The proposed mechanism of the domino reactionsamfy®hromone#-8 with 1,3-C,N-
binucleophile, namely HKA&4, is outlined in the Scheme 4.7.

Based on the chemical behaviour of 3-acylchromommeghe reactions with 1,3-
binucleophiles described in Chapter 1 and Chaptérv@as suggested that all studied reactions
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of chromonest-8 with HKAs 24 have started by nucleophilic 1,4-addition, dirdcte theC-2
atom of the chromone. As usual, the HKAs acted &issC-nucleophilgia the most nucleophilic
C-2 carbon atom. Afterwards, opening of §apyrone ring proceeded to the formation /&f
dicarbonyl intermediat@, which is capable to different intramolecular @yations. The second
nucleophilic attack of HKA24 (amino-group) could be directed to the acyl caytbaroup
COR? (pathway I) or tdhe carbonyl group of salicyloyl moiety (pathway 1l

R |

_ R>=[100H;, 28:R*=[F;;
N sp2_ _
OR2 L_HNH Ar, (H(l, 28i:R*=[Hlly,n=2;
) n -H,0 OH O R3
25: R“=[100H;3,n=1, 2;
26: R?=Ar,n=2; 7 | 74 | o)
26p: R2= HOL,n=1; X/ HO N
1 NH
OH O R3 R'= D3F7 R
n=2
= | = | (0] -[3F-H

2
RLMH

Rl 07 NTONH
30 R2= 100 H
(o (o pathway 1 . 3
Ar, R
= R2
R 1,
O _ _H
+ ; LAY
— R
R3 ()
2_H 3
(0] R
C _
HN NH
)n pathway I | R2 = Ar, RF
N O
S
N | R3
Rl_l oS S
N
o~ "0 29

27:R>=Ar,n=1;

Scheme 4.Proposed reaction mechanism for the formatioroafmound25-3Q
Reaction conditiong(i) 4-8 (1.0 equiv.)24 (1.1 equiv.), 1,4-dioxane.
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In this way, 2-salicyloylpyridine derivative28 (R> = CK, n = 1, 2; R = CHCb, n = 2)
and30 (R? = GsF7), as well as chromenopyridine derivatis (R> = COOCH) and26 (R? =
Aryl, n = 2; R = CHCh, n = 1), were formedia pathway . It is necessary to note that, in case
of the synthesis of chromenopyridine derivatiZédsand26, an additional cyclization involving
the phenolic OH-group and semi-ketal centre, foddwoy fission of a water molecule, took
place. 2-Pyridone-related derivatives30 were obtained starting from  3-
heptafluorobutanoylchromones and HKAs 24b, ¢ (n = 2) including elimination of the
heptafluoropropyl-moiety as a leaving group in It step of the reaction.

Compound®7 (R? = Aryl, n = 1) and fused coumarin derivative (R? = CF, CsF7, n =
1) were formedrsia pathway Il. Synthesis of compoun28included additional cyclization of the
phenolic OH-group with acyl group CORliminating the perfluoroalky-group, resulting time
formation of the fused coumarin core.

In summary, reactions of different 3-acylchromore8 with HKAs 24 led to the
formation of various types of producg-30 due to the electronic and steric effects of the
substituent in 3-position of the 3-acylchromoned #re ring size of the heterocyclic moiety of
the HKAs. The last factor played the most signiiiceole. The intramolecular cyclization 6%
dicarbonyl intermediateéA is the most important step determining the stmectof formed

products.

4.2.4 Structure identification

All structures of synthesized compoun@%-30 were confirmed by spectroscopic
methods, specifically NMR, IR and mass spectrometsywell as X-ray crystal analysis. The
characteristic signals observed from NMR spectreoafipound25-30 are shown in Table 4.5.

All obtained compound25-30 contain an alkyl-chain of heterocyclic moiety ded
from the HKAs (N-CHx-(CH2)n-N<). The alkyl-chain appeared as multiplets (or brigh
singlets) of four hydrogen atoms&H) in the range 06 ~ 3.2-4.3 ppm ofH-NMR spectra
and two singlets of carbon atomsNEH,) ats ~ 40-44 ppm in thé3C-NMR spectra. In case of
the alkyl chain derived from the HKAs containingsia-membered heterocyclic ring (n = 2),
signals of additional -CiHgroup were detected: two multiplets of two hydmoggéoms ab ~ 2.0

ppm and one signal of carbon atondat 19 ppm in théH- and*°*C-NMR spectra, respectively.
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Observed multiplets of hydrogen atoms of alkyl-chahowed their non-equivalence. In
addition, in most cases, typical singlet of the roggn atom of pyridine-related ring of

synthesized compoun@&-30could be seen at~ 8 ppm in the¢H-NMR spectra.

Table 4.50bservation from NMR analyses for compou8s3Q

Compound Structure Characteristic signals in NMR-spectra
'H NMR:
NH: if n=1:5,6~9.6 ppm;
o H R ifn=2:sp=11.5-12.5 ppm;
25 . H (pyridine-related ring): § ~ 7.8 ppm;
o R0 N / i SO0 | OCHs: 5,8 = 3.5-4.0 ppm, in the case 28;
26 = o]fm\] N-H | FCNMR:
HzC‘(C/HQ)n C=0: 5,6 =189-193 ppm;
C: 5,0 =90-94 ppm,;
C":s,86 = 90-94 ppm;
OCHs: 5,6 = 54.0 ppm, in the case 25;
MON O "H NMR:
- D OH: 5,6 = 10.3 ppm;
27 H (pyridine-related ring): § =~ 7.7 ppm;
C NMR:
2 C=0:sp = 188-195 ppm,;
'H NMR:
20H and NH: if n=1: s = 8.78-10.76 ppm,
OH O H O N if n=2: $,=9.72-11.46 ppm;
»g _ | CWQ\J(C\M |1_|3(§p|\>|/|zl/|d|:l:e related ring): § ~ 7.3 ppm;
- o .
RS H%é NTON-H | 2C=0: 55 = 188-197 ppm;
 HCHCHY), C": q,8~ 84 ppm tJcr~ 32.5 Hz);
CFs: 0,8 = 125 ppm tJcr~ 296.0 Hz);
F NMR: CFK: s,6 ~ -83 ppm;
H,C~N 0 IH NMR:
! H (pyridine-related ring): § =~ 7.6 ppm;
29
1*C NMR:
C=0:5,60~ 191 ppm,;
OH O H O *H NMR:
p & y ¢, |OHandNH:sp =10.2-13.5 ppm;
30 R | | E H (pyridine-related ring): $ =~ 7.9 ppm;
R 07NN [ECNMR:
H2C\C/CH2 2 C=0:sp =190-197 ppm,;
H,
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In the low field of IH-NMR spectra of chromenopyridine derivativeés and 26 in
DMSO-ds, the NH-group appeared as a singlet at9.6 ppm (if n = 1) and = 11.5-12.5 ppm
(if n = 2). In the low field of*C-NMR spectra, the carbonyl group COgave a signal a =
189-193 ppm. Besides, two typical signals were bahé = 90-94 ppm, related to the chiral
carbon atom and the carbon atom attached to the>@@Rp (proved by 2D NMR).

Similar to compound®5 and 26, in the low field of tH-NMR spectra of BI,3H-
imidazo[1,2a]pyridine derivative®7 in DMSO-ds, one singlet (OH-group) was observed at
10.3 ppm. At the same time, in contrast to comps@idand 26, in the 3 C-NMR spectra of
products27, two signals stemming from two carbonyl groupseveéetected ai = 188-195 ppm
and no signals were found in the rangedcf 90-94 ppm. Therefore, compoun@8 and 27,
which were formed in the reactions of 3-aroyl- aBecinnamoylchromones, could be
distinguished by th&C-NMR spectra.

In the low field of'H-NMR spectra of compound8, three characteristic proton signals
of two OH- and one NH-groups appeared as a singtets 8.78-10.76 ppm (if n = 1) ard=
9.72-11.46 ppm (if n = 2), showing that tp@yrone ring of the chromone moiety is opened. In
the low field of*3C-NMR spectra, two signals of two carbonyl groupggevobserved @t = 188-
197 ppm. The presence of £§roup in the structures of compourZwas confirmed by°C-
NMR analysis, which showed typical quartet at 84 ppm (chiral carbon atom) add~ 125
ppm (CFE), and by'°®F-NMR spectra, where the @§roup appeared as a singletat-83 ppm.

In contrast to product®7, for compound<9 the absence of any signals in the low field
of 'H-NMR spectra was typical, indicating that the phienOH-group of openeg-pyrone ring
was involved in intramolecular cyclization. In thev field of 2*C-NMR spectra, one carbonyl
group (COR) was detected at~ 191 ppm, indicating that formed salicyloyl carbbgsoup of
openedy-pyrone ring and carbonyl carbon atom CQ#re involved in the interaction during
the reaction.

In contrast to compound8, in the low field of the¢H-NMR spectra of product30, only
two signals belonging to the_OH- and NH-groups walserved at = 10.2-13.5 ppm. This
confirms the elimination of the perfluoroalkyl-gmand the conversion of the OH-group into a
keto-group. In thé3C-NMR spectra, two carbonyl groups appearesl=atl90-197 ppm.

Compounds29 and 30, which synthesis proceeded involving the elimimatiof the
perfluoroalkyl-group, did not show any signals e £3C- and!®F-NMR spectra, which could

indicate the presence of fluorine atoms in thesteocutes. The fluorine atom in the aryl moiety
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of compound26k and27e appeared in th&€’F-NMR spectra as a singlet &t -114.16 and -
114.40 ppm, respectively. In th&C-NMR spectra of these products, the correspondinlets
of the carbon atoms of the aromatic ring contairariyiorine atom were detected.

For an additional examining of the obtained strredy HMBC NMR analyses were
performed for compound®6b and 30b. The most important correlations are shown in Fagu
4.3. In the_HMBC spectrum of compourdbb the cross-peaks between the carbonyl group
(6=177.0 ppm) and the aromatic hydrogen atotns 7.19-7.39 ppm) of chromone moiety
could be detected through 3 and 4 bonds. Besideslations between the hydrogen atom of the
formed pyridine-related ringd(= 7.82 ppm) and two neighbouring carbonyl groups 177.0
and 189.6 ppm), the chiral carbon atan=(90.5 ppm) and the carbon atom attached to COPh
(6 =91.2 ppm) were observed.

Cl K) 30b

Figure 4.3 Observations from 2D HMBC analyses for compou2iisand30b.

The HMBC spectrum of80b displayed cross-peaks between the salicyloyl egibo
carbon atomd = 190.7 ppm) and the hydrogen atoms:-B3C6-H (6 = 6.82-7.29 ppm) and
C8-H (6 = 7.88 ppm), as well as correlations between arathrbonyl groupd(= 192.1 ppm)
attached to the carbon atom C9 and the hydrogensatd 4-chlorophenylene moiety € 7.45-
7.61 ppm) and C8-H (Figure 4.3).

The structures of compoun@sf, 26g m, n, o, p, 27b, €, g, 28e 29b, 30b and31 were
unambiguously established by X-ray single crystallgsis (Table. 4.6).

With the aid of the X-ray crystal analysis for cimenopyridine-related derivativesf
and 26g m, n, o, p, the presence of intermolecular hydrogen bondsdmt the NH-group and
the neighbouring carbonyl group C=0 was confirmiéah (= 1,~ 2.2 A; if n = 2, 1.8-1.9 A).
Likewise, the X-ray analyses of compour8e and30b indicated the hydrogen bonds between

OH- and NH-groups and the neighbouring carbonylipsoC=0 as distances of 1.7-1.9 A. In the
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cases of compound&7e and 27g weak hydrogen bonds with molecules of solventdd:de
indicated by X-ray structure analysis. The distarme 2.7 and 2.1 A long, respectively.
Expectedly, the structures of the fused chromendipy derivative25f and26g, m, n,
0, p and the pyridopyrimidine-related system of commb@dBe are not planar, because of the
presence of a quaternary carbon atom (chiral cgmtt@ch configuration is near to tetrahedral
(the values of angles lie within 106-113°). In cast, the heterocyclic core of théd,3H-
imidazo[1,2a]pyridine moiety of compound&7b, e, g and fused coumarin system of compound
29b is near to planar. Interestingly, in the casesahpounds27b and27¢ the phenolic ring
and the phenylene moiety of the aroyl-group (CO&pproximate to be parallel to each other.
Noteworthy, the alkyl chain of the six-memberedehatyclic ring derived from the HKAs is in
a half-chair conformation in all crystal structurd$e analyzed crystals of chiral compounds
25f, 26g m, n, o, p and28e consisted of a racemic mixture, in contrast toviogsly obtained
6H-benzof]chromenel4o, which crystallized as one enantiomer (see Ch&jter

Table 4.6Crystal structures of compoun®@sf, 26g m, n, o, p, 27b, d , h, 28¢ 29b and30h.

Crystal structure Compound Structure
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4.3 Conclusions

The reactions of different 3-acylchromones, sucB-agethoxalyl-, 3-aroyl-, 3-cinnamoyl
and 3-polyhaloacylchromones, with HKAs afforded ariety of different pyridine-related
heterocycles. Electronic and steric effects ofab@ group of the 3-acylchromones and the ring
size of the heterocyclic moiety of the HKAs plagraat role in these reactions with regard to the
product distribution.

In this way, an efficient and convenient method vpasposed for the synthesis of
tetracyclic fused chromenopyridine derivativea domino reactions of 3-methoxalylchromones
with HKAs, as well asvia domino reactions of 3-aroyl- and 3-cinnamoylchroem with HKAs
containing six-membered heterocyclic ring. In casty functionalized R,3H-imidazo[1,2-
a]pyridine derivatives were synthesized with exadlleegioselectivity by domino reactions of 3-
aroyl- and 3-cinnamoylchromones with five-memberddKAs. Fluoroalkylated 2-
salicyloylpyridine derivatives were delivered byacdons of 3-trifluoroacetylchromones with
HKAs.
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The synthesized pyridine-related heterocycles meghibit useful biological properties.
The investigation of biological activity afompounds25, 26 and 27 is currently in progress.
Furthermore, obtained chromenopyridine derivat@®esnd26 might be of interest due to their

promising fluorescence properties, which are noindstudied.
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Chapter 5

Reactions of 3-halochromones witlf-ketoamides and 1,3-dihydroindole-2-
thiones: Synthesis of functionalized 2-salicyloylftans and 2-benzoyl-81-
thieno-[2,3-b]indoles

5.1 Introduction

Five-membered heterocycles are immensely impodegdanic compounds, which occur
in an enormous number of natural products and detraie a wide range of biological
activities269-271

Furans, specifically polysubstituted furans, arg &uctural units in a variety of natural
products and pharmaceuticai$?’* Among different substituted furans, 2-benzoylfisrdrave
received much attention. For example, the naturatlyect morachalcone C displays cytotoxic
activity against HCT-8 and BGC823 human cancer tir#s?’® 2-Benzoylfurans, such as
benziodarone, benzbromarone and amiodarone, ameatly used nowadays (Figure 5.1).
Benziodarone possesses vasodilation actiityhile benzbromarone is a uricosuric agent used
in the treatment of gout, because of its xanthiriglase inhibitor activity’’ Amiodarone is
applied as an antiarrhythmic agéfitBesides, another benzoylfuran, furidarone, is @rcary

vasodilator’® 2®|n addition, benzofuran befunolol exhibits antiglama activity*’

Q O CH;
O
HO HN—< HO
O I CH;
Furidarone
H,C Befunolol 0 o

R 0 1 O
(] |
Do b
Morachalcone C Benziodarone: R=I

N
Benzbromarone: R=Br ( j Amiodarone

Figure 5.1 Pharmacologically relevant furan and 2-benzoylfutanvatives.
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At the same time, the indole ring system is onthefmost important privileged scaffolds
in medicinal chemistry’ Indoles fused to a sulfur containing ring syst&¥€3have attracted
considerable attention due to their presence iarabproducts, for instance, thienodoftt, 28°
brassilexik®2% and sinalexiff® 2°*(Figure 5.2). Furthermore, synthetic thienoindcdesibit
antifungal?®* 28 anticance® 2% activities and are used in the treatment of diffier
neurological diseasé& In addition, thienoindoles are used in organicctetmics as

electroluminescence materi&s 2°and conducting polymer8!: 298

0]
H,N S
| )—NH
. .«
Brassilexin: R =H Thienodolin Nervous system agents:
Sinalexin: R= OCHj R =H, alkyl

R'-R® = alkyl, alkenyl, alkynyl

Figure 5.2Pharmacologically relevamdoles fused with sulfur-containing heterocycles.

A number of approaches for the synthesis of fulnivdtives?®°-*tas well as thieno[2,3-
blindole derivatives??310 are reported. However, most of these methods rsfiffen some
drawbacks and are limited in scope and generaliberefore, flexible and efficient general
methods for the preparation of new multiply subsét furan and thieno[2[8indole
derivatives are still desirable.

As already mentioned in Chapter 1, 3-halochromasres other representatives of 3-
substituted chromones, which are well-proven btedphiles for the synthesis of different five-
membered heterocycles (Scheme 1.6). In this cantéxivas proposed to consider 3-
halochromones as potential building blocks for gkiethesis of new furan and thiophene-related
molecules. A few works related to the synthesis tloése derivatives starting from 3-
halochromones were already reported? 311313

1,3-Dicarbonyl compounds are exceptional synthgkitforms widely used in domino
and multicomponent reactio”¥. 3-Halochromones, especially 3-bromochromone, hage
attracted attention in the reactions with 1,3-ddcawyl compounds (Scheme 5.1). Thus, 3-
bromochromone reacted with varig@sliketones ang-ketoesters giving highly functionalized
furans (structure BY 3°Nevertheless, the addition of diethyl malonate tr@nochromone

80



Chapter 5. Reactions of 3-halochromones wjtkketoamides and 1,3-dihydroindole-2-thiones:

Synthesis of functionalized 2-salicyloylfurans aradbenzoyl-8H-thieno-[2,3-b]indoles

afforded the 3-substituted chromone (structure’'fl)At the same time, the reaction of 3-
iodochromone with dimethyl malonate gave unexpe&@&Imethanochromanone containing a
cyclopropyl ring (structure 11IJ® Additionally, the reaction of 3-bromochromone with
tricarbonyl compounds, specifically dimethyl 1,3tmedicarboxylate, was also reported and
proceeded to the formation of furan derivative aarihg cyclopropyl ring (structure 1V), due to
the additional interaction with a second molecdlelmomone'®® Interestingly, in this case the
carbonyl group (C=0) of dimethyl 1,3-acetonedicasiate was involved in the interaction, in
contrast to the reactions with 3-acylchromonesnlesd in Chapter 3, where it played a role of a
1,3-C,C-binucleophile. Predictably, all described reactiovere carried out under basic reaction
conditions for the activation of the methylene comgnt of 1,3-dicarbonyl compounds.
Noteworthy, similar to reactions of 3-acylchromondgth active methylene compounds studied
in this work and befordsee Chapter 3), most of the mentioned above orectof 3-

halochromones were performed using DBU as a base.

O  COOC,Hs o o OH
[ cooCHs Cszo)J\/U\OCsz \ !
o (a) X=Br {
| LI ©
R! = Me, Ph, CH,-S-Ph,
) H )(J)\/U\/U\ CH,COEt
R? = Me, OEt
H;CO OCH; R!, R? = -CH,C(CH3),CH,-
i : :O: O
OCH
11| 0 ’
| +
COOCH
Minor product ’ Major product COOCHs 0

Scheme 5.1Reactions of 3-halochromones with 1,3-dicarboyhpounds.
Reaction conditionga) DBU, MeCN, 20 °C;l§) K.COz, DMF, 20 °C; €) DBU, THF, 20 °C;
(d) DBU or DBN, CHCE4, 20 °C;

The structure of f-ketoamides compared t@-diketones contains an additional
nucleophilic centre, namely the nitrogen atom & @éimide group. These compounds are widely
used substrates. They can reacCa3-,31-331 C,N-,332338 N, 0-,3% or O,0-binucleophile® in

different cyclization reactions. By now, the usefedetoamides in the reactions with chromones
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has not been reported. The investigation of theti@as of 3-halochromones wiffltketoamides

is mechanistically very interesting, because ofpttesence of a multiplicity of reactive centres in

the molecule of these nucleophiles, such as ameagtethylene component, two oxygen and one
nitrogen atoms, which can react by electrophilitackt leading to the synthesis of highly

functionalized furan, pyrrole or other derivatives

On the other hand, powerful 1G3S-binucleophiles, like 1,3-dihydroindole-2-thionese
widely used as building blocks in cyclization reacs with diverse bielectrophiles for the
synthesis of various sulfur-containing heterocyéfés*’ Such reactions have also attracted
attention in our group®® 3% The interaction ofa-halocarbonyl compounds, which are
structurally similar to the 3-halochromones, wittB-tlihydroindole-2-thione derivatives is
reported and led to the synthesis of thieno[diBdoles®* The reactions of 3-halochromones
with Snucleophiles are very rare. Only reactions of @hromones with 1-methyl-2-
sulfanylimidazole, 1,2,4-triazole derivativesN,N'-dimethylthiourea and 2-mercapto-
benzimidazoles were reportéd”?

All these facts have inspired me to study the reast of 3-halochromonewith p-
ketoamides and 1,3-dihydroindole-2-thiones, whiatiehnot been studied previously. It is worth
mentioning that there are only a few reports, whiohtain the comparison of the reactivity of
different 3-halochromones towards binucleophife. Another aspect of this part of my work
was to study the influence of the type of halogemmaon the selectivity of the reactions of 3-
halochromones. This project was performed with Het;m Tim Gléasel during his work on
bachelor thesis.

5.2 Results and discussions

5.2.1 Reactions of 3-halochromonesith g-ketoamides

The investigation was started with a study of rieast of 3-halochromone%-11 with -
ketoamides31. It was suggested to perform a test reaction usig well-proven general
procedure, described in Chapter 3 during the stfdseactivity of 3-acylchromones towards
active methylene compounds. The treatment of 3-bobmomonelOa with p-ketoamide3la

(1.1 eqiuv.) in the presence of DBU (1.3 equiv.)lljd-dioxane at room temperature proceeded
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in the formation of 2-salicyloylfurarB2a with an excellent regioselectivity, in 87% yield
(Scheme 5.2, Table 5.1). The reaction time was tab@l2 hours. Interestingly, in spite of the
high nucleophilicity of a nitrogen atom of the amigroup, 2-benzoylpyrrol@2 was not

observed.

0
N X 0O 0
R! ! + ,R2
O N
0 H
9-11 31

Scheme 5.5ynthesis of compound2.
Reaction conditiong(i) 9-11(1.0 equiv.)31 (1.1 equiv.), DBU (1.3 equiv.), 1,4-dioxane, 20 °C

The preparative scope was next studied. The irgagin has shown that the present
protocol could be applicable to various typespdfetoamides31 providing a convenient route
for the synthesis of a wide range of 2-salicylosdfus 32 (Scheme 5.2, Table 5.1). 2-
Salicyloylfurans32a-x were obtained in moderate to excellent yields 48%6). Gratifyingly,
most products could be isolated by simple filtnatiof the formed precipitate. Otherwise,
recrystallization from heptane/isopropanol or catuohromatography was used. In the case of
the synthesis of compourd20, a by-product, isomeric 2-benzoylfurdg, could be isolated and
identified.
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Table 5.1Synthesis of compoun@®2.

3-Halochromone | X | 31| 32 R? R? R3 Yield,? %

10a Br| a| a H Ph Ch 87
10c Br| a | b | 5Cl 4-Ch Ph Ch 99
11b Cl|a]|c 4-OCHs Ph Ch 98
1llc Cl|la|d 3,4-benzo Ph Ch 53
10a Br | b | e H 2,4-(CH)2CeH3 CHs 93
11b Cl| b | f 4-OCHs 2,4-(CH)2CeH3 CHs 69
11c Cl| b | g| 34benzo | 24-(ChCeHs | CHs 76
11a Clic | h H 2-CHsCeH4 CHs 85
10c Br| ¢ | i | 5-Cl, 4-Ch 2-CHsCeH4 CHs 99
11b Cl|c| j 4-OCHs 2-CHsCeH4 CHs 98
1lic Cl|c| k 3,4-benzo 2-ChCsH4 CHs 93
%9a I | d | I H 4-ClCGsH4 CHs 46
10b Br| d | m 5-CHs 4-CICsH4 CHs 99
10c Br| d | n| 5Cl 4-Ch 4-CICsH4 CHs 98
11b Cl|d]| o 4-OCHs 4-CICeH4 CHs 4T
9b l | d|p 3,4-benzo 4-CleHs CHs 56
lla Cl| e| g H H OCHs 98
10b Br| e | r 5-CHs H OCHs 90
11b Cl|e| s 4-OCHs H OCHs 79
1lic Cl| e |t 3,4-benzo H OCHs 88
1lla Cl| f u H Ph Ph 81
10c Br| f | v | 5-Cl, 4-CH; Ph Ph 72
11b Cl| f |w 4-OCHs Ph Ph 69
1llc Cl| f | x 3,4-benzo Ph Ph 70

2Yields of isolated products.

" Compound33 was isolated in 7% yield (structure see below).

OH O

H,CO
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In addition, the influence of the halogen atomla# 8-halochromon@-11 on the yields
of compounds32 was studied for each type @fketoamides3l (see Table 5.2). Thus, 3-
chlorochromoné. lagave the best yields of produ@&2g and32u, while 3-bromochromon&0a
gave a little bit lower yields. Though, for the Hyesis of compound82a 3-bromochromoné&0a
showed to give the best yield (87%), slightly higtiean 3-chlorochromon&la (83%). The use
of 3-iodochromonda resulted in a dramatic decrease of the yields5@%). Besides, the type
of halogen had also an influence on the reactiore.tiThe reactions of 3-chlorochromones
proceeded approximately 3-4 h, while reactions-bfdno and 3-iodochromones required 10-12
h to reach full conversion. In this way, it was wsinathat the yields of obtained 2-benzoylfurans
32 strongly depend on the type of halogen substitoénhe 3-halochromone®-11 3-Bromo-

and 3-chlorochromones were the most effectiveHersiynthesis of compoun@2a.

Table 5.2The influence of the halogen atom of 3-halochronsamethe obtained yields.

3-Halochromone X p-Ketoamide Product Yield, %?
9a I 3la 53
10a Br 3la 32a 87
1lla Cl 3la 83
9a I 3le 49
10a Br 3le 32q 79
lla Cl 3le 98
9a I 31f 45
10a Br 31f 32u 63
1la Cl 31f 81

2Yields of isolated products.

5.2.2 Reactions of 3-halochromones with 1,3-dihydrmedole-2-thiones

The next goal in this investigation was to studg thactions of 3-halochromon@sl1
with 1,3-dihydroindole-2-thiones34 (Scheme 5.3, Table 5.3). In order to activate the
binucleophiles, DBU and potassium carbonate wer@mméxed as bases. The reaction of 3-

chlorochromonella with 3H-indole-2-thione344 in the presence of DBU (1.3 equiv.) in 1,4-
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dioxane, afforded 2-{8-thieno[2,3b]indole-2-carbonyl}-phenoB5ain 57% yield (Method A).
The same reaction using®QCs (4.0 equiv.) in DMF gave produBbain an improved yield of
74% (Method B). Further studies of the preparasieepe showed that by the use of DBU more
by-products were formed (detected by TLC) and tieédg of obtained product35 (35-60%)
were lower than using a less strong base, likE® (56-78%), see Table 5.3. Both methods
were carried out at room temperature for 3-4 hdorenitored by TLC). The products were

isolated by column chromatography.

O
N X i
Rg J I s ——
0 I\{z
9-11 34 R

Scheme 5.35ynthesis of compound@s.
Reaction conditiong(i) 9-11(1.0 equiv.)34 (1.1 equiv.), DBU (1.3 equiv.), 1,4-dioxane,
20 °C (method A); KCOz (4.0 equiv.), DMF, 20 °C (method B).

Table 5.3Synthesis of compoun®s.

3-Halochromone X 34 | 35 R? R? Yield, 2 %

11a Cl a a H H 570 74
9a I a a H H 3¢
11b Cl a b 5-OCHs H 56
1llc Cl a c 5,6-benzo H 78
10b Br | b d 4-CHs CHs 43
11b Cl b e 5-OChs CHs 46
11c Cl b f 5,6-benzo CH 55°
11a Cl C g H Ph 60
11b Cl c h 5-OChs Ph 3%
11c Cl c i 5,6-benzo Ph %3

2Yields of isolated products.
b Reaction was carried out using method A.

¢ Reaction was carried out using method B.
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Expectedly, 3-bromo and 3-chlorochromones showedhilghest activity in reactions
with 1,3-dihydroindole-2-thiones34. The use of 3-iodochromon®a instead of 3-
chlorochromonella employing method B dramatically decreased thedya#l product35a to
only 30% (Table 5.3). This fact demonstrates tlymifcant influence of the type of halogen
atom in the 3-position of chromon&sl1l on the yields of obtained products. This finding

corresponds to the results obtained in the reagtiting-ketoamides31.

5.2.3 Proposed reaction mechanism

The proposed mechanism of the reactions of 3-hedoohnes9-11 with f-ketoamides31
and 1,3-dihydroindole-2-thionégl is outlined in Scheme 5.4.

In all described cases, 3-halochromofi€kl reacted as 1,85C-bielectrophiles. The first
attack of binucleophile81 or 34 took place at the most electrophilic carbon atar-position
of 3-halochromones giving intermediafe (1,4-addition). The second nucleophilic attack of
substrate81 and34 was directed to the halogen-substituted carbom.akurther elimination of
the halogen atom led to the formation of intermexdi® andB’, respectively (Scheme 5.4).
These intermediates underwent the cleavage ofati®mn-oxygen bond to give new compounds
32 and35 containing five-membered heterocyclic ring (sethyway |, Scheme 1.6, Chapter 1). It
should be noted that products containing a six-negetbring, formedia a second attack of the
nucleophile directed to the carbonyl group of theomone moiety, were not observed (pathway
Il, Scheme 1.6, Chapter 1).

Regarding binucleophiles, in the first stgpketoamides31 and 1,3-dihydroindole-2-
thiones34 reacted a€-nucleophilesvia their methylene component activated by base. At th
second electrophilic attack, two oxygen and nitrogeoms ofj-ketoamides31 could be exposed
providing several possible isomers, specificallypetrzoylfurans32 and 33, as well as2-
benzoylpyrroles32’ mentioned above. Obviously, the amide oxygen atomore nucleophilic
than the other oxygen. It could be expected that#tond electrophilic attack would be directed
to the most nucleophilic centre, the amide nitrogésm. Nonetheless, it was mechanistically
interesting to discover that the cyclizations pexterd via the amide oxygen atom of-
ketoamides31 giving 2-benzoylfurans32. Isomeric 2-benzoylpyrrole82' were not detected,
while isomeric 2-benzoylfura3 was isolated in a small amount as a by-product.fdks
nucleophiles34, thecyclizationvia the nitrogen atom by the second electrophilicciti@as not
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possible due to a steric hindrance. Therefore stiiisequent attack was directed to the sulfur
atom, followed by elimination of the halogen atofie y-pyrone ring opening resulted in the

formation of compound35.

31 or 34
Het=0, S;

_ o _ _
H .
= o) /Rz in case in case
Rl _\ | / NH of 31 of 34
o/
L B ' O L il

Scheme 5.4Proposed reaction mechanism for the formatioroaimounds32 and35.

5.2.4 Structure identification

All structures were confirmed by NMR, IR, MS anda§ single crystal analyses.

In the low field of*H-NMR spectra of compound®2in DMSO-ds, two singlets of NH-
and OH-groups were observeddat 10.2-13.9 ppm. The shift of these group$ t011.0 ppm
can be caused by the presence of intramoleculanggd bond with the neighbouring carbonyl
group. Nevertheless, the values of chemical sbift®H-group were also dependent on the R
substituent in the salicyloyl moiety. In th%-NMR spectra, two carbonyl groups appearedl at
= 180 and 190 ppm. Similar observations were sedineitH- and**C-NMR spectra of isomeric
2-benzoylfurans33. In the *H-NMR spectra of compound35 in DMSO-ds, the singlet of
phenolic QH-group appeareddat 10.6-13.9 ppm indicating also in this case thdrbgen bond

formation. For compound35a-G an additional singlet of the_ NH-group was detéétethe low
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field of tH-NMR spectrad = 11 ppm). The signal of the carbonyl group was nkekatd = 190

ppm in the'*C-NMR spectra.

The structures of compoun82e 32x, 33 and 35i were independently established by X-

ray crystal structure analysis (Table 5.4). Typiwgdirogen bonds involving OH- or_NH-groups

and oxygen atom of neighbouring carbonyl groups@Cwere confirmed as well (1.5-2.1 A).

Obviously, the structures of produ@®®e 32x and35i are not planar. The torsion angles between

the salicyloyl moiety and heterocyclic ring are time range of 15-22°. A planar core of

thieno[2,3bjindole was observed in the molecule of compoBBd Interestingly, the structure

of product33 is planar including 2-salicyloylfuran and amide iet@s. Most likely, a non-

classical hydrogen bond (C11-H---01, 2.1 A) plagsgaificant role in the formation of such

planar crystal structure.

Table 5.4Crystal structures of compoun82e 32x, 33 and35i.

Crystal structure Compound Structure
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5.3 Additional investigations

Furochromones contain two important fragments, tkeomone and furan moieties, and
are of much interest, because of their biologicedpprties. For example, phytoestrogen
lupinalbin A represents a selective estrogen recepmodulator (Figure 5.3f°
Broussofluorenones A and B show poterglucosidase and anticholinesterase inhibitihs>?
Due to continued interest in furochromones as phaohogical agents, it was interesting for me

to study the transformation of 2-benzoylfur&2so furo[3,2b]chromen-9-ones.

Broussofluorenone A, B \\\< Lupinalbin A

A: R]’ Rz = -CH:CHC(CH3)20-
B: R; =-CH,CH=C(CH3), R, =-OH

Figure 5.3Pharmacologically relevant furochromones.

For this purpose, the use of various oxidizing &g¢iedine’? o-chloranil and DD®®Y),
which were applied in similar cyclizations, diffatebases (DBU and potassium carbonate) and
solvents (DCM, MeCN and DMF) were studied. The lygsid of the furo[3,23]chromen-9-one
36a(up to 32%) was obtained using iod{@eequiv.) and DBU (3 equiv.) in MeCN (Scheme 5.5,
Table 5.5). The rather low yield can be explaingdth®e instability and decomposition of the
formed product. A metal-catalyzed reaction using(@@Ac). (catalyst) in the presence of
Zn(OTf), (additive) was also applied for the synthesis arfyét structuré>® However, this
method was not successful and no product coulddiated.
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0
Se
10 or?l .
i

0 0 Oncpot

RZMN’R3
s H
Scheme 5.55ynthesis of compoun®®é and37.
Reaction conditions(i) 10or 11 (1.0 equiv.)31 (1.1 equiv.), DBU (1.3 equiv.), 1,4-
dioxane, 20 °C;i() 12(2.0 equiv.), DBU (3 equiv.), DCM or DMF.
Table 5.5Synthesis of compoun®s$ and37.
3-Halochromone| X | g-Ketoamide | Product R? R? R3 Yield, 2 %

Starting from32m 36a 7-CHs CHs | 4-CIGeH4 32
10a Br 3la 36b H CHs Ph 37
11b Cl 3la 36¢c 6-OCH; | CHs Ph 28
10d Br 3la 36d | 5,6-benzg CHs Ph 14
1lla Cl 31f 36e H Ph Ph 42
11b Cl 31f 36f 6-OCHs Ph Ph 21
10a Br 3le 37a H OCHs H 30
11b Cl 3le 37b | 6-OCHs | OCHs H 27

2Yields of isolated products.

As a next step, | have studied a one-pot protomothe direct preparation of furo[3,2-
blJchromen-9-ones starting from 3-halochromones (Beh&.5, Table 5.5). The reaction of
chromonel0a with p-ketoamide3la in the presence of DBU (1.3 equiv.) in 1,4-dioxane
followed by subsequent oxidative cyclization by iidd iodine (2 equiv.), DBU (3 equiv.) and
DCM gave producB6b in 37% yield. The obtained yield is slightly higitban the yield in the
stepwise process. The main loss in yield took pladke cyclization of 2-benzoylfuran.

In view of the obtained results and operationalpsicity, the preparative scope was next
studied using the one-pot protocol, starting frofor@mo- and 3-chlorochromoné&$ and11, as

they proved to give better yields than 3-iodochroes® for the synthesis of 2-benzoylfurans.
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Accordingly, reactions of chromoné&® and11 with fp-ketoamide31 with subsequent oxidative
cyclization gave furo[3,b]chromen-9-one86b-f in moderate or low yields (Scheme 5.5, Table
5.5). The lowest yield was obtained for the benzossituted product36d (14%) with,
presumably due to a steric hindrance. It is necgdsaemphasise that, in the case of reaction of
3-halochromones with methyl 2-carbamoylacet@®s the interesting unexpected spiro-
compounds37 were obtained. The spiro-structure formation carxplained by the nucleophilic
attack of phenolic OH-group of formed 2-benzoylfuB?, directed to the position 5 (instead of
position 4) of the activated double bond, followsdfurther additional oxidation at 4-position.

All structures of compound36 and37 were confirmed by NMR, mass spectrometry and
IR. In contrast to 2-benzoylfuran32, in the low field of *H-NMR spectra of furo[3,2-
blchromen-9-one86 in DMSO-Us, only one singlet (NH-group) was detected at 10.6 ppm.

At the same time, théH-NMR spectra of spiro-compoun®Y showed two singlets of NH
group 6 = 9.1 and 10.1 ppm), indicating non-equivalencehesé hydrogen atoms. In the low
field of the>*C-NMR spectra of product37, typical signals of carbon atoms C-3, C3", C-5', C-
7a and the carbonyl carbon atom of the ester gmwepe observedd(= 163-192 ppm). In
contrast, for compound36 only one signal of the carbonyl group was deteateithe low field

of the®*C-NMR spectrad = 190 ppm).

The structure of37b was additionally confirmed using 2D NMR analysSQSY,
HMBC). In the HMBC spectrum, cross-peaks betweebaraatom C-3d = 189.0 ppm) and the
aromatic hydrogen atoms € 6.86-7.67 ppm) of chromone moiety were detetiedugh three
and four bonds (see Figure 5.4). Besides, carbom &-3 (6 = 178.0 ppm) gave cross-peak
with one of the hydrogen atoms of the amino graup 9.06 ppm). Expectedly, the spiro-carbon

(6 = 102.7 ppm) did not show significant cross-peaitk any hydrogen atoms.

Figure 5.4 Observations from 2D HMBC analysis for compo@Tdb.

The structure oB6e was independently confirmed by X-ray crystal simoe analysis
(Table 5.6). The hydrogen bond between NH-group thedoxygen atom O4 of the carbonyl
group was indicated as a distance of 2.0 A. Prabligt the furo[3,28]chromen-9-one moiety is
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planar. In addition, based on the X-ray crystaudtre analysis of derivativ@7b, the
spirocyclic structure of compound¥7a and 37b was suggested. This structure is also in
accordance with 2D NMR analysis. Nonetheless, dubd relatively low quality of the obtained

crystal data, the X-ray structure ®fb cannot be published.

Table 5.6Crystal structure of compourgbe

Crystal structure Compound Structure
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Unfortunately, the attempts to carry out the oxidatyclizations of obtained 2-benzoyl-
8H-thieno[2,3b]indoles 35 under the same reaction conditions did not givwe rasults. On the

TLC, no conversion of the starting materials wasenbed.

5.4 Conclusions

A new efficient and convenient method for the sgsth of functionalized 2-
salicyloylfurans and 2-benzoykBthieno[2,3b]indoles was developeda cyclization reactions
of 3-halochromoneswith pS-ketoamides and 1,3-dihydroindole-2-thiones, retpely. The
influence of the halogen atom of the 3-halochronsooe the yields of obtained products was
studied. 3-Bromo- and 3-chlorochromones provedearore active than 3-iodochromones in
this type of reactions. In addition, furo[3Pchromen-9-ones were synthesized using a one-pot
two-step protocol starting from 3-halochromones #rkketoamides followed by subsequent
oxidative cyclization of formed 2-salicyloylfuransing iodine. The products obtained during
this study might be of pharmacological relevandee biological properties of compoun@2

and33 are presently being studied.
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Chapter 6

Summary

This thesis was dedicated to the study of the cbanpiotential of different 3-substituted
chromones, namely 3-acylchromonres8 and 3-halochromone®-11, as building blocks for the
synthesis of new interesting carbo- and heterosyclée overview containing the number of
structural classes synthesizeih domino reactions of 3-substituted chromones witfer@nt
binucleophiles is shown in Scheme 6.1.

In Chapter 2, an already known protocol of the rhiediVilsmeier-Haack reaction was
applied for the synthesis of various 3-substitutedromones. New 3-methoxalyl-, 3-

perfluoroacyl- and 3-aroylchromones derivativesenarepared.

According to_Chapter 3, the domino reactions ofc@ehromones4-6 with 1,3C,C
binucleophiles, such as dimethyl 1,3-acetonedicailate and 1,3-diphenylacetone, led to the
formation of various functionalized 2-hydroxybenhepones, fluorine-containing He
benzof]chromones, benzoJjcoumarins and phenols depending on the substitaenthe 3-
position of chromone and used LL3=-binucleophile. Photophysical properties of synithess
products were studied. It was found that 2-hydrexgmphenone&3, 6H-benzof]chromenes
14 and products of their hydrolysis exhibit strong 4db’sorption properties. Furthermore, some

of 6H-benzof]chromened 4 demonstrate intensive fluorescence behaviour.

As described in_Chapter 4, a simple and efficieethod for the synthesis of various
pyridine-related heterocycles was developed basedbmino reactions of 3-acylchromones
with heterocyclic ketene aminals (HKAS). It wasatigered that the ring size of the heterocyclic
moiety of the HKAs, as well as electronic and steeffects of the acyl group of 3-
acylchromones, play an important role in thesetreag and have a significant influence on the
structure of the formed products. Moreover, thetlsysized tetracyclic fused chromenopyridine

derivatives25 and26 show promising fluorescence properties, whichnang in the study.

Finally, in Chapter 5, an efficient and conveniamethod for the synthesis of
functionalized 2-salicyloylfurans and 2-benzoy-&hieno[2,3blindoles was proposedia

cyclization reactions of 3-halochromones wittketoamides and 1,3-dihydroindole-2-thiones,
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respectively. Furo[3,BJchromen-9-ones were synthesized using a one-potsteps protocol

starting from 3-halochromones afidketoamides with subsequent oxidative cyclization.

The products obtained in this thesis are not rgadibilable by other methods and might
be of pharmacological relevance due to their stimattsimilarity to bioactive natural products

and synthetic drugs. The biological evaluationysfteesized compounds is now in progress.

Chapter 3:
COOCH;
H,CO0C COOCH;
R2 14
OH
Ph
C }
13,17 21
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Rl : o R3
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NH
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Chapter 4:
Chapter 5:
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Scheme 6.TThe chemical potential of 3-substituted chromohdd.
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Supplement 1

Experimental part

1.1. Analytics

'H-NMR-Spectroscopy:

Bruker AVANCE 250 Il (250 MHz), Bruker AVANCE 30011(300 MHz), Bruker AVANCE
500 (500 MHz). The spectra were calibrated accgrdo the solvent signals: 7.26 ppm for
CDCls, 2.50 ppm for DMSQ#s.3>* Peak characterization: s = singlet, d = doubletfriplet, dd
=double of doublets, td = triplet of doublets, dieublet of triplets, q = quartet, m = multiplet.

13C-NMR-Spectroscopy:

Bruker AVANCE 250 Il (62.9 MHz), Bruker AVANCE 300l (75.5 MHz), Bruker AVANCE
500 (125 MHz). The spectra were calibrated accgrdinthe solvent signals: 77.00 ppm for
CDCls, 39.5 ppm for DMSQ3s. Peak characterization: t = triplet, q = quail#EPT method was

used for determining the presence of primary, seéaop tertiary and quaternary carbon atoms.

19F-NMR-Spectroscopy:
Bruker AVANCE 300 11l (282 MHz).

All chemical shifts are given in ppm. All couplimgnstants) are indicated in Hz.

Mass spectrometry (MS):
GC 6890N / MSD 5973 (Agilengr Finnigan MAT 95-XP (Thermo Electron).

High resolution MS (HRMS):

Finnigan MAT 95 XP (Thermo Electron) (electron isaiion El, 70 eV) or 6210 Time-of-Flight
LC/MS (Agilent) (electrospray ionization, ESI). @nkhe measurements with an average
deviation from the theoretical mass of 12a were accounted as correct.

Infrared spectroscopy (IR):
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Nicolet 380 FT-IR spectrometer with ATR samplinghrique for solids as well as liquids.

Abbreviations for signal allocations: w = weak, nmedium, s = strong.

X-ray crystallography:
Bruker-Nonius Apex X8 or Bruker Apex Kappa-Il ddfttometers with CCD-Kamera (MoeK
and graphite monochromatar= 0.71073 A).

Absorption spectroscopy:
Lambda 2 (Perkin Elmer) or Specord 50 spectrophetemCuvette length=1 cm.

Fluorescence spectroscopy:

Spectrafluorometer FluoroMax-4P, Horiba Scientifihe luminescence quantum yields were
determined relative to quinine bisulfate (Sigmarfdd Co.) in 0.05 M sulfuric acid (Titripu,
Merck AG) as quantum yield standargd £ 0.54). The optical densities of all solutionsreve

below an absorbance of 0.1.

Melting point determination (mp):
Microscope Laborlux 12 Pol S, Mettler FP90 cenBedcessor, SNT 12 V 100 K. The melting

points are uncorrected.

Thin layer chromatography (TLC):
Merck silica gel 60 54 Detection under UV light at 254 nm and 366 nmhwaitt dipping

reagent.

Column chromatography:
Chromatography was performed over Merck silica@fe(0.063-0.200 mm, 70-230 mesh). All
solvents were distilled before use.

All chemicals and solvent (extra dry) for carringt of reactions were purchased from the

standard chemical suppliers, such as Sigma-Aldrichkcos®, Merck® and others. All

reactions were monitored by TLC using UV light feualize the course of reaction.
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1.2 General synthetic procedures and product charaerization

1.2.1 Supplement for Chapter 2

Starting 3-acylchromones8 were prepared according to described procedth@s>* 83 84

General procedure for the synthesis of 3-methoxalghromones 4:

To a round-bottom 50 ml flask, fitted with a sepfuroontaining corresponding 3-
(dimethylamino)-1-(2-hydroxyphenyl)prop-2-en-1-02€10.0 mmol) dissolved in 25 ml of dry
DCM, dry pyridine (3.3 equiv.) was added. The gdolutwas set on stirring on ice bath and
acylation agent3a (methyl oxalyl chloride) (1,1 equiv.) was addedpmrise. The reaction
mixture was stirred at the room temperature foo8rs (approximately) and after was stripped
of solvents and liquid residues. The obtained swlas well washed with water to give the

corresponding 3-methoxalylchromonks

3-Methoxalylchromoneta has already been described and reported by Dr.k&chan in the
group of Prof. Langet*

3-Methoxalyl-6-methylchromone (4b):

. o O Starting with  (E)-3-(dimethylamino)-1-(2-hydroxy-5-methyl-

HsC 4
3 |3 COOCH;  phenyl)prop-2-en-1-onb (4.105 g, 20.0 mmol) and methyl 2-
e 2 chloro-2-oxoacetat@a (2.0 mL, 22.0 mmol) and pyridine (5.3

1

mL, 66.0 mmol) in DCM (25 mL), the produéb was isolated as a yellow solid (4.580 g, 93%),
mp = 134-136 °C;

'H NMR (300 MHz, DMSOsg): & = 2.44 (s, 3H, Ch), 3.87 (s, 3H, OCk), 7.66-7.74 (m, 2H,
7,8-Har), 7.89 (s, 1H, 5-&), 9.08 (s, 1H, 2-K); *C NMR (62.9 MHz, DMSQdg): § = 20.4
(CHg), 52.7 (OCH), 118.4, 118.7, 123.6, 124.5, 136.5, 136.9, 15%4,0, 164.4, 174.1, 184.7,
MS (GC, 70 eV)m/z(%): 246 ([M], 5), 218 (19), 203 (15), 187 (100), 135 (29), XZ)( 53 (9);
HRMS (EI): calcd for GsH100s ([M]*) 246.05227, found 246.05262; IR (ATR, &nV = 3056
(W), 2954 (w), 1749 (s), 1715 (w), 1685 (s), 16588 1596 (s), 1553 (s), 1475 (s), 1430 (s), 1377
(w), 1338 (m), 1295 (s), 1239 (s), 1204 (s), 11138, (1116 (m), 1029 (s), 998 (m), 976 (m), 960
(m), 914 (m), 872 (m), 830 (s), 816 (M), 795 ($2 M), 746 (s), 712 (s), 658 (M), 550 (M).
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7-Methoxy-3-methoxalylchromone (4c):
o 0 Starting with (E)-3-(dimethylamino)-1-(2-hydroxy-4-methoxy-
MCOOC% phenyl)prop-2-en-1-on@c (4.442 g, 20.0 mmol) and methyl 2-
HC o | chloro-2-oxoacetat8a (2.0 mL, 22.0 mmol) and pyridine (5.3
mL, 66.0 mmol) in DCM (25 mL), the produdt was isolated
as a yellow solid (4.353 g, 83%), mp = 152-154 °C;
H NMR (300 MHz, DMSO#l): & = 3.87 (s, 3H, OCH), 3.92 (s, 3H, OC}H), 7.15 (dd3J= 8.9
Hz, 4J = 2.3 Hz, 1H, 6-H/), 7.28 (d,*J = 2.3 Hz, 1H, 8-H), 8.00 (d, 1H3J = 8.9 Hz, 5-H.),
9.04 (s, 1H, 2-K); 3C NMR (75.5 MHz, DMSOde): 6 = 52.6 (OCH), 56.4 (OCH), 101.6,
115.9, 117.3, 118.5, 126.7, 157.6, 164.1, 164.2,8,6.73.3, 184.8; MS (GC, 70 eX)/z (%):
262 ([M1], 2), 234 (23), 219 (24), 203 (100), 151 (54), 119), 63 (10), 53 (16); HRMS (ESI):
calcd for GsH1106 ([M+H]*) 263.05501, found 263.05528; IR (ATR, &nV = 3043 (w), 2967
(w), 2848 (w), 1743 (m), 1683 (m), 1650 (s),161% 1652 (w), 1504 (m), 1464 (w), 1436 (s),
1393 (m), 1350 (w), 1326 (m), 1276 (s), 1226 (497 (m), 1179 (m), 1143 (m), 1104 (s), 1030
(m), 1012 (s), 971 (m), 943 (m), 921 (w), 879 (BY9 (s), 818 (s), 785 (s), 748 (s), 721 (s), 677
(m), 633 (w), 599 (m), 578 (m), 543 (m).

6-Chloro-3-methoxalylchromone (4d):
O O Starting with  (E)-1-(5-chloro-2-hydroxyphenyl)-3-(dimethyl-
| o
0 chloro-2-oxoacetatda (2.0 mL, 22.0 mmol) and pyridine (5.3 mL,
66.0 mmol) in DCM (25 mL), the produdd was isolated as a yellow solid (4.799 g, 90%), mp
= 137-139 °C;
'H NMR (250 MHz, DMSO¢k): & = 3.88 (s, 3H, OCh), 7.84 (d,*J = 9.0 Hz, 1H, 8-K), 7.93
(dd, 33 = 9.0 Hz,J = 2.6 Hz, 1H, 7-H), 8.01 (d,*J = 2.6 Hz, 1H, 5-K), 9.13 (s, 1H, 2-K);
13C NMR (62.9 MHz, DMSQdg): § = 52.8 (OCH), 118.5, 121.4, 124.3, 125.2, 131.5, 135.3,
154.3, 163.8, 164.8, 173.2, 184.2; MS (GC, 70 eV (%): 266 ([M], 4), 238 (12), 223 (10),
207 (100), 155 (34), 123 (13), 63 (12), 53 (30);MER (ESI): calcd for &Hg**CIOs ([M+H]™)
267.00548, found 267.00586, calcd foris*’CIOs ([M+H]*) 269.00298, found 269.00315; IR
(ATR, cmi!): V = 3068 (w), 2956 (w), 1739 (m), 1688 (m), 1651, (§07 (m), 1553 (s), 1482
(w), 1464 (s), 1439 (s), 1391 (w), 1372 (w), 138Y, 1297 (s), 1253 (m), 1219 (m), 1191 (m),

cl coocH, amino)prop-2-en-1-on€d (4.513 g, 20.0 mmol) and methyl 2-
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1173 (m), 1139 (w), 1121 (m), 1073 (m), 1023 (&5 s), 899 (m), 868 (m), 840 (s), 816 (s),
795 (s), 761 (s), 744 (M), 715 (s), 685 (M), 665683 (), 590 (W), 543 (S).

6-Chloro-7-methyl-3-methoxalylchromone (4e):
o o Starting with  (E)-1-(5-chloro-2-hydroxy-4-methyl-phenyl)-3-
CIMCOOC% (dimethylamino)prop-2-en-1-on2e (4.794 g, 20.0 mmol) and
HC o methyl 2-chloro-2-oxoacetat®a (2.0 mL, 22.0 mmol) and
pyridine (5.3 mL, 66.0 mmol) in DCM (25 mL), thegauct4e
was isolated as a white solid (4.659 g, 83%), nij84-186 °C;
'H NMR (300 MHz, CDCY): § = 2.52 (s, 3H, CH), 3.98 (s, 3H, OCH, 7.43 (s, 1H, 8-K),
8.16 (s, 1H, 5-K), 8.60 (s, 1H, 2-K); 3C NMR (75.5 MHz, CDGJ): § = 20.9 (CH), 53.0
(OCHg), 119.7, 120.3, 123.6, 125.9, 133.7, 144.7, 15¥62,1, 164.0, 173.4, 184.1; MS (GC, 70
eV) m/z(%): 280 ([M], 4), 252 (15), 237 (13), 221 (100), 169 (30), 53){ HRMS (EI): calcd
for C13He**ClOs ([M]*) 280.01324, found 280.01330; IR (ATR, ¢nV = 3067 (W), 2956 (W),
1739 (m), 1683 (m), 1650 (s), 1615 (m), 1588 (Y11 (m), 1454 (m), 1436 (m), 1414 (s), 1383
(w), 1367 (w), 1332 (m), 1290 (s), 1247 (m), 12&¥),(1167 (w), 1128 (m), 1029 (s), 995 (m),
952 (w), 941 (m), 901 (m), 885 (s), 823 (m), 796 (61 (s), 714 (s), 689 (m), 651 (s), 595 (W),
552 (w).

6-Bromo-3-methoxalylchromone (4f):
o o Starting with  (E)-1-(5-bromo-2-hydroxy-phenyl)-3-(dimethyl-
Brwcooc}h amino)prop-2-en-1-on@f (5.402 g, 20.0 mmol) and methyl 2-
chloro-2-oxoacetatda (2.0 mL, 22.0 mmol) and pyridine (5.3 mL,
66.0 mmol) in DCM (25 mL), the produdf was isolated as a
yellow solid (6.549 g, 95%), mp = 138-140 °C;
'H NMR (300 MHz, DMSO¢k): & = 3.88 (s, 3H, OCH), 7.79 (d,%J = 8.9 Hz, 1H, 8-K), 8.07
(dd,33=8.9 Hz,YJ = 2.5 Hz, 1H, 7-K), 8.17 (d,*J = 2.5 Hz, 1H, 5-K), 9.14 (s, 1H, 2-K);
13C NMR (62.9 MHz, DMSQdg): § = 52.8 (OCH), 118.6, 119.5, 121.6, 125.5, 127.4, 138.1,
154.7, 163.8, 164.9, 173.1, 184.2; MS (GC, 70 V2 (%): 310 ([M], 6), 284 (11), 282 (13),
269 (12), 253 (100), 199 (26), 88 (9), 53 (18); HRMEI): calcd for @H;°BrOs [M]*
309.94714, found 309.94763, calcd fort@*'BrOs [M]* 311.94509, found 311.94583; IR
(ATR, cnm®): V = 3078 (w), 2961 (w), 1731 (m), 1691 (m), 165} {605 (m), 1552 (m), 1504
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(W), 1461 (s), 1435 (s), 1380 (w), 1365 (m), 138, (1295 (s), 1260 (s), 1223 (m), 1179
(m),1119 (m), 1061 (w), 1021 (s), 949 (m), 886 (862 (M), 829 (s), 812 (s), 795 (s), 770 (S),
744 (m), 705 (s), 674 (M),655 (M), 604 (S), 536 (S)

3-Methoxalylbenzoh]chromone (49):

O O Starting with (Z)-3-(dimethylamino)-1-(1-hydroxy-naphthalen-2-

O | coocH, Yl)prop-2-en-1-oneg (4.826 g, 20.0 mmol) and methyl 2-chloro-2-
') oxoacetate3a (2.0 mL, 22.0 mmol) and pyridine (5.3 mL, 66.0

O mmol) in DCM (25 mL), the producdg was isolated as a pale

yellow solid (4.347 g, 77%), mp = 112-114 °C;

'H NMR (300 MHz, CDCJ): § = 4.02 (s, 3H, OCH), 7.68-7.82 (m, 3H, W), 7.92 (d3J= 7.3
Hz, 1H, Hy), 8.08 (d3J = 8.8 Hz, 1H, H), 8.42 (d.3J = 7.5 Hz, 1H, H,), 8.74 (s, 1H, 2-&});
13C NMR (75.5 MHz, CDGJ): § = 53.0 (OCH), 120.2, 120.9, 121.3, 122.0, 123.4, 126.9, 127.9,
128.2, 130.1, 136.2, 153.6, 161.0, 164.1, 174.8,5t8VS (GC, 70 eVjn/z(%): 282 ([M], 7),
254 (22), 239 (29), 223 (100), 171 (49), 139 (334 (16), 53 (21); HRMS (ESI): calcd for
Ci6H110s ([M+H]*) 283.06010, found 283.06061; IR (ATR, én V = 3078 (w), 2961 (w),
1727 (w), 1690 (w), 1641 (s), 1633 (s), 1601 (MRA (m), 1557 (m), 1509 (m), 1462 (m), 1440
(m), 1410 (m), 1402 (m), 1384 (s), 1360 (m), 1338, (1303 (s), 1259 (m), 1236 (m), 1215 (m),
1176 (m), 1153 (w), 1132 (m), 1064 (m), 1039 (M)21 (s), 959 (w), 935 (w), 924 (w), 865
(w), 830 (m), 808 (s), 798 (s), 755 (s), 745 (§8 Tm), 691 (M), 639 (m), 605 (W), 574 (s), 547
(m).

General procedure for the synthesis of 3-perfluorogylchromones 5:

To a stirred reaction mixture of the correspondda@imethylamino)-1-(2-hydroxyphenyl)prop-
2-en-1-one2 (10.0 mmol) and pyridine (3.3 equiv.) in 25 mldrfy MeCN, the corresponding
acylation agent3 (trifluoroacetyl anhydride3b, pentafluoropropanoyl anhydrid@c or
heptafluorobutanoyl chloride8d) (2.2 equiv.) was added slowlyia a syringe at room
temperature. The reaction mixture was stirred foe-two hours and after was stripped of
solvents and liquid residues. The obtained soli weashed well with water to give the

corresponding 3-perfluoroacylchromortes
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3-Perfluoroacylchromonées were obtained as mixture of hydrated and non-hgdréorms and
were used in the further investigations without iaddal purification. They were used as

intermediate products and are not described inthieisis.

General procedure for the synthesis of 3-aroylchromwnes 6:

To a stirred reaction mixture of the correspondilg(dimethylamino)-1-(2-hydroxy-
phenyl)prop-2-en-1-on@ (10.0 mmol) and pyridine (3.3 equiv.) in 25 ml drfy MeCN, the
corresponding benzoylchlorid8e-k (1.1 equiv.) was added slowljia a syringe at room
temperature. The reaction mixture was stirred flxdor 10-12 hours and after was stripped of
solvents and liquid residues. The obtained soli¢ weashed well with water to give the
corresponding 3-aroylchromone6. In some cases, it was necessary to use column

chromatography.

3-Benzoylchromone (6a):
O O Starting with (Z)-3-(dimethylamino)-1-(2-hydroxyphenyl)prop-2-emhe
ph 2a(3.825 g, 20.0 mmol) and benzoylchlori@e (2.6 mL, 22.0 mmol) and
| pyridine (5.3 mL, 66.0 mmol) in MeCN (25 mL), theoduct6awas isolated
as a white solid (4.004 g, 80%), mp = 129-131 °C;
'H NMR (300 MHz, DMSOdg): § = 7.50-7.59 (m, 3H, H), 7.67 (1t,3J = 7.4 Hz,*J = 1.3 Hz,
1H, Har), 7.75 (dd2J = 8.4 Hz,"J = 0.6 Hz, 1H, H), 7.86-7.92 (m, 3H, W), 8.09 (dd3J=7.9
Hz, 43 = 1.5 Hz, 1H, H/), 8.72 (s, 1H, 2-i); *C NMR (62.9 MHz, DMSQde): 5 = 118.7,
124.2, 124.5, 125.3, 126.1, 128.5, 128.6, 129.9,512133.6, 134.8, 136.9, 155.8, 158.8, 174.3,
191.6; MS (GC, 70 eVin/z(%): 250 ([M], 27), 249 (43), 221 (100), 194 (13), 173 (22), 121
(28), 105 (20), 77 (47), 63 (11), 51 (18); IR (AT&yY): V = 3060 (w), 1946 (w), 1823 (w),
1644 (s), 1610 (s), 1563 (s), 1461 (s), 1383 (1B401(m), 1308 (s), 1251 (m), 1210 (m), 1156
(w), 1135 (s), 1031 (w), 999 (w), 968 (m), 920 (1BY2 (s), 808 (w), 787 (m), 758 (s), 717 (s),
688 (s), 632 (s), 558 (w).
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3-(2-Fluorobenzoyl)chromone (6b):

O O F Starting with (&)-3-(dimethylamino)-1-(2-hydroxyphenyl)-prop-2-en-1
O | O one 2a (3.825 g, 20.0 mmol) and 2-fluorobenzoyl chlorigfe(2.6 mL,

o) 22.0 mmol) and pyridine (5.3 mL, 66.0 mmol) in Me@Rb6 mL), the
product6b was isolated as a pale yellow solid (4.613 g, 86%),143-144 °C,;
'H NMR (300 MHz, CDCJ): & = 7.04-7.11 (m, 1H, W), 7.27 (td2J= 7.5 Hz,*J = 1.0 Hz, 1H,
Har), 7.44 (td3J= 7.5 Hz,AJ= 1.0 Hz, 1H, H), 7.50-7.58 (M, 2H, K), 7.69-7.78 (m, 2H, K),
8.22 (dd2J=8.0 Hz,J= 1.5 Hz, 1H, H\), 8.44 (s, 1H, 2-W); 13C NMR (75.5 MHz, CDGJ): §
=115.8 (dJcr= 22.1 Hz), 118.3, 124.4 (de.r = 3.3 Hz), 124.9, 125.8, 126.1, 126.4, 127.4 (d,
JcF=12.6 Hz), 130.4 (dlcF= 2.2 Hz), 134.3 (dJcF = 4.4 Hz), 134.4 (dJcF = 4.4 Hz), 156.0,
159.5, 161.2 (dtJcr = 252.7 Hz, &F), 174.4 (dJc,r = 2.0 Hz), 188.7 (C=0O)°F NMR (282.4
MHz, CDCh): 6 = -111.4 (s, F); MS (GC, 70 eW/z(%): 268 ([M]', 63), 239 (100), 221 (34),
173 (28), 121 (30), 95 (31), 75 (21), 63 (13), B2)( HRMS (EI): calcd for @&HoFOs ([M]*)
268.05302, found 268.05295; IR (ATR, én V = 3081 (w), 1664 (m), 1644 (s), 1609 (s), 1563
(m), 1477 (w), 1460 (s), 1388 (m), 1339 (m), 13d9,(1261 (w), 1240 (m), 1207 (m), 1152 (w),
1136 (m), 1099 (m), 1029 (w), 1002 (w), 973 (m)349%), 864 (s), 817 (w), 758 (s), 706 (m),
679 (w), 665 (m), 629 (s), 565 (w), 538 (m).

3-(2-Thenoyl)chromone (6c¢):

o O Starting with (Z)-3-(dimethylamino)-1-(2-hydroxyphenyl)prop-2-en-1-
m one2a (3.825 g, 20.0 mmol) and thiophene-2-carbonyl tt&3g (2.4

(o) mL, 22.0 mmol) and pyridine (5.3 mL, 66.0 mmol) MeCN (25 mL),
the producBcwas isolated as a white solid (4.152 g, 81%), nip 147 °C;
IH NMR (300 MHz, DMSOde): & = 7.24 (3] = 4.4 Hz, 1H, H), 7.56 (td3J=7.5 Hz,*J= 1.0
Hz, 1H, Hy), 7.73 (d,*J = 7.8 Hz, 1H, H), 7.84-7.90 (m, 2H, W), 8.10-8.15 (m, 2H, K),
8.76 (s, 1H, 2-i); °C NMR (75.5 MHz, DMSQde): § = 118.6, 124.1, 124.2, 125.4, 126.1,
128.9, 134.8, 136.5, 136.6, 143.5, 155.6, 158.8,917182.7; MS (GC, 70 eMn/z (%): 256
(IM]*, 71), 228 (87), 200 (24), 173 (35), 121 (52), {100), 92 (25), 83 (17), 63 (26), 53 (30),
39 (50); HRMS (EI): calcd for GHsOsS ([M]*) 256.01887, found 256.01828; IR (ATR, Tn
V = 3097 (w), 1699 (w), 1646 (s), 1606 (s), 1564 1825 (m), 1460 (s), 1434 (m), 1406 (s),
1381 (s), 1353 (s), 1340 (s), 1308 (s), 1253 (rAL21(s), 1168 (m), 1130 (s), 1102 (m), 1084
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(m), 1059 (m), 1029 (m), 955 (w), 937 (w), 918 (851 (M), 816 (s), 793 (s), 751 (s), 722 (S),
677 (s), 628 (S), 557 (M), 534 (W).

3-(2-Nitrobenzoyl)chromone (6d):

O O No, Starting with (E)-3-(dimethylamino)-1-(2-hydroxyphenyl)-prop-2-en-

1-one2a (3.825 g, 20.0 mmol) and 2-nitrobenzoyl chlorile(2.9 mL,

O o | O 22.0 mmol) and pyridine (5.3 mL, 66.0 mmol) in MeG@Rb mL), the
product6d was isolated as pale brown solid (4.132 g, 70%) 168157 °C;
'H NMR (300 MHz, DMSOk): § = 7.51-7.57 (m, 2H, W), 7.74-7.80 (m, 2H, W), 7.85-7.91
(m, 2H, Hy), 7.97 (dd3J=7.9 Hz,*J= 1.4 Hz, 1H, H), 8.26 (d2J= 7.5 Hz, 1H, H,), 9.17 (s,
1H, 2-Hx); *C NMR (62.9 MHz, DMSQde): § = 118.7, 120.5, 123.7, 124.3, 125.4, 126.7,
127.8, 130.7, 134.8, 135.2, 137.4, 145.9, 155.8,016173.7, 189.6; MS (El, 70 eW/z (%):
249 (IM-NQG;], 100), 173 (6), 121 (10), 57 (5); HRMS (ESI): athlfor GeHi1o0NOs ([M+H]™)
296.05535, found 296.05606; IR (ATR, @n V = 3108 (w), 3078 (w), 2861 (w), 1671 (m),
1652 (m), 1611 (m), 1574 (w), 1552 (m), 1517 (63 (s), 1404 (w), 1388 (m), 1349 (s), 1307
(s), 1205 (m), 1175 (w), 1156 (m), 1141 (m), 1104, (1084 (w), 1028 (w), 996 (w), 957 (m),
888 (w), 869 (m), 850 (s), 808 (w), 792 (m), 76% (&5 (m), 734 (s), 705 (s), 658 (m), 638 (M),
575 (m), 535 (s).

6-Methyl-3-(2-nitrobenzoyl)chromone (6e):
0O O NO, Starting with  (E)-3-(dimethylamino)-1-(2-hydroxy-5-methyl-

H3C phenyl)prop-2-en-1-one2b b(4.105 g, 20.0 mmol) and 2-

O o | O nitrobenzoyl chloride3h (2.9 mL, 22.0 mmol) and pyridine (5.3
mL, 66.0 mmol) in MeCN (25 mL), the produ@é was isolated as pale brown solid (5.010 g,
81%), mp 168 °C;
'H NMR (300 MHz, DMSOdg): § = 2.38 (s, 3H, Ch), 7.54 (dd2J = 7.5 Hz,*J = 1.4 Hz, 1H,
Har), 7.62-7.69 (m, 2H, K), 7.74-7.79 (m, 2H, K), 7.86 (td,J = 7.5 Hz,J = 1.2 Hz, 1H,
Har), 8.25 (dd,2J = 8.1 Hz,J = 1.1 Hz, 1H, H), 9.12 (s, 1H, 2-K&); *C NMR (62.9 MHz,
DMSO-ds): 6 = 20.4 (CH), 118.5, 120.3, 123.6, 124.0, 124.8, 127.8, 13184,7, 136.1, 136.5,
137.5, 145.9, 153.8, 163.8, 173.6, 189.7; MS (BIeY) m/z (%): 264 ([M-NOQ+H], 33), 263
(100), 187 (6), 135 (13), 76 (5); HRMS (ESI): cafod C17H12NOs ((M+H] ™) 310.07100, found
310.07139; IR (ATR, cml): V = 3061 (w), 2921 (w), 2859 (w), 1668 (m), 1650 (dH15 (m),
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1574 (m), 1552 (m), 1517 (s), 1478 (s), 1440 (m8Y8L(s), 1306 (s), 1229 (m), 1186 (w), 1163
(m), 1132 (m), 1082 (w), 1041 (w), 1018 (w), 959,(®&10 (m), 853 (s), 814 (s), 786 (s), 753
(m), 731 (s), 702 (s), 640 (s), 575 (m), 541 (m).

7-Methoxy-3-(2-nitrobenzoyl)chromone (6f):
O O No, Starting with (Z)-3-(dimethylamino)-1-(2-hydroxy-4-methoxy-

O | O phenyl)prop-2-en-1-one2c (4.442 g, 20.0 mmol) and 2-
H,CO O nitrobenzoyl chloride8h (2.9 mL, 22.0 mmol) and pyridine (5.3
mL, 66.0 mmol) in MeCN (25 mL), the produét was isolated as pale brown solid (5.139 g,
79%), mp 146-148 °C;
H NMR (300 MHz, DMSO¢): § = 3.90 (s, 3H, OCHJ, 7.08 (dd3J = 8.9 Hz,*J = 2.3 Hz, 1H,
Har), 7.24 (d,*J= 2.3 Hz, 1H, H), 7.54 (dd3J = 7.5 Hz,J = 1.4 Hz, 1H, H), 7.75 (td,3J =
7.5 Hz,*J = 1.4 Hz, 1H, H), 7.83-7.89 (m, 2H, K), 8.24 (dd3J = 8.1 Hz,J = 1.0 Hz, 1H,
Har), 9.08 (s, 1H, 2-K); *C NMR (75.5 MHz, DMSQdg): 8 = 56.3 (OCH), 101.3, 115.7,
117.8, 120.4, 123.6, 126.9, 127.8, 130.7, 134.7,61.3145.9, 157.3, 163.6, 164.5, 172.9, 189.8;
MS (GC, 70 eV)m/z(%): 279 ([M-NQ], 100), 236 (23), 151 (12), 76 (6), 63 (5); HRMSS():
calcd for G7H12NOs ([M+H]*) 326.06591, found 326.06567; IR (ATR, @n V = 3065 (w),
2952 (w), 2845 (w), 1673 (w), 1621 (s), 1552 (n§14 (s), 1435 (s), 1385 (m), 1341 (s), 1302
(s), 1271 (s), 1237 (m), 1207 (m), 1143 (m), 109Q, 035 (w), 1020 (m), 939 (s), 879 (w), 850
(s), 804 (m), 786 (s), 753 (s), 733 (m), 718 (N [s), 627 (s), 590 (w), 562 (s), 529 (M).

3-(3-Nitrobenzoyl)chromone (69):

O O Starting with (Z)-3-(dimethylamino)-1-(2-hydroxyphenyl)-prop-2-
O | O NO2 en-1-one2a (3.825 g, 20.0 mmol) and 3-nitrobenzoyl chlorigie

O (4.082 g, 22.0 mmol) and pyridine (5.3 mL, 66.0 nijmo MeCN
(25 mL), the produdBg was isolated as a white solid (4.783 g, 81%), n209-211 °C;
'H NMR (300 MHz, DMSO¢): § = 7.58 (td,3J = 7.5 Hz,*J = 1.1 Hz, 1H, H,), 7.77-7.84 (m,
2H, Ha), 7.91 (td,2] = 7.8 Hz,*J = 1.7 Hz, 1H, H/), 8.08 (dd.2J = 7.9 Hz,*J = 1.5 Hz, 1H,
Har), 8.27 (dt2J = 7.7 Hz,"J = 1.3 Hz, 1H, H), 8.48 (dg2J = 8.2 Hz,*J = 1.0 Hz, 1H, H),
8.56 (t,“J= 1.8 Hz, 1H, H,), 8.83 (s, 1H, 2-); 13C NMR (75.5 MHz, DMSQde): § = 118.7,
123.3, 123.4, 124.3, 125.4, 126.4, 127.5, 130.83,03135.6, 138.4, 147.9, 155.7, 160.8, 174.2,
190.2; MS (GC, 70 eVin/z(%): 295 ([M]', 48), 278 (100), 266 (93), 248 (56), 220 (73), 173
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(71), 165 (13), 150 (10), 121 (95), 104 (20), 98)(Z6 (35), 63 (19), 53 (27); HRMS (EI): calcd
for C1HoNOs ([M]*) 295.04752, found 295.04744; IR (ATR, ¥n V = 3087 (w), 1843 (w),
1668 (M), 1634 (s), 1611 (s), 1559 (w), 1533 (dB3L(s), 1384 (m), 1345 (s), 1316 (m), 1292
(m), 1210 (w), 1177 (w), 1141 (m), 1100 (w), 1081)(1030 (w), 992 (m), 966 (W), 924 (m),
897 (m), 854 (m), 823 (W), 802 (W), 757 (s), 739,(#L5 (s), 661 (M), 630 (M), 556 (W).

6-Methyl-3-(3-Nitrobenzoyl)chromone (6h):
o o Starting with (E)-3-(dimethylamino)-1-(2-hydroxy-5-methyl-

H3C NO, phenyl)prop-2-en-1-one2b (4.105 g, 20.0 mmol) and 3-

‘ o | O nitrobenzoyl chloride3i (4.082 g, 22.0 mmol) and pyridine
(5.3 mL, 66.0 mmol) in MeCN (25 mL), the produt was isolated as a white solid (5.258 g,
85%), mp 232-234 °C;
'H NMR (300 MHz, DMSO¢g): § = 2.44 (s, 3H, Ch), 7.65-7.73 (m, 2H, W), 7.78-7.86 (m,
2H, Har), 8.25 (d3J = 7.6 Hz, 1H, H,), 8,48 (d3J = 8.2 Hz, 1H, K), 8.53 (s, 1H, i), 8.80 (s,
1H, 2-Ha)); ¥3C NMR (75.5 MHz, DMSQOde): 6 = 20.4 (CH), 118.5, 123.2, 123.3, 123.9, 124.6,
127.5, 130.3, 135.5, 135.9, 136.1, 138.4, 147.8,015.60.6, 174.2, 190.3; MS (GC, 70 e¥lz
(%): 309 ([MT", 57), 292 (82), 280 (100), 262 (55), 234 (70), 18%), 135 (74), 104 (19), 89
(10), 76 (35), 63 (10), 53 (17); HRMS (EI): calcor f{C;7H1:NOs ([M]*) 309.06317, found
309.06329; IR (ATR, cm): V = 3088 (w), 3049 (w), 2919 (w), 2864 (w), 1661 (36 (s),
1614 (s), 1564 (w), 1526 (s), 1478 (w), 1438 (nY73 (w), 1339 (s), 1321 (s), 1253 (m), 1234
(m), 1159 (m), 1081 (m), 1024 (w), 991 (w), 954 (923 (m), 879 (m), 845 (m), 816 (s), 796
(s), 710 (s), 662 (s), 638 (M), 561 (w), 539 (mM).

3-(4-Nitrobenzoyl)chromone (6i):

o O Starting with (Z)-3-(dimethylamino)-1-(2-hydroxyphenyl)-prop-2-
O | O en-1-one2a (3.825 g, 20.0 mmol) and 4-nitrobenzoyl chlorigje
0 NO, (4.082 g, 22.0 mmol) and pyridine (5.3 mL, 66.0 nijmo MeCN

(25 mL), the produdbi was isolated as a white solid (4.901 g, 83%), mp2480 °C;

'H NMR (250 MHz, DMSOsk): & = 7.58 (t,%) = 7.6 Hz, 1H, H), 7.77 (d,3) = 8.4 Hz, 1H,
Har), 7.90 (td,2) = 7.6 Hz,%J = 1.4 Hz, 1H, H,), 8.06-8.09 (m, 3H, k), 8.30-8.33 (m, 2H,
Har), 8.83 (s, 1H, 2-l); 13C NMR (62.9 MHz, DMSOde): & = 118.8, 123.5, 123.6, 123.7,
124.3, 125.4, 126.4, 130.5, 130.6, 135.1, 142.9,94155.8, 160.7, 174.3, 191.1; MS (GC, 70
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eV) m/z(%): 295 (IM[, 29), 278 (64), 266 (100), 248 (29), 220 (50), 148), 165 (12), 121
(65), 104 (18), 92 (25), 76 (25), 63 (15), 53 (2HRMS (EI): calcd for GHoNOs ([M]*)
205.04752, found 295.04745; IR (ATR, @ 7 = 3107 (w), 2848 (w), 1949 (w), 1661 (W),
1633 (s), 1604 (m), 1563 (W), 1516 (m), 1461 (M0 (w), 1379 (m), 1318 (m), 1287 (m),
1253 (m), 1215 (m), 1150 (w), 1132 (m), 1028 (W§29w), 926 (M), 868 (s), 842 (M), 798 (M),
775 (M), 755 (), 709 (S), 687 (S), 634 (S), 595 BA9 (M), 534 (W).

3-(3,5-Dinitrobenzoyl)chromone (6j):

O O Starting with (E)-3-(dimethylamino)-1-(2-hydroxyphenyl)-prop-2-
O | O NOz en-1-one2a (3.825 g, 20.0 mmol) and 3,5-dinitrobenzoyl ctderi
o 3k (5.072 g, 22.0 mmol) and pyridine (5.3 mL, 66.0 ohmn
NO, MeCN (25 mL), the produdj was isolated as a brown solid (3.947

g, 58%), mp 181-183 °C;

'H NMR (250 MHz, DMSO#ds): & = 7.59 (1,3 = 7.6 Hz, 1H, H), 7.80 (d,3J = 8.5 Hz, 1H,
Har), 7.89-7.95 (m, 1H, K), 8.08 (d2J = 7.9 Hz, 1H, H), 8.91-8.93 (m, 3H, i), 9.03 (s, 1H,
2-Ha); 1°C NMR (62.9 MHz, DMSQds): 6 = 118.7, 122.0, 122.5, 124.4, 125.4, 126.5, 128.8,
128.9, 135.1, 140.1, 148.1, 148.2, 155.7, 162.8,3,7188.6; MS (GC, 70 eMh/z (%): 340
(IM]*, 32), 323 (100), 311 (59), 293 (35), 265 (35), 247), 219 (39), 173 (67), 121 (81), 92
(16), 75 (24), 53 (17); HRMS (El): calcd fordElsN207 ([M]*) 340.03260, found 340.03257; IR
(ATR, cnT?Y): V = 3100 (w), 1644 (m), 1611 (m), 1538 (m), 1463,(kB884 (w), 1341 (m), 1314
(m), 1290 (m), 1211 (w), 1173 (w), 1105 (m), 1084),(1004 (m), 917 (m), 854 (m), 831 (m),
745 (m), 714 (s), 644 (m), 557 (w).

General procedure for the synthesis of 3-[@)-3-phenylprop-2-enoyllchromone (7):

To a round-bottom 50 ml flask, fitted with a septuoontaining 3-(dimethylamino)-1-(2-
hydroxyphenyl)prop-2-en-1-origa (10.0 mmol), dissolved in 25 ml of dry MeCN, dryrigline
(3.3 equiv.) was added. The solution was set onrgjion the ice bath, andE}-3-phenylprop-
2-enoyl chloride3l (1,1 equiv.) was added slowly. The reaction mitstirred at the room
temperature for 3 days (controlled by TLC). Thenfed precipitate was filtrated and well

washed with water to give the chromohe

3-[(2E)-3-phenylprop-2-enoyllchromongé has already been reported and described. However,
another synthetic approach was u$ed.
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3-Dichloroacetylchromon@ has been synthesized and reported by the groBpobf Langer®

1.2.2 Supplement for Chapter 3

General procedure for the synthesis of compounds 1138:

To a stirred reaction mixture of the correspondracylchromonet-6 (1.0 mmol) and dimethyl
1,3-acetonedicarboxylate2 (1.1 mmol) in 1,4-dioxane (6-7 mL), DBU (1.3 mmalps added
slowly via a syringe at room temperature. Stirring at roompterature was continued until
chromone was consumed completely (followed by Ta@proximately 10-12 h). The reaction
mixture was quenched with an aqueous solution & NH;Cl, extracted with CHGland dried
(N&eSQw). The solvent was distilled off under reduced pues. The resulting residue was
subjected to column chromatography on silica gehgudieptane-ethylacetate (5:1) as eluent,

slowly increasing the polarity up to 3:1 to give tisolated products.

Trimethyl 3-hydroxy-6-(2-hydroxybenzoyl)benzene-1,2-tricarboxylate (13a):
Starting with 3-methoxalylchromonda (0.232 g, 1.0 mmol),

OH O COOCHs;
! 1

dimethyl 1,3-acetonedicarboxylat€ (0.16 mL, 1.1 mmol) and
DBU (0.20 mL, 1.3 mmol) in 1,4-dioxane (6-7 mL)etiproduct
13awas isolated as a pale yellow solid (0.298 g, 74%%), 138-
140 °C;

'H NMR (300 MHz, CDCJ): § = 3.63 (s, 3H, OCH), 3.94 (s, 3H, OCH, 3.98 (s, 3H, OCH,
6.85 (ddd2J = 8.0 Hz,3J = 7.3 Hz,J = 1.0 Hz, 1H, 5Hax(), 7.06 (dd3J = 8.4 Hz,J = 1.0 Hz,
1H, 3-Har), 7.29 (dd3J = 8.0 Hz,J = 1.6 Hz, 1H, 6Ha(), 7.51 (ddd3J = 8.4 Hz,3) = 7.3 Hz,
4J=1.6 Hz, 1H, 4Hax(), 8.04 (s, 1H, 5-K), 11.56 (s, 1H, OH), 11.63 (s, 1H, OHJC NMR
(62.9 MHz, CDC}): 6 = 52.9 (OCH), 53.0 (OCH), 53.2 (OCH), 114.3, 118.4, 119.1, 119.4,
124.0, 129.3, 131.9, 132.4, 136.4, 136.8, 160.2,716165.2, 165.3, 168.8, 199.3 (C=0); MS
(GC, 70 eV)m/z(%): 388 ([M]', 7), 356 (40), 297 (92), 265 (100), 238 (10); HRKES): calcd
for CioH1600 ([M]*) 388.07888, found 388.07794; IR (ATR, @n V = 2951 (w), 1732 (s),
1682 (m), 1631 (m), 1611 (m), 1581 (m), 1514 (W)84 (w), 1443 (s), 1415 (w), 1353 (m),
1323 (m), 1295 (s), 1234 (s), 1193 (s), 1140 BA91(s), 992 (M), 949 (m), 904 (m), 883 (m),
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847 (m), 809 (m), 785 (s), 756 (s), 731 (s), 729766 (s), 652 (s), 607 (M), 578 (M), 561 (),
530 (m).

Trimethyl 3-hydroxy-6-(2-hydroxy-5-methylbenzoyl)benzene-1,2,4-tricarboxylate (13b):

OH O COOCH; Starting with 3-methoxalyl-6-methylchromoréb (0.246 g, 1.0
O O COOCHs  mmol), dimethyl 1,3-acetonedicarboxylatg (0.16 mL, 1.1 mmol)
OH and DBU (0.20 mL, 1.3 mmol) in 1,4-dioxane (6-7 mibe product

CH, COOCH; 13bwas isolated as a white solid (0.350 g, 87%), mp-138 °C;

IH NMR (250 MHz, DMSO#): & = 2.22 (s, 3H, Ch), 3.59 (s, 3H, OCH), 3.82 (s, 3H, OCH),
3.90 (s, 3H, OCH), 6.88 (3] = 8.4 Hz, 1H, 3Ha/), 7.21 (s, 1H, BHar), 7.31 (dd3J = 8.4 Hz,

43 = 1.9 Hz, 1H, #Har), 7.98 (s, 1H, 5-k), 10.40 (s, 1H, OH), 11.30 (s, 1H, OHJC NMR
(62.9 MHz, DMSO#ds): § = 19.8 (CH), 252.8 (OCH), 53.2 (OCH), 115.5, 117.1, 122.2,
122.8, 128.0, 129.8, 131.1, 133.0, 136.0, 136.8,418.58.5, 164.8, 165.8, 167.4, 194.9 (C=O);
MS (GC, 70 eV)m/z(%): 402 (M, 10), 370 (31), 311 (71), 279 (100); HRMS (El)tcgafor
CaoH1609 ([M]*) 402.09453, found 402.09435; IR (ATR, ¢n 7 = 2952 (w), 1733 (s), 1682
(W), 1633 (m), 1606 (w), 1582 (m), 1484 (w), 1441)(1408 (w), 1372 (w), 1352 (m), 1320
(W), 1283 (m), 1232 (s), 1206 (s), 1153 (s), 1187 1048 (m), 1014 (m), 993 (m), 983 (M), 953
(m), 931 (w), 882 (w), 828 (m), 809 (m), 787 (B77m), 728 (m), 708 (M), 670 (s), 607 (W),
575 (w), 538 (m).

Trimethyl 3-hydroxy-6-(2-hydroxy-4-methoxybenzoyl)kenzene-1,2,4-tricarboxylate (13c):
Starting with 7-methoxy-3-methoxalylchromode (0.262 g,
CO0CH 1.0 mmol), dimethyl 1,3-acetone-dicarboxylda@(0.16 mL,
O O 1.1 mmol) and DBU (0.20 mL, 1.3 mmol) in 1,4-dioxaf®-
HCO 7 mL), the producl3cwas isolated as a white solid (0.305 g,
73%), mp 137-139 °C;
'H NMR (300 MHz, DMSOek): & = 3.61 (s, 3H, OCH, 3.82 (s, 3H, OCH), 3.83 (s, 3H,
OCHg), 3.91 (s, 3H, OC}), 6.50-6.54 (m, 2H,'35-Har), 7.36 (d2J = 8.5 Hz, 1H, 6Ha(), 7.97
(s, 1H, 5-H), 11.24 (s, 1H, OH), 11.52 (s, 1H, OH3C NMR (62.9 MHz, DMSQd): § = 52.8
(OCHg), 53.0 (OCH), 53.2 (OCH), 55.8 (OCH), 101.2, 107.4, 114.3, 115.6, 123.3, 129.6,
132.3, 134.1, 135.7, 158.0, 163.3, 164.8, 165.5,816.67.4, 195.3 (C=0); MS (GC, 70 evi)z
(%): 418 ([M]', 16), 386 (14), 359 (12), 327 (92), 295 (100), {51); HRMS (ESI): calcd for

COOCH;

coocrg
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Ca0H19010 ([M+H]*) 419.09727, found 419.09759; IR (ATR, @n V = 2960 (w), 1738 (s),
1691 (m), 1639 (m), 1601 (m), 1573 (m), 1505 (W29 (m), 1345 (m), 1299 (s), 1248 (s), 1216
(s), 1195 (s), 1165 (s), 1128 (s), 1053 (m), 1082 073 (M), 950 (m), 922 (m), 870 (m), 817
(m), 780 (s), 712 (s), 624 (m), 558 (M), 531 (m).

Trimethyl 3-hydroxy-6-(5-chloro-2-hydroxybenzoyl)benzene-1,2,4-tricarboxylate (13d):

OH O COOCH; Starting with 6-chloro-3-methoxalylchromongéd (0.266 g, 1.0
O O COOCH mmol), dimethyl 1,3-acetonedicarboxylat@ (0.16 mL, 1.1 mmol)
OH and DBU (0.20 mL, 1.3 mmol) in 1,4-dioxane (6-7 mibe product

¢ COOCH 13dwas isolated as a yellow solid (0.304 g, 72%), mMp-174 °C;

IH NMR (300 MHz, DMSO#ds): 3 = 3.61 (s, 3H, OCH, 3.81 (s, 3H, OCH, 3.91 (s, 3H,
OCHs), 6.97 (d3J = 8.8 Hz, 1H, 3Ha/), 7.40 (d4J = 2.7 Hz, 1H, 6Ha/), 7.50 (dd3J = 8.8 Hz,

4) = 2.7 Hz, 1H, #Ha), 7.99 (s, 1H, 5-k), 10.65 (s, 1H, OH), 11.33 (s, 1H, OHJC NMR
(62.9 MHz, DMSO#s): § = 252.8 (OCH), 53.2 (OCH), 115.5, 119.0, 122.7, 122.9, 124.9,
129.4, 129.9, 133.3, 134.1, 136.5, 156.2, 158.8,816.65.9, 167.3, 192.4 (C=0); MS (GC, 70
eV) miz(%): 422 (M, 5), 392 (12), 391 (15), 390 (30), 333 (22), 3B2)( 331 (65), 301 (36),
300 (22), 299 (100), 272 (8), 155 (8), 99 (8); HRKESI): calcd for GeH1s*°CINaQy ((M+Na]*)
445.02968, found 445.03049, calcd forigdis’CINaQy ([M+Na]*) 447.02767, found
447.02796; IR (ATR, cm): ¥ = 3019 (w), 2957 (w), 1742 (m), 1730 (w), 1693 (1H82 (m),
1667 (M), 1622 (m), 1602 (m), 1564 (w), 1525 (W)71 (W), 1434 (m), 1402 (w), 1359 (m),
1338 (m), 1317 (m), 1287 (m), 1269 (s), 1229 (83L(s), 1154 (s), 1104 (m), 1048 (m), 1008
(W), 978 (M), 944 (m), 915 (w), 869 (w), 842 (MP38(m), 810 (s), 798 (s), 778 (M), 749 (s),
730 (s), 691 (s), 647 (M), 622 (M), 601 (s), 559, 680 (M).

Trimethyl 6-(5-chloro-2-hydroxy-4-methylbenzoyl)-3-hydroxybenzene-1,2,4-tricarboxylate
(13e):
COOCH;4 Starting with  6-chloro-7-methyl-3-methoxalylchroneorde
O O COOCH; (0.280 g, 1.0 mmol), dimethyl 1,3-acetonedicarbateyl12
H.C (0.16 mL, 1.1 mmol) and DBU (0.20 mL, 1.3 mmol) i-
COOCH% dioxane (6-7 mL), the produdt3e was isolated as a yellow
solid (0.310 g, 71%), mp 175-177 °C;
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IH NMR (300 MHz, DMSO#): & = 2.32 (s, 3H, Ch), 3.61 (s, 3H, OCH), 3.82 (s, 3H, OCH),
3.90 (s, 3H, OCH), 6.94 (s, 1H, 3Ha/), 7.41 (s, 1H, BHar), 7.99 (s, 1H, 5-k), 10.65 (s, 1H,
OH), 11.30 (s, 1H, OH)3C NMR (62.9 MHz, DMSOsg): & = 20.0 (CH), 52.8 (OCH), 52.9
(OCHs), 53.2 (OCH), 115.5, 119.6, 122.2, 122.8, 123.5, 129.7, 13038.0, 136.2, 142.9,
156.7, 158.6, 164.8, 165.8, 167.4, 192.7 (C=0); (@5 70 eV)m/z (%): 436 ([MT, 9), 406
(13), 405 (16), 404 (31), 347 (24), 346 (15), 386)( 313 (100), 77 (8); HRMS (ESI): calcd for
CaoH17°CINaQy ([M+Na]*) 459.04533, found 459.04554, calcd fankdiA’CINaOs ([M+Na]*)
461.04388, found 461.04340; IR (ATR, @n U = 3060 (w), 2951 (w), 2847 (w), 1731 (s),
1682 (m), 1567 (w), 1482 (w), 1449 (m), 1433 (M36Q (w), 1315 (m), 1287 (m), 1252 (s),
1223 (s), 1194 (s), 1179 (s), 1155 (s), 1132 @%8Lm), 1016 (w), 993 (s), 961 (W), 944 (m),
918 (m), 896 (M), 872 (W), 842 (W), 794 (s), 778 T&1 (M), 727 (s), 702 (M), 675 (S), 645 (M),
609 (m), 593 (M), 531 (w).

Trimethyl 6-(5-bromo-2-hydroxybenzoyl)-3-hydroxybereene-1,2,4-tricarboxylate (13f):

OH O COOCH;4 Starting with 6-bromo-3-methoxalylchromordf (0.311 g, 1.0
O O CoOCH mmol), dimethyl 1,3-acetonedicarboxylat® (0.16 mL, 1.1 mmol)
OH and DBU (0.20 mL, 1,3 mmol) in 1,4-dioxane (6-7 mibje product

Br COOCH; 13fwas isolated as a white solid (0.378 g, 81%), ni» 1M °C;

'H NMR (300 MHz, CDCJ): 6 = 3.69 (s, 3H, OCH), 3.95 (s, 3H, OCH}, 4.00 (s, 3H, OCH),
6.97 (d,%J = 8.9 Hz, 1H, 3Ha), 7.38 (d,*J = 2.4 Hz, 1H, 6Ha(), 7.58 (dd2J = 8.9 Hz,*J =
2.4 Hz, 1H, 4Har), 8.00 (s, 1H, 5-:), 11.56 (s, 1H, OH), 11.60 (s, 1H, OHJC NMR (75.5
MHz, CDCk): § = 53.0 (OCH), 53.1 (OCH), 53.3 (OCH), 110.7, 114.5, 120.5, 120.7, 124.3,
128.7, 131.6, 134.3, 136.2, 139.5, 160.5, 161.3,016165.1, 168.7, 198.6 (C=0); MS (EIl, 70
eV) m/z(%): 466 ([M]', 7), 437 (16), 436 (46), 435 (167), 434 (44), BIB), 377 (89), 376 (14),
375 (88), 346 (19), 345 (100), 344 (19), 343 (I®)1 (10), 69 (8); HRMS (EI): calcd for
Ci1oH15"°BrOg ([M]*) 465.98940, found 465.98946, calcd foroldi=*'BrOg ([M]*) 467.98735,
found 467.98749; IR (ATR, cm): V = 2956 (w), 1743 (m), 1730 (m), 1688 (m), 1651, (4§23
(m), 1598 (m), 1584 (m), 1531 (w), 1465 (w), 1468,(1440 (m), 1403 (w), 1354 (m), 1318
(m), 1289 (m), 1271 (m), 1257 (m), 1233 (s), 1266 {164 (s), 1139 (s), 1048 (w), 1006 (w),
984 (m), 943 (m), 904 (w), 878 (w), 838 (m), 812 (B9 (M), 761 (M), 728 (m), 686 (s), 632
(w), 616 (m), 562 (M), 546 (w).
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Trimethyl 3-hydroxy-6-(1-hydroxy-2-naphthoyl)benzere-1,2,4-tricarboxylate (13g):
Starting with 3-methoxalylbenziojchromone4g (0.282 g, 1.0
COOC;'SOC% mmol), dimethyl 1,3-acetone-dicarboxylai@ (0.16 mL, 1.1
OO O mmol) and DBU (0.20 mL, 1,3 mmol) in 1,4-dioxane?(6nL),
coocrg the productl3gwas isolated as a yellow solid (0.201 g, 46%),
mp 187-188 °C,
'H NMR (300 MHz, CDCJ): § = 3.64 (s, 3H, OCH), 3.96 (s, 3H, OCH, 3.97 (s, 3H, OCH,
7.19-7.25 (m, 2H, W), 7.53-7.59 (m, 1H, K), 7.63-7.68 (m, 1H, W), 7.74-7.76 (m, 1H, W),
8.08 (s, 1H, 5-H), 8.50 (d,3J = 8.3 Hz, 1H, H), 11.56 (s, 1H, OH), 13.47 (s, 1H, OHJC
NMR (75.5 MHz, CDG): 6 = 253.0 (OCH), 53.2 (OCH), 112.8, 114.3, 118.5, 123.9, 124.4,
125.0, 126.0, 126.2, 127.5, 129.5, 130.6, 131.8,413137.4, 160.1, 163.4, 165.3, 168.9, 199.0
(C=0); MS (El, 70 eV)m/z (%): 438 ([M]", 10), 406 (23), 347 (64), 315 (100); HRMS (EI):
calcd for GsH1g09 ([M]*) 438.09453, found 438.09494; IR (ATR, Tn V = 3019 (w), 2960
(w), 1753 (m), 1738 (m), 1690 (m), 1628 (w), 1598),(1568 (m), 1503 (w), 1463 (w), 1439
(m), 1418 (w), 1389 (w), 1334 (m), 1297 (s), 12%D,(1245 (s), 1217 (s), 1192 (s), 1167 (s),
1128 (s), 1065 (m), 1024 (w), 1009 (w), 988 (s)9 9), 930 (w), 890 (w), 868 (w), 832 (w),
808 (s), 795 (s), 765 (s), 730 (s), 709 (s), 66) 640 (w), 615 (m), 593 (m), 574 (m), 560 (M).

8,10-Dimethyl  6,9-dihydroxy-3-methoxy-6-(trifluoromethyl)-6H-benzo[c]-chromene-8,10-
dicarboxylate (14a):

Starting with 7-methoxy-3-(trifluoroacetyl)chromosé (0.272

g, 1.0 mmol), dimethyl 1,3-acetone-dicarboxylage(0.16 mL,
1.1 mmol) and DBU (0.20 mL, 1.3 mmol) in 1,4-diora(6-7
mL), the productl4a was isolated as a white solid (0.090 g,
21%), mp 244-246 °C;

'H NMR (300 MHz, DMSO¢k): & = 3.82 (s, 3H, OCH, 3.90 (s, 3H, OCH), 3.96 (s, 3H,
OCH), 6.73 (d,*J = 2.6 Hz, 1H, 4-K), 6.78 (d3J = 8.9 Hz,*J = 2.6 Hz, 1H, 2-K), 7.38 (d,3J

= 8.9 Hz, 1H, 1-H), 8.07 (s, 1H, 7-W), 9.29 (s, 1H, 6-OH), 11.05 (s, 1H, 9-OHJC NMR
(62.9 MHz, DMSO6k): § = 52.9 (OCH), 53.0 (OCH), 55.7 (OCH), 95.1 (q,2Jc,r = 32.1 Hz, 6-
C), 102.5, 110.1, 110.3, 111.4, 117.9, 119.7, 1262®.5, 133.1, 153.4, 158.5, 162.4, 167.4,
168.0;°F NMR (282.4 MHz, DMSQdq): § = -82.5 (s, 3F, Cff; MS (GC 70 eV)m/z (%): 428
(IM], 33), 397 (12), 359 (27), 327 (100), 295 (86), 210), 151 (61), 108 (10); HRMS (ESI):
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calcd for GoHieF30s ([M+H]™) 429.07918, found 429.07901, calcd fondisFsNaGs
(IM+Na]*) 451.06112, found 451.06158; IR (ATR, &n V = 3233 (w), 2964 (w), 2941 (w),
2845 (w), 1684 (m), 1611 (m), 1591 (m), 1559 (W14 (w), 1505 (w), 1457 (w), 1440 (m),
1432 (m), 1355 (m), 1336 (w), 1298 (m), 1276 (n®53 (m), 1214 (s), 1182 (s), 1162 (s), 1137
(s), 1111 (s), 1070 (m), 1035 (s), 980 (s), 942 @2p (m), 897 (m), 882 (w), 865 (s), 809 (w),
795 (s), 770 (m), 743 (m), 724 (m), 707 (m), 679 €60 (m), 638 (m), 628 (m), 578 (M), 543
(m).

Dimethyl 2-chloro-6,9-dihydroxy-6-(trifluoromethyl) -6H-benzo[cjchromene-8,10-
dicarboxylate (14b):
Starting with 6-chloro-3-(trifluoroacetyl)chromoie (0.272 g, 1.0

OH
H4COO0 coocr, Mmol), dimethyl 1,3-acetonedicarboxyldt2 (0.16 mL, 1.1 mmol)
cl O and DBU (0.20 mL, 1.3 mmol) in 1,4-dioxane (6-7 mithe
O OH product 14b was isolated as a yellow solid (0.276 g, 64%), mp
0 C
E 212-214 °C,;

'H NMR (300 MHz, DMSOek): § = 3.92 (s, 3H, OCH), 3.97 (s, 3H, OCH), 7.26 (d,%J = 8.7
Hz, 1H, 4-Hy), 7.42 (d,*) = 2.4 Hz, 1H, 1-K), 7.54 (dd3J = 8.7,) = 2.4 Hz, 1H, 3-K), 8.13

(s, 1H, 7-H), 9.49 (s, 1H, 6-OH), 11.09 (s, 1H, 9-OHC NMR (75.5 MHz, DMSQOds): & =
53.0 (OCH), 53.2 (OCH), 95.3 (q,%JcF = 32.6 Hz, 6-C), 113.8, 119.3, 119.4, 119.9, 120.8
122.4 (9,%3cF = 290.6 Hz, CB), 124.3, 126.8, 129.7, 131.1, 131.9, 150.5, 1586%,1, 167.6;
1F NMR (282.4 MHz, DMSGQde): & = -82.3 (s, 3F, C&;, MS (GC, 70 eV)m/z(%): 402 ([M-
OCHs+H], 15), 400 (45), 369 (22), 333 (33), 332 (1731391), 301 (34), 300 (16), 299 (100),
264 (10), 231 (13); HRMS (ESI): calcd forig8:15*°CIFs07 ((M+H]") 433.02964, found
433.03073, calcd for f8H13*'CIF307 ([M+H]*) 435.02750, found 435.02865; IR (ATR, Tjn V

= 3425 (w), 2951 (w), 1705 (m), 1687 (m), 1615 (1§94 (w), 1563 (w), 1482 (w), 1461 (w),
1445 (m), 1432 (m), 1408 (w), 1340 (m), 1310 (n®72 (w), 1246 (m), 1227 (s), 1191 (s), 1176
(s), 1144 (s), 1056 (m), 996 (s), 947 (m), 937 @24 (m), 887 (w), 858 (m), 825 (m), 806 (S),
778 (m), 759 (m), 746 (m), 721 (m), 703 (s), 665649 (w), 591 (m), 568 (w), 545 (m).
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Dimethyl 2-bromo-6,9-dihydroxy-6-(trifluoromethyl)- 6H-benzofc]jchromene-8,10-
dicarboxylate (14c):
OH Starting with 6-bromo-3-(trifluoroacetyl)chromortsdl (0.321 g,
HsCOO COOCH 1.0 mmol), dimethyl 1,3-acetonedicarboxyldt2 (0.16 mL, 1.1
Br O mmol) and DBU (0.20 mL, 1.3 mmol) in 1,4-dioxane?6nL),
O o 8; the productl4c was isolated as a white solid (0.281 g, 59%), mp
204-206 °C;

'H NMR (300 MHz, DMSO¢k): § = 3.92 (s, 3H, OCH), 3.97 (s, 3H, OCH), 7.19 (d2J = 8.7
Hz, 1H, 4-Hy), 7.56 (d,*J = 2.3 Hz, 1H, 1-K), 7.65 (dd3J = 8.7 Hz,*J = 2.3 Hz, 1H, 3-H\),
8.12 (s, 1H, 7-k), 9.50 (s, 1H, 6-OH), 11.09 (s, 1H, 9-OMJC NMR (62.9 MHz, DMSOds):

8 = 53.0 (OCH), 53.2 (OCH), 95.3 (g,2Jcr = 32.5 Hz, 6-C), 113.8, 114.4, 119.3, 119.8, 120.2
120.7, 122.4 (¢?cF = 291.3 Hz, CK), 127.3, 129.7, 131.0, 134.7, 150.9, 158.3, 1616%,6;
1F NMR (282.4 MHz, DMSQdg): & = -82.3 (s, 3F, CfF; MS (GC, 70 eV)m/z(%): 476 ([M],
23), 447 (12), 446 (11), 445 (15), 378 (14), 372)(B76 (12), 375 (71), 346 (15), 345 (100),
344 (16), 343 (90), 201 (23), 200 (34), 199 (298 139), 173 (23), 172 (16); HRMS (ESI):
calcd for GgHi2°BrFsO7 ([M+H]") 476.97913, found 476.97958, calcd forshdi2'BrFsO;
(IM+H]*) 478.97733, found 478.97748; IR (ATR, Tn V = 3434 (w), 3076 (W), 2953 (w),
1922 (w), 1717 (s), 1677 (m), 1614 (w), 1593 (WJ5Z (w), 1462 (w), 1446 (m), 1403 (w),
1346 (w), 1312 (m), 1229 (s), 1197 (s), 1174 ($431(s), 1082 (w), 1051 (m), 995 (s), 933 (W),
921 (w), 878 (w), 853 (w), 835 (m), 806 (s), 789,(%50 (m), 699 (m), 662 (m), 587 (m), 569
(w), 536 (W).

Dimethyl 6,9-dihydroxy-6-(pentafluoroethyl)-6H-benzofc]jchromene-8,10-dicarboxylate
(14d):

OH Starting with 3-(pentafluoropropanoyl)chromobsé (0.292 g, 1.0

HaCOO O cooCH mmol), dimethyl 1,3-acetonedicarboxylat@ (0.16 mL, 1.1 mmol)

O oH and DBU (0.20 mL, 1.3 mmol) in 1,4-dioxane (6-7 mibje product
0~ “CFs l4dwas isolated as a white solid (0.291 g, 65%), np223 °C;

'H NMR (300 MHz, DMSOsdg): § = 3.92 (s, 3H, OCH}, 3.98 (s, 3H, OCH}, 7.10-7.20 (m, 2H,
2,4-Hy), 7.43-7.50 (M, 2H, 1,3-k), 8.13 (d,°Jnr = 1.6 Hz, 1H, 7-K), 9.46 (d,*Jn,r = 3.9 Hz,
1H, 6-OH), 11.08 (s, 1H, 9-OHJ*C NMR (62.9 MHz, DMSQds): 6 = 53.0 (OCH), 53.1
(OCHg), 96.7 (t,2JcF= 28.2 Hz, 6-C), 112.8, 117.7, 117.9, 119.0, 12028.3, 124.9, 130.6,
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132.4, 133.2, 151.8, 158.6, 167.3, 167%; NMR (282.4 MHz, DMSQdg): &6 = -77.9 (s, 3F,
CFs), —121.8 (d2) = 279.5 Hz, 1F, €EF), —124.0 (d2J = 279.5 Hz, 1F, CF); MS (El, 70 eV)
m/z (%): 448 (M, 3), 417 (10), 385 (18), 329 (86), 297 (100), Z86), 210 (12), 133 (9);
HRMS (ESI): calcd for GH14FsO7 ([M+H]*) 449.06542, found 449.06548; IR (ATR, @n V

= 3420 (w), 2959 (w), 1712 (m), 1676 (m), 1608 (1596 (w), 1568 (w), 1494 (w), 1464 (w),
1433 (m), 1393 (w), 1337 (m), 1319 (m), 1298 (w373 (w), 1251 (m), 1222 (s), 1175 (s), 1143
(s), 1072 (s), 1052 (m), 1042 (m), 998 (s), 970, @4p (w), 933 (M), 908 (m), 877 (w), 863 (W),
842 (m), 806 (m), 778 (s), 759 (s), 736 (s), 709, ®87 (m), 662 (m), 645 (w), 614 (m), 579
(w), 533 (m).

8,10-Dimethyl  6,9-dihydroxy-4-methyl-6-(pentafluoreethyl)-6H-benzolclchromene-8,10-
dicarboxylate (14e):
oH Starting with 6-methyl-3-(pentafluoropropanoyl)chmone 5g
HzCOO coocH; (0.306 g, 1.0 mmol), dimethyl 1,3-acetonedicarbate/d? (0.16
HsC O mL, 1.1 mmol) and DBU (0.20 mL, 1.3 mmol) in 1,4xane (6-
O S 8::5 7 mL), the productl4e was isolated as a white solid (0.143 g,
31%), mp 239-241 °C;
'H NMR (300 MHz, DMSOek): § = 2.29 (s, 3H, Ch), 3.91 (s, 3H, OCH), 3.97 (s, 3H, OCH,
7.01 (d,2) = 8.1 Hz, 1H, 4-K), 7.24-7.28 (m, 2H, 1,3-k), 8.11 (d,°Iur = 1.5 Hz, 1H, 7-K),
9.39 (d,“Jnr = 3.9 Hz, 1H, 6-OH), 11.07 (s, 1H, 9-OHJC NMR (62.9 MHz, DMSQOde): § =
20.5 (CH), 52.9 (OCH), 53.1 (OCH), 96.7 (t,JcF = 27.3 Hz, 6-C), 112.7, 117.5, 117.6, 118.9,
121.0, 125.0, 130.5, 131.9, 133.0, 133.2, 149.8.615167.3, 167.9'%F NMR (282.4 MHz,
DMSO-0s): § = —77.9 (s, 3F, G, —121.7 (d?2J = 279.4 Hz, 1F, EF), —123.9 (d?J = 279.4 Hz,
1F, CH); MS (El, 70 eV)m/z (%): 462 ([M], 7), 430 (17), 399 (17), 343 (79), 311 (100), 279
(69), 140 (9), 69 (8); HRMS (ESI): calcd fopdE16FsO7 ([M+H] ") 463.08107, found 463.08170,
calcd for GoHisFsNaO; ([M+Na]*) 485.06301, found 485.06357; IR (ATR, @n V = 3412
(w), 3012 (w), 2958 (w), 2932 (w), 1726 (s), 167%),(1616 (w), 1597 (w), 1574 (w), 1490 (w),
1444 (m), 1383 (w), 1371 (w), 1348 (m), 1339 (m314 (w), 1293 (w), 1273 (w), 1255 (m),
1215 (s), 1182 (s), 1155 (m), 1143 (s), 1130 (MY5L(s), 1048 (m), 1011 (m), 977 (w), 950
(w), 932 (w), 911 (m), 880 (w), 848 (w), 817 (sP48(m), 786 (w), 775 (w), 740 (w), 732 (m),
716 (w), 676 (w), 664 (w), 640 (m), 611 (w), 584 (864 (w), 534 (w).
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8,10-Dimethyl  6,9-dihydroxy-3-methyl-6-(pentafluoreethyl)-6H-benzolclchromene-8,10-
dicarboxylate (14f):
Starting with 7-methyl-3-(pentafluoropropanoyl)cimone 5h
H4COO coocH, (0.306 g, 1.0 mmol), dimethyl 1,3-acetonedicarbate/12 (0.16
O mL, 1.1 mmol) and DBU (0.20 mL, 1.3 mmol) in 1,4xane (6-
O OH 7 mL), the productl4f was isolated as a white solid (0.185 g,
HsC oG 40%), mp 225-227 °C:
'H NMR (300 MHz, DMSO¢k): § = 2.33 (s, 3H, Ch), 3.90, 3.97 (both s, 3H, OG}16.94-7.00
(m, 2H, 2,4-H), 7.34 (d,3J = 8.1 Hz, 1H, 1-K), 8.10 (d,°Jr = 1.6 Hz, 1H, 7-i), 9.41 (d,
“Jne = 4.0 Hz, 1H, 6-OH), 11.06 (s, 1H, 9-OHFC NMR (75.5 MHz, DMSQOds): § = 20.8
(CHs), 52.9 (OCH), 53.1 (OCH), 96.8 (t,2Jcr = 27.0 Hz, 6-C), 112.2, 115.1, 117.8, 118.6,
120.5, 124.1, 124.7, 130.6, 133.4, 143.0, 151.8.615167.3, 168.0'°F NMR (282.4 MHz,
DMSO-ds): 8 = —77.8 (s, 3F, GFJ, —121.8 (d2J) = 278.5 Hz, 1F, EF), —124.1 (d2J = 278.5 Hz,
1F, CH); MS (El, 70 eV)m/z(%): 462 ([MT, 8), 431 (11), 399 (19), 343 (95), 311 (100), 279
(56), 224 (11), 140 (11); HRMS (ESI): calcd fopo8ieFsO7 ([M+H]") 463.08107, found
463.08133, calcd for H1sFsNaO; ([M+Na]*) 485.06301, found 485.06367; IR (ATR, Tn V
= 3324 (w), 3009 (w), 2956 (w), 2853 (w), 1703 81 (m), 1614 (m), 1593 (m), 1563 (w),
1512 (w), 1460 (w), 1443 (m), 1435 (m), 1392 (W332 (m), 1276 (w), 1257 (m), 1213 (s),
1182 (s), 1164 (s), 1146 (s), 1137 (s), 1073 @I51(m), 997 (s), 972 (M), 963 (m), 931 (s), 922
(m), 891 (m), 866 (s), 825 (w), 814 (m), 802 (§3{m), 765 (m), 742 (m), 730 (s), 705 (m),
672 (w), 662 (m), 648 (w), 620 (m), 582 (m), 540.(m

CH

8,10-Dimethyl 6,9-dihydroxy-4-methoxy-6-(pentafluooethyl)-6H-benzolc]-chromene-8,10-
dicarboxylate (149):
OH Starting with 6-methoxy-3-(pentafluoropropanoylhmmone5i
HsCOO COOCH  (0.322 g, 1.0 mmol), dimethyl 1,3-acetonedicarbaseyl12
H3CO. O (0.16 mL, 1.1 mmol) and DBU (0.20 mL, 1.3 mmol) im-
O o g;s dioxane (6-7 mL), the produd#igwas isolated as a pale yellow
solid (0.116 g, 27%), mp 226-228 °C;

'H NMR (300 MHz, DMSOek): & = 3.75 (s, 3H, OCH), 3.92 (s, 3H, OCH), 3.97 (s, 3H,
OCH), 7.01-7.06 (m, 3H, 1,3,449, 8.11 (s, 1H, 7-W), 9.36 (d,*Jnr = 3.8 Hz, 1H, 6-OH),
11.06 (s, 1H, 9-OH)2C NMR (62.9 MHz, DMSQdg): § = 53.0 (OCH), 53.2 (OCH), 55.5
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(OCHs), 97.1 (t,2Jcr = 27.0 Hz, 6-C), 109.2, 112.9, 118.3, 118.4, 118¥.1, 121.3, 130.5,
133.0, 145.7, 154.5, 158.5, 167.4, 167%B;NMR (282.4 MHz, CDG): 6 = -77.8 (s, 3F, G,
—121.5 (d,2J = 279.6 Hz, 1F, EF), —123.7 (d2J = 279.6 Hz, 1F, CFH); MS (El, 70 eV)m/z
(%): 478 (M7, 45), 447 (19), 446 (38), 415 (23), 359 (100)7 322), 295 (91), 268 (22), 240
(15), 148 (19); HRMS (ESI): calcd for26H16F50g8 ((M+H] ™) 479.07598, found 479.07630, calcd
for CooHisFsNaQs ([M+Na]*) 501.05793, found 501.05833; IR (ATR, ¥n V = 3403 (w),
3004 (w), 2960 (w), 2924 (w), 2850 (w), 1717 (m§73 (w), 1615 (w), 1570 (w), 1490 (w),
1470 (w), 1444 (m), 1342 (m), 1314 (m), 1295 (WA41 (m), 1207 (s), 1173 (s), 1144 (s), 1109
(m), 1068 (s), 1041 (s), 998 (s), 946 (m), 937 (@12 (m), 882 (m), 849 (m), 810 (s), 799 (s),
771 (s), 731 (s), 680 (m), 665 (m), 649 (m), 61}, BA7 (W), 535 (W).

Dimethyl 6,9-dihydroxy-3-methoxy-6-(pentafluoroethy)-6H-benzofcjchromene-8,10-
dicarboxylate (14h):

Starting with 7-methoxy-3-(pentafluoropropanoyljmmone 5j
coocH, (0.322 g, 1.0 mmol), dimethyl 1,3-acetonedicarbateyl12

(0.16 mL, 1.1 mmol) and DBU (0.20 mL, 1.3 mmol) i-
OH dioxane (6-7 mL), the produd#th was isolated as a pale yellow
solid (0.185 g, 65%), mp 217-219 °C;
'H NMR (300 MHz, DMSO¢k): & = 3.81 (s, 3H, OCH, 3.91 (s, 3H, OCH), 3.97 (s, 3H,
OCHs), 6.65 (d*J = 2.5 Hz, 1H, 4-H), 6.79 (dd3J = 9.0 Hz,*) = 2.6 Hz, 1H, 2-K), 7.38 (d,
3J=9.0 Hz, 1H, 1-K), 8.08 (d°Jur = 1.4 Hz, 1H, 7-k), 9.43 (d, 1H*J4F = 3.8 Hz, 6-OH),
11.07 (s, 1H, 9-OH)2C NMR (62.9 MHz, DMSQde): § = 52.9 (OCH), 53.0 (OCH), 55.7
(OCH), 97.0 (t,2Jcr = 28.1 Hz, 6-C), 102.5, 109.9, 110.5, 111.5, 1111®.7, 126.3, 130.6,
133.5, 153.5, 158.8, 162.4, 167.4, 168%F; NMR (282.4 MHz, DMSQds): & = —77.8 (s, 3F,
CRs), —122.0 (d2J = 279.5 Hz, 1F, €F), —124.4 (d2) = 279.5 Hz, 1F, CP); MS (El, 70 eV)
m/z (%): 478 ([M]’, 9), 446 (16), 415 (12), 359 (42), 327 (100), Z8%), 240 (7), 148 (7);
HRMS (ESI): calcd for @H1eFsOs ([M+H]*) 479.07598, found 479.07621; IR (ATR, @n V
= 3287 (w), 2960 (w), 2847 (w), 1716 (m), 1668 (Mp06 (m), 1567 (w), 1512 (w), 1442 (m),
1392 (w), 1361 (w), 1315 (m), 1283 (w), 1236 (918 (s), 1192 (s), 1168 (s), 1146 (s), 1111
(s), 1070 (s), 1028 (m), 997 (s), 973 (m), 940 @29 (m), 890 (m), 843 (m), 811 (w), 797 (s),
767 (w), 744 (m), 727 (m), 709 (m), 650 (m), 619,(608 (M), 596 (m), 536 (w).
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8,10-Dimethyl  6,9-dihydroxy-2,3-dimethoxy-6-(pentdtioroethyl)-6H-benzofc]-chromene-
8,10-dicarboxylate (14i):

Starting with 6,7-dimethoxy-3-(pentafluoroproparnociiromone
COOCH, 5k (0.352 g, 1.0 mmol), dimethyl 1,3-acetonedicarlabeyl2

(0.126 mL, 1.1 mmol) and DBU (0.20 mL, 1.3 mmol) i-
OH dioxane (6-7 mL), the produd#i was isolated as a yellow solid
(0.264 g, 52%), mp 209-211 °C;
'H NMR (300 MHz, DMSOek): & = 3.72 (s, 3H, OCH), 3,82 (s, 3H, OCH), 3.92 (s, 3H,
OCHg), 3.96 (s, 3H, OC¥j, 6.71 (s, 1H, 4-¢), 6.97 (s, 1H, 1-K), 8.06 (s, 1H, 7-K), 9.36 (s,
1H, 6-OH), 11.07 (s, 1H, 9-OH}C NMR (75.5 MHz, DMSQdg): & = 52.9 (OCH), 53.1
(OCHg), 55.9 (OCH), 56.0 (OCH), 96.9 (t,?JcF = 26.7 Hz, 6-C), 101.5, 107.1, 108.9, 111.3,
117.8, 119.9, 130.4, 133.6, 144.4, 147.2, 152.8,715167.7, 168.0'%F NMR (282.4 MHz,
DMSO-ds): 8 = —77.7 (s, 3F, GFJ, —=122.0 (d2) = 277.4 Hz, 1F, €EF), —124.2 (d2J = 277.4 Hz,
1F, CH); MS (El, 70 eV)m/z(%): 508 ([M], 22), 477 (13), 476 (48), 445 (13), 389 (52), 358
(20), 357 (100), 341 (13), 325 (41), 222 (10); HRNHE): calcd for GiHi7/FsO9 ([M]¥)
508.07872, found 477.07925; IR (ATR, @n V = 3265 (w), 2956 (w), 2921 (w), 2851 (w),
1712 (m), 1672 (m), 1614 (w), 1595 (w), 1569 (W§,1& (w), 1465 (w), 1439 (m), 1409 (w),
1348 (m), 1337 (m), 1306 (M), 1284 (w), 1266 (n®34 (s), 1199 (s), 1177 (s), 1162 (s), 1145
(s), 1113 (m), 1079 (s), 1048 (m), 1035 (m), 100§, @90 (m), 973 (m), 937 (m), 889 (m), 877
(w), 819 (w), 800 (s), 782 (m), 769 (m), 748 (m),/Am), 683 (w), 670 (m), 645 (m), 622 (M),
595 (w), 579 (w), 534 (w).

8,10-Dimethyl 4-chloro-6,9-dihydroxy-3-methyl-6-(patafluoroethyl)-6 H-benzolc]-
chromene-8,10-dicarboxylate (14j):
OH Starting with  6-chloro-3-(pentafluoropropanoyl)cimone 5l
H3COO COOCH  (0.327 g, 1.0 mmol), dimethyl 1,3-acetonedicarbate/ll2 (0.16
Cl ‘ mL, 1.1 mmol) and DBU (0.20 mL, 1.3 mmol) in 1,4xane (6-7
O o 8;':5 mL), the productl4j was isolated as a white solid (0.323 g, 67%),
mp 236-238 °C;
'H NMR (300 MHz, DMSOdg): § = 3.92 (s, 3H, OCk), 3.98 (s, 3H, OCH), 7.18 (d,2J = 8.7
Hz, 1H, 4-Hy), 7.41 (d,"J = 2.1 Hz, 1H, 1-K), 7.53 (d,*J = 8.7 Hz,*J = 2.1 Hz, 1H, 3-K),
8.13 (s, 1H, 7-k), 9.63 (d,*Jur = 3.7 Hz, 1H, 6-OH), 11.10 (s, 1H, 9-OHfC NMR (62.9
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MHz, DMSO<): 5 = 53.2 (OCH), 53.1 (OCH), 97.1 (t,%Jcr = 27.3 Hz, 6-C), 113.8, 119.2,
119.4, 119.7, 120.7, 124.2, 126.8, 130.7, 131.3,9,3150.6, 158.5, 167.1, 16786F NMR
(282.4 MHz, DMSO6e): & = -77.9 (s, 3F, G, —121.7 (d2J = 277.8 Hz, 1F, EF), —123.9 (d,
2J = 277.8 Hz, 1F, CP); MS (El, 70 eV)m/z(%): 482 ([M[, 2), 452 (10), 451 (16), 450 (23),
419 (26), 365 (32), 364 (15), 363 (87), 333 (582 325), 331 (100), 301 (29), 300 (13), 299
(86), 244 (12), 209 (11), 150 (13); HRMS (ESI): achlfor GioHi5CIFsNaO; ([M+Na]*)
505.00839, found 505.00853: IR (ATR, @n 7 = 3416 (W), 2960 (w), 1719 (s), 1674 (m),
1614 (w), 1593 (w), 1562 (w), 1480 (w), 1461 (WHh4B (m), 1405 (w), 1383 (w), 1343 (m),
1309 (m), 1285 (w), 1253 (m), 1217 (s), 1176 (462 (m), 1144 (s), 1127 (m), 1093 (w), 1070
(s), 1043 (m), 998 (s), 972 (m), 939 (M), 910 (886 (W), 877 (W), 845 (m), 820 (s), 808 (M),
786 (W), 776 (m), 756 (M), 738 (M), 725 (m), 71R €66 (m), 636 (M), 611 (W), 562 ().

Dimethyl  2-chloro-6,9-dihydroxy-3-methyl-6-(pentafuoroethyl)-6H-benzo[c]-chromene-
8,10-dicarboxylate (14Kk):
Starting  with  6-chloro-7-methyl-3-(pentafluoroproyel)-
HsCOO 4 coocH, chromone 5m (0.341 g, 1.0 mmol), dimethyl 1,3-
Cl ‘ acetonedicarboxylaté2 (0.16 mL, 1.1 mmol) and DBU (0.20
O OH mL, 1.3 mmol) in 1,4-dioxane (6-7 mL), the produetk was
HsC o G isolated as a white solid (0.283 g, 57%), mp 22322,
'H NMR (300 MHz, DMSO¢k): § = 2.35 (s, 3H, Chk), 3.92 (s, 3H, OCH}, 3.97 (s, 3H, OCH,
7.18 (s, 1H, 4-), 7.41 (s, 1H, 1-K), 8.11 (d,°Jur = 1.4 Hz, 1H, 7-K), 9.59 (d,*Jur= 3.9
Hz, 1H, 6-OH), 11.09 (s, 1H, 9-OHYC NMR (75.5 MHz, DMSQds): 5 = 19.6 (CH), 53.0
(OCH), 53.1 (OCH), 97.1 (t,Jce = 28.8 Hz, 6-C), 113.3, 117.0, 118.8, 120.0, 12024.5,
127.2, 130.8, 131.7, 140.5, 150.5, 158.5, 167.2,716°%F NMR (282.4 MHz, DMSGQdg): § = —
77.9 (s, 3F, C§, —122.8 (d2J = 279.5 Hz, 1F, €F), —=124.1 (d4 = 279.5 Hz, 1F, CF); MS
(El, 70 eV)m/z(%): 496 (M, 7), 465 (11), 464 (18), 433 (18), 379 (27), 3IB)( 377 (88),
347 (48), 346 (23), 345 (100), 315 (21), 314 (BL3 (74), 258 (11), 157 (11); HRMS (ESI):
calcd for GoH1s®°CIFsO7 ([M+H]*) 497.04210, found 497.04264, calcd fosoldis*’CIFs07
(IM+H]") 499.04007, found 499.04068; IR (ATR, Tn V = 3434 (w), 3006 (W), 2953 (w),
1713 (s), 1687 (m), 1613 (m), 1592 (w), 1552 (W92 (w), 1443 (m), 1385 (w), 1336 (s), 1306
(m), 1289 (w), 1261 (m), 1228 (s), 1188 (s), 115)1 1155 (s), 1140 (s), 1080 (s), 1053 (s), 1016
(m), 998 (s), 974 (m), 935 (M), 926 (m), 898 (M§7&m), 868 (m), 818 (m), 808 (s), 783 (M),
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767 (m), 744 (m), 731 (m), 710 (s), 665 (m), 64}, @31 (s), 615 (w), 603 (m), 583 (w), 550
(m), 535 (w).

Dimethyl 2-bromo-6,9-dihydroxy-6-(pentafluoroethyl}6H-benzolcjchromene-8,10-
dicarboxylate (14l):
Starting with  6-bromo-3-(pentafluoropropanoyl)chmme 5n

HsCOO COOCH; (0.371 g, 1.0 mmol), dimethyl 1,3-acetone-dicarbabteyl2 (0.16

Br O mL, 1.1 mmol) and DBU (0.20 mL, 1.3 mmol) in 1,4xane (6-7
O OH mL), the producti4l was isolated as a white solid (0.358 g, 68%),
o G mp 225-227 °C;

'H NMR (300 MHz, DMSOdg): § = 3.93 (s, 3H, OCH), 3.98 (s, 3H, OCH, 7.13 (d3J = 8.7
Hz, 1H, 4-Hy), 7.55 (d,"J = 2.2 Hz, 1H, 1-K), 7.65 (dd2J = 8.7 Hz,*J = 2.2 Hz, 1H, 3-H),
8.12 (d,°Jur = 1.3 Hz, 1H, 7-H), 9.65 (d,"Jur = 3.6 Hz, 1H, 6-OH), 11.10 (s, 1H, 9-OHjC
NMR (75.5 MHz, DMSOd): 5 = 53.0 (OCH), 53.2 (OCH), 97.1 (t,%Jc,r = 28.8 Hz, 6-C),
113.8, 114.4, 119.2, 119.9, 120.1, 120.7, 127.2,8,3131.4, 134.8, 151.0, 158.5, 167.2, 167.6;
19 NMR (282.4 MHz, DMSQde): & = —78.0 (s, 3F, GfJ, -121.8 (d2J = 279.7 Hz, 1F, €F), —
124.0 (d,2) = 279.7 Hz, 1F, CF); MS (El, 70 eV)m/z(%): 496 ([M-OCH+H], 14), 494 (13),
465 (12), 463 (12), 410 (10), 409 (57), 408 (1@7 457), 378 (15), 377 (100), 376 (15), 375
(99), 345 (34), 343 (34), 265 (12), 264 (62), 2B8)( 173 (10), 172 (10), 44 (11); HRMS (ESI):
calcd for GoHi2BrFsNaO; ([M+Na]?) 548.95788, found 548.95771, calcd for
CioH128'BrsNaO; ([M+Na]*) 550.95610, found 550.95591; IR (ATR, Tn V = 3427 (w),
2957 (w), 1722 (s), 1674 (m), 1650 (w), 1613 (W§92 (w), 1556 (w), 1480 (w), 1442 (m),
1341 (m), 1308 (m), 1253 (m), 1217 (s), 1177 ($13L(s), 1071 (s), 1043 (m), 997 (s), 937 (m),
908 (m), 877 (m), 843 (m), 819 (s), 775 (m), 743768 (s), 664 (m), 628 (s), 561 (W), 542 (M).

OH

8,10-Dimethyl 3-fluoro-6,9-dihydroxy-6-(pentafluorcethyl)-6H-benzolcjchromene-8,10-
dicarboxylate (14m):

Starting with 7-fluoro-3-(pentafluoropropanoyl)chrone5o (0.310
g, 1.0 mmol), dimethyl 1,3-acetonedicarboxyla®(0.16 mL, 1.1
mmol) and DBU (0.20 mL, 1.3 mmol) in 1,4-dioxane7(énL), the
productl4mwas isolated as a white solid (0.154 g, 33%), mp- 21
214 °C;
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IH NMR (300 MHz, DMSO#d): 5 = 3.92 (s, 3H, OCH), 3.97 (s, 3H, OCH), 7.05-7.11 (m, 2H,
Ha), 7.48-7.53 (m, 1H, K), 8.11 (d,%] = 1.5 Hz, 1H, 7-k), 9.63 (d,“Jur = 3.9 Hz, 1H, 6-
OH), 11.09 (s, 1H, 9-OH}*C NMR (75.5 MHz, DMSQds): 5 = 53.1 (OCH), 53.2 (OCH),
97.3 (t,2Jcr = 27.4 Hzp-C), 105.2 (dJcr = 25.0 Hz), 110.8 (dlc,r = 22.4 Hz), 112.8, 114.7 (d,
Jer = 3.6 Hz), 118.8, 120.1, 127.0 (= 10.6 Hz), 130.7 (dlcr = 2.2 Hz), 132.4, 153.4 (dd,
JoF=12.1 HzJer = 1.2 Hz), 158.7, 163.7 (dJcr = 250.2 Hz, GF), 167.2, 167.8'%F NMR
(282.4 MHz, DMSO#de): 8 = —77.9 (s, 3F, G, —106.9 (s, 1F, F), —121.9 @,= 279.5 Hz, 1F,
CFF), —124.2 (d2J = 279.5 Hz, 1F, CP); MS (GC, 70 eV)m/z (%): 434 ((M-OCH-H], 18),
403 (21), 316 (14), 315 (77), 284 (16), 283 (1AL5 (24), 144 (11); HRMS (ESI): calcd for
CioH11FsO7 ([M-H]") 465.04145, found 465.04137; IR (ATR, @n 7 = 3424 (w), 3086 (w),
3010 (w), 2959 (W), 2927 (w), 2872 (w), 2857 (WJ,0® (s), 1682 (m), 1616 (m), 1602 (m),
1510 (w), 1458 (w), 1431 (m), 1389 (W), 1360 (W35 (m), 1310 (W), 1280 (m), 1262 (m),
1225 (s), 1209 (s), 1184 (s), 1158 (s), 1142 (E11(s), 1106 (m), 1073 (s), 1040 (m), 997 (s),
980 (m), 968 (m), 931 (m), 923 (m), 891 (m), 87N &4 (w), 815 (w), 803 (s), 784 (m), 769
(m), 757 (M), 743 (s), 730 (M), 704 (M), 674 (MG3GM), 646 (W), 626 (M), 606 (M), 577 (W),
540 (w).

Dimethyl 6,9-dihydroxy-6-(pentafluoroethyl)-6H-dibenzo|c,hjchromene-8,10-dicarboxylate
(14n):

OH Starting with 3-(pentafluoropropanoyl)benbkfghromone5p (0.342

HsCOO O cooch g, 1.0 mmol), dimethyl 1,3-acetonedicarboxyla®(0.16 mL, 1.1

O oH mmol) and DBU (0.20 mL, 1.3 mmol) in 1,4-dioxane?@nL), the

O O~ “CyFsg product1l4n was isolated as a pale yellow solid (0.388 g, 78%9,
233-235 °C;

IH NMR (300 MHz, DMSO€): § = 3.94 (s, 3H, OCH), 3.99 (s, 3H, OCH), 7.53 (d,3] = 8.9
Hz, 1H, Hy), 7.64-7.72 (m, 3H, k), 7.93-7.97 (m, 1H, k), 8.17-8.23 (m, 2H, W), 9.74 (d,
“JuF = 3.8 Hz, 1H, 6-OH), 11.14 (s, 1H, 9-OHJC NMR (75.5 MHz, DMSOde): & = 53.0
(OCHs), 53.1 (OCH), 97.6 (t,2Jcr = 28.6 Hz, 6-C), 112.4, 118.9, 120.1, 120.7, 12028,
122.5, 123.8, 127.0, 127.7, 128.6, 130.5, 133.6,613147.9, 158.8, 167.3, 1679F NMR
(282.4 MHz, DMSOde): & = —77.5 (s, 3F, G, —121.8 (d2J = 277.9 Hz, 1F, €F), —124.6 (d,
2J = 277.9 Hz, 1F, CP); MS (El, 70 eV)m/z(%): 498 (M, 11), 466 (64), 435 (10), 379 (20),
347 (100), 315 (91), 287 (13), 259 (9), 231 (187 {15), 97 (10), 57 (15); HRMS (ESI): calcd
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for CagHieFs07 ([M+H]") 499.08107, found 499.08116; IR (ATR, @n V = 3282 (w), 3107
(w), 2953 (w), 1708 (m), 1679 (m), 1633 (w), 1615),(1603 (w), 1589 (w), 1565 (w), 1479
(w), 1443 (m), 1433 (m), 1403 (w), 1383 (w), 1327),(1306 (w), 1251 (m), 1205 (s), 1174 (s),
1156 (s), 1140 (s), 1087 (s), 1049 (m), 1031 (rAL6L(m), 984 (m), 964 (m), 949 (w), 926 (M),
907 (m), 876 (m), 827 (w), 812 (m), 794 (s), 780,(#61 (w), 751 (m), 712 (s), 660 (m), 627
(w), 608 (m), 687 (w), 572 (m), 555 (w).

Dimethyl  6-(heptafluoropropyl)-6,9-dihydroxy-6H-benzolc]chromene-8,10-dicarboxylate
(140):

OH Starting with 3-(heptafluorobutanoyl)chromorts (0.342 g, 1.0

HzCOO O COOCH mmol), dimethyl 1,3-acetonedicarboxylat (0.16 mL, 1.1 mmol)

O on and DBU (0.20 mL, 1.3 mmol) in 1,4-dioxane (6-7 mihje product
o CF, 14owas isolated as a white solid (0.344 g, 69%), np-212 °C,;

IH NMR (300 MHz, DMSO#d): 5 = 3.92 (s, 3H, OCH), 3.98 (s, 3H, OCH), 7.09-7.20 (m, 2H,
2,4-Hx), 7.43-7.50 (m, 2H, 1,3-k), 8.13 (s, 1H, 7-i), 9.51 (d,“Jur = 4.1 Hz, 1H, 6-OH),
11.08 (s, 1H, 9-OH)*3C NMR (62.9 MHz, DMSQde): & = 52.3 (OCH), 53.1 (OCH), 97.4 (t,
2Jck= 29.1 Hz, 6-C), 112.8, 115.2, 117.7, 119.0, 121232, 124.9, 130.7, 132.3, 133.1, 151.7,
158.6, 167.3, 167.9°F NMR (282.4 MHz, DMSQi): & = —80.0 (s, 3F, Cff, —118.3, —120.7
(both dg,2J = 284.6 Hz,) = 8.5 Hz, 1F, CF), —123.5 (d2J = 289.7 Hz, 1F, €,), —124.2 (d2) =
289.4 Hz, 1F, €,): MS (El, 70 eV)m/z (%): 498 (IMF, 2), 466 (12), 435 (18), 329 (62), 297
(100), 265 (85), 238 (10), 210 (11), 133 (10); HRKESI): calcd for GoHwF7O7 ((M+H]")
499.06223, found 499.06318; IR (ATR, ®n U = 3417 (w), 2960 (w), 1716 (m), 1675 (m),
1607 (w), 1567 (w), 1494 (w), 1454 (w), 1440 (m392 (w), 1336 (m), 1319 (m), 1297 (w),
1213 (s), 1143 (s), 1115 (s), 1058 (m), 997 (sJ, @), 903 (w), 882 (m), 837(w), 810 (m), 774
(m), 759 (s) 735 (), 712 (s), 694 (W), 678 (M)6 O4), 618 (M), 582 (W), 532 (m).

Dimethyl 6-(heptafluoropropyl)-6,9-dihydroxy-2-methyl-6H-benzofc]chromene-8,10-
dicarboxylate (14p):

Starting with  3-(heptafluorobutanoyl)-6-methylchrone 5r
COOCH; (0.356 g, 1.0 mmol), dimethyl 1,3-acetonedicarbate/L2 (0.16
mL, 1.1 mmol) and DBU (0.20 mL, 1.3 mmol) in 1,4xane (6-
7 mL), the productl4p was isolated as a white solid (0.328 g,
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64%), mp 322-324 °C;

IH NMR (300 MHz, DMSO#): & = 2.29 (s, 3H, Ch), 3.91 (s, 3H, OCH), 3.97 (s, 3H, OCH),
7.00 (d,%) = 8.2 Hz, 1H, 4-k,), 7.24-7.28 (m, 2H, 1,3-k), 8.11 (d3Jnr= 1.6 Hz, 1H, 7-H,),
9.44 (d,*Jn = 4.3 Hz, 1H, 6-OH), 11.07 (s, 1H, 9-OHJC NMR (62.9 MHz, CDGJ): § = 19.0
(CHs), 50.8 (OCH), 51.1 (OCH), 95.4 (t,2Jcr = 27.1 Hz, 6-C), 109.7, 115.7, 116.4, 118.6,
123.6, 128.5, 130.2, 130.7, 132.3, 147.5, 158.8,416.67.41°F NMR (282.4 MHz, DMSQt):

5 =-80.0 (tJ = 8.7 Hz, 3F, C§, —118.3 (dg2J = 284.9 Hz,J = 9.1 Hz, 1F, CF), —120.7 (dg2J

= 284.9 HzJ = 8.4 Hz, 1F, CB, —123.5 (d2J = 290.2 Hz, 1F, €), —124.2 (d2J = 289.0 Hz,
1F, OF2): MS (El, 70 eV)m/z(%): 512 ([MT, 4), 480 (20), 449 (16), 343 (53), 311 (100), 279
(80), 251 (8), 224 (15), 139 (13); HRMS (ESI): chlior GiHieF:07 ([M+H]*) 513.07788,
found 513.07787; IR (ATR, c¥): ¥V = 3234 (w), 2958 (w), 2925 (w), 2853 (w), 1709 (1§82
(m), 1616 (w), 1596 (w), 1573 (W), 1491 (w), 1438)( 1405 (w), 1337 (m), 1317 (w), 1291
(m), 1275 (m), 1223 (s), 1186 (s), 1147 (s), 11061072 (m), 1017 (m), 995 (s), 949 (M), 928
(W), 890 (m), 841 (w), 822 (m), 803 (s), 781 (WH17(m), 728 (M), 679 (M), 642 (M), 599 (W),
564 (m), 533 (W).

Dimethyl 6-(heptafluoropropyl)-6,9-dihydroxy-3-methoxy-6H-benzofcjchromene-8,10-
dicarboxylate (14q):

Starting with 3-(heptafluorobutanoyl)-7-methoxy-chrone 5s
COOCH, (0.372 g, 1.0 mmol), dimethyl 1,3-acetonedicarbateyl12

(0.126 mL, 1.1 mmol) and DBU (0.20 mL, 1.3 mmol) i-
OH dioxane (6-7 mL), the produd#iq was isolated as a white solid
CaFr (0.354 g, 67%), mp 193-195 °C;
'H NMR (300 MHz, DMSOek): & = 3.81 (s, 3H, OCHJ, 3.91 (s, 3H, OCH), 3.97 (s, 3H,
OCH), 6.62 (d,*J = 2.1 Hz, 1H, 4-K), 6.79 (dd3J = 8.9 Hz,"J = 2.1 Hz, 1H, 2-K), 7.38 (d,
3J=8.9 Hz, 1H, 1-K), 8.09 (s, 1H, 7-k), 9.49 (s, 1H, 6-OH), 11.08 (s, 1H, 9-OFC NMR
(62.9 MHz, DMSO¢): 5 = 52.9 (OCH), 53.1 (OCH), 55.7 (OCH), 97.7 (t,2Jc.r= 29.0 Hz, 6-
C), 102.5, 109.9, 110.4, 111.5, 117.9, 119.7, 1263D.7, 133.5, 153.4, 158.8, 162.4, 167.4,
168.1;'%F NMR (282.4 MHz, DMSQds): 8 = —80.0 (t,J = 8.7 Hz, 3F, Ck), —118.5 (dq2J =
284.2 Hz,J = 8.5 Hz, 1F, Cp), —121.2 (dq2J = 284.2,J = 8.7 Hz, 1F, CB, -123.4 (d2J =
290.1 Hz, 1F, €2), —124.1 (d2J = 289.4 Hz, 1F, €); MS (EI, 70 eV)m/z(%): 528 ([M]', 7),
496 (19), 465 (13), 359 (43), 327 (100), 295 (24 (7), 148 (8), 97 (9), 57 (15); HRMS (ESI):
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calcd for GiHieF70s ([M+H]*) 529.07279, found 529.07372; IR (ATR, @n V = 3271 (w),
2960 (w), 1714 (m), 1673 (m), 1651 (w), 1607 (nB3T (w), 1512 (w), 1444 (m), 1352 (m),
1331 (m), 1314 (m), 1291 (w), 1212 (s), 1189 (941 (s), 1110 (s), 1058 (m), 1028 (m), 994
(s), 958 (m), 920 (s), 882 (m), 861 (m), 836 (M6 &w), 797 (s), 764 (m), 739 (m), 713 (M),
672 (m), 618 (s), 579 (m), 548 (m), 535 (m).

Dimethyl 2-chloro-6-(heptafluoropropyl)-6,9-dihydroxy-6H-benzolcjchromene-8,10-
dicarboxylate (14r):
Starting with 6-chloro-3-(heptafluorobutanoyl)chrone 5t (0.377
H,COO coock, 9 1.0 mmol), dimethyl 1,3-acetone-dicarboxyla®y0.16 mL, 1.1
cl O mmol) and DBU (0.20 mL, 1.3 mmol) in 1,4-dioxaneq(énL), the
O OH productl4r was isolated as a pale yellow solid (0.410 g, 778,
o 200-201 °C;
'H NMR (300 MHz, DMSOdg): & = 3.92 (s, 3H, OCH), 3.98 (s, 3H, OCH, 7.17 (d3J = 8.7
Hz, 1H, 4-By), 7.42 (d,2J = 2.4 Hz, 1H, 1-K), 7.53 (dd3J = 8.7, = 2.4 Hz, 1H, 3-K), 8.13
(d, 53w F= 1.7 Hz, 1H, 7-H), 9.69 (d,*JnrF= 3.8 Hz, 1H, 6-OH), 11.10 (s, 1H, 9-OHJC NMR
(62.9 MHz, DMSO¢): § = 53.1 (OCH), 53.2 (OCH), 97.8 (t,%Jcr= 26.2 Hz, 6-C), 113.8,
119.2, 119.3, 119.7, 120.8, 124.3, 126.8, 130.9,513131.9, 150.5, 158.5, 167.2, 167:%
NMR (282.4 MHz, DMSQdg): § = —-80.1 (tJ = 8.9 Hz, 3F, C§), —118.3 (dg?J = 285.2 Hz J
= 9.2 Hz, 1F, CB), —120.7 (dg2J = 285.2 Hz,J = 8.6 Hz, 1F, Cp), —123.5, —124.2 (both 4] =
289. Hz, 1F, €»); MS (El, 70 eV)m/z (%): 532 ([MT], 3), 501 (10), 469 (14), 365 (23), 364
(12), 363 (78), 333 (33), 332 (16), 331 (100), 304), 299 (54), 244 (11), 150 (10); HRMS
(ESI): caled for GoH1*°CIFsNaO; ([M+Na]") 555.00520, found 555.00474, calcd for
C20H12*'CIF/NaO; ([M+Na]*) 557.00317, found 557.00270; IR (ATR, Tn V = 3426 (w),
2956 (w), 2850 (w), 1721 (s), 1675 (m), 1643 (w914 (w), 1563 (w), 1484 (w), 1462 (w), 1443
(m), 1407 (w), 1385 (w), 1347 (m), 1310 (m), 1259,(1212 (s), 1193 (s), 1174 (s), 1142 (s),
1120 (s), 1098 (m), 1054 (m), 996 (s), 962 (m), @89, 905 (m), 885 (m), 824 (m), 809 (M),
773 (m), 756 (s), 738 (m), 726 (m), 715 (m), 683, ®64 (w), 632 (m), 597 (w), 552 (w), 533
(w).

OH
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Dimethyl 2-chloro-6-(heptafluoropropyl)-6,9-dihydroxy-3-methyl-6H-benzofc]-chromene-
8,10-dicarboxylate (14s):
OH Starting with 6-chloro-3-(heptafluorobutanoyl)-7-itmg-
HzCOO COOCH  chromone 5u (0.391 g, 1.0 mmol), dimethyl 1,3-
Cl O acetonedicarboxylaté2 (0.16 mL, 1.1 mmol) and DBU (0.20
HaC O o 8:_7 mL, 1.3 mmol) in 1,4-dioxane (6-7 mL), the produets was
isolated as a pale yellow solid (0.388 g, 71%),20p-208 °C;
'H NMR (300 MHz, DMSO¢k): § = 2.35 (s, 3H, Chk), 3.92 (s, 3H, OCH), 3.97 (s, 3H, OCH,
7.17 (s, 1H, 4-k), 7.41 (s, 1H, 1-K), 8.12 (s, 1H, 7-i), 9.64 (d,*J4F= 4.2 Hz, 1H, 6-OH),
11.09 (s, 1H, 9-OH)*C NMR (62.9 MHz, DMSQds): 5 = 19.6 (CH), 53.0 (OCH), 53.2
(OCH), 97.8 (t,2Jcr = 29.4 Hz, 6-C), 113.3, 116.9, 118.8, 120.0, 12024.5, 127.2, 130.9,
131.7, 140.5, 150.4, 158.5, 167.2, 1675, NMR (282.4 MHz, DMSQds): § = —80.0 (t,3J =
8.3 Hz, 3F, CFE), —118.4 (dg?J = 284.8,J = 9.0 Hz, 1F, CH, —120.8 (dg2J = 284.8,J = 8.5
Hz, 1F, CR), —123.4 (d2J = 289.8 Hz, 1F, €), —124.2 (d2J = 289.4 Hz, 1F, €2); MS (GC,
70 eV)m/z(%): 514 (IM-OCH-H], 21), 483 (14), 347 (32), 346 (18), 345 (108)5 (29), 314
(14), 313 (81), 278 (16), 245 (9), 139 (10); HRMES(): calcd for GiH14>°CIF;NaO; ([M+Na]*)
569.02085, found 569.02137, calcd for:iKi'CIFNaO; ([M+Na]*) 571.01888, found
571.01913; IR (ATR, cml): V = 3272 (w), 2956 (w), 2853 (w), 1707 (m), 1687 (152 (W),
1613 (m), 1589 (w), 1549 (w), 1496 (w), 1436 (m39% (w), 1352 (m), 1336 (m), 1295 (m),
1259 (m), 1207 (s), 1169 (s), 1144 (s), 1120 @y51(m), 1018 (m), 988 (m), 949 (w), 920 (m),
885 (m), 856 (m), 825 (m), 801 (m), 777 (w), 769,(W44 (m), 720 (m), 704 (s), 692 (m), 665
(m), 645 (m), 595 (m), 561 (m), 554 (m), 535 (w).

Dimethyl 2-bromo-6-(heptafluoropropyl)-6,9-dihydroxy-6H-benzofcjchromene-8,10-
dicarboxylate (14t):

Starting with 6-bromo-3-(heptafluorobutanoyl)chrame®v (0.421
g, 1.0 mmol), dimethyl 1,3-acetone-dicarboxyldfy0.16 mL, 1.1
mmol) and DBU (0.20 mL, 1,3 mmol) in 1,4-dioxaneq(6nL), the
product14t was isolated as a white solid (0.323 g, 56%), mp- 20
207°C;

'H NMR (300 MHz, DMSOdg): & = 3.93 (s, 3H, OCH), 3.97 (s, 3H, OCH, 7.11 (d3J = 8.7
Hz, 1H, 4-Hy), 7.55 (d,*J = 2.3 Hz, 1H, 1-K), 7.65 (dd2J = 8.7,%3 = 2.3 Hz, 1H, 3-H), 8.12
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(d, %3 F= 1.4 Hz, 1H, 7-K), 9.69 (d.*JuF= 4.3 Hz, 1H, 6-OH), 11.10 (s, 1H, 9-OHJC NMR
(75.5 MHz, DMSO¢k): § = 53.0 (OCH), 53.2 (OCH), 97.6 (t,2Jcr= 29.6 Hz, 6-C), 113.8,
114.4, 119.1, 119.8, 120.0, 120.7, 127.2, 130.9,413134.8, 150.9, 158.5, 167.1, 167:%:
NMR (282.4 MHz, DMSOde): & = —80.0 (t3J = 8.7 Hz, 3F, C§), —118.3, —-120.7 (both d§] =
285.5 Hz,J = 8.7 Hz, 2F, C§), —123.5 (d2J = 290.0 Hz, 1F, €,), —124.2 (d2J = 289.7 Hz, 1F,
CF2); MS (El, 70 eV)m/z(%): 546 (IM-OCH-H], 15), 544 (14), 515 (10), 513 (10), 409 (42),
407 (42), 378 (14), 377 (100), 376 (15), 375 (B9 (28), 343 (28), 265 (10), 264 (61), 236 (9);
HRMS (El): caled for GHi12"°BrF7O; ([M]*) 575.96491, found 575.96594, calcd for
Co0H128'BrF07 ([M]*) 577.96287, found 577.96435; IR (ATR, Tjn V = 3341 (w), 2962 (w),
1715 (w), 1688 (w), 1617 (w), 1595 (w), 1562 (W62 (w), 1440 (w), 1403 (w), 1333 (w),
1290 (w), 1258 (m), 1213 (m), 1191 (m), 1143 (n)14 (s), 1089 (s), 1055 (s), 994 (s), 397
(m), 878 (m), 839 (m), 800 (s), 731 (s), 709 (&7 Gm), 628 (M), 599 (m), 534 (M).

Dimethyl 6-(heptafluoropropyl)-6,9-dihydroxy-6H-dibenzo[c,hjchromene-8,10-

dicarboxylate (14u):

Starting with 3-(heptafluorobutanoyl)benhfifhromone5w (0.392

g, 1.0 mmol), dimethyl 1,3-acetonedicarboxyld®(0.16 mL, 1.1
mmol) and DBU (0.20 mL, 1,3 mmol) in 1,4-dioxane?@nL), the
productl4u was isolated as a pale yellow solid (0.389 g, 71%,
210-211°C;

'H NMR (300 MHz, DMSOdg): § = 3.94 (s, 3H, OCh), 3.99 (s, 3H, OC¥), 7.53 (d,*J = 8.9
Hz, 1H, Hy), 7.64-7.72 (m, 3H, K), 7.93-7.96 (m, 1H, W), 8.19-8.22 (m, 2H, k), 9.81 (s,
1H, 6-OH), 11.14 (s, 1H, 9-OH}C NMR (62.9 MHz, DMSQdg): & = 52.9 (OCH), 53.1
(OCHg), 98.3 (t,2JcF= 29.2 Hz, 6-C), 112.3, 112.4, 118.9, 120.2, 1204,.8, 122.5, 123.8,
127.0, 127.7, 128.5, 130.5, 133.6, 134.6, 147.8.95167.3, 168.0'°F NMR (282.4 MHz,
DMSO-ds): 6 = —80.2 (1] = 9.2 Hz, 3F, C§), —118.0 (dg?J = 283.1 Hz,J = 8.8 Hz, 1F, CB),
—121.5 (dg2J = 288.1,] = 8.7 Hz, 1F, Cp), —122.8 (d2J = 289.0 Hz, 1F, €3), —=124.0 (d2J =
287.7 Hz, 1F, €2); MS (El, 70 eV)m/z(%): 548 (M, 6), 516 (26), 378 (100), 347 (80), 315
(99), 288 (32), 260 (10), 231 (13), 175 (13), 8%; ARMS (ESI): calcd for €HieF0O7
(IM+H]*) 549.07788, found 549.07701; IR (ATR, @n V = 3271 (w), 2953 (w), 1738 (w),
1704 (m), 1683 (m), 1634 (w), 1616 (w), 1591 (W63 (w), 1539 (w), 1476 (w), 1444 (m),
1351 (m), 1333 (m), 1315 (w), 1252 (m), 1220 (462 (m), 1138 (m), 1119 (s), 1059 (w), 1040
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(m), 1020 (w), 910 (m), 971 (m), 961 (W), 923 (888 (m), 875 (M), 796 (s), 780 (W), 769 (W),
759 (W), 738 (s), 714 (m), 685 (M), 663 (W), 648,(608 (M), 572 (M), 530 (M).

1,3-Dimethyl 2-hydroxy-5-(2-hydroxy-4-methoxybenzol-4-(trifluoromethyl)-benzene-1,3-
dicarboxylate (15):

Starting with  7-methoxy-3-(trifluoroacetyl)chromon&b
COOCH; (0.272 g, 1.0 mmol), dimethyl 1,3-acetonedicarbateyll2
OH (0.16 mL, 1.1 mmol) and DBU (0.20 mL, 1,3 mmol)lif-
dioxane (6-7 mL), the produdt5 was isolated as a white
solid (0.098 g, 23%), mp 147-148 °C;

'H NMR (250 MHz, DMSOek): & = 3.83 (s, 3H, OCkJ, 3.89 (s, 3H, OCH), 3.90 (s, 3H,
OCHb), 6.49-6.53 (m, 2H,'®-Har), 7.35 (d3J = 9.1 Hz, 1H, 6Ha), 7.89 (s, 1H, 5-K), 11.12
(s, 1H, OH), 11.55 (s, 1H, OH}*C NMR (125.8 MHz, DMSQd): & = 53.1 (OCH), 53.2
(OCH), 55.9 (OCH), 101.1, 107.7, 114.2, 117.5, 122.4 {@;r = 276.2 Hz, CF), 123.6 (m),
127.9 (9,2JcF= 32.1 Hz, 1-C), 129.4 (m), 130.8, 134.6, 15668.9, 164.6, 166.4, 166.7, 195.1
(C=0);F NMR (282.4 MHz, DMSQ8s): § = -55.1 (s, 3F, G, MS (GC 70 eV)n/z(%): 428
(IM]1%, 37), 397 (12), 359 (30), 328 (19), 327 (100), Z98), 295 (92), 151 (82), 150 (31);
HRMS (El): calcd for GoHisFs0s ([M]*) 428.07135, found 428.07183; IR (ATR, T V =
3229 (w), 3057 (w), 2991 (w), 2958 (w), 2852 (wy4® (m), 1707 (w), 1685 (m), 1607 (m),
1590 (m), 1508 (w), 1488 (w), 1459 (w), 1437 (m303 (w), 1384 (w), 1360 (m), 1333 (m),
1306 (m), 1289 (m), 1255 (s), 1219 (s), 1194 (§h9(s), 1149 (s), 1120 (s), 1028 (m), 1016
(m), 1000 (m), 962 (m), 947 (m), 941 (m), 922 (BY9 (w), 874 (w), 835 (m), 820 (m), 806 (s),
793 (m), 779 (m), 751 (m), 719 (m), 709 (m), 690,(681 (m), 651 (w), 609 (s), 598 (m), 564
(m), 533 (w).

8,10-Dimethyl 9-hydroxy-2-methoxy-6-o0xo-B-benzolclchromene-8,10-dicarboxylate (16):
Starting with 6-methoxy-3-(pentafluoropropanoyl)yamone 5i

COOCH (0.322 g, 1.0 mmol), dimethyl 1,3-acetonedicarbatey/l 12
(0.16 mL, 1.1 mmol) and DBU (0.20 mL, 1.3 mmol) i-
dioxane (6-7 mL), the produdit was isolated as a white solid
(0.118 g, 33%), mp 219-222 °C;
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IH NMR (300 MHz, CDCY): & = 3.83 (s, 3H, OCH), 4.04 (s, 3H, OCH), 4.07 (s, 3H, OCH,
7.09-7.13 (m, 1H, 4-K), 7.27-7.31 (m, 2H, 1,3+, 9.03 (s, 1H, 7-i), 11.74 (s, 1H, 9-OH);
13C NMR (62.9 MHz, CDGJ): 5 = 253.2 (OCH), 55.8 (OCH), 108.7, 113.4, 113.9, 116.3,
118.6, 119.2, 119.5, 135.4, 137.0, 146.5, 156.0,016.62.8, 167.7, 169.2; MS (GC, 70 e¥z
(%): 358 ([M'], 100), 327 (18), 326 (51), 298 (10), 296 (10)5287), 268 (28), 267 (14);
HRMS (ESI): calcd for @H130s ([M-H]") 357.06159, found 357.06066; IR (ATR, ¢n 7 =
3402 (w), 3049 (w), 3004 (w), 2959 (W), 2925 (w842 (w), 1717 (s), 1673 (m), 1615 (w), 1570
(W), 1490 (W), 1471 (w), 1443 (m), 1424 (w), 1381),(1342 (m), 1313 (m), 1294 (w), 1247
(m), 1207 (s), 1173 (s), 1144 (s), 1110 (m), 1068 1041 (s), 997 (s), 978 (M), 945 (m), 937
(m), 912 (s), 882 (M), 849 (m), 810 (s), 799 () Ts), 750 (M), 738 (M), 731 (s), 716 (M), 680
(m), 665 (M), 649 (M), 611 (M), 590 (W), 577 (WH75W), 535 (W).

Dimethyl 3-hydroxy-6-(2-hydroxybenzoyl)[1,1'-bipheryl]-2,4-dicarboxylate (17a):

Starting with 3-benzoylchromor@a (0.250 g, 1.0 mmol), dimethyl
COOCH; 1,3-acetonedicarboxylate? (0.16 mL, 1.1 mmol) and DBU (0.20
mL, 1.3 mmol) in 1,4-dioxane (6-7 mL), the producta was

COOCH; isolated as a white solid (0.199 g, 49%), mp 17843,

'H NMR (300 MHz, DMSO#): & = 3.52 (s, 3H, OCHJ, 3.93 (s, 3H, OCH), 6.76-6.82 (m, 2H,
Har), 7.12-7.16 (m, 2H, W), 7.24-7.26 (m, 3H, W), 7.29 (dd?J = 7.7 Hz,*J = 1.5 Hz, 1H,
Har), 7.37 (td3) = 7.7 Hz,*J = 1.5 Hz, 1H, H), 7.95 (s, 1H, 5-K), 10.78 (s, 1H, OH), 11.11
(s, 1H, OH);*C NMR (62.9 MHz, DMSQdg): 5 = 52.1 (OCH), 53.0 (OCH), 112.1, 117.1,
119.0, 122.4, 124.8,x227.9, 128.2,428.3, 130.7, 131.6, 132.0, 135.5, 136.3, 144.2,515
159.2, 165.8, 168.1, 197.9 (C=0); MS (GC, 70 aVz(%): 406 ([M]', 38), 374 (67), 342 (13),
314 (27), 297 (100), 286 (16), 265 (28), 223 (1496 (17), 171 (13), 139 (13), 121 (52), 65 (10);
HRMS (EI): calcd for GsH1807 ([M]*) 406.10470, found 406.10499; IR (ATR, T V = 2953
(w), 2923 (w), 2852 (w), 1733 (m), 1679 (w), 162B)( 1607 (w), 1582 (w), 1564 (w), 1486
(w), 1433 (m), 1348 (w), 1324 (w), 1293 (m), 12%),(1260 (w), 1238 (m), 1198 (s), 1160 (s),
1147 (m), 1123 (m), 1111 (m), 1075 (w), 1034 (wW)1Q (w), 987 (m), 945 (w), 926 (w), 907
(w), 876 (w), 817 (w), 802 (w), 788 (w), 764 (s87(m), 724 (m), 704 (s), 677 (m), 644 (s), 619
(m), 603 (w), 584 (m), 565 (w), 536 (m).
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Dimethyl 2'-fluoro-3-hydroxy-6-(2-hydroxybenzoyl)[1,1'-biphenyl]-2,4-dicarboxylate (17b):

Starting with 3-(2-fluorobenzoyl)chromord (0.268 g, 1.0 mmol),
OH O O E dimethyl 1,3-acetonedicarboxylate?2 (0.16 mL, 1.1 mmol) and

COOCH DBU (0.20 mL, 1.3 mmol) in 1,4-dioxane (6-7 mL)ethroductl7b
O O OH was isolated as a white solid (0.098 g, 23%), np-173 °C,;

COOCH; 'H NMR (300 MHz, CDCJ): & = 3.59 (s, 3H, OC}), 3.96 (s, 3H,

OCH), 6.76 (t,3] = 7.6 Hz, 1H, H/), 6.89-6.96 (m, 2H, K), 7.06 (t,3J = 7.5 Hz, 1H, H.),
7.18-7.28 (m, 2H, W), 7.34-7.43 (m, 2H, W), 8.02 (s, 1H, 5-K), 11.50 (s, 2H, 20H)**C
NMR (75.5 MHz, CDCGJ): 8 = 52.4 (OCH), 53.0 (OCH), 111.8, 115.4 (dJcr = 21.5 Hz),
118.1, 118.8, 119.4, 123.9 (@ F = 3.4 Hz), 124.0 (dJc,r = 15.5 Hz), 125.4, 130.3, 130.7 (d,
Jcr = 2.7 Hz), 130.8 (dJcr = 7.7 Hz), 131.4, 133.1, 136.6, 140.0, 158.9'3df = 247.5 Hz,
CarF), 159.9, 162.8, 165.8, 169.4, 200.1 (C=8%; NMR (282.4 MHz, CDG): § = -113.4 (s,
1F); MS (El, 70eV)m/z(%): 392 (M-OCH-H], 100), 359 (50), 332 (16), 297 (19), 265 (337
(18), 180 (12), 123 (53), 95 (13); HRMS (El): calftd Cx3H17FO; (M]¥) 424.09528, found
424.09549; IR (ATR, cm): V = 3000 (w), 2946 (w), 2839 (w), 1711 (m), 1678 (502 (),
1503 (w), 1480 (w), 1444 (s), 1351 (w), 1302 (n)74 (m), 1238 (s), 1198 (s), 1168 (s), 1115
(m), 1036 (w), 1005 (m), 968 (m), 942 (w), 913 (1884 (w), 858 (w), 814 (m), 793 (m), 765
(s), 742 (s), 686 (w), 665 (s), 641 (S), 568 (M).

Dimethyl 2-hydroxy-5-(2-hydroxybenzoyl)-4-(2-thieny)isophthalate (17c):
— Starting with 3-(2-thenoyl)chromoné&7c (0.256 g, 1.0 mmol),

Sz
OH O dimethyl 1,3-acetonedicarboxylate2 (0.16 mL, 1.1 mmol) and
CoOoC
O O & DBU (0.20 mL, 1.3 mmol) in 1,4-dioxane (6-7 mL)etproductl7c
OH was isolated as a white solid (0.029 g, 7%), mp-205°C,;
COOCH,

IH NMR (300 MHz, CDCJ): § = 3.72 (s, 3H, OCH, 3.96 (s, 3H,
OCHg), 6.69 (td3J = 7.6 Hz,%J = 1.1 Hz, 1H, H), 6.84-6.91 (m, 2H, k), 6.97 (dd>3J = 3.6
Hz,4J= 1.2 Hz, 1H, K), 7.18 (dd3J = 8.0 Hz,%J = 1.6 Hz, 1H, H), 7.22-7.24 (m, 1H, K),
7.37 (td,3) = 7.8 Hz,4J = 1.6 Hz, 1H, H), 7.97 (s, 1H, 5-i), 11.38 (s, 1H, OH), 11.70 (s, 1H,
OH); 23C NMR (62.9 MHz, CDGJ): § = 52.7 (OCH), 53.0 (OCH), 111.9, 118.1, 118.8, 119.8,
127.4, 128.3, 129.2, 129.4, 130.6, 130.8, 133.8,313136.7, 137.7, 159.3, 162.6, 166.2, 169.4,
201.2 (C=0); MS (GC, 70 e\Mji/z(%): 412 (IM], 100), 380 (37), 362 (14), 348 (63), 330 (12),
320 (68), 292 (54), 260 (48), 229 (19), 202 (294 126), 145 (15), 121 (48), 93 (17), 65 (23);
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HRMS (El): calcd for GiH1607S ([M]*) 412.06112, found 412.06127; IR (ATR, @n V =
3110 (w), 2956 (w), 2923 (w), 2853 (w), 1732 (982 (m), 1622 (s), 1606 (s), 1568 (m), 1527
(w), 1505 (w), 1486 (W), 1433 (s), 1415 (m), 1358,(1323 (m), 1294 (s), 1269 (m), 1237 (s),
1198 (s), 1159 (s), 1122 (m), 1100 (s), 1081 (rAn51(m), 1035 (m), 985 (s), 944 (s), 914 (m),
890 (w), 874 (m), 851 (m), 841 (w), 816 (m), 798 &2 (s), 721 (s), 708 (s), 645 (s), 633 (S),
596 (m), 587 (m), 562 (m), 535 (m).

Dimethyl 3'-nitro-3-hydroxy-6-(2-hydroxybenzoyl)[1,1'-biphenyl]-2,4-dicarboxylate (17d):
NG, Starting with 3-(3-nitrobenzoyl)chromorgg (0.295 g, 1.0 mmol),
OH O O dimethyl 1,3-acetonedicarboxylate?2 (0.16 mL, 1.1 mmol) and
coocH, DBU (0.20 mL, 1.3 mmol) in 1,4-dioxane (6-7 mL)getproductl7d
O O oH was isolated as a yellow solid (0.374 g, 83%), i-216 °C;

COOCH; 'H NMR (300 MHz, DMSOds): 6 = 3.54 (s, 3H, OCH), 3.93 (s,
3H, OCH), 6.73-6.78 (m, 2H, W), 7.26-7.33 (m, 2H, W), 7.57-7.59 (m, 2H, W), 7.99 (s, 1H,
Har), 8.00 (s, 1H, i), 8.10-8.14 (m, 1H, W), 10.48 (s, 1H, OH), 11.17 (s, 1H, OHJC NMR
(75.5 MHz, DMSO#k): 6 = 52.3 (OCH), 53.1 (OCH), 113.2, 116.8, 119.1, 123.0, 123.1, 124.0,
1249, 129.7, 131.1, 131.6, 131.9, 134.7, 135.7,9,.3141.8, 147.0, 157.7, 157.8, 165.6, 167.8,
196.9 (C=0); MS (GC, 70 e\Mp/z(%): 451 ([MT, 24), 419 (56), 388 (10), 359 (18), 297 (100),
265 (38), 193 (16), 121 (57), 93 (10), 65 (12); HRMEI): calcd for GH17NOs ([M]7)
451.08978, found 451.09001; IR (ATR, T V = 3079 (w), 3045 (w), 2965 (w), 2855 (w),
1726 (m), 1678 (m), 1622 (m), 1602 (m), 1573 (W§33 (m), 1487 (w), 1441 (m), 1408 (w),
1344 (m), 1296 (m), 1219 (s), 1164 (s), 1132 (@B11(w), 991 (m), 930 (w), 882 (w), 843 (w),
806 (w), 765 (s), 752 (s), 735 (s), 694 (s), 637587 (M), 563 (W), 534 (W).

Dimethyl 4'-nitro-3-hydroxy-6-(2-hydroxybenzoyl)[1,1'-biphenyl]-2,4-dicarboxylate (17e):

NO Starting with 3-(4-nitrobenzoyl)chromort# (0.295 g, 1.0 mmol),
O dimethyl 1,3-acetonedicarboxylate2 (0.16 mL, 1.1 mmol) and
OH O DBU (0.20 mL, 1.3 mmol) in 1,4-dioxane (6-7 mL)getproductl7e

O O COOCH  was isolated as a white solid (0.212 g, 47%), nip- 187 °C;
on 1H NMR (300 MHz, DMSOd): & = 3.54 (s, 3H, OCH), 3.92 (s,
COOCH; 3H, OCHy), 6.79-6.83 (m, 2H, K), 7.31-7.41 (m, 2H, k), 7.42 (d,
3J = 8.8 Hz, 2H, H), 7.99 (s, 1H, 5-i), 8.15 (d,3] = 8.8 Hz, 2H, H), 10.52 (s, 1H, OH),
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11.19 (s, 1H, OH)*C NMR (75.5 MHz, DMSQds): & = 52.4 (OCH), 53.1 (OCH), 113.1,
117.0, 119.1, 123.0, 123.1, 123.5, 124.8, 129.0,03131.4, 131.5, 131.6, 135.1, 142.3, 143.5,
147.0, 157.7, 158.2, 165.5, 167.8, 196.1 (C=0); (@B 70 eV)m/z(%): 451 ([M]', 25), 419
(77), 388 (10), 359 (21), 297 (100), 265 (25), 29}, 121 (52); HRMS (EIl): calcd for
Ca3H17NOg ([M] *) 451.08978, found 451.09051; IR (ATR, &n V = 3089 (w), 3004 (w), 2950
(w), 2850 (w), 1745 (m), 1690 (m), 1622 (m), 160d),(1572 (m), 1518 (m), 1482 (m), 1438
(m), 1347 (s), 1296 (m), 1266 (m), 1234 (m), 1268 {159 (s), 1147 (s), 1119 (m), 1106 (m),
1035 (w), 1001 (m), 949 (m), 931 (w), 917 (w), §@#), 864 (m), 854 (m), 845 (m), 799 (m),
767 (s), 740 (m), 713 (s), 698 (s), 664 (M), 642, GA3 (M), 599 (M), 562 (M), 534 (m).

Dimethyl  3',5'-dinitro-3-hydroxy-6-(2-hydroxybenzoyl)[1,1'-biphenyl]-2,4-dicarboxylate
a7f):

Starting with 3-(3,5-dinitrobenzoyl)chromonéj (0.340 g, 1.0
mmol), dimethyl 1,3-acetonedicarboxyldte (0.16 mL, 1.1 mmol)
and DBU (0.20 mL, 1.3 mmol) in 1,4-dioxane (6-7 mibe product
17fwas isolated as a yellow solid (0.347 g, 70%), ®®-200 °C;

H NMR (300 MHz, DMSO#): § = 3.58 (s, 3H, OCH), 3.84 (s,
3H, OCH), 6.69-6.77 (m, 2H, K), 7.23-7.28 (m, 2H, W), 8.09 (s,
1H, 5-Har), 8.38 (d,*J = 2.1 Hz, 2H, 2,6"-Har), 8.72 (1,3 = 2.1 Hz, 1H, 4-Ha/), 10.35 (s, 1H,
OH), 11.27 (s, 1H, OH)3C NMR (75.5 MHz, DMSQOde): & = 52.6 (OCH), 53.1 (OCH),
114.1, 116.6, 118.3, 119.2, 124.9, 125.€1,28.8, 130.6, 131.6, 132.4, 134.3, 139.5, 140.0,
2x147.3, 156.8, 158.0, 165.4, 167.6, 194.8 (C=0);(&@8, 70 eV)m/z(%): 496 ([MT]", 28), 464
(65), 433 (11), 404 (22), 297 (100), 265 (48), 218), 120 (66), 93 (11), 65 (12); HRMS (ESI):
calcd for GsH17N2011 ([M+H]*) 497.08270, found 497.08200; IR (ATR, ©n V = 3090 (w),
2958 (w), 1732 (m), 1682 (m), 1651 (w), 1622 (m§93 (m), 1568 (m), 1538 (s), 1485 (m),
1442 (s), 1341 (s), 1298 (s), 1256 (m), 1209 (8B31(s), 1116 (m), 1075 (m), 1033 (m), 997
(m), 957 (w), 938 (m), 922 (m), 908 (m), 878 (WH58w), 839 (m), 804 (m), 761 (s), 728 (s),
707 (s), 680 (m), 650 (s), 609 (m), 565 (M), 53). (m
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Methyl 10-benzoyl-7-hydroxy-6-oxo-&1-benzofcjchromene-8-carboxylate (18a):

Starting with 3-benzoylchromonga (0.250 g, 1.0 mmol), dimethyl
1,3-acetonedicarboxylate? (0.16 mL, 1.1 mmol) and DBU (0.20 mL,
1.3 mmol) in 1,4-dioxane (6-7 mL), the prodd&awas isolated as a
yellow solid (0.101 g, 27%), mp 144-146 °C,;

'H NMR (250 MHz, DMSO¢k): & = 3.84 (s, 3H, OCH), 7.12-7.18
(m, 1H, Hy), 7.50-7.59 (m, 5H, W), 7.64-7.70 (m, 1H, W), 7.85 (d,3J = 7.8 Hz, 2H, H)),
8.08 (s, 1H, 9-k), 12.80 (s, 1H, OH):C NMR (62.9 MHz, DMSQOds): § = 52.4 (OCH),
108.6, 116.1, 116.7, 117.8, 124.9, 126.4, 127.9,112129.2, 129.9, 130.0, 132.3, 134.5, 135.9,
137.0, 137.8, 150.7, 162.4, 164.3, 164.4, 196.4(C™S (El, 70 eVIm/z(%): 374 ([M]", 100),
343 (23), 297 (22), 265 (28), 183 (20), 105 (43)(Z4); HRMS (EI): calcd for £&H1406 ([M]7)
374.07849, found 374.07772; IR (ATR, @n V = 3063 (w), 2952 (w), 1693 (s), 1651 (m),
1639 (m), 1607 (w), 1593 (m), 1576 (w), 1556 (n§38& (w), 1519 (m), 1488 (w), 1441 (s),
1408 (w), 1352 (w), 1311 (m), 1279 (w), 1228 ()78 (s), 1163 (s), 1144 (s), 1082 (m), 1008
(w), 978 (w), 939 (w), 923 (w), 849 (w), 823 (MBI (w), 758 (m), 734 (s), 720 (w), 698 (m),
673 (s), 647 (m), 633 (s), 567 (w), 551 (w).

Methyl 7-hydroxy-10-(2-fluorobenzoyl)-6-oxo-@1-benzolclchromene-8-carboxylate (18b):
Starting with 3-(2-fluorobenzoyl)chromor@b (0.268 g, 1.0 mmol),
dimethyl 1,3-acetonedicarboxylat? (0.16 mL, 1.1 mmol) and DBU
(0.20 mL, 1,3 mmol) in 1,4-dioxane (6-7 mL), theoguct 18b was
isolated as a white solid (0.180 g, 46%), mp 158-4G;

'H NMR (300 MHz, DMSOdg): § = 3.92 (s, 3H, OCHJ, 7.03-7.13
(m, 2H, Hy), 7.24-7.28 (m, 1H, W), 7.36 (ddJ=8.3 Hz,J = 1.2
Hz, 1H, H), 7.46 (td3) = 7.3 Hz,J = 1.3 Hz, 1H, H), 7.52-7.60 (m, 1H, W), 7.67 (dd2J =
8.2 Hz,"J = 1.2 Hz, 1H, H), 7.84 (td2J = 7.6 Hz,"J = 1.8 Hz, 1H, H,), 8.23 (s, 1H, 9-k),
13.05 (s, 1H, OH)C NMR (62.9MHz, DMSOds): § = 52.6 (OCH), 108.2, 116.2, 116.4,
117.1 (dJcF = 21.5 Hz), 117.8, 124.8, 125.0 (&,F = 8.8 Hz), 125.1 (dJc,r = 3.2 Hz), 127 .4,
127.9, 132.1, 132.5, 136.4 (3 r = 9.4 Hz), 137.1 (dJcr = 1.1 Hz), 137.6, 151.0, 161.2 (d,
ek = 257.0Hz, GF), 165.5, 164.1, 164.3, 192.7 @cr = 1.1 Hz, C=0):1°F NMR (282.4
MHz, CDCk): 8 =-109.0 (s, 1F); MS (GC, 70 e¥f)/z(%): 392 ([M]’, 100), 359 (40), 332 (13),
297 (15), 265 (36), 237 (22), 181 (13), 123 (68, (35), 75 (18); HRMS (ESI): calcd for

132



Supplement 1. Experimental part

CooH14FOs ([M+H]") 393.07689, found 393.07703, calcd foroMisFNaGs ([M+Na])
416.06222, found 416.06204; IR (ATR, @n V = 3108 (w), 2923 (w), 2851 (w), 1712 (m),
1679 (s), 1602 (s), 1574 (m), 1504 (w), 1480 (w44 (m), 1350 (w), 1302 (m), 1274 (m), 1259
(m), 1238 (s), 1221 (s), 1198 (s), 1185 (s), 181152 (s), 1134 (m), 1101 (m), 1006 (s), 968
(m), 941 (w), 913 (m), 858 (m), 814 (s), 793 (H3Ts), 742 (s), 701 (m), 686 (m), 665 (s), 641
(m), 625 (m), 567 (m), 550 (m).

Methyl 7-hydroxy-10-(2-thenoyl)-6-oxo-61-benzofc]jchromene-8-carboxylate (18c):

Starting with 3-(2-thenoyl)chromorte (0.256 g, 1.0 mmol), dimethyl
1,3-acetonedicarboxylate? (0.16 mL, 1.1 mmol) and DBU (0.20 mL,
1,3 mmol) in 1,4-dioxane (6-7 mL), the produ&cwas isolated as a
yellow solid (0.239 g, 63%), mp 175-178 °C;

H NMR (300 MHz, DMSO#ds): & = 3.85 (s, 3H, OCH), 7.14-7.26 (m,
2H, Har), 7.50-7.67 (m, 4H, k), 8.16-8.19 (m, 2H, k), 12.81 (s, 1H, OH)*C NMR (75.5
MHz, DMSO-e): 6 = 52.4 (OCH), 108.7, 116.1, 116.6, 117.8, 125.0, 126.1, 12729.3,
132.3, 136.7, 137.3, 137.8, 138.0, 143.1, 150.2,416164.2, 164.4, 188.6 (C=0); MS (El, 70
eV) m/z(%): 380 ([MT", 50), 347 (49), 315 (50), 292 (19), 265 (12), 2BY), 181 (17), 131 (13),
111 (100), 83 (14), 69 (43), 57 (10), 44 (33); HRMEI): calcd for GoH1206S ([M]")
380.03491, found 380.03487; IR (ATR, T V = 3107 (w), 2945 (w), 1712 (m), 1681 (m),
1651 (m), 1595 (m), 1516 (w), 1431 (m), 1409 (MB51 (w), 1308 (m), 1275 (m), 1250 (s),
1185 (s), 1132 (m), 1100 (m), 1056 (m), 991 (W) &), 944 (w), 920 (w), 889 (w), 852 (m),
815 (m), 794 (w), 761 (s), 738 (s), 671 (m), 649627 (s), 564 (m).

Methyl 7-hydroxy-10-(2-nitrobenzoyl)-6-oxo-61-benzofc]jchromene-8-carboxylate (18d):
Starting with 3-(2-nitrobenzoyl)chromorgs (0.295 g, 1.0 mmol),
dimethyl 1,3-acetonedicarboxylate2 (0.16 mL, 1.1 mmol) and
DBU (0.20 mL, 1,3 mmol) in 1,4-dioxane (6-7 mL)ethroductl8d
was isolated as a white solid (0.302 g, 72%), n(p-33R °C;

H NMR (300 MHz, CDCY): 6 = 3.91 (s, 3H, OC}J, 7.23-7.28 (m,
1H, Ha), 7.41 (d,3) = 8.4 Hz, 1H, H), 7.53-7.58 (m, 2H, ),
7.66-7.76 (m, 2H, W), 8.01 (ddJ = 7.8 Hz,*J = 1.4 Hz, 1H, H,), 8.20 (s, 1H, 9-K), 8.28
(dd,3J = 8.3 Hz,J = 1.2 Hz, 1H, H), 13.31 (s, 1H, OH)}3C NMR (75.5 MHz, CDGJ): § =
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52.7 (OCH), 116.1, 116.2, 117.6, 124.8, 125.5, 129.5, 13132,9, 133.0, 133.3, 133.4, 134.9,
140.5, 141.1, 148.8, 151.2, 164.7, 164.9, 165.5,616191.9 (C=0): MS (El, 70 e\ji/z (%):
419 ([M[', 8), 388 (8), 285 (100), 265 (10), 253 (70), 225)( 134 (29), 104 (17); HRMS (EI):
calcd for GzH1aNOsg ([M]*) 419.06357, found 419.06374; IR (ATR, @n 7V = 3032 (w), 2949
(W), 2824 (w), 1711 (s), 1678 (s), 1594 (m), 15¢), 434 (m), 1366 (m), 1352 (w), 1307 (m),
1274 (m), 1245 (s), 1198 (s), 1167 (s), 1107 (rAR6L(w), 973 (m), 950 (w), 914 (w), 852 (w),
815 (s), 775 (s), 743 (s), 711 (M), 669 (M), 638 684 (W), 569 (W).

Methyl 7-hydroxy-2-methyl-10-(2-nitrobenzoyl)-6-oxe6H-benzo[cjchromene-8-carboxylate
(18e):

Starting with 6-methyl-3-(2-nitrobenzoyl)chromoie (0.309 g,
1.0 mmol), dimethyl 1,3-acetonedicarboxyldt2 (0.16 mL, 1.1
mmol) and DBU (0.20 mL, 1,3 mmol) in 1,4-dioxane7(@nL),

the productl8ewas isolated as a yellow solid (0.364 g, 84%), mp
326-328 °C;

'H NMR (300 MHz, DMSO¢k): § = 2.18 (s, 3H, Ch), 3.85 (s,
3H, OCH), 7.37-7.39 (m, 2H, W), 7.48-7.57 (m, 2H, W), 7.63 (s, 1H, 1-W), 7.77 (td,3J =

7.5 Hz,YJ = 1.6 Hz, 1H, H,), 8.01 (d,*J = 8.0 Hz, 1H, H/), 8.24 (s, 1H, 9-K), 13.00 (s, 1H,
OH); 3C NMR (62.9 MHz, DMSQds): § = 19.9 (CH), 52.5 (OCH), 109.0, 115.6, 116.8,
117.2, 124.0, 124.5, 128.4, 130.5, 131.6, 132.3,61.3134.1, 134.4, 138.9, 140.5, 148.8, 149.0,
163.7, 164.2, 164.4, 191.8 (C=0); MS (El, 70 @V (%): 433 ([M]’, 17), 402 (11), 299 (100),
267 (87), 239 (15), 134 (29), 104 (15), 44 (11); MR (ESI): calcd for @H1eNOs ([M+H]™)
434.08704, found 434.08618; IR (ATR, @n V = 3030 (w), 2951 (w), 1707 (m), 1672 (s),
1590 (m), 1550 (s), 1430 (m), 1403 (w), 1368 (n¥HA (w), 1299 (m), 1273 (w), 1245 (s), 1183
(s), 1137 (m), 1111 (m), 1024 (w), 977 (w), 921 ,(BD6 (s), 779 (s), 760 (s), 711 (m), 679 (M),
657 (m), 637 (s), 615 (m), 589 (m), 532 (M).

134



Supplement 1. Experimental part

Methyl 7-hydroxy-3-methoxy-10-(2-nitrobenzoyl)-6-0x-6H-benzof]chromene-8-
carboxylate (18f):

Starting with 7-methoxy-3-(2-nitrobenzoyl)chromoék (0.325

g, 1.0 mmol), dimethyl 1,3-acetone-dicarboxyla®(0.16 mL,
1.1 mmol) and DBU (0.20 mL, 1,3 mmol) in 1,4-diora(6-7
mL), the productl8f was isolated as a yellow solid (0.328 g,
73%), mp 370-372 °C;

'H NMR (300 MHz, DMSO¢k): § = 3.81 (s, 3H, OC}J, 3.83

(s, 3H, OCH), 6.80 (dd3J=9.1 Hz,*J= 2.6 Hz, 1H, H,), 7.07 (d*J = 2.5 Hz, 1H, H,), 7.62-
7.72 (m, 2H, H), 7.81-7.86 (m, 2H, K), 8.06-8.11 (m, 2H, K), 12.95 (s, 1H, OH}*C NMR
(75.5 MHz, DMSO#€k): 6 = 52.3 (OCH), 56.1 (OCH), 101.3, 108.8, 112.3, 115.1, 123.2, 124.7,
130.0, 131.3, 131.8, 132.0, 133.3, 134.0, 139.0,214148.7, 152.6, 162.6, 164.1, 164.3, 164.6,
192.0 (C=0); MS (EI, 70 eVin/z(%): 449 ([MT, 31), 419 (24), 386(18), 343 (10), 315 (100),
300 (19), 283 (94), 255 (33), 227 (10), 207 (134 130), 104 (20), 77 (11), 44 (65); HRMS
(ESI): calcd for GsH1eNOy ([M+H]*) 450.08196, found 450.08216; IR (ATR, @n V = 3035
(w), 2944 (w), 1716 (m), 1670 (m), 1593 (m), 158Y), (433 (m), 1362 (m), 1321 (w), 1288 (m),
1241 (s), 1201 (s), 1162 (m), 1111 (m), 1027 (8P &w), 948 (w), 918 (w), 841 (m), 804 (s),
742 (m), 710 (w), 692 (m), 650 (w), 618 (m), 580,(846 (w).

General procedure for the synthesis of compounds 24hd 21:

To a stirred reaction mixture of the correspondsagcylchromonet or 6 (1.0 mmol) and 1,3-
diphenylacetond9 (1.1 mmol) in 1,4-dioxane (6-7 mL), DBU (1.3 mmulas added slowlyia

a syringe at room temperature. Stirring at refluasveontinued until chromone was consumed
completely (followed by TLC, approximately 10-12 iihe reaction mixture was quenched with
an aqueous solution of 10% NEI, extracted with chloroform and dried (#0s). The solvent
was distilled off under reduced pressure. The tiegulresidue was subjected to column
chromatography on silica gel using heptane-ethydaeg5:1) as eluent, slowly increasing the

polarity up to 3:1 to give the isolated products.
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Methyl 3-hydroxy-6-(2-hydroxybenzoyl)-2,4-diphenylenzoate (20a):

Starting with 3-methoxalylchromonéa (0.232 g, 1.0 mmol), 1,3-
diphenylacetonel9 (0.22 mL, 1.1 mmol) and DBU (0.20 mL, 1.3
mmol) in 1,4-dioxane (6-7 mL), the prodglawas isolated as a white
solid (0.208 g, 49%), mp 180-182 °C;

'H NMR (300 MHz, DMSO¢k): & = 3.34 (s, 3H, OCH}, 6.91-7.00 (m, 2H, K), 7.29-7.53 (m,
13H, Ha), 9.22 (s, 1H, 3-OH), 11.64 (s, 1H;QH); 13C NMR (62.9 MHz, DMSQde): 6 = 51.6
(OCHa), 117.0, 119.1, 123.4, 127.6, 127.7128.0, 2128.4, 2129.2, 129.6, 430.0, 131.2,
132.8, 132.9, 134.1, 134.2, 134.6, 134.8, 137.4,615157.9, 167.9, 196.3 (C=0); MS (GC, 70
eV) m/z(%): 424 ([M]', 10), 392 (100), 375 (18), 363 (36), 347 (13), 884), 274 (7), 215 (19),
121 (11), 65 (7); HRMS (ESI): calcd for2fE1210s ([M+H] ") 425.13835, found 425.13906; IR
(ATR, cnTd): V = 3432 (w), 2952 (w), 1731 (s), 1628 (m), 1599, (579 (w), 1568 (w), 1487
(m), 1443 (w), 1430 (w), 1406 (m), 1353 (w), 1389,(1312 (w), 1284 (m), 1268 (s), 1244 (s),
1217 (m), 1193 (m), 1172 (w), 1152 (m), 1132 (42A (m), 1082 (m), 1030 (m), 998 (M), 967
(m), 921 (w), 899 (w), 868 (w), 840 (m), 821 (wR18(w), 790 (w), 774 (m), 763 (s), 745 (s),
708 (m), 696 (s), 672 (m), 663 (M), 638 (w), 608,(H96 (M), 567 (M), 545 (m).

OH O COOCH;

Methyl 3-hydroxy-6-(5-bromo-2-hydroxybenzoyl)-2,4-dphenylbenzoate (20b):

OH O COOCH; Starting with 6-bromo-3-methoxalylchromoré (0.311 g, 1.0 mmol),
O O Ph 1,3-diphenylacetond9 (0.22 mL, 1.1 mmol) and DBU (0.20 mL, 1.3

oH mmol) in 1,4-dioxane (6-7 mL), the produflb was isolated as a yellow

Br Ph solid (0.271 g, 54%), mp 256-258 °C;
'H NMR (300 MHz, DMSO¢k): & = 3.37 (s, 3H, OCH), 6.93 (d,*J = 8.8 Hz, 1H, H,), 7.28-
7.31 (m, 2H, H), 7.36-7.57 (m, 11H, K), 9.30 (s, 1H, 3-OH), 10.52 (s, 1H;QH); 1*C NMR
(75.5 MHz, DMSO¢k): 8 = 51.6 (OCH), 110.1, 119.0, 126.7, 127.1, 127.7, 127.:4.28.0,
2x128.5, 2129.1, 129.4, 129.9x230.0, 132.3, 133.6, 134.6, 134.8, 135.5, 137.5,215155.6,
167.9, 193.2 (C=0); MS (EI, 70 eW/z(%): 502 ([M]', 7), 473 (28), 472 (100), 471 (43), 470
(96), 469 (13), 444 (11), 443 (25), 441 (15), 398)( 393 (19), 391 (15), 215 (24), 69 (17), 41
(10); HRMS (ESI): calcd for §H20"°BrOs ([M+H]*) 503.04886, found 503.04855, calcd for
CoH20%'BrOs ([M+H] %) 505.04724, found 505.04682; IR (ATR, &n V = 3397 (w), 3025 (w),
2945 (w), 1743 (s), 1629 (m), 1600 (w), 1580 (W§68 (w), 1492 (w), 1464 (m), 1446 (w),
1431 (m), 1409 (m), 1352 (m), 1321 (w), 1288 (n®71 (m), 1251 (s), 1201 (s), 1173 (m), 1122
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(s), 1089 (m), 1080 (m), 1028 (m), 1010 (m), 973, @9 (w), 909 (m), 889 (W), 847 (W), 829
(m), 821 (m), 800 (m), 779 (m), 755 (M), 740 (MY9ES), 657 (M), 646 (W), 609 (S), 594 (M),
552 (m).

4-(2-Hydroxybenzoyl)-2,3,6-triphenylphenol (20c):
OH O FPh Starting with 3-benzoylchromoneéa (0.250 g, 1.0 mmol), 1,3-
Ph " diphenylacetond9 (0.22 mL, 1.1 mmol) and DBU (0.20 mL, 1.3 mmol)
O O oH In 1,4-dioxane (6-7 mL), the produ2Oc was isolated as a yellow solid
Fh (0.141 g, 32%), mp 209-212 °C;
'H NMR (250 MHz, DMSOdg): § = 6.79-6.98 (m, 7H, K), 7.09-7.23 (m, 5H, K), 7.33-7.48
(m, 6H, Hy), 7.60-7.63 (m, 2H, W), 8.56 (s, 1H, 3-OH), 11.44 (s, 1H;QH); *C NMR (75.5
MHz, DMSO<s): 6 = 117.2, 118.9, 126.4, 126.6:127.0, 127.3, A27.5, 2128.3, 129.2,
2x129.3, 2130.0, 131.1,431.2, 131.3, 133.2, 135.8, 135.9, 137.6, 138.9,014152.6, 160.7,
201.9 (C=0); MS (GC, 70 eM)/z(%): 442 ([M], 63), 365 (50), 322 (100), 302 (14), 215 (12),
121 (19); HRMS (EI): calcd for £H2.,03 ([M]*) 442.15635, found 442.15625; IR (ATR, &in
V = 3467 (w), 3429 (w), 3053 (w), 3025 (w), 2918 (@851 (w), 1714 (w), 1622 (m), 1601 (m),
1575 (w), 1557 (w), 1539 (w), 1532 (w), 1520 (Wh1& (w), 1504 (w), 1495 (w), 1485 (w),
1471 (w), 1456 (w), 1446 (w), 1403 (w), 1342 (m31@ (w), 1274 (m), 1234 (m), 1211 (s),
1186 (m), 1155 (s), 1130 (m), 1107 (m), 1075 (n@B4 (m), 1028 (m), 1001 (m), 966 (m), 924
(w), 897 (m), 866 (w), 852 (w), 835 (m), 820 (mP18(m), 783 (w), 748 (s), 697 (s), 669 (M),
638 (m), 630 (M), 618 (m), 594 (m), 568 (m), 543.(m

4-(2-Hydroxybenzoyl)-2,6-diphenyl-3-(2-thienyl)phenl (20d):
S—/ Starting with 3-(2-thenoyl)chromonéc (0.256 g, 1.0 mmol), 1,3-
OH O diphenylacetond9 (0.22 mL, 1.1 mmol) and DBU (0.20 mL, 1.3 mmol)
O O Ph in 1,4-dioxane (6-7 mL), the produ20d was isolated as a yellow solid
OH (0.130 g, 29%), mp 207-210 °C;
'H NMR (300 MHz, DMSO#): § = 6.56 (dd2J = 3.5 Hz,%J = 1.2 Hz,
1H, Har), 6.63-6.66 (m, 1H, K), 6.78-6.87 (m, 2H, W), 7.16-7.21 (m, 3H, W), 7.22-7.30 (m,
3H, Har), 7.34 (s, 1H, 5-K), 7.37-7.48 (m, 5H, W), 7.60-7.63 (m, 2H, W), 8.61 (s, 1H, 3-
OH), 11.50 (s, 1H, '20H); 13C NMR (75.5 MHz, DMSQdg): § = 117.2, 118.9, 120.9, 126.1,
127.1, 127.3, 127.4x227.7, 2128.3, 128.9, 129.0:229.2, 129.3,430.9, 131.7, 132.1, 132.2,

Ph
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133.0, 135.8, 136.0, 137.4, 138.9, 152.6, 160.1,2(QC=0); MS (GC, 70 eVin/z (%): 448
(IM]*, 100), 413 (14), 353 (16), 328 (96), 295 (15), {28); HRMS (EI): calcd for €H2>003S
(IM]*) 448.11277, found 448.11285; IR (ATR, &n V = 3422 (w), 3055 (w), 3029 (w), 2961
(w), 2924 (w), 2853 (w), 1622 (m), 1579 (w), 1584),(1483 (w), 1458 (w), 1445 (w), 1425 (w),
1398 (w), 1343 (m), 1308 (w), 1277 (m), 1266 (m)39 (w), 1219 (m), 1210 (m), 1192 (m),
1147 (m), 1101 (w), 1072 (w), 1039 (m), 1028 (W6 qw), 962 (w), 921 (w), 903 (w), 878 (w),
868 (w), 849 (w), 839 (w), 819 (w), 793 (w), 778)(W55 (s), 726 (m), 709 (m) , 698 (s), 666
(m), 635 (w), 621 (m), 608 (w), 596 (m), 573 (W3ISw).

4-(2-Hydroxybenzoyl)-2,6-diphenyl-3-(3-nitrophenylphenol (20e):
NO, Starting with 3-(3-nitrobenzoyl)chromorég (0.295 g, 1.0 mmol), 1,3-
oH o O diphenylacetond9 (0.22 mL 1.1 mmol) and DBU (0.20 mL, 1.3 mmol)
ph  In 1,4-dioxane (6-7 mL), the produ20e was isolated as a white solid
O O (0.205 g, 42%), mp 211-213 °C;
Eh on 'H NMR (250 MHz, DMSO¢k): § = 6.78-6.83 (m, 2H, W), 7.14-7.28
(m, 5H, Hx), 7.31-7.50 (m, 8H, W), 7.60-7.63 (M, 2H, W), 7.73 (s, 1H, 5-K), 7.82-7.86 (m,
1H, Har), 8.81 (s, 1H, 3-OH), 10.92 (s, 1H;QH); 13C NMR (62.9 MHz, DMSOds): § = 117.0,
118.9, 121.2, 121.3, 122.7, 124.7, 127.0, 127.2,71227.8, 128.3, 128.4, 128.6, 129.1, 129.2,
129.3, 130.3, 131.1, 131.2, 131.4, 132.3, 135.3,313136.7, 137.4, 138.0, 140.5, 146.4, 153.2,
159.3, 199.9 (C=0); MS (EIl, 70 e\W/z (%): 487 ([MT, 90), 367 (100), 289 (10), 121 (50);
HRMS (El): calcd for GiH2:NOs ([M]*) 487.14142, found 487.14136; IR (ATR, @n V =
3533 (w), 3502 (w), 1599 (w), 1529 (m), 1483 (M43 (w), 1402 (w), 1348 (m), 1304 (w),
1278 (m), 1239 (m), 1214 (m), 1158 (m), 1129 (n®3QA (w), 971 (w), 933 (w), 903 (w), 860
(w), 822 (w), 789 (w), 761 (m), 731 (m), 698 (HHEm), 619 (m), 594 (w), 547 (w).531 (w).

4-(2-Hydroxybenzoyl)-2,6-diphenyl-3-(4-nitrophenylphenol (20f):
NO, Starting with 3-(4-nitrobenzoyl)chromor@& (0.295 g, 1.0 mmol), 1,3-
diphenylacetond9 (0.22 mL, 1.1 mmol) and DBU (0.20 mL, 1.3 mmol)
OH O O in 1,4-dioxane (6-7 mL), the produ20f was isolated as a yellow solid

Ph  (0.336 g, 69%), mp 231-235 °C;
O O oy H NMR (300 MHz, DMSOd): & = 6.83-6.87 (m, 2H, k), 7.11-7.16

Fh (M, 2H, Hy), 7.18-7.25 (m, 5H, k), 7.35-7.40 (m, 3H, W), 7.44-7.51
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(m, 3H, Hy), 7.60-7.62 (M, 2H, k), 7.85-7.88 (M, 2H, K), 8.82 (s, 1H, 3-OH), 11.01 (s, 1H,
2"-0OH); 13C NMR (75.5 MHz, DMSOdg): & = 117.2, 119.0, 122.0, 122.1, 122.4, 127.0, 127.4,
127.7, 127.8, 128.2, 128.4, 128.5, 129.0, 129.9,312130.4, 131.0, 131.1, 131.2, 131.3, 131.4,
132.5, 135.3, 135.4, 137.4, 138.5, 145.7, 146.3,215.59.7, 199.9 (C=0); MS (GC, 70 e}z
(%): 487 ([M[', 63), 367 (100), 289 (16), 121 (51); HRMS (El)icgafor CaHaiNOs ([M]*)
487.14142, found 487.14134; IR (ATR, P 7 = 3453 (w), 3077 (w), 2925 (w), 2849 (),
1623 (W), 1597 (m), 1578 (w), 1515 (s), 1481 (W)4@ (w), 1394 (w), 1339 (s), 1285 (m), 1240
(m), 1209 (s), 1156 (m), 1128 (m), 1106 (m), 1081, 967 (M), 901 (w), 852 (m), 749 (s), 700
(s), 638 (W), 617 (M), 571 (W), 545 (W).

4-(2-Hydroxybenzoyl)-2,6-diphenyl-3-(3,5-dinitrophayl)phenol (209):
ON NO, Starting with 3-(3,5-dinitrobenzoyl)chromoré (0.340 g, 1.0 mmol),
O 1,3-diphenylacetoné9 (0.22 mL, 1.1 mmol) and DBU (0.20 mL, 1.3
OH O . . :
Ph mmol) in 1,4-dioxane (6-7 mL), the proditigwas isolated as a yellow
O O solid (0.394 g, 74%), mp 100-102 °C;
L OH 1 NMR (300 MHz, DMSOgg): & = 6.74-6.81 (m, 2H, K), 7.13-7.31
(m, 6H, H), 7.36-7.41 (m, 2H, K), 7.45-7.50 (m, 3H, W), 7.55-7.61 (M, 2H, W), 8.14 (d,*J
= 2.1 Hz, 2H, H), 8.48 (t,*J = 2.1 Hz, 1H, H), 9.04 (s, 1H, 3-OH), 10.53 (s, 1H;QH); **C
NMR (75.5 MHz, DMSO+dg): 6 = 116.4, 116.8, 116.9, 119.0, 119.1, 124.5, 12123,6, 128.0,
128.1, 128.4, 128.5, 129.2, 129.3, 129.7, 130.6,413131.1, 131.2, 131.3, 131.4, 134.3, 134.8,
136.6, 137.3, 142.6, 146.6, 146.7, 153.8, 157.8,9.9C=0); MS (El, 70 eV)n/z (%): 532
(IM], 62), 438 (10), 412 (81), 365 (84), 289 (19), {(¥10), 93 (11), 65 (11); HRMS (EI): calcd
for CaiH20N207 ([M]*) 532.12650, found 532.12681; IR (ATR, @n V = 3507 (w), 3086 (w),
2921 (w), 1622 (m), 1605 (w), 1579 (w), 1538 (8)31 (w), 1446 (w), 1401 (w), 1342 (s), 1313
(m), 1286 (m), 1212 (m), 1170 (m), 1154 (m), 11&,(1075 (w), 1031 (w), 1001 (w), 979 (w),
952 (w), 908 (w), 867 (w), 848 (w), 832 (w), 758)(ri25 (s), 699 (s), 670 (m), 618 (m), 595
(w), 567 (w), 530 (w).
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4-Benzoyl-2,6-diphenyl-3-(2-hydroxyphenyl)phenol (2a):

Starting with 3-benzoylchromonea (0.250 g, 1.0 mmol), 1,3-
6 _Ph diphenylacetond9 (0.22 mL, 1.1 mmol) and DBU (0.20 mL, 1.3 mmol) in
: 1,4-dioxane (6-7 mL), the produ@la was isolated as a yellow solid
’ erh (0.111 g, 25%), mp 145-148 °C;

v 0 'H NMR (300 MHz, DMSOds): & = 6.35-6.45 (m, 2H, K), 6.67 (d,3J =
7.5 Hz, 1H, H), 6.75 (td,*J = 7.2 Hz,%J = 1.5 Hz, 1H, H\), 7.07-7.15 (m, 4H, W), 7.26 (s,
1H, 5-Har), 7.34-7.50 (m, 7H, K), 7.60 (d3J= 7.2 Hz, 2H, HK), 7.70 (d3J= 7.1 Hz, 2H, H)),
8.39 (s, 1H, OH), 9.07 (s, 1H, OHFC NMR (62.9 MHz, DMSQOds): & = 114.3, 117.5, 125.6,
126.4, 127.1, 127.2, 127.4, 127.6, 127x122.9, 2128.3, 128.9,429.2, 2129.5, 129.7, 130.6,
131.7, 131.8, 132.2, 132.3, 136.4, 137.7, 137.8,03152.6, 154.1, 196.1 (C=0); MS (El, 70
eV) m/z(%): 426 (IM-OH+H], 32), 425 (18), 424 (28), 4230§5350 (18), 349 (71), 138 (17),
105 (28), 96 (13), 95 (10), 83 (16), 82 (14), 8%)(Ir7 (10), 71 (12), 70 (13), 69 (15), 67 (14),
57 (19), 56 (12), 55 (23), 45 (11), 43 (100), 48)(IHRMS (EI): calcd for H2203 ([M]")
442.15635, found 442.15592; IR (ATR, @n V = 3518 (w), 3508 (w), 3360 (w), 3057 (w),
3029 (w), 2920 (w), 2851 (w), 1732 (w), 1653 (mp34 (w), 1598 (w), 1575 (w), 1557 (w),
1539 (w), 1486 (w), 1462 (w), 1442 (m), 1397 (W3438 (w), 1319 (w), 1300 (w), 1286 (w),
1258 (m), 1220 (m), 1153 (m), 1108 (w), 1075 (W)49 (w), 1022 (w), 993 (m), 967 (m), 939
(w), 918 (w), 899 (m), 861 (w), 822 (w), 822 (WB77(m), 749 (s), 734 (s), 721 (m), 692 (s), 667
(m), 639 (m), 614 (m), 604 (m), 590 (M), 562 (W395w).

2,6-Diphenyl-3-(2-hydroxyphenyl)-4-(2-thenoyl)phenb(21b):
Starting with 3-(2-thenoyl)chromonéc (0.256 g, 1.0 mmol), 1,3-
diphenylacetond9 (0.22 mL, 1.1 mmol) and DBU (0.20 mL, 1.3 mmol) in
Ph 1,4-dioxane (6-7 mL), the produ2ib was isolated as a yellow solid (0.081
OH @, 18%), mp 175-177 °C;
OoH 'H NMR (250 MHz, DMSO¢g): § = 6.39-6.50 (m, 2H, K), 6.70 (d,3J =
7.4 Hz, 1H, H,), 6.80 (1,33 = 7.6 Hz, 1H, H), 7.12-7.14 (m, 6H, W), 7.33-7.49 (M, 4H, K),
7.60-7.65 (m, 3H, k), 7.90 (dd2J = 4.9 Hz,*J = 1.0 Hz, 1H, H,), 8.40 (s, 1H, OH), 9.08 (s,
1H, OH);3C NMR (62.9 MHz, DMSOde): & = 114.4, 117.6, 125.6, 126.4, 127.1, 127.2, 127.7,
127.8, 128.2,428.3, 2129.3, 129.5, 130.5, 130.6, 130.7, 131.6, 131.2,013134.5, 135.1,

136.4, 137.7, 137.9, 144.4, 152.7, 154.2, 188.00(CHMS (GC, 70 eVniz(%): 448 (IM[, 31),

h
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111 (100), 39 (6); HRMS (ESI): calcd fopdBl210sS ([M+H]") 449.12059, found 449.12008; IR
(ATR, cnTl): 7 = 3508 (w), 3390 (w), 3055 (w), 2922 (W), 2852 (@22 (m), 1603 (w), 1580
(W), 1557 (w), 1539 (w), 1505 (w), 1495 (w), 1446)(1435 (w), 1408 (m), 1353 (m), 1343
(m), 1318 (w), 1284 (m), 1259 (m), 1228 (m), 1150,(1120 (w), 1099 (w), 1075 (w), 1063
(W), 1046 (w), 1028 (w), 1001 (w), 958 (w), 940 (WP3 (W), 889 (w), 854 (w), 821 (w), 796
(W), 749 (s), 721 (s), 698 (s), 674 (M), 637 (W)BGM), 610 (M), 593 (s), 549 (W).

2,6-Diphenyl-3-(2-hydroxyphenyl)-4-(2-nitrobenzoylphenol (21c):

Starting with 3-(2-nitrobenzoyl)chromoréa (0.295 g, 1.0 mmol), 1,3-

diphenylacetond9 (0.22 mL, 1.1 mmol) and DBU (0.20 mL, 1.3 mmol)
Ph in 1,4-dioxane (6-7 mL), the produ2ic was isolated as a yellow solid
oy (0.287 g, 59%), mp 119-121 °C;
o 'H NMR (300 MHz, DMSO#s): 6 = 6.28-6.32 (m, 2H, K), 6.57 (dd3J
=7.8 Hz,J = 1.5 Hz, 1H, H), 6.67 (td3J = 7.7 Hz,YJ = 1.6 Hz, 1H, H,), 7.02-7.18 (m, 5H,
Har), 7.34-7.51 (m, 4H, W), 7.53-7.62 (m, 5H, W), 7.89 (dd®J = 7.8 Hz,%J = 1.3 Hz, 1H,
Har), 8.72 (s, 1H, OH), 9.15 (s, 1H, OH¥C NMR (75.5 MHz, DMSOde): § = 114.2, 117.7,
123.7, 123.8, 125.5, 126.6, 127.3, 127.4, 128.8,2012128.5, 129.1, 129.2, 129.3, 130.6, 130.7,
130.7, 130.8, 131.9, 132.4, 133.2, 133.3, 136.6,413137.6, 139.9, 146.3, 154.1, 155.0, 170.4,
193.1 (C=0); MS (El, 70 eVin/z(%): 487 (M, 100), 470 (37), 455 (16), 438 (72), 365 (84),
337 (40), 319 (11), 289 (14), 44 (13); HRMS (E$hlcd for GiH22NOs ([M+H] ™) 488.14925,
found 488.15003; IR (ATR, ctd): V = 3494 (w), 3058 (w), 1651 (w), 1606 (w), 1575 (4453
(w), 1524 (m), 1445 (w), 1403 (w), 1344 (m), 1284),(1217 (m), 1151 (m), 1123 (w), 1103
(w), 1028 (w), 966 (w), 902 (w), 855 (w), 825 (WB8 (w), 748 (m), 699 (s), 609 (m), 547 (w).

2,6-Diphenyl-3-(2-hydroxy-5-methylphenyl)-4-(2-nitobenzoyl)phenol (21d):

Starting with 6-methyl-3-(2-nitrobenzoyl)chromoie (0.309 g, 1.0
mmol), 1,3-diphenylaceton#9 (0.22 mL, 1.1 mmol) and DBU (0.20
mL, 1.3 mmol) in 1,4-dioxane (6-7 mL), the prod@dtd was isolated
as a yellow solid (0.366 g, 73%), mp 211-213 °C;

'H NMR (300 MHz, DMSOek): § = 1.86 (s, 3H, Ch), 6.15 (d,*] =
7.5 Hz, 1H, H), 6.33 (s, 1H, BHa), 6.44 (d,%J = 7.5 Hz, 1H, H), 6.91-7.10 (m, 5H, K),
7.36-7.39 (m, 2H, W), 7.45-7.59 (m, 6H, W), 7.65 (s, 1H, 5-K&), 7.86 (d,*J = 7.6 Hz, 1H,
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Ha), 8.71 (s, 1H, OH), 8.90 (s, 1H, OHFC NMR (62.9 MHz, DMSQd): 5 = 19.8 (CH),
114.0, 123.5, 125.0, 125.6, 126.6, 127.2, 127.8,2122128.5, 128.6, 129.1,:229.2, 130.3,
131.4, 131.7, 132.3, 133.2, 136.0, 136.5, 137.0,Q,4146.0, 151.9, 154.9, 193.3 (C=0); MS
(El, 70 eV)m/z(%): 501 ([M], 49), 484 (12), 452 (33), 379 (20), 351 (21), Z&T), 273 (100),
215 (33), 197 (96), 183 (68), 165 (12), 135 (721 155), 73 (56); HRMS (ESI): calcd for
CaH24NOs ([M+H]*) 502.16490, found 502.16558; IR (ATR, @n ¥ = 3509 (w), 3350 (w),
2920 (w), 1732 (w), 1651 (m), 1591 (w), 1556 (WH2Q (s), 1443 (w), 1402 (w), 1341 (m),
1312 (m), 1257 (m), 1223 (s), 1149 (m), 1130 (MBI (w), 1030 (m), 1001 (w), 968 (w), 911
(m), 887 (w), 857 (M), 819 (M), 774 (s), 742 (§7&s), 667 (M), 610 (s), 591 (M), 566 (M).

2,6-Diphenyl-3-(2-hydroxy-4-methoxyphenyl)-4-(2-nitobenzoyl)phenol (21e):

Starting with 7-methoxy-3-(2-nitrobenzoyl)chromdsfg0.325 g, 1.0
mmol), 1,3-diphenylacetontd (0.22 mL, 1.1 mmol) and DBU (0.20
mL, 1.3 mmol) in 1,4-dioxane (6-7 mL), the prod@déewas isolated
as a yellow solid (0.315 g, 61%), mp 198-200 °C;

H NMR (300 MHz, DMSO#): § = 3.50 (s, 3H, OC}), 5.82 (d,*J

= 2.4 Hz, 1H, H), 5.89 (dd2J = 8.4 Hz,J = 2.4 Hz, 1H, H), 6.44 (d3J = 8.4 Hz, 1H, H)),
6.99-7.28 (m, 5H, W), 7.34-7.40 (m, 2H, W), 7.45-7.52 (m, 3H, W), 7.54-7.59 (m, 3H, W),
7.62 (s, 1H, 5-k), 7.88 (dd2J = 7.9 Hz,J = 1.3 Hz, 1H, H,), 8.68 (s, 1H, OH), 9.19 (s, 1H,
OH); 13C NMR (75.5 MHz, DMSQds): § = 54.6 (OCH), 100.1, 103.5, 118.2, 123.6, 126.5,
127.3, 127.4, 128.2, 128.4, 128.5, 129.1, 129.9,612130.2, 130.3, 131.2, 131.3, 132.1, 132.3,
132.4, 133.2, 133.3, 136.2, 136.6, 137.7, 139.8,014154.9, 155.0, 159.1, 193.4 (C=0); MS
(El, 70 eV)m/z(%): 517 ([M]’, 100), 500 (25), 485 (10), 468 (40), 395 (74), &), 351 (10),
276 (8), 151 (8); HRMS (ESI): calcd for£El24NOs ([M+H]*) 518.15981, found 518.16061; IR
(ATR, cnT?): V = 3480 (w), 2917 (w), 2849 (w), 1711 (w), 1674 (4$40 (m), 1615 (m), 1552
(w), 1525 (s), 1464 (w), 1440 (m), 1346 (m), 1269,(1244 (s), 1197 (m), 1149 (s), 1099 (s),
1025 (m), 966 (m), 915 (m), 853 (m), 822 (m), 781,(764 (m), 744 (m), 724 (m), 701 (s), 609
(s), 559 (m), 531 (m).
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General procedure for the synthesis of compounds 2#hd 23:

To a stirred reaction mixture of the correspondioghpoundl3 or 14 (1.0 mmol) in methanol (6-7
mL) potassium hydroxide (4.0 mmol) was addstring at reflux was continueghtil the reagent
was consumed completely (followed by TLC, approxeha2 days). The solvent was distilled off in
a vacuum, and the resulting residue was quench#dwater, then, neutralized with an aqueous
solution of HCI (30%). The resulting residue watefed and dried.

Some of protons in the low field 3H NMR spectra of compound&2 and 23 could not be

detected due to their fast exchange.

3-Hydroxy-6-(2-hydroxybenzoyl)-1,2,4-benzenetricarbxylic acid (22a):

OH O C100HCOOH Starting with trimethyl 3-hydroxy-6-(2-hydroxybengpbenzene-
1,2,4-tricarboxylated. 3a (0.116 g, 0.3 mmol) angotassium hydroxide

3 OH (0.134 g, 2.4 mmol)in methanol (2-3 mL) the product22a was

COOH isolated as a white solid (0.083 g, 80%), mp 279-Z3,

'H NMR (300 MHz, CDCY): § = 6.87-6.95 (m, 2H, K), 7.30 (d,2J = 7.5 Hz, 1H, H), 7.42 (t,

3J = 7.5 Hz, 1H, H/), 7.85 (s, 1H, 5-K); ¥*C NMR (62.9 MHz, CDGJ): § = 116.0, 116.4,

117.2, 118.8, 122.3, 124.5, 130.9, 133.7, 136.3,5,4158.1, 167.0, 167.7, 169.6, 170.8, 196.8

(C=0); HRMS (ESI): calcd for GHeOs ([M-H]") 345.02521, found 345.02546; IR (ATR, Tn

V = 3401 (w), 1660 (w), 1643 (w), 1623 (m), 1588 (H37 (w), 1485 (w), 1462 (w), 1446 (m),

1332 (m), 1291 (m), 1224 (s), 1157 (w), 1039 (vB3 9w), 944 (w), 888 (w), 844 (w), 827 (m),

806 (w), 787 (w), 757 (s), 699 (m), 639 (s), 589,(B®3 (M), 530 (w).

3-Hydroxy-6-(2-hydroxy-5-methylbenzoyl)-1,2,4-benzetricarboxylic acid (22b):
OH O COOH Starting with trimethyl 3-hydroxy-6-(2-hydroxy-5-itiglbenzoyl)-
O O COOH benzene-1,2,4-tricarboxylate3b (0.121 g, 0.3 mmol) andotassium
OH hydroxide (0.134 g, 2.4 mmoih methanol (2-3 mL)the produc22b
CHa COOH was isolated as a white solid (0.091 g, 84%), ntp230 °C;
'H NMR (300 MHz, DMSO¢g): § = 2.21 (s, 3H, Ch), 6.88 (d,2J = 8.4 Hz, 1H, 3Hx), 7.11 (s,
1H, 6-Har), 7.28 (dd2J = 8.4 Hz,%) = 2.0 Hz, 1H, 4Ha\), 7.93 (s, 1H, 5-W), 10.47 (s, 1H,
OH); °C NMR (62.9 MHz, DMSQdg): & = 19.9 (CH), 115.4, 117.0, 119.1, 123.0, 124.4, 127.8,
131.0, 135.1, 135.6, 140.7, 156.2, 166.1, 167.7,916168.5, 196.1 (C=0); MS (EI, 70 exyz

(%): 343 ([M-OH-H], 76), 342 (71), 297 (21), 2803J2279 (100), 270 (13), 252 (21), 224 (12),
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135 (14), 134 (21), 77 (11), 44 (22); HRMS (ESRdod for G7H11:0s ([M-H]") 359.040886,
found 359.04120; IR (ATR, c¥): V = 2858 (w), 1704 (w), 1681 (w), 1651 (w), 1644 (1582
(m), 1519 (w), 1504 (w), 1434 (m), 1384 (w), 133}, (1292 (s), 1222 (s), 1169 (m), 1037 (W),
974 (w), 880 (w), 822 (m), 793 (m), 745 (m), 700,(672 (M), 640 (M), 582 (M), 534 (m).

3-Hydroxy-6-(5-chloro-2-hydroxy-4-methylbenzoyl)-12,4-benzenetricarboxylic acid (22c):
Starting with trimethyl 6-(5-chloro-2-hydroxy-4-nistbenzoyl)-
COOH 3-hydroxybenzene-1,2,4-tricarboxylai@e (0.131 g, 0.3 mmol)

COOH
O O and potassium hydroxide (0.134 g, 2.4 mmah) methanol (2-3
H3C mL), the product22c was isolated as a white solid (0.109 g,

COOH 92%), mp 362-364 °C;
'H NMR (300 MHz, DMSO#gk): 8 = 2.32 (s, 3H, Ch), 6.96 (s, 1H, 3Har), 7.33 (s, 1H, BHa,),
7.91 (s, 1H, 5-k), 10.71 (s, 1H, OH®C NMR (62.9 MHz, DMSQde): & = 20.0 (CH), 114.7,
119.6, 122.3, 122.5, 123.3, 127.0, 130.7, 133.8,6,3142.7, 157.1, 162.6, 166.1, 167.3, 169.8,
194.2 (C=0); MS (El, 70 eMn/z(%): 376 ([M-OH-H], 76), 331 (15), 313 (100), 2883}, 258
(11), 168 (17), 139 (11), 77 (19); HRMS (ESI): chlfor G7H16*ClOy ([M-H]") 393.00188,
found 393.00275; IR (ATR, cth: V = 3490 (w), 2848 (w), 2521 (w), 1704 (m), 1688 (4§22
(m), 1599 (m), 1574 (m), 1476 (W), 1434 (w), 1398,(1374 (W), 1334 (m), 1239 (s), 1212 (),
1179 (s), 1160 (s), 1052 (m), 1009 (w), 952 (W} &), 826 (m), 816 (w), 803 (m), 792 (m),
747 (s), 722 (m), 709 (m), 686 (s), 635 (M), 619, GG (S).

3-Hydroxy-6-(1-hydroxy-2-naphthoyl)benzene-1,2,4-icarboxylic acid (22d):
Starting with trimethyl 3-hydroxy-6-(1-hydroxy-2-
COOHCOO naphthoyl)benzene-1,2,4-tricarboxylat8g (0.131 g, 0.3 mmol)
OO O andpotassium hydroxide (0.134 g, 2.4 mmiolmethanol (2-3 mL,)
OH the produck2d was isolated as a yellow solid (0.106 g, 89%), mp
oo 304-306 °C;
'H NMR (300 MHz, DMSOsk): & = 7.32-7.42 (m, 2H, K), 7.63 (t3 = 7.2 Hz, 1H, H,), 7.74
(t,3J=7.1Hz, 1H, K, 7.93 (d3J = 8.0 Hz, 1H, H/), 7.98 (s, 1H, 5-K), 8.38 (d3J = 8.2 Hz,
1H, Har), 13.37 (s, 1H, OH)**C NMR (62.9 MHz, DMSQde): & = 113.5, 116.4, 117.4, 118.3,
122.1, 123.6, 124.4, 126.4, 127.0, 127.8, 130.8,23136.8, 141.7, 161.4, 166.2, 167.6, 168.1,
169.7, 199.3 (C=0); MS (El, 70 eW)/z(%): 378 ([M-OH-H], 58), 360 (10), 315 (45), 2880)2
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260 (13), 217 (11), 170 (32), 144 (29), 115 (25),(30), 78 (76), 69 (56), 63 (100), 43 (86);
HRMS (ESI): calcd for @H1100 ([M-H]") 395.04086, found 395.04184; IR (ATR, Tn V =
3391 (W), 2916 (W), 2590 (w), 1714 (w), 1651 (WH2T (W), 1584 (m), 1514 (m), 1504 (m),
1485 (w), 1455 (s), 1413 (m), 1384 (m), 1329 (M71L(s), 1250 (s), 1210 (s), 1151 (m), 1108
(W), 1054 (W), 1023 (w), 991 (W), 946 (w), 876 (B8R (W), 778 (s), 742 (M), 717 (M), 685 (W),
660 (W), 640 (w), 612 (m), 601 (M), 575 (W), 557)(m

9-Hydroxy-6-oxo0-6H-benzofc]jchromene-8,10-dicarboxylic acid
(23a):

Starting  with  dimethyl  6,9-dihydroxy-6-(pentafluatbyl)-6H-
benzof]chromene-8,10-dicarboxylaté4d (0.134 g, 0.3 mmol) and
potassium hydroxide (0.134 g, 2.4 mmath) methanol (2-3 mL) the
product23awas isolated as a white solid (0.063 g, 70%), mb %5

'H NMR (300 MHz, CDCY): 6 = 7.37-7.44 (m, 2H, K), 7.61 (1,33 = 7.7 Hz, 1H, H), 8.13 (d,

3 = 7.8 Hz, 1H, H)), 8.68 (s, 1H, 7-K); ¥*C NMR (62.9 MHz, CDGJ): § = 109.9, 116.3,
116.9, 117.9, 120.5, 124.4, 125.1, 133.6, 131.3,613151.4, 159.6, 166.1, 169.2, 169.6; MS
(El, 70 eV)m/z(%): 256 ([M-CQ], 86), 239 (28), 238 (100), 211 (16), 210 (90)2181), 154
(15), 126 (48), 119 (11), 91 (27), 78 (21), 63 (IY (87); HRMS (ESI): calcd for€H;07 ([M-
H]") 299.01973, found 299.02026; IR (ATR, Tn V = 2849 (w), 1704 (m), 1682 (m), 1651
(m), 1594 (s), 1557 (m), 1495 (w), 1446 (w), 1447, (1318 (m), 1286 (m), 1200 (s), 1148 (s),
1113 (s), 932 (m), 893 (m), 855 (m), 809 (m), 74¥ 127 (s), 713 (s), 686 (s), 640 (S).

9-Hydroxy-6-oxo-6H-dibenzolc,hjchromene-8,10-dicarboxylic acid (23b):
Starting with dimethyl 6-(heptafluoropropyl)-6,9gdroxy-6H-
COOH  dibenzof,Hchromene-8,10-dicarboxylaté4u (0.164 g, 0.3 mmol)
andpotassium hydroxide (0.134 g, 2.4 mmiol)methanol (2-3 mL)the
product23b was isolated as a pale yellow solid (0.097 g, 9291,
310-312 °C;
'H NMR (300 MHz, DMSO#): § = 7.70-7.73 (m, 2H, K), 7.87 (d,3J = 9.2 Hz, 1H, H)),
7.99-8.02 (m, 1H, W), 8.12 (d,*J = 9.1 Hz, 1H, H), 8.39-8.42 (m, 1H, K), 8.76 (s, 1H, 7-
Har); *C NMR (75.5 MHz, DMSQde): & = 111.2, 112.1, 115.0, 120.5, 120.7, 122.0, 123.0,
124.0, 127.6, 127.7, 129.0, 133.8, 134.1, 135.2,9,4159.2, 163.3, 168.6, 170.3; MS (EI, 70
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eV) m/z(%): 306 ([M-CQ], 87), 288 (100), 260 (33), 232 (11), 204 (14)6 130), 144 (8), 116
(11), 88 (21), 63 (10), 44 (39); HRMS (ESI): calfmt CisHoO7 ([M-H]") 349.03538, found
349.03602; IR (ATR, cml): V = 3418 (w), 2872 (w), 2538 (w), 1713 (s), 1699 (582 (s),
1668 (s), 1633 (m), 1587 (s), 1557 (m), 1505 (wWR3L(w), 1477 (w), 1446 (s), 1424 (m), 1353
(m), 1336 (m), 1302 (m), 1257 (s), 1216 (s), 1196 1164 (s), 1145 (s), 1122 (s), 1034 (m),
1013 (m), 964 (m), 939 (m), 895 (m), 870 (w), 88 {73 (s), 736 (s), 680 (s), 666 (S), 634 (S),
622 (s), 609 (s), 563 (s), 537 (m).

1.2.3 Supplement for Chapter 4

General procedure for the synthesis of compounds 23D:

Reaction mixture of the corresponding 3-acylchroendr8 (1.0 mmol) and HKAs24 (1.1
mmol) in 1,4-dioxane (6-7 mL) was stirred at rooemperature. Stirring was continued until
chromone was consumed completely (followed by TLT})e reaction time was dependent on
solubility and activity of 3-acylchromones: the e¢tan time of 3-metoxalylchromones was
about 2 days, for 3-aroylchromones about 1-7 dagsfar 3-polyhaloacylchromones about 10-
12 h. Compound&7 and29 (synthesized starting from 3-heptafluorobutanoydaiones) were
formed as a precipitate. They were filtered andhsdswith a mixture of ethyl acetate and
heptane (1:3) to give pure products. The filtrategeaction mixtures of other syntheses were
distilled off under reduced pressure. The resultiegidues were purified by column
chromatography (silica gel, heptane/ethyl acetédej)solate compound&5, 26, 28 and 30.
Compounds 29 synthesized from 3-trifluoroacetylchromones werarifigd by column
chromatography using ethyl acetate/methanol. Incdse of synthesis of compoun2@a and
29cusing 3-heptafluorobutanoylchromones, the reastioare carried out under reflux.

Methyl 16-benzoyl-2-ox0-9-oxa-11,14-diazatetracyd®.7.0.38.0'13heptadeca-
1(17),3(8),4,6,15-pentaene-10-carboxylate (25a):
0 rh  Starting with 3-methoxalylchromorda (0.232 g, 1.0 mmol) and HKA

24a(0.207 g, 1.1 mmol) in 1,4-dioxane (6-7 mL), thedqwct25awas
isolated as a yellow solid (0.285 g, 71%), mp 208-2C;
'H NMR (300 MHz, DMSO¢k): 5 = 3.65 (s, 3H, OCHJ, 3.82-4.10 (m,
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4H, CH), 7.08-7.10 (m, 2H, A), 7.45-7.73 (m, 8H, W), 9.68 (s, 1H, NH)13C NMR (75.5
MHz, DMSO-dg): 6 = 43.6 (NCH), 43.7 (NCH), 53.6 (OCH), 90.2 and 91.8 (10-C and 16-C),
105.8, 117.3, 121.8, 122.4, 126.4127.6, 2128.4, 130.2, 135.4, 138.2, 139.7, 155.5, 158.4,
167.2, 175.8, 189.6 (C=0); MS (EI, 70 eM)z (%): 402 ([M]’, 3), 401 (6), 345 (55), 344 (92),
343 (100), 342 (12), 341 (29), 315 (12), 314 (BAB (15), 265 (17), 171 (13), 105 (20), 77 (26);
HRMS (ESI): calcd for @HiaN20s ([M+H]*) 403.12885, found 403.12894, calcd for
Ca3H1sNaN:Os ([M+Na]*) 425.11079, found 425.11082; IR (ATR, ¥n V = 3345 (w), 3308
(w), 3061 (w), 2963 (w), 2902 (w), 1731 (w), 1644),(1604 (w), 1578 (m), 1548 (s), 1476 (m),
1461 (s), 1443 (s), 1376 (w), 1321 (s), 1286 (r@¥4l(m), 1194 (s), 1134 (m), 1101 (m), 1088
(m), 1074 (m), 997 (s), 952 (m), 926 (w), 838 (820 (w), 800 (w), 782 (m), 744 (s), 705 (s),
660 (M), 626 (s), 584 (m), 561 (m), 528 (M).

Methyl 16-benzoyl-6-methoxy-2-0x0-9-oxa-11,14-diatetracyclo[8.7.0.G:2.0'113heptadeca-
1(17),3(8),4,6,15-pentaene-10-carboxylate (25b):

o Fh  Starting with 7-methoxy-3-methoxalylchromode (0.262 g, 1.0
mmol) and HKA24a (0.207 g, 1.1 mmol) in 1,4-dioxane (6-7
mL), the product25b was isolated as a yellow solid (0.311 g,
72%), mp 240-241 °C;
'H NMR (300 MHz, CDCY): § = 3.69 (s, 3H, OCk), 3.84 (s, 3H, OCH), 3.89-4.25 (m, 4H,
CH), 6.48 (d*J = 2.1 Hz, 1H, H,), 6.62 (ddJ = 2.1 Hz,3J = 8.8 Hz, 1H, H,), 7.42-7.54 (m,
5H, Ha), 7.85-7.88 (m, 2H, W), 9.50 (s, 1H, NH)XC NMR (75.5 MHz, CDGQJ): § = 43.3
(NCHy), 44.0 (NCH), 53.4 (OCH), 55.6 (OCH), 90.6 and 91.9 (10-C and 16-C), 100.8, 107.5,
110.1, 115.9,428.1, 2128.3, 129.0, 130.4, 137.8, 139.3, 157.7, 160.5,616167.3, 176.8,
191.6 (C=0); MS (El, 70 eMin/z(%): 432 ([M], 2), 431 (4), 376 (11), 375 (61), 374 (52), 373
(100), 186 (7); HRMS (ESI): calcd for26H21N20s ([M+H]") 433.13941, found 433.13959,
calcd for G4H20NaNoOs ([M+Na]*) 455.12136, found 455.12152; IR (ATR, @n V = 3295
(w), 3053 (w), 2949 (w), 2888 (w), 2848 (w), 17414)( 1629 (w), 1606 (m), 1575 (m), 1546 (s),
1500 (w), 1482 (m), 1441 (s), 1428 (s), 1381 (nP16L(s), 1243 (s), 1212 (s), 1163 (s), 1127
(m), 1106 (s), 1019 (s), 1005 (s), 979 (s), 959 @8B (m), 885 (w), 871 (w), 837 (s), 813 (W),
787 (m). 756 (s), 710 (m), 663 (s), 627 (s), 593543 (m).
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Methyl 9-benzoyl-12-0x0-2-0xa-4,7-diazapentacyclof18.0.3:1%.0*8.0'6-2henicosa-
1(13),8,10,14,16(21),17,19-heptaene-3-carboxyla?&¢):

O Fh  Starting with 3-methoxalylbenziojchromone 4g (0.282 g, 1.0
mmol)and HKA24a(0.207 g, 1.1 mmol) in 1,4-dioxane (6-7 mL),
the produc25c was isolated as a yellow solid (0.348 g, 77%), mp
244-246 °C;

'H NMR (300 MHz, DMSO¢k): 6 = 3.63 (s, 3H, OCH, 3.70-3.77 (m, 1H, CH), 3.88-4.03 (m,
2H, CH), 4.40-4.42 (m, 1H, CH), 7.48-7.75 (m, 10#k), 7.95 (d,3) = 7.8 Hz, 1H, H,), 8.37
(d,33J =8.0 Hz, 1H, H), 9.73 (s, 1H, NH)*C NMR (62.9 MHz, DMSQds): § = 43.6 (NCH),
43.7 (NCH), 53.7 (OCH), 91.0 and 91.6 (3-C and 9-C), 105.8, 116.6, 1214.9, 123.0,
123.8, 126.7,427.6, 127.9, 428.4, 129.5, 130.2, 136.7, 137.7, 139.8, 152.8,315166.9,
175.9, 189.6 (C=0); MS (El, 70 eW)/z(%): 452 ([MT, 18), 395 (59), 394 (100), 393 (59), 391
(18), 315 (11), 196 (29), 105 (17), 77 (21); HRMBS)): calcd for G/H2:N20Os ([M+H]Y)
453.14450, found 453.14454, calcd foroNaN.Os ([M+Na]*) 475.12636, found 475.12644;
IR (ATR, cnT?): V' = 3578 (w), 3311 (w), 3055 (w), 2955 (w), 2905 (@52 (w), 1738 (m),
1626 (m), 1596 (w), 1572 (w), 1543 (s), 1506 (M8 (m), 1468 (s), 1426 (s), 1378 (m), 1350
(w), 1324 (m), 1288 (w), 1269 (s), 1236 (s), 128), €200 (m), 1187 (s), 1133 (s), 1094 (s),
1071 (m), 1036 (m), 1017 (s), 971 (m), 957 (m), 929, 871 (w), 843 (w), 828 (m), 811 (m),
799 (m), 792 (m), 769 (s), 746 (s), 729 (m), 70281 (m), 665 (s), 650 (s), 632 (s), 601 (M),
579 (m), 548 (m).

Methyl 13-benzoyl-11-ox0-1,2,3,4,5a,11-hexahydroda-1,5-diazatetraphene-5a-
carboxylate (25d):

O Fh Starting with 3-methoxalylchromonfa (0.232 g, 1.0 mmol) and HKA
24b (0.222 g, 1.1 mmol) in 1,4-dioxane (6-7 mL), thequct25d was
isolated as a green-brown solid (0.379 g, 91%)26%255 °C;

'H NMR (300 MHz, DMSO¢g): § = 1.81-1.95 (m, 1H, CH), 2.07-2.16
(m, 1H, CH), 3.41-3.52 (m, 2H, CH), 3.59-3.65 (i, TH), 3.67 (s, 3H, OC#), 3.78-3.87 (m,
1H, CH), 7.07-7.12 (m, 2H, &), 7.39-7.42 (m, 2H, W), 7.46-7.59 (m, 5H, W), 7.70 (dd*J =

1.6 Hz,3J = 7.9 Hz, 1H, H), 11.69 (s, 1H, NH)*3C NMR (62.9 MHz, DMSQde): 5 = 18.6
(CH>), 38.4 (NCH), 41.4 (NCH), 53.7 (OCH), 91.1 and 93.2 (5a-C and 13-C), 104.1, 117.2,
121.6, 122.3, 126.1xP27.7, 2128.3, 129.9, 135.3, 138.3, 140.3, 154.6, 155.6,7,6175.7,
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191.1 (C=0); MS (El, 70 eVin/z (%): 359 ([M-COOCH+2H], 31), 358 (62), 357 (100), 329
(34), 178 (13), 105 (12), 91 (40), 77 (14); HRMSS[E calcd for GsHz1N:0s ([M+H]*)
417.14450, found 417.14448, calcd fouldoNaN:Os ((M+Na]*) 439.12644, found 439.12618;
IR (ATR, cnt): 7 = 3021 (w), 2959 (W), 2940 (w), 1738 (W), 1643 (dH07 (m), 1581 (m),
1564 (s), 1480 (m), 1458 (s), 1441 (s), 1382 (8FEL(M), 1333 (M), 1304 (w), 1290 (m), 1274
(s), 1243 (s), 1219 (s), 1204 (m), 1173 (m), 1143 (103 (m), 1081 (m), 1058 (w), 1027 (m),
1004 (m), 951 (w), 920 (w), 887 (w), 873 (w), 828),(801 (w), 777 (m), 752 (s), 742 (S), 698
(m), 682 (M), 675 (M), 629 (s), 601 (M), 575 (VB4Fw), 528 ().

Methyl 13-benzoyl-8-methoxy-11-ox0-1,2,3,4,5a,11@hydro-6-oxa-1,5-diazatetraphene-
5a-carboxylate (25e):

o rp Starting with 7-methoxy-3-methoxalylchromode (0.262 g, 1.0
yZ o mmol) and HKA24b (0.222 g, 1.1 mmol) in 1,4-dioxane (6-7
| . .
H.C o TN > NH mL), the product25e was isolated as a yellow solid (0.392 g,

HLCO Nl _J  88%), mp 250-251 °C;
IH NMR (300 MHz, DMSO#): 5 = 1.85-1.98 (m, 1H, CH), 2.06-2.15 (m, 1H, CH}#33.55
(M, 2H, CH), 3.58-3.65 (m, 1H, CH), 3.68 (s, 3H, & 3.78-3.88 (m, 1H, CH), 3.83 (s, 3H,
OCHy), 6.62 (d4J = 2.3 Hz, 1H, H), 6.67 (dd3J = 8.7 Hz,4J = 2.4 Hz, 1H, H), 7.37-7.40 (m,
2H, Ha), 7.45-7.52 (m, 4H, W), 7.62 (d,3] = 8.7 Hz, 1H, ), 11.73 (s, 1H, NH)¥3C NMR
(75.5 MHz, DMSO#): & = 18.7 (CH), 38.3 (NCH), 41.4 (NCH), 53.7 (OCH), 55.8 (OCHj),
91.3 and 92.7 (5a-C and 13-C), 100.9, 104.3, 110182, 2127.6, 127.9,428.2, 129.8, 137.3,
140.4, 154.6, 157.6, 165.0, 167.6, 175.0, 190.800CMS (El, 70 eV)m/z (%): 388 ([M-
COOCH:+H], 56), 387 (100), 359 (15), 193 (9), 105 (7), @D); HRMS (El): calcd for
CasH22N206 ([M]*) 446.14724, found 446.14589; IR (ATR, ¥n U = 3055 (w), 2996 (w),
2978 (W), 2946 (W), 1742 (m), 1641 (w), 1605 (§84 (m), 1559 (s), 1498 (W), 1476 (s), 1459
(m), 1426 (s), 1381 (m), 1364 (m), 1347 (m), 1325, (1293 (w), 1283 (w), 1238 (s), 1217 (s),
1196 (m), 1175 (m), 1162 (s), 1140 (s), 1101 BY8L(m), 1058 (m), 1014 (s), 990 (M), 965 (s),
930 (m), 903 (w), 883 (W), 874 (W), 864 (w), 839, @11 (m), 800 (s), 785 (), 767 (S), 748 (s),
706 (s), 679 (m), 661 (s), 646 (s), 639 (M), 637596 (s), 561 (M), 550 (m).
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Methyl 13-benzoyl-9-chloro-11-ox0-1,2,3,4,5a,11-hatxydro-6-oxa-1,5-diazatetraphene-5a-
carboxylate (25f):
O Fh  Starting with 6-chloro-3-methoxalylchromonéd (0.266 g, 1.0

o mmol) and HKA24b (0.222 g, 1.1 mmol) in 1,4-dioxane (6-7 mL),

NH the product25f was isolated as a yellow solid (0.347 g, 77%), mp
Ov 254-255 °C;
'H NMR (300 MHz, DMSO¢k): § = 1.85-1.94 (m, 1H, CH), 2.07-2.15 (m, 1H, CH}¥133.54
(m, 2H, CH), 3.62-3.66 (m, 1H, CH), 3.68 (s, 3H, K; 3.76-3.85 (m, 1H, CH), 7.15 (&] =
8.3 Hz, 1H, H), 7.38-7.42 (m, 2H, W), 7.46-7.53 (m, 3H, W), 7.57-7.61 (m, 3H, W), 11.64
(s, 1H, NH);**C NMR (62.9 MHz, DMSQOde): § = 18.5 (CH}), 38.4 (NCH), 41.6 (NCH), 53.8
(OCHg), 91.4 and 93.7 (5a-C and 13-C), 103.1, 119.5,8,2P25.1, 126.4,*227.8, 2128.3,
130.1, 134.7, 139.1, 140.1, 154.3, 154.5, 167.8,3,7191.4 (C=0); MS (El, 70 e\h/z (%):
391 ([M-COOCH;, 100), 363 (17), 105 (5), 91 (19), 77 (5); HRME&Y(): calcd for
C24H20*°CIN20s ([M+H]*) 451.10553, found 451.10509, calcd fosad®’CIN2Os ([M+H]™)
453.10368, found 453.10405; IR (ATR, T V = 2961 (w), 2909 (w), 2847 (w), 2749 (w),
2675 (w), 1740 (w), 1644 (w), 1614 (m), 1600 (mHs8Q@ (m), 1568 (m), 1557 (m), 1539 (w),
1520 (w), 1505 (w), 1480 (m), 1464 (s), 1442 (€4 (s), 1386 (w), 1364 (m), 1327 (w), 1296
(w), 1249 (s), 1219 (s), 1185 (m), 1145 (m), 118); 1096 (s), 1078 (m), 1058 (s), 1045 (s),
1008 (s), 976 (m), 955 (m), 913 (w), 901 (w), 886,872 (s), 825 (m), 800 (m), 772 (m), 749
(w), 733 (m), 700 (m), 684 (w), 661 (W), 629 (09EGs), 572 (w), 541 (w).

Cl

H4CO

Methyl 10-benzoyl-13-0x0-2-oxa-4,8-diazapentacyctt.8.0.6:*2.0*°.0'?jdocosa-
1(14),9,11,15,17(22),18,20-heptaene-3-carboxyla2éd):

O Fh Starting with 3-methoxalylbenzgjchromone 4g (0.282 g, 1.0
O mmol) and HKA24b (0.222 g, 1.1 mmol) in 1,4-dioxane (6-7 mL),
8NH the product25g was isolated as a yellow-brawn solid (0.438 g,
19 65\57 94%), mp 282-284 °C;
H NMR (250 MHz, CDCJ): § = 2.06-2.19 (m, 1H, CH), 2.23-2.32 (m, 1H, CH}%3.56 (m,
1H, CH), 3.64 (s, 4H, OC4ICH), 3.78-3.88 (m, 1H, CH), 3.99-4.10 (m, 1H, CAY0-7.62 (m,
8H, Har), 7.80 (d,2J = 7.5 Hz, 1H, H), 7.90-7.93 (m, 2H, W), 8.24 (d,2J = 7.9 Hz, 1H, H)),
12.21 (s, 1H, NH)¥C NMR (62.9 MHz, CDGJ): = 19.4 (CH), 38.6 (NCH), 41.6 (NCH),
53.5 (OCHY), 92.3 and 93.8 (3-C and 10-C), 104.9, 117.0,@2222.1, 122.7, 124.2, 126.1,
15C
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128.0, 128.2,428.3, 128.9, 130.0, 130.1, 137.2, 138.9, 140.3,11855.4, 167.8, 177.3, 192.6
(C=0); MS (El, 70 eV)m/z(%): 466 ([M], 10), 408 (84), 379 (86), 349 (47), 301 (14), 273),
246 (15), 189 (34), 175 (11), 127 (13), 114 (485 185), 91 (100), 77 (91), 59 (23), 51 (17);
HRMS (EI): calcd for GgH22N20s ([M]*) 466.15232, found 466.15166; IR (ATR, Tn V =
3065 (W), 2951 (W), 2922 (w), 2853 (W), 1747 (mB4l (w), 1615 (m), 1574 (s), 1557 (s), 1539
(m), 1506 (w), 1489 (m), 1479 (s), 1430 (s), 1447, (1398 (m), 1381 (m), 1368 (m), 1346 (m),
1323 (m), 1297 (m), 1256 (s), 1240 (s), 1230 (8p&L(m), 1189 (m), 1175 (m), 1148 (m), 1140
(m), 1111 (m), 1093 (m), 1062 (m), 1045 (m), 1089,(1007 (s), 984 (m), 954 (m), 921 (w),
899 (w), 868 (w), 837 (w), 820 (w), 802 (s), 787)(iT76 (m), 766 (s), 747 (s), 718 (m), 700 (s),
686 (M), 657 (s), 638 (s), 605 (M), 574 (s).

16-Benzoyl-10-phenyl-9-oxa-11,14-diazatetracyclo[B0.G 8.0 13heptadeca-
1(17),3(8),4,6,15-pentaen-2-one (26a):

\ o2 . Ph Starting with 3-benzoylchromorga (0.250 g, 1.0 mmol) and HKA
57N NP l|6 O 24a(0.207 g, 1.1 mmol) in 1,4-dioxane (6-7 mL), threquct26awas
6 0 15

Yoo LN NP isolated as a yellow solid (0.059 g, 14%), mp 286-2C;

12713 1H NMR (300 MHz, CDCJ): § = 3.23-3.33 (m, 1H, CH), 3.65-3.83 (m,
2H, CH), 4.04-4.16 (m, 1H, CH), 6.88 (f, = 0.9 Hz,3J = 7.5 Hz, 1H, k), 7.00 (d3J = 7.7
Hz, 1H, Hy), 7.17-7.25 (m, 3H, W), 7.31-7.41 (M, 6H, K), 7.51-7.54 (m, 2H, K), 7.71 (dd,
43= 1.6 Hz,2) = 7.8 Hz, 1H, H), 7.98 (s, 1H, 17-H), 9.28 (s, 1H, NHJC NMR (62.9 MHz,
CDCl): § = 42.5 (NCH), 42.7 (NCH), 91.4 and 91.7 (10-C and 16-C), 112.6, 117.4,1,22
123.2, 2126.9, 127.5,428.1, 2128.4, 2128.6, 129.0, 130.3, 135.2, 136.6, 138.5, 139.6,415
158.9, 179.4, 191.5 (C=0): MS (El, 70 eM)z (%): 420 ([M[, 76), 391 (56), 343 (100), 315
(32), 77 (10); HRMS (ESI): calcd for2@42iN20s ([M+H]*) 421.15467, found 421.15482; IR
(ATR, entd): 7 = 3272 (w), 3060 (w), 3030 (W), 2982 (W), 2961 (8901 (w), 2888 (W), 1643
(W), 1624 (w), 1601 (W), 1545 (s), 1484 (m), 147D(1450 (m), 1441 (s), 1406 (w), 1374 (m),
1321 (m), 1311 (M), 1284 (m), 1253 (M), 1217 (MDO4.(m), 1189 (m), 1172 (m), 1147 (m),
1126 (m), 1097 (w), 1077 (w), 1052 (m), 1023 (MOP& (m), 997 (m), 978 (W), 969 (), 957
(M), 942 (W), 929 (m), 917 (w), 898 (W), 863 (WRMB(W), 804 (W), 791 (W), 759 (s), 748 (s),
707 (s), 696 (s), 679 (M), 658 (w), 642 (W), 628 21 (s), 609 (s), 591 (m), 559 (m), 536 (W),
531 (m);
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16-Benzoyl-5-methyl-10-(3-nitrophenyl)-9-oxa-11,14diazatetracyclo-[8.7.0.88 0'113-
heptadeca-1(17),3(8),4,6,15-pentaen-2-one (26b):

o ph  Starting with 6-methyl-3-(3-nitrobenzoyl)chromoité (0.309 g,
1.0 mmol) and HKA24a (0.207 g, 1.1 mmol) in 1,4-dioxane (6-7
mL), the produc6b was isolated as a yellow solid (0.201 g, 42%),
mp 305-306 °C;
'H NMR (500 MHz, DMSOdg): & = 2.19 (s, 3H, Ch), 3.21-3.25
(m, 1H, CH), 3.73 (td®J = 4.8 Hz,2J = 10.9 Hz, 1H, CH), 3.78-3.82 (m, 1H, CH), 4.18, ) =
4.7 Hz,2J=10.0 Hz, 1H, CH), 7.19 (dJ = 9.0 Hz, 1H, H), 7.38-7.39 (M, 2H, W), 7.54-7.59
(m, 5H, Hy), 7.69 (1,33 = 8.0 Hz, 1H, H), 7.82 (s, 1H, 17-H), 7.85 (d) = 7.8 Hz, 1H, H)),
8.11 (t,*J = 2.0 Hz, 1H, H), 8.17-8.18 (m, 1H, K), 9.50 (s, 1H, NH)*3C NMR (125.8 MHz,
DMSO-ds): 8 = 19.9 (CH), 42.0 (NCH}), 43.1 (NCH), 90.4 and 91.2 (10-C and 16-C), 110.1,
117.8, 120.9, 122.3, 124.1, 126.3127.7, 2128.4, 130.2, 130.6, 131.8, 133.2, 136.5, 137.1,
139.9, 140.4, 147.9, 152.6, 157.2, 177.0, 189.80)CMS (El, 70 eV)m/z(%): 479 ([M], 34),
450 (19), 449 (14), 358 (19), 357 (100); HRMS (ESdalcd for GgH22N3Os ([M+H]™)
480.15540, found 480.15591; IR (ATR, T V = 3318 (w), 3097 (w), 3076 (w), 3051 (w),
3023 (w), 2958 (w), 2924 (w), 2857 (w), 1731 (W§p2 (m), 1619 (w), 1611 (w), 1564 (s), 1534
(s), 1478 (s), 1454 (s), 1402 (m), 1377 (m), 134, 310 (s), 1277 (s), 1253 (m), 1215 (m),
1198 (m), 1173 (m), 1155 (m), 1133 (m), 1091 (n®72 (m), 1053 (m), 1033 (w), 1015 (m),
979 (m), 938 (w), 924 (w), 899 (w), 867 (w), 850)(827 (m), 819 (m), 796 (w), 777 (w), 752
(s), 740 (s), 709 (s), 681 (m), 670 (m), 631 () &M), 538 (mM).

16-Benzoyl-10-(4-nitrophenyl)-9-oxa-11,14-diazateticyclo[8.7.0.68.0'13heptadeca-
1(17),3(8),4,6,15-pentaen-2-one (26c¢):

Starting with 3-(4-nitrobenzoyl)chromor@ (0.295g, 1.0 mmol) and
HKA 24a(0.207 g, 1.1 mmol) in 1,4-dioxane (6-7 mL), thequct26c¢
was isolated as a orange solid (0.149 g, 32%), 8280 °C;

H NMR (500 MHz, DMSOd): § = 3.20-3.24 (m, 1H, CH), 3.75 (té]
=10.9 Hz,3J = 4.9 Hz, 1H, CH), 3.79-3.83 (m, 1H, CH), 4.15, &#i=
10.2 Hz,3) = 4.9 Hz, 1H, CH), 7.02 (8) = 7.5 Hz, 1H, K), 7.27 (d ]
= 8.0 Hz, 1H, H\), 7.53-7.60 (m, 7H, W), 7.68 (t,3] = 8.9 Hz, 2H, H), 7.81 (s, 1H, 17-H),
8.21 (dt,%) = 8.9 Hz,J = 2.0 Hz, 2H, H), 9.53 (s, 1H, NH)*3C NMR (125.8 MHz, DMSO-
152
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de): 6 = 42.1 (NCH), 43.0 (NCH), 90.8 and 91.1 (10-C and 16-C), 109.8, 118.0,5,222.6,
2x123.9, 126.5,427.8, 2128.2, 2128.3, 130.1, 135.7, 137.1, 139.8, 144.8, 147.4,6,8.57.1,
177.0, 189.6 (C=0); MS (EI, 70 eW/z(%): 465 ([M], 50), 437 (10), 436 (31), 435 (11), 390
(15), 360 (33), 344 (24), 343 (100), 241 (11), Z2@), 105 (13), 77 (16), 44 (12), 43 (28), 40
(15); HRMS (ESI): calcd for §H20N30s ([M+H]™) 466.13975, found 466.13992, calcd for
CoH190NaNsOs ([M+Na]*) 488.12169, found 488.12142; IR (ATR, Tn V = 3309 (w), 3061
(w), 2984 (w), 2921 (w), 2851 (w), 1728 (w), 164%),(1618 (w), 1603 (w), 1577 (m), 1554 (s),
1519 (w), 1486 (m), 1474 (s), 1460 (s), 1441 (8)6L(w), 1343 (m), 1317 (s), 1283 (m), 1232
(m), 1205 (s), 1175 (s), 1129 (m), 1114 (m), 10&% 1046 (m), 1034 (m), 1023 (m), 1008 (m),
977 (m), 953 (M), 922 (m), 896 (w), 851 (M), 792,(R48 (s), 724 (s), 702 (s), 672 (m), 649
(m), 631 (s), 589 (m), 561 (m), 530 (m).

13-Benzoyl-5a-phenyl-1,2,3,4,5a,11-hexahydro-6-oga5-diazatetraphen-11-one (26d):
. o) Ph  Starting with 3-benzoylchromon@a (0.250 g, 1.0 mmol) and HKA
1 11 12
3No 24b (0.222 g, 1.1 mmol) in 1,4-dioxane (6-7 mL), thequct26d was

9 =
8 >~ 60 I°N” "NH isolated as a yellow solid (0.395 g, 91%), mp 288-2C;

sa |1
Ph|5
"% 'H NMR (300 MHz, DMSO¢k): 5 = 1.51-1.63 (m, 1H, CH), 1.94-2.07

(m, 1H, CH), 3.29-3.38 (m, 1H, CH), 3.39-3.46 (rhi, ZH), 3.90-4.00 (m, 1H, CH), 7.01 &
= 7.6 Hz, 1H, H,), 7.27-7.41 (m, 6H, W), 7.50-7.61 (m, 7H, W), 7.67 (s, 1H, 12-H), 11.66 (s,
1H, NH); ¥3C NMR (75.5 MHz, DMSQds): § = 19.1 (CH), 38.2 (NCH), 39.1 (NCH), 92.0
and 92.2 (5a-C and 13-C), 110.2, 117.9, 122.3,/4122126.3, 2127.8, 2128.2, 2128.6, 128.9,
2x129.7, 135.6, 135.9, 139.7, 140.6, 153.8, 155.2,3,7190.7 (C=0); MS (El, 70 e\"h/z (%):
434 ([M]*, 48), 405 (22), 358 (20), 357 (100), 330 (12), 329), 301 (21), 91 (11); HRMS
(ESI): calcd for GgH23N203 ([M+H] ") 435.17032, found 435.17090, calcd forstzoNaNOs
(IM+Na]*) 457.15226, found 457.15269; IR (ATR, &n U = 3057 (w), 2944 (w), 2872 (w),
1650 (w), 1576 (m), 1558 (s), 1480 (m), 1461 (dB5L(s), 1368 (m), 1328 (m), 1314 (m), 1287
(m), 1269 (w), 1248 (s), 1217 (m), 1203 (m), 118i,(1179 (w), 1167 (w), 1156 (w), 1135 (m),
1104 (w), 1084 (w), 1076 (w), 1063 (m), 1027 (m)PQ (w), 962 (m), 943 (m), 924 (m), 889
(w), 872 (w), 829 (m), 810 (m), 784 (m), 747 (Q614m), 698 (s), 678 (s), 654 (W), 630 (s), 606
(m), 575 (m), 558 (m), 544 (w).
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13-(4-Chlorobenzoyl)-5a-phenyl-1,2,3,4,5a,11-hexathp-6-oxa-1,5-diazatetraphen-11-one
(26e):

Starting with 3-benzoylchromor@a (0.250 g, 1.0 mmol) and HK&4c
(0.237 g, 1.1 mmol) in 1,4-dioxane (6-7 mL), theoguct 26e was
isolated as a yellow solid (0.459 g, 98%), mp 28@-2C;

'H NMR (250 MHz, DMSO#d): & = 1.55-159 (m, 1H, CH), 1.97-2.01
(m, 1H, CH), 3.29-3.45 (m, 3H, CH), 3.89-4.00 (rdl, TH), 7.01 (t3J

= 7.3 Hz, 1H, H), 7.30 (m, 6H, H), 7.53-7.62 (m, 7H, W), 11.60 (s,
1H, NH); 13C NMR (62.9 MHz, DMSQds): & = 19.1 (CH), 38.3 (NCH), 39.1 (NCH), 92.0
and 92.1 (5a-C and 13-C), 110.5, 117.9, 122.2,3122126.3, 2128.3, 2128.6, 128.7, 128.9,
2x129.7, 134.4, 135.4, 135.6, 139.3, 139.6, 153.8,215177.3, 189.1 (C=0); MS (El, 70 eV)
m/z(%): 468 ([M]’, 70), 439 (32), 391 (100), 363 (11), 329 (75), 84), 149 (21), 71 (14), 57
(21); HRMS (ESI): calcd for £H22>°CIN2Os ([M+H]*) 469.13135, found 469.13210, calcd for
C28H2*'CIN2Os ([M+H]*) 471.12971, found 471.13006; IR (ATR, @n V = 3055 (w), 2923
(w), 2854 (w), 1658 (w), 1606 (m), 1580 (s), 158% (557 (m), 1538 (w), 1504 (w), 1480 (m),
1471 (m), 1457 (m), 1435 (m), 1417 (w), 1395 (W§p& (m), 1330 (m), 1292 (m), 1274 (m),
1246 (m), 1216 (m), 1191 (m), 1181 (m), 1172 (W41 (m), 1104 (m), 1087 (m), 1067 (m),
1038 (m), 1029 (m), 1013 (m), 972 (m), 953 (m), 989, 882 (w), 842 (w), 825 (m), 792 (s),
781 (m), 752 (s), 734 (m), 719 (w), 694 (s), 666, (644 (m), 636 (m), 606 (w), 579 (m), 558
(w), 544 (m), 530 (m).

13-Benzoyl-5a-(2-fluorophenyl)-1,2,3,4,5a,11-hexatifo-6-oxa-1,5-diazatetraphen-11-one
(26f):

Starting with 3-(2-fluorobenzoyl)chromoréd (0.268 g, 1.0 mmol) and
HKA 24b (0.222 g, 1.1 mmol) in 1,4-dioxane (6-7 mL), threquct26f
was isolated as a yellow solid (0.416 g, 92%), M@-280 °C;

'H NMR (300 MHz, DMSO#): 6 = 1.51-1.63 (s, 1H, CH), 1.94-2.06 (s,
1H, CH), 3.20-3.29 (m, 2H, CH), 3.39-3.46 (m, 1H{)C3.86-3.94 (m,
1H, CH), 7.03-7.13 (m, 2H, &), 7.20-7.41 (m, 4H, W), 7.43-7.52 (m, 5H, W), 7.54 (s, 1H,
12-H), 7.58-7.64 (m, 2H, k), 11.69 (s, 1H, NH)*3C NMR (62.9 MHz, DMSOde): 6 = 19.1
(CH), 38.3 (NCH), 39.8 (NCH), 91.2 (d,JcF = 1.4 Hz, 5a-C or 13-C), 92.7 (& F = 2.7 Hz,
5a-C or 13-C), 108.1, 117.2 (&g = 22.3 Hz), 117.5, 122.1, 122.3, 124.0 Jdr = 2.8 Hz),
126.2 (dJcF= 10.5 Hz), 126.3,X227.7, 2128.2, 128.6 (dJc,r= 1.9 Hz), 129.7, 131.4 (d¢cF=
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9.0 Hz), 135.7, 136.4 (dcr = 3.0 Hz), 140.6, 154.1 (dcr = 0.9 Hz), 154.9, 160.6 (dJcF =
250.6 Hz, GF), 177.3, 190.6 (C=0}°F NMR (282.4 MHz, DMSQ&): & = -111.2 (s, 1F, F);
MS (El, 70 eV)m/z(%): 452 ([M]', 100), 423 (91), 395 (12), 347 (70), 329 (11), 49), 122
(35), 105 (57), 84 (20), 77 (35), 57 (24), 43 (3ARMS (EI): calcd for @H21FN20O3 ([M]*)
452.15307, found 452.15366; IR (ATR, T V = 3058 (w), 2953 (w), 2921 (w), 2851 (w),
1714 (w), 1651 (m), 1605 (m), 1581 (s), 1564 (S8p7L(s), 1505 (m), 1481 (m), 1462 (s), 1446
(s), 1436 (m), 1416 (m), 1368 (m), 1328 (m), 1288, (1277 (m), 1249 (s), 1215 (s), 1202 (s),
1177 (m), 1160 (m), 1140 (m), 1102 (m), 1181 (nD6A.(s), 1047 (m), 1025 (s), 983 (m), 961
(m), 924 (m), 887 (w), 873 (w), 827 (m), 816 (mP28(m), 784 (m), 770 (s), 756 (s), 719 (m),
699 (s), 672 (s), 649 (M), 630 (s), 605 (M), 572, BA3 (m), 532 (m).

13-Benzoyl-5a-(thiophen-2-yl)-1,2,3,4,5a,11-hexahyd6-oxa-1,5-diazatetraphen-11-one
(269):

Starting with 3-(2-thenoyl)chromortéc (0.256 g, 1.0 mmol) and HKA
24b (0.222 g, 1.1 mmol) in 1,4-dioxane (6-7 mL), thequct26gwas
isolated as a yellow solid (0.278 g, 63%), mp 283-2C;

'H NMR (250 MHz, DMSO¢k): & = 1.58-1.74 (m, 1H, CH), 1.96-2.11
(m, 1H, CH), 3.34-3.46 (m, 2H, CH), 3.72-3.82 (1, CH), 3.92-4.03 (m, 1H, CH), 6.93-6.96
(m, 1H, Hy), 7.03-7.08 (m, 2H, W), 7.21 (d,®J = 8.1 Hz, 1H, H), 7.50-7.58 (m, 7H, K),
7.62-7.64 (m, 2H, i), 11.58 (s, 1H, NH)}*C NMR (62.9 MHz, DMSQds): & = 19.1 (CH),
38.3 (NChH), 39.8 (NCH), 90.1 and 92.8 (5a-C and 13-C), 109.9, 118.0,21222.6, 126.3,
126.8, 127.0, 127.7,x227.9, 2128.3, 129.9, 135.2, 135.6, 140.5, 143.6, 153.4,95176.5,
190.8 (C=0); MS (El, 70 eVin/z (%): 440 ([MT, 80), 411 (43), 383 (15), 357 (62), 335 (100),
307 (53), 105 (22), 91 (19), 77 (24); HRMS (El)lachfor GeH20N20sS ([M]™) 440.11891,
found 440.11869; IR (ATR, cti: V = 2954 (w), 2922 (w), 2852 (w), 1732 (w), 1645 (1§00
(m), 1580 (s), 1575 (s), 1564 (s), 1557 (s), 150 (482 (m), 1457 (s), 1434 (s), 1381 (m),
1368 (s), 1330 (s), 1297 (m), 1285 (m), 1265 (8441(s), 1218 (s), 1201 (s), 1174 (m), 1166
(m), 1157 (m), 1136 (s), 1102 (s), 1065 (s), 1043 (1024 (s), 979 (M), 962 (m), 931 (m), 918
(m), 883 (m), 861 (m), 836 (m), 807 (s), 782 (H6 Ts), 741 (s), 721 (s), 706 (s), 693 (s), 672
(s), 653 (M), 635 (s), 626 (s), 606 (M), 594 (6P 85), 538 (M).
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13-Benzoyl-5a-(3-nitrophenyl)-1,2,3,4,5a,11-hexahyat6-oxa-1,5-diazatetraphen-11-one
(26h):

Starting with 3-(3-nitrobenzoyl)chromorgyg (0.295 g, 1.0 mmol) and
HKA 24b (0.222 g, 1.1 mmol) in 1,4-dioxane (6-7 mL), thheguct26h
was isolated as a yellow solid (0.359 g, 75%), 0p-302 °C;

'H NMR (250 MHz, DMSOdg): 8 = 1.57-1.74 (m, 1H, CH), 1.95-2.11
(m, 1H, CH), 3.35-3.48 (m, 3H, CH), 3.96-4.08 (1, TH), 7.05 (td3J

= 7.4 Hz,5) = 0.8 Hz, 1H, H), 7.40 (d3] = 7.8 Hz, 1H, H;), 7.51-7.66 (m, 7H, W), 7.70 (d,
3J=7.8Hz, 1H, K), 7.75 (s, 1H, 12-H), 7.88 (4] = 8.3 Hz, 1H, H;), 8.13-8.18 (m, 2H, W),
11.63 (s, 1H, NH);®*C NMR (62.9 MHz, DMSQds): § = 19.1 (CH), 38.3 (NCH), 39.1
(NCHy), 91.1 and 92.4 (5a-C and 13-C), 109.1, 118.0,81 (2.3, 122.8, 124.0, 126.4127.8,
2x128.3, 129.9, 130.6, 132.7, 135.8, 136.9, 140.3,614147.8, 153.9, 154.7, 176.6, 191.1
(C=0); MS (El, 70 eV)m/z (%): 479 ([M], 14), 449 (16), 374 (12), 358 (20), 357 (100), 344
(13), 329 (12), 91 (15), 77 (10); HRMS (EI): calmt CzsH21N3Os ([M]*) 479.14757, found
479.14801; IR (ATR, cml): V = 3079 (w), 3055 (w), 2919 (w), 2881 (w), 2852 (489 (w),
1838 (w), 1732 (w), 1650 (m), 1603 (w), 1582 (H62 (s), 1532 (s), 1481 (s), 1459 (s), 1433
(m), 1371 (m), 1339 (s), 1274 (s), 1251 (s), 1224 @181 (m), 1148 (m), 1100 (m), 1071 (m),
1050 (m), 1026 (m), 971 (m), 902 (w), 881 (w), §&3, 829 (m), 816 (m), 780 (m), 765 (s), 740
(s), 712 (s), 651 (m), 632 (s), 608 (M), 579 (B Hw), 534 (w).

13-(4-Chlorobenzoyl)-5a-(3-nitrophenyl)-1,2,3,4,5&1-hexahydro-6-oxa-1,5-diazatetra-
phen-11-one (26i):

Cl Starting with 3-(3-nitrobenzoyl)chromorgyg (0.295 g, 1.0 mmol) and
HKA 24c¢(0.237 g, 1.1 mmol) in 1,4-dioxane (6-7 mL), thequct26i
was isolated as a yellow solid (0.308 g, 60%), 12p-323 °C;
'H NMR (300 MHz, DMSOsg): 6 = 1.58-1.75 (m, 1H, CH), 1.95-2.11
(m, 1H, CH), 3.34-3.48 (m, 3H, CH), 3.97-4.07 (th, CH), 7.06 (t3J
= 7.2 Hz, 1H, H), 7.40 (d,3] = 8.2 Hz, 1H, H), 7.54-7.68 (m, 8H,
Har), 7.88 (d,3] = 7.4 Hz, 1H, H), 8.12-8.18 (m, 2H, W), 11.57 (s,
1H, NH); ¥3C NMR (62.9 MHz, DMSQds): 6 = 19.1 (CH), 39.4 (NCH), 39.7 (NCH), 91.1
and 92.3 (5a-C and 13-C), 109.5, 117.9, 120.7,212122.8, 124.0, 126.4128.4, 2129.7,
130.6, 132.8, 134.6, 135.9, 136.4, 139.2, 141.6,814153.8, 154.7, 176.6, 189.5 (C=0); MS
(El, 70 eV)m/z(%): 513 ([M]", 37), 484 (13), 391 (100), 374 (32), 346 (21), (29), 125 (23),
15€
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115 (12), 111 (17), 101 (12), 98 (17), 94 (18)(383), 73 (68), 69 (36), 60 (75), 55 (61), 41 (72);
HRMS (ESI): calcd for @H2:°CIN3Os ([M+H]") 514.11642, found 514.11693, calcd for
C28H21*'CIN3Os ([M+H]*) 516.11487, found 516.11522, calcd foeo**CINaN:Os ([M+Na]™*)
536.09837, found 536.09865, calcd forslhe®*’CINaNsOs ([M+Na]*) 538.09681, found
538.09729; IR (ATR, cr): ¥ = 3079 (w), 3030 (w), 2964 (w), 2874 (w), 1652 (&H03 (m),
1574 (s), 1558 (s), 1530 (s), 1481 (s), 1470 (MR71(s), 1444 (m), 1434 (m), 1397 (w), 1384
(m), 1341 (s), 1292 (m), 1275 (s), 1250 (s), 1227y, 202 (m), 1191 (m), 1175 (m), 1147 (m),
1099 (m), 1087 (m), 1070 (m), 1047 (w), 1029 (wQ14 (m), 972 (m), 957 (w), 943 (w), 904
(w), 881 (w), 852 (m), 826 (m), 811 (w), 795 (wB47(m), 765 (s), 739 (s), 718 (s), 705 (s), 682
(m), 658 (w), 636 (M), 606 (w), 584 (w), 555 (m).

13-Benzoyl-5a-(4-nitrophenyl)-1,2,3,4,5a,11-hexahyat6-oxa-1,5-diazatetraphen-11-one
(26j):

Starting with 3-(4-nitrobenzoyl)chromorta (0.295 g, 1.0 mmol) and
HKA 24b (0.222 g, 1.1 mmol) in 1,4-dioxane (6-7 mL), threquct26j
was isolated as a yellow solid (0.335 g, 70%), 1g-214 °C;

'H NMR (300 MHz, DMSOd): 6 = 1.57-1.69 (m, 1H, CH), 1.95-2.09
(m, 1H, CH), 3.35-3.38 (m, 1H, CH), 3.40-3.48 (i, ZH), 3.96-4.05
(m, 1H, CH), 7.05 (td®J = 7.8 Hz,"J = 0.9 Hz, 1H, K), 7.35 (d,3J =
7.8 Hz, 1H, H), 7.54-7.64 (m, 7H, W), 7.68 (d,3J = 8.9 Hz, 2H, H), 7.72 (s, 1H, 12-H), 8.20
(d,3J = 8.9 Hz, 2H, H), 11.68 (s, 1H, NH):3C NMR (62.9 MHz, DMSOds): § = 19.1 (CH),
38.3 (NCH), 39.1 (NCH), 91.4 and 92.4 (5a-C and 13-C), 109.0, 118.0,31222.7, 2123.9,
126.4, 2127.8, 2127.9, 2128.3, 129.9, 135.8, 136.8, 140.4, 146.2, 147.8,9,5.54.7, 176.7,
191.1 (C=0); MS (El, 70 eVin/z(%): 479 ([M], 86), 450 (21), 374 (32), 358 (25), 357 (100),
346 (18); HRMS (ESI): calcd for&H22N30s ((M+H] ™) 480.15540, found 480.15588, calcd for
CasH21NaNsOs ([M+Na]*) 502.13734, found 502.13772; IR (ATR, @n V = 3105 (w), 3077
(w), 3045 (w), 3011 (w), 9244 (w), 2873 (w), 2860 ,(1657 (w), 1606 (w), 1581 (s), 1564 (m),
1518 (m), 1484 (m), 1461 (s), 1439 (m), 1416 (WL (w), 1374 (m), 1334 (s), 1301 (w), 1289
(m), 1277 (m), 1244 (s), 1222 (m), 1205 (w), 11#@1),(1142 (m), 1107 (m), 1085 (m), 1072
(m), 1051 (w), 1023 (w), 1010 (w), 1001 (w), 975,854 (w), 942 (m), 926 (w), 903 (w), 857
(w), 846 (s), 821 (w), 797 (w), 781 (m), 747 (Q61s), 711 (w), 700 (s), 684 (m), 673 (m), 647
(w), 633 (s), 606 (M), 571 (M), 540 (m).
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13-(4-Chlorobenzoyl)-5a-(4-nitrophenyl)-1,2,3,4,5&1-hexahydro-6-oxa-1,5-diazatetra-
phen-11-one (26Kk):

Starting with 3-(4-nitrobenzoyl)chromorta (0.295 g, 1.0 mmol) and
HKA 24c¢(0.237 g, 1.1 mmol) in 1,4-dioxane (6-7 mL), threguct26k
was isolated as a orange solid (0.319 g, 62%), 27p329 °C;

'H NMR (300 MHz, DMSOd): & = 1.58-1.69 (m, 1H, CH), 1.99-2.02
(m, 1H, CH), 3.41-3.45 (m, 3H, CH), 3.98-4.03 (rdl, TH), 7.05 (t3J

= 7.4 Hz, 1H, H), 7.36 (d,3] = 7.9 Hz, 1H, H), 7.59-7.70 (m, 9H,
Har), 8.17-8.20 (m, 2H, W), 11.61 (s, 1H, NH)}*C NMR (62.9 MHz,
DMSO-ds): 6 = 19.0 (CH), 40.2 (NCH), 40.5 (NCH), 91.3 and 92.3
(5a-C and 13-C), 109.4, 118.0, 122.2, 122:122.9, 126.4, 127.8,x228.3, 2129.8, 134.5,
135.8, 136.3, 139.0, 139.1, 146.1, 147.6, 153.8,815.76.7, 189.5 (C=0); MS (El, 70 ez
(%): 513 ([M], 42), 484 (18), 391 (100), 374 (43), 346 (21), 125); HRMS (ESI): calcd for
C28H21*°CIN3Os ([M+H]*) 514.11642, found 514.11701, calcd fosstdz3’'CIN3Os ([M+H]™)
516.11487, found 516.11543, calcd fopsil*>CINaNsOs  ([M+Na]*) 536.09837, found
536.09876, calcd for £8H20°'CINaNsOs ([M+Na]*) 538.09681, found 538.09723; IR (ATR, tm
h: ¥ =3105 (w), 3052 (w), 2874 (w), 1645 (m), 1605 (aH77 (s), 1564 (s), 1557 (s), 1520 (s),
1478 (s), 1457 (s), 1435 (s), 1394 (w), 1378 (8K 1L(w), 1337 (s), 1318 (m), 1285 (m), 1269
(s), 1239 (s), 1209 (s), 1190 (s), 1169 (s), 1B321(111 (m), 1101 (m), 1083 (m), 1071 (s), 1044
(m), 1030 (w), 1013 (m), 986 (w), 974 (m), 964 (19%3 (m), 941 (m), 906 (w), 889 (w), 865
(m), 849 (m), 841 (m), 814 (s), 786 (m), 764 (W§31s), 738 (s), 721 (m), 712 (m), 703 (s), 692
(m), 678 (w), 652 (m), 635 (s), 605 (M), 579 (M)7Fm).

13-Benzoyl-5a-(3,5-dinitrophenyl)-1,2,3,4,5a,11-hakydro-6-oxa-1,5-diazatetraphen-11-
one (26l):

Starting with 3-(3,5-dinitrobenzoyl)chromor@ (0.340 g, 1.0 mmol)
and HKA 24b (0.222 g, 1.1 mmol) in 1,4-dioxane (6-7 mL), thequct
26l was isolated as a red solid (0.461 g, 88%), mp3IBLOC,;

'H NMR (300 MHz, DMSO¢k): & = 1.72-1.76 (m, 1H, CH), 1.98-2.02
(m, 1H, CH), 3.37-3.50 (m, 3H, CH), 4.01-4.07 (rii, TH), 7.09 (t3J
= 7.4 Hz, 1H, H), 7.47 (d3J = 8.1 Hz, 1H, K), 7.51-7.62 (m, 6H, W), 7.66 (td3] = 7.7 Hz,
4J=1.7 Hz, 1H, H,), 7.81 (s, 1H, 12-H), 8.47 (&) = 1.0 Hz, 2H, K, 8.71 (1, = 2.0 Hz, 1H,
Har), 11.59 (s, 1H, NH);’3C NMR (62.9 MHz, DMSOds): 5 = 18.9 (CH), 38.4 (NCH), 39.2
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(NCHy), 90.5 and 92.8 (5a-C and 13-C), 108.3, 117.9,211922.2, 123.2,226.1, 126.6,
2x127.8, 2128.4, 130.2, 136.0, 137.7, 140.4, 143:248.4, 153.9, 154.3, 175.9, 191.3 (C=0);
MS (El, 70 eV)m/z(%): 524 ([M], 20), 419 (11), 357 (100), 329 (11), 91 (7), 48)(HRMS
(EI): calcd for GgH21N4O7 ([M+H]™) 525.14048, found 525.14072, calcd forgtroNaNsOy;
(IM+Na]*) 547.12242, found 547.12187; IR (ATR, @n V = 3017 (w), 2965 (w), 2883 (w),
2855 (W), 1650 (w), 1607 (w), 1583 (s), 1535 ()81 (s), 1462 (s), 1441 (s), 1368 (m), 1332
(s), 1294 (m), 1274 (s), 1243 (s), 1218 (m), 1199, (1173 (w), 1144 (m), 1104 (m), 1090 (m),
1070 (m), 1047 (m), 1024 (w), 995 (m), 962 (w), 48, 920 (w), 907 (w), 894 (w), 872 (m),
839 (w), 824 (m), 800 (w), 753 (s), 724 (s), 711 (94 (s), 686 (s), 662 (M), 635 (s), 612 (M),
596 (M), 572 (w), 535 ().

13-Benzoyl-5a-[E)-2-phenylethenyl]-1,2,3,4,5a,11-hexahydro-6-oxa8tdiazatetraphen-11-
one (26m):

Starting with 3-[(Z)-3-phenylprop-2-enoyllchromoné (0.276 g, 1.0
mmol) and HKA24b (0.222 g, 1.1 mmol) in 1,4-dioxane (6-7 mL), the
product26lm was isolated as a yellow solid (0.387 g, 84%), 18 AC;

'H NMR (300 MHz, DMSOd): & = 1.84-1.95 (m, 1H, CH), 2.06-2.16
(m, 1H, CH), 3.39-3.49 (m, 1H, CH), 3.51-3.60 (i, CH), 3.82-3.92
(m, 1H, CH), 3.93-4.02 (m, 1H, CH), 6.51 fd,= 15.9 Hz, 1H, =CH), 6.61 (d) = 15.9 Hz,
1H, =CH), 7.06 (tdJ) = 0.6 Hz,3J = 7.5 Hz, 1H, H), 7.16 (d,*J = 7.8 Hz, 1H, H)), 7.21-7.31
(m, 3H, Hy), 7.41-7.44 (m, 2H, W), 7.47-7.57 (m, 6H, W), 7.63 (s, 1H, 12-H), 7.70 (dfl) =
1.6 Hz,3J = 7.8 Hz, 1H, H), 11.60 (s, 1H, NH)*3C NMR (62.9 MHz, DMSQde): 5 = 19.3
(CHy), 38.3 (NCH), 39.8 (NCH), 91.6 and 92.9 (5a-C and 13-C), 107.6, 117.8,22122 .4,
126.3, 126.5,9427.2, 2127.9, 2128.2, 128.5,4428.6, 129.7, 132.8, 134.8, 135.0, 136.4, 140.6,
154.0, 154.8, 177.0, 190.7 (C=0); MS (EI, 70 eM}¥ (%): 460 ([M[, 55), 444 (11), 431 (19),
355 (100), 329 (10), 327 (14), 207 (15), 105 (B2),(13), 77 (10), 73 (18), 60 (12), 57 (11), 43
(15); HRMS (ESI): calcd for &H2sN203 ((M+H] ™) 461.18597, found 461.18169; IR (ATR, tm
H: ¥ = 3055 (w), 3019 (w), 2954 (w), 2872 (w), 1652 (h§05 (m), 1581 (s), 1560 (s), 1483
(s), 1461 (s), 1442 (s), 1384 (m), 1371 (m), 13391321 (m), 1291 (s), 1279 (s), 1246 (s), 1218
(m), 1203 (m), 1152 (m), 1111 (s), 1098 (m), 1069, (1025 (m), 995 (m), 978 (m), 934 (m),
865 (w), 842 (w), 804 (m), 777 (s), 753 (s), 738 147 (m), 687 (s), 666 (M), 632 (s), 604 (M),
575 (m), 558 (m), 542 (m).
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13-(4-Chlorobenzoyl)-5a-[E)-2-phenylethenyl]-1,2,3,4,5a,11-hexahydro-6-oxastdiaza-
tetraphen-11-one (26n):

Starting with 3-[(Z)-3-phenylprop-2-enoyllchromoné (0.276 g, 1.0
mmol) and HKA24c (0.237 g, 1.1 mmol) in 1,4-dioxane (6-7 mL), the
product26nwas isolated as a yellow solid (0.431 g, 87%), o ZC;

'H NMR (300 MHz, DMSOd): & = 1.85-1.95 (m, 1H, CH), 2.07-2.17
(m, 1H, CH), 3.39-3.50 (m, 1H, CH), 3.52-3.62 (i, CH), 3.83-3.92
(m, 1H, CH), 3.93-4.02 (m, 1H, CH), 6.51 f,= 15.9 Hz, 1H, =CH),
6.60 (d,2J = 15.9 Hz, 1H, =CH), 7.07 (td,= 0.8 Hz,3J = 7.5 Hz, 1H,
Har), 7.17 (d,3 = 7.9 Hz, 1H, ), 7.22-7.32 (m, 3H, W), 7.41-7.46 (m, 2H, W), 7.49-7.59
(m, 6H, Hy), 7.69 (dd*J = 1.6 Hz,3) = 7.8 Hz, 1H, H), 11.51 (s, 1H, NH);**C NMR (75.5
MHz, DMSO-): 6 = 19.3 (CH), 38.3 (NCH), 39.8 (NCH), 91.6 and 92.6 (5a-C and 13-C),
108.0, 117.7, 122.2, 122.3, 126.3, 126:422.2, 2128.3, 2128.5, 128.6,°429.9, 132.9, 134.5,
134.8, 135.1, 135.9, 139.4, 153.9, 154.9, 177.0,118C=0); MS (El, 70 eVm/z (%): 494
(IM]*, 54), 465 (21), 391 (42), 355 (100), 327 (13), {B9), 125 (14), 111 (10); HRMS (ESI):
calcd for GoH24CIN20s ([M+H]") 495.14700, found 495.14757, calcd fogsolds*'CIN2Os
([M+H]") 497.14552, found 497.14586; IR (ATR, @n V = 3060 (w), 3030 (w), 2922 (w),
2852 (w), 1648 (w), 1604 (m), 1568 (s), 1480 (k6@ (s), 1439 (s), 1394 (w), 1366 (m), 1339
(m), 1319 (w), 1289 (m), 1277 (s), 1261 (w), 124p @216 (s), 1202 (s), 1156 (m), 1145 (m),
1108 (s), 1094 (m), 1084 (s), 1062 (s), 1029 (rA}L21(s), 968 (m), 953 (m), 907 (w), 892 (w),
859 (w), 833 (m), 811 (m), 797 (m), 782 (m), 756 {89 (s), 720 (m), 703 (s), 688 (s), 666 (W),
652 (m), 633 (s), 608 (w), 577 (m), 570 (w), 549.(m

9-Benzoyl-3-(trifluoromethyl)-2-oxa-4,7-diazapentagclo[11.8.0.G:*1.0*8.0'¢-2Jhenicosa-
1(13),8,10,14,16(21),17,19-heptaen-12-one (260):

O Fh Starting with 3-(trifluoroacetyl)chromonga (0.242 g, 1.0 mmol)
O and HKA 24a (0.207 g, 1.1 mmol) in 1,4-dioxane (6-7 mL), the
NH product26owas isolated as a yellow solid (0.083 g, 18%), rap-2
5 293°C:

19
IH NMR (300 MHz, CDCY): & = 3.99-4.19 (m, 2H, CH), 4.29-4.38 (m, 1H, CH}544.54 (m,

1H, CH), 7.44-7.64 (m, 8H, &), 7.83 (d3J = 7.8 Hz, 1H, K), 7.99 (d,3] = 8.6 Hz, 1H, H,),
8.14 (s, 1H, 10-H), 8.24 (&) = 8.1 Hz, 1H, ), 9.55 (s, 1H, NH)C NMR (75.5 MHz,
CDCl): & = 43.7 (NCH), 44.0 (NCH), 88.9 (q,2JcF = 32.5 Hz), 92.7, 102.1, 122.0, 122.2,
16C
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122.6, 123.7, 126.4xP28.1, 2128.3, 2128.5, 129.1, 131.0, 137.1, 138.9, 141.1, 151.6,515
176.9, 192.1 (C=0O}*F NMR (282.4 MHz, CDG): § = —80.1 (s, 1F, F); MS (El, 70 eW/z
(%): 462 (M, 6), 394 (24), 393 (100), 105 (5), 77 (6); HRMSS(E calcd for GeH1aFsN203
(IM+H]*) 463.12640, found 463.12649, calcd foriizFsNaNOs ([M+Na]*) 485.10835, found
485.10814; IR (ATR, cml): V = 3346 (w), 3085 (w), 3061 (w), 2953 (w), 2923 (@896 (W),
2852 (w), 1650 (m), 1630 (W), 1614 (w), 1558 (41 (s), 1508 (w), 1490 (m), 1467 (m), 1436
(s), 1409 (w), 1384 (s), 1318 (s), 1273 (m), 12800 1217 (s), 1189 (s), 1177 (s), 1161 (s), 1133
(s), 1102 (s), 1069 (m), 1030 (s), 1005 (s), 929981 (m), 846 (w), 826 (m), 784 (w), 765 (s),
744 (s), 704 (s), 657 (s), 636 (s), 577 (s), 566587 (m).

16-Benzoyl-10-(dichloromethyl)-9-oxa-11,14-diazatetcyclo[8.7.0.G:8.0' - Jheptadeca-
1(17),3(8),4,6,15-pentaen-2-one (26p):

o Fh Starting with 3-(2,2-dichloroacetyl)chromor& (0.257 g, 1.0 mmol)
N3 1/”1|6 o and HKA24a(0.207 g, 1.1 mmol) in 1,4-dioxane (6-7 mL), treduct
o\ %lzﬂcloN 15,'\11;}' 26pwas isolated as a green-brawn solid (0.175 g, 4&%6)221 °C;

1112\\{3 'H NMR (300 MHz, DMSO#€k): & = 3.81-4.03 (m, 2H, CH), 4.19-4.37
(m, 2H, CH), 6.87 (s, 1H, CHg)| 7.05 (d,3J = 8.1 Hz, 1H, K), 7.12 (d3J = 7.2 Hz, 1H, H)),
7.43-7.58 (m, 6H, W), 7.74-7.78 (m, 2H, W), 9.56 (s, 1H, NH)}*C NMR (75.5 MHz, DMSO-
ds): & = 43.7 (NCH), 43.8 (NCH), 77.0 (CHC4), 91.0 and 93.0 (10-C and 16-C), 103.8, 117.0,
121.8, 122.5, 126.4,x227.8, 2128.3, 130.4, 135,1 139.6, 140.9, 154.2, 158.8,117689.6
(C=0); MS (GC, 70 eVjn/z(%): 351 ([M-Ph], 44), 323 (100), 295 (11), 1641105 (11), 77
(50), 51 (14); HRMS (ESI): calcd for@H17°°Clo2N20s ((M+H] ) 427.06101, found 427.06107,
calcd for GoH17"CloN203 ([M+H]*) 429.05883, found 429.05860, calcd fopis**CloNaNOs
(IM+Na]*) 449.04281, found 449.04302, calcd foriic®’ClNaNOs ([M+Na]*) 451.03993,
found 451.04054; IR (ATR, cti: V = 3213 (w), 3068 (w), 2981 (w), 2920 (w), 2851 (Mp34
(w), 1621 (w), 1602 (w), 1580 (w), 1568 (W), 1539, (1505 (w), 1477 (m), 1460 (m), 1435 (s),
1385 (m), 1325 (s), 1292 (m), 1277 (m), 1233 (r@P1L(s), 1172 (m), 1151 (m), 1129 (m), 1105
(m), 1074 (m), 1013 (m), 977 (s), 952 (m), 932 (897 (w), 862 (w), 834 (w), 817 (m), 786
(m), 736 (s), 715 (s), 701 (s), 678 (s), 667 (48 @), 628 (s), 603 (s), 576 (s), 550 (S), 533 (M)
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2-{6,8-Dibenzoyl-H,3H-imidazo[1,2-a]pyridin-5-yl}phenol (27a):
Starting with 3-benzoylchromorta (0.250 g, 1.0 mmol) and HKR4a
oh (0.207 g, 1.1 mmol) in 1,4-dioxane (6-7 mL), theguct27awas isolated
as a orange solid (0.319 g, 76%), mp 240-241 °C;
'H NMR (300 MHz, DMSO¢k): & = 3.67-3.87 (m, 4H, CH), 6.65-6.74
(m, 2H, Hy), 7.03 (d,3J=7.6 Hz, 1H, K), 7.09 (td,*J = 1.6 Hz3)=7.8
Hz, 1H, Hy), 7.25-7.29 (m, 2H, W), 7.35-7.40 (m, 2H, K), 7.49-7.53 (m, 4H, K), 7.62 (tt,*]
= 1.3 Hz,3) = 7.3 Hz, 1H, H), 7.82-7.85 (m, 2H, W), 10.32 (s, 1H, OH)}C NMR (75.5
MHz, DMSO-des): & = 47.8 (NCH), 52.4 (NCH), 113.7, 115.9, 118.6, 118.7, 119.9, 120.3,
2127.7, 4128.4, 2129.2, 129.3, 131.3, 131.5, 132.8, 137.0, 138.1,7,4153.4, 154.2, 192.0
(C=0), 192.3 (C=0); MS (GC, 70 eW/z(%): 403 ([M-OH], 9), 402 (38), 401 (69), 375 (14)
374 (64), 373 (100), 325 (13), 297 (13), 295 (A8 (11), 77 (27); HRMS (ESI): calcd for
CoH21N203  ([M+H] ") 421.15467, found 421.15474, calcd fop/iboNaN.Os ([M+Na]’)
443.13661, found 443.13685; IR (ATR, Tn V = 3060 (w), 3024 (w), 2972 (w), 2956 (w),
2910 (w), 2883 (w), 2851 (w), 1660 (m), 1642 (M§11 (m), 1593 (s), 1504 (m), 1449 (s), 1420
(w), 176 (s), 1337 (w), 1299 (m), 1252 (s), 121)7 {495 (m), 1186 (w), 1171 (m), 1162 (m),
1138 (w), 1117 (m), 1078 (w), 1045 (w), 1034 (W12 (m), 1001 (m), 994 (m), 925 (w), 887
(w), 871 (m), 846 (w), 833 (w), 814 (w), 789 (B3 (M), 747 (m), 732 (s), 704 (M), 694 (s),
671 (m), 658 (w), 646 (s), 621 (m), 611 (m), 585,(554 (m), 534 (w).

2-[8-Benzoyl-6-(2-fluorobenzoyl)-H,3H-imidazo[1,2-a]pyridin-5-yl]phenol (27b):

Starting with 3-(2-fluorobenzoyl)chromor@b (0.268 g, 1.0 mmol) and
HKA 24a(0.207 g, 1.1 mmol) in 1,4-dioxane (6-7 mL), thequct27b
was isolated as a orange solid (0.420 g, 96%), 23227 °C;

'H NMR (300 MHz, DMSO¢k): & = 3.62-3.79 (m, 4H, CH), 6.64 (¢ =
7.9 Hz, 1H, H), 6.68 (1,3 = 7.5 Hz, 1H, H), 6.90-6.93 (m, 1H, K),
6.99 (td,3J = 7.5 Hz,"J = 0.9 Hz, 1H, H), 7.04-7.08 (m, 2H, W), 7.23-7.27 (M, 2H, K),
7.51-7.54 (m, 3H, W), 7.63 (1,3 = 7.4 Hz,%J = 1.3 Hz, 1H, H), 7.82-7.84 (m, 2H, K),
10.25 (s, 1H, OH)}C NMR (125.8 MHz, DMSGQsg): § = 47.6 (NCH), 52.5 (NCH), 114.2,
115.3 (d,JcF = 21.4 Hz), 115.8, 118.6, 119.8, 120.7, 123.6J¢} = 2.8 Hz), 127.7, 128.3,
2x128.5, 129.0 (dJcr = 28.9 Hz), 2129.2, 131.4, 131.9 (dcF = 8.3 Hz), 133.0, 136.8, 140.6,
153.1, 153.9, 154.7, 158.3 (tcr = 247.9 Hz, GF), 187.8 (C=0), 192.3 (C=0¥F NMR
(282.4 MHz, DMSOdh): & = -114.4 (s, 1F, F); MS (El, 70 eW)/z (%): 438 ([M[, 16), 437
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(45), 421 (12), 420 (31), 419 (67), 418 (79), 4100Q), 415 (15), 409 (13), 392 (36), 391 (64),
390 (61), 389 (84), 388 (11), 387 (13), 362 (1B} 81), 325 (28), 209 (13), 105 (12), 77 (34);
HRMS (ESI): calcd for @H20FN2Os ([M+H]*) 439.14525, found 439.14546; IR (ATR, dn

V =3063 (w), 3026 (w), 2967 (w), 2915 (w), 2853 (W60 (m), 1648 (w), 1633 (W), 1614 (w),

1595 (m), 1502 (m), 1482 (w), 1451 (m), 1422 (W78 (m), 1337 (w), 1328 (w), 1300 (m),

1273 (m), 1252 (m), 1216 (m), 1172 (w), 1161 (W)39 (w), 1116 (m), 1079 (w), 1045 (w),

1033 (w), 1013 (m), 995 (m), 937 (w), 925 (w), 888, 869 (m), 848 (w), 829 (m), 808 (w),

783 (m), 762 (s), 744 (m), 723 (m), 692 (s), 663, @40 (s), 621 (s), 611 (S), 590 (M), 569 (M),
554 (m), 545 (m), 527 (m).

2-[8-Benzoyl-6-(thiophene-2-carbonyl)-Bi,3H-imidazo[1,2-a]pyridin-5-yl]phenol (27c):

<\l\\l O Starting with 3-(2-thenoyl)chromorée (0.256 g, 1.0 mmol) and HK24a
OH N Ph (0.207 g, 1.1 mmol) in 1,4-dioxane (6-7 mL), thequct27cwas isolated
as a orange solid (0.264 g, 62%), mp 281-283 °C;
0 'H NMR (300 MHz, DMSOdg): § = 3.68-3.93 (m, 4H, CH), 6.74 & =
7.5 Hz, 1H, H), 6.84 (d2J=7.9 Hz, 1H, H), 7.03 (dd3J = 3.8 Hz3J) =
4.9 Hz, 1H, H), 7.07 (dd2J = 7.6 Hz,*J = 1.6 Hz, 1H, H), 7.19 (td3J = 7.8 Hz,*J = 1.6 Hz,
1H, Har), 7.46 (s, 1H, 7-K), 7.49-7.54 (m, 2H, W), 7.58 (dd?J = 3.8 Hz,%J = 1.1 Hz, 1H,
Har), 7.62 (3 = 7.3 Hz,"J = 1.3 Hz, 1H, K), 7.81 (dd;J = 1.1 Hz,3J = 4.9 Hz, 1H, H,),
7.83-7.86 (m, 2H, W), OH was not detected®C NMR (75.5 MHz, DMSQdg): & = 47.8
(NCHy), 52.3 (NCH), 114.0, 116.0, 118.8, 119.7, 120.4, 127:828.5, 129.1,429.2, 131.3,
132.9, 133.1, 134.0, 137.0, 141.3, 144.0, 152.3,415154.4, 183.6 (C=0), 192.3 (C=0); MS
(GC, 70 eV)m/z(%): 409 ([M-OH], 14), 408 (44), 407 (65), 381 J1880 (67), 379 (100), 351
(10), 295 (12), 77 (27); HRMS (ESI): calcd forsB1aN203S ([M+H]") 427.11109, found
427.11168, calcd for £H1sNaN203S ([M+Na]") 449.09303, found 449.09347; IR (ATR, dn
V = 3083 (w), 3065 (w), 2953 (w), 2911 (w), 2883 ,(&851 (w), 1657 (s), 1615 (s), 1595 (s),
1536 (w), 1503 (s), 1453 (s), 1409 (s), 1376 (8p2L(m), 1326 (m), 1300 (m), 1278 (w), 1256
(s), 1234 (m), 1217 (s), 1195 (m), 1182 (m), 11®3, 1119 (m), 1080 (w), 1059 (m), 1044 (w),
1034 (m), 1010 (s), 969 (m), 939 (w), 908 (w), 4], 873 (m), 853 (w), 842 (m), 831 (m), 804
(m), 779 (m), 759 (s), 742 (s), 710 (s), 693 (38 @), 648 (s), 621 (M), 612 (M), 580 (m), 556
(m), 531 (w).

N
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2-[8-Benzoyl-6-(2-nitrobenzoyl)-H,3H-imidazo[1,2-a]pyridin-5-yl]phenol (27d):

<\l\\| o} Starting with 3-(2-nitrobenzoyl)chromonéd (0.295g, 1.0 mmol) and
OH N Ph HKA 24a(0.207 g, 1.1 mmol) in 1,4-dioxane (6-7 mL), thequct27d
was isolated as a yellow solid (0.363 g, 78%), fap-253 °C;
o 'H NMR (300 MHz, DMSOd): § = 3.48-3.64 (m, 2H, CH), 3.72-3.79 (m,
NO, 2H, CH), 6.51-6.61 (m, 2H, &), 6.96-7.02 (m, 2H, W), 7.27 (d31=7.4
Hz, 1H, H), 7.39 (1,3 = 7.7 Hz, 1H, ), 7.47-7.58 (m, 3H, W), 7.66 (t,°J = 7.3 Hz, 1H,
Har), 7.75 (s, 1H, 7-i), 7.81-7.88 (m, 3H, W), 10.23 (s, 1H, OH)**C NMR (62.9 MHz,
DMSO-ds): & = 47.7 (NCH), 52.6 (NCH), 112.7, 115.5, 118.6, 118.7, 119.5, 121.5, 123.8,
128.3, 2128.6, 2129.3, 129.8, 131.6, 133.1, 133.6, 136.5, 136.B,9,3144.6, 152.8, 153.3,
155.0, 188.0 (C=0), 192.3 (C=0); MS (GC, 70 eWy (%): 465 ([M], 6), 464 (17), 418 (32),
417 (100), 390 (15), 389 (41), 361 (8), 105 (113, (20), 44 (19); HRMS (ESI): calcd for
C27H20N30s ([M+H]") 466.13963, found 466.13975; IR (ATR, Tn V = 3070 (w), 3051 (w),
2949 (w), 2925 (w), 2876 (w), 2679 (w), 2561 (Wh62 (m), 1640 (m), 1616 (m), 1589 (s),
1520 (s), 1505 (m), 1471 (w), 1449 (s), 1430 (n3)73L.(s), 1339 (s), 1313 (m), 1293 (s), 1258
(m), 1247 (s), 1223 (s), 1174 (m), 1156 (m), 11@Y, (079 (w), 1037 (w), 1012 (m), 997 (m),
975 (w), 945 (m), 926 (w), 867 (w), 856 (w), 836)(811 (w), 798 (m), 789 (s), 760 (s), 711 (s),
688 (s), 679 (s), 654 (M), 639 (M), 614 (m), 588, ®B4 (m), 545 (m).

2-[8-Benzoyl-6-(3-nitrobenzoyl)-H,3H-imidazo[1,2-a]pyridin-5-yl]-4-methylphenol (27¢e):
Starting with 6-methyl-3-(3-nitrobenzoyl)chromor@gh (0.309 g, 1.0
mmol) and HKA24a (0.207 g, 1.1 mmol) in 1,4-dioxane (6-7 mL), the
product27ewas isolated as a yellow solid (0.259 g, 54%), #H® ZC;
'H NMR (300 MHz, DMSO¢k): § = 2.00 (s, 3H, Ch), 3.65-3.85 (m, 4H,
CH), 6.44 (d,3J = 8.3 Hz, 1H, H), 6.76 (d,3J = 8.3 Hz, 1H, H,), 6.81
NO, (s, 1H, Hv), 7.46 (t,3] = 7.9 Hz, 1H, H/), 7.52-7.55 (m, 2H, K), 7.58
(s, 1H, Hy), 7.63-7.66 (m, 1H, W), 7.72 (d,3J = 7.7 Hz, 1H, H), 7.88 (d,%J = 7.3 Hz, 2H,
Har), 8.05 (s, 1H, i), 8.07 (d,2J = 8.2 Hz,J = 1.3 Hz, 1H, H/), 10.10 (s, 1H, OH)*C NMR
(62.9 MHz, DMSO#k): 6 = 19.5 (CH), 47.8 (NCH), 52.6 (NCH), 113.2, 115.6, 119.3, 121.1,
122.3, 124.9, 127.6,x228.5, 129.2,429.3, 129.9, 132.2, 133.0, 133.8, 136.8, 140.7,04
146.4, 151.8, 153.3, 154.0, 190.3 (C=0), 192.3 (CHB (El, 70 eV)m/z(%): 479 ([MT, 72),
450 (29), 449 (14), 374 (17), 358 (29), 357 (1AM5 (26), 77 (29); HRMS (ESI): calcd for
CasH2oN3Os ([M+H]") 480.15540, found 480.15555, calcd fopstbiNaNsOs ([M+Na]’)
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502.13734, found 502.13690; IR (ATR, ®n V = 2955 (w), 2913 (w), 2876 (W), 2849 (w),
1664 (m), 1642 (w), 1595 (s), 1526 (s), 1503 (4)4L(w), 1435 (m), 1373 (m), 1342 (s), 1285
(s), 1252 (s), 1218 (s), 1196 (s), 1176 (s), 1) 1118 (s), 1094 (w), 1081 (w), 1042 (w),
1001 (s), 938 (w), 890 (w), 871 (s), 859 (w), 8tm),(795 (m), 770 (w), 746 (w), 717 (s), 688
(s), 659 (m), 633 (M), 613 (m), 595 (M), 569 (m).

2-[8-Benzoyl-6-(4-nitrobenzoyl)-H,3H-imidazo[1,2-a]pyridin-5-yl]phenol (27f):

Starting with 3-(4-nitrobenzoyl)chromon@ (0.295g, 1.0 mmol) and
HKA 24a(0.207 g, 1.1 mmol) in 1,4-dioxane (6-7 mL), threquct27f
was isolated as a orange solid (0.237 g, 51%), 480250 °C;

H NMR (300 MHz, DMSO#d): § = 3.78 (s, 4H, CH), 6.59-6.67 (m, 2H,
Har), 7.01-7.06 (m, 2H, K), 7.51-7.59 (m, 5H, W), 7.64 (11,3 = 6.8
Hz, 4 = 1.2 Hz, 1H, H), 7.85-7.88 (m, 2H, K), 7.98-8.01 (m, 2H,
Har), 10.38 (s, 1H, OH)*C NMR (62.9 MHz, DMSQdg): & = 47.8 (NCH), 52.5 (NCH),
113.5, 116.0, 118.8, 119.9, 120.9122.5, 2128.5, 2129.0, 2129.3, 129.8, 131.8, 133.0, 136.8,
140.7, 145.1, 148.0, 153.3, 154.1, 192.3 (C=0); (&5 70 eV)m/z (%): 465 ([M], 25), 464
(64), 463 (36), 462 (70), 447 (38), 446 (67), 438)( 435 (32), 434 (42), 420 (20), 419 (82), 418
(100), 313 (20), 285 (48), 77 (22); HRMS (ESI):achfor G7H20N30s ([M+H]™) 466.13975,
found 466.14014, calcd for @11sNaNsOs ([M+Na]*) 488.12169, found 488.12159; IR (ATR,
cnd): U = 3063 (w), 2943 (w), 2879 (w), 2661 (w), 2559 (@472 (w), 1664 (s), 1651 (m),
1619 (m), 1597 (s), 1566 (w), 1518 (m), 1500 (rdB3A (s), 1422 (w), 1404 (w), 1380 (m), 1337
(s), 1316 (m), 1301 (s), 1248 (s), 1219 (s), 1185 1164 (m), 1139 (w), 1106 (w), 1047 (w),
1036 (w), 1012 (m), 996 (M), 945 (w), 925 (w), §68, 851 (m), 831 (w), 805 (w), 789 (s), 777
(w), 765 (s), 747 (m), 733 (m), 698 (s), 685 (MHY26m), 627 (m), 587 (m), 556 (M), 538 (w).

2-[9-Benzoyl-7-(2-nitrobenzoyl)-H,3H,4H-pyrido[1,2-a]pyrimidin-6-yl]phenol (279):

Starting with 3-(2-nitrobenzoyl)chromongd (0.295g, 1.0 mmol) and

HKA 24b (0.222 g, 1.1 mmol) in 1,4-dioxane (6-7 mL), theguct27g

was isolated as a yellow solid (0.441 g, 92%), 24-225 °C;

'H NMR (300 MHz, DMSO¢g): § = 1.63-1.74 (m, 2H, CH), 3.19-3.23 (m,

1H, CH), 3.31-3.45 (m, 3H, CH), 6.45 {,= 7.9 Hz, 1H, H/), 6.60 (t,3J

= 7.3 Hz, 1H, H), 6.95-7.00 (M, 2H, W), 7.20 (dd2J=7.3 Hz,*J = 1.3

Hz, 1H, Hy), 7.40 (td3J = 7.8 Hz,J = 1.3 Hz, 1H, H), 7.45-7.48 (m, 2H, W), 7.51-7.56 (m,
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2H, Ha), 7.64 (1,3 = 7.3 Hz, 1H, H), 7.84 (dd2J = 8.1 Hz,"J = 0.9 Hz, 1H, H), 7.91-7.93
(m, 2H, Hy), 10.20 (s, 1H, OH)*C NMR (62.9 MHz, DMSQds): § = 20.2 (CH), 43.5
(NCH), 46.2 (NCH), 113.8, 115.2, 118.8, 118.9, 123.8, 128.2, 1283138.6, 2129.1, 129.7,
129.8, 130.4, 131.7, 133.2, 133.5, 136.4, 136.8,414146.8, 154.3, 154.6, 189.7 (C=0), 194.5
(C=0); MS (EI, 70 eV)m/z(%): 433 ([M-NQJ, 8), 432 (43), 431 (90), 405 (11), 404 (75), 403
(100), 375 (33), 77 (11); HRMS (ESI): calcd forgB22N30s ([M+H]") 480.15579, found
480.15540; IR (ATR, cm): V = 3054 (w), 2942 (w), 2849 (w), 2678 (w), 2543 (WH68 (m),
1635 (m), 1615 (s), 1603 (s), 1573 (s), 1531 (rBLaL(s), 1506 (m), 1472 (w), 1450 (s), 1417
(w), 1366 (s), 1344 (s), 1310 (m), 1293 (m), 1280 {189 (m), 1171 (s), 1156 (m), 1144 (m),
1109 (m), 1087 (m), 1072 (m), 1045 (m), 1020 (MO $m), 954 (m), 932 (m), 877 (m), 853
(m), 826 (w), 805 (w), 789 (m), 773 (w), 755 (s407(s), 716 (m), 706 (s), 689 (s), 680 (s), 650
(w), 636 (m), 610 (m), 596 (m), 557 (w), 530 (w).

(2E)-1-[8-Benzoyl-5-(2-hydroxyphenyl)-H,3H-imidazo[1,2-a]pyridin-6-yl]-3-phenyl-prop-
2-en-1-one (27h):

Starting with 3-[(Z)-3-phenylprop-2-enoyllchromon& (0.276 g, 1.0
mmol) and HKA24a (0.207 g, 1.1 mmol) in 1,4-dioxane (6-7 mL), the
product27hwas isolated as a yellow solid (0.290 g, 65%), 184 9C;

'H NMR (500 MHz, DMSO¢g): § = 3.63-3.69 (m, 1H, CH), 3.76-3.83
(m, 2H, CH), 3.83-3.89 (m, 1H, CH), 6.44 ,= 15.7 Hz, 1H, =CH-),
6.86 (t,°] = 7.4 Hz, 1H, K), 7.10 (d,3J = 8.2 Hz, 1H, H,), 7.16-7.20 (m, 3H, W), 7.26-7.33
(m, 5H, Hy), 7.51-7.54 (m, 2H, W), 7.64 (tt,2J = 7.4 Hz,*J = 1.2 Hz, 1H, K/), 7.73 (s, 1H, 7-
Har), 7.82-7.82 (m, 2H, W), OH was not detectet®C NMR (125.8 MHz, DMSQs): 5 = 47.8
(NCHp), 52.6 (NCH), 115.2, 116.8, 188.9, 121.1, 121.2, 124.8,22.8, 2128.5, 2128.7,
2x129.2, 129.5, 129.9, 132.0, 132.9, 134.7, 137.@.14140.6, 153.2, 153.3, 153.9, 185.3
(C=0), 192.6 (C=0); MS (EIl, 70 eMp/z (%): 446 ([M], 27), 445 (69), 429 (49), 428 (100),
427 (54), 399 (41), 341 (36), 330 (40), 315 (403 844), 165 (33), 138 (46), 131 (27), 120 (88),
105 (97), 77 (71), 44 (45); HRMS (ESI): calcd fogold»sN203 ([M+H]") 447.17032, found
447.17099, calcd for &H22NaN:O3 ([M+Na]*) 469.15226, found 469.15173; IR (ATR, dn

V = 3056 (w), 3026 (W), 2924 (w), 2871 (w), 1726 (&345 (w), 1615 (w), 1591 (m), 1574 (m),
1493 (w), 1447 (m), 1422 (w), 1374 (m), 1349 (W312 (w), 1294 (m), 1276 (m), 1201 (s),
1154 (m), 1108 (w), 1070 (w), 1033 (w), 1014 (m)PQ (m), 975 (m), 860 (w), 832 (w), 817
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(W), 802 (w), 752 (s), 731 (s), 694 (s), 666 (H3Gm), 642 (s), 587 (w), 562 (s), 537 (M), 530
(m).

8-Benzoyl-6-(2-hydroxybenzoyl)-5-(trifluoromethyl)1H,2H,3H,5H-imidazolidino-[1,2-
ajpyridin-5-ol (28a):
OH O , O Starting with 3-(trifluoroacetyl)chromonga (0.242 g, 1.0 mmol) and

56/ |89 Ph HKA 24a(0.207 g, 1.1 mmol) in 1,4-dioxane (6-7 mL), thequct28a
Ho™/ ,N” "nH  was isolated as a yellow solid (0.202 g, 47%), 5@-151 °C;

= 2 H NMR (300 MHz, DMSOgg): & = 3.80-4.00 (m, 4H, CH), 6.76-6.84
(m, 2H, Hy), 7.12 (dd3J = 7.6 Hz,*J = 1.7 Hz, 1H, K), 7.20 (dd3J = 7.7 Hz,*J = 1.7 Hz, 1H,
Har), 7.36-7.42 (m, 6H, K), 9.04, 9.46, 9.99 (all three s, 3H, 20H and N¥J NMR (75.5
MHz, DMSOs): = 42.8 (NCH), 43.5 (NCH), 84.3 (q,%JcF = 32.8 Hz, 5-C), 91.7 (8-C),
105.9, 116.1, 118.8, 125.6x128.0, 2128.1, 129.4, 130.5, 131.7, 138.6, 148.9, 154.8,415
188.6 (C=0), 195.2 (C=0%F NMR (282.4 MHz, DMSQds): 6 = —81.6 (s, 1F, F); MS (El, 70
eV) m/z(%): 362 ([M-CR+H], 17), 361 (80), 345 (12), 344 (73), 343 (13 (19), 267 (88),
265 (12), 105 (19), 89 (11), 78 (28), 71 (12), @2)( 63 (29), 57 (19), 45 (17); HRMS (EI):
calcd for GoH17FsN204 ([M]*) 430.11349, found 430.11384; IR (ATR, @n V = 3311 (w),
3046 (w), 2899 (w), 1619 (m), 1571 (s), 1549 ($04.(m), 1476 (s), 1445 (m), 1395 (m), 1354
(w), 1292 (w), 1277 (w), 1320 (m), 1206 (s), 116y, (151 (s), 1123 (s), 1033 (s), 1014 (s), 980
(s), 952 (s), 921 (s), 864 (M), 790 (W), 761 (9) €s), 675 (s), 637 (S), 615 (S), 529 (S).

8-Benzoyl-6-(2-hydroxy-4-methoxybenzoyl)-5-(triflusomethyl)-1H,2H,3H,5H-
imidazolidino[1,2-a]pyridin-5-ol (28b):

OH O O Starting with 7-methoxy-3-(trifluoroacetyl)chromoié (0.272
= | Ph g, 1.0 mmol) and HKA?4a (0.207 g, 1.1 mmol) in 1,4-dioxane
HsC HO™/ "N” “NH (6-7 mL), the produc28b was isolated as a yellow solid (0.281
FC

g, 61%), mp 194-196 °C;
'H NMR (300 MHz, DMSO¢k): § = 3.73 (s, 3H, OC}k), 3.78-4.00 (m, 4H, CH), 6.39 (&] =
2.3 Hz, 1H, H,), 6.45 (dd3J = 8.6 Hz,*J = 2.3 Hz, 1H, H), 7.24 (d,3J = 8.7 Hz, 1H, H)),
7.32 (s, 1H, 7-H), 7.39-7.48 (m, 5Haf{ 9.02, 9.45, 10,62 (all three s, 3H, 20H and N{;
NMR (62.9 MHz, DMSO¢k): § = 42.9 (NCH), 43.4 (NCH), 55.4 (OCH), 84.3 (q,2Jc e = 32.5
Hz, 5-C), 91.1 (8-C), 101.3, 105.3, 105.7, 116:828.1, 2128.2, 130.5, 132.1, 138.9, 147.2,
157.8, 159.1, 163.2, 188.7 (C=0), 195.6 (C=EH;NMR (282.4 MHz, DMSQds): 5 = -81.4 (s,
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1F, F); MS (El, 70 eV)n/z(%): 391 ([M-CK], 14) 375 (14), 374 (65), 373 (100), 267 (54), 203
(12), 187 (10), 99 (13), 84 (11), 69 (15), 57 (149,(22); HRMS (EI): calcd for £H19F3N20s
([M]%) 460.12406, found 460.12484; IR (ATR, @n V = 3328 (w), 3042 (w), 3004 (w), 2963
(w), 2934 (w), 2907 (w), 2838 (w), 1621 (w), 1548)( 1547 (m), 1504 (m), 1482 (w), 1440
(w), 1409 (w), 1389 (w), 1363 (w), 1323 (w), 1284),(1240 (m), 1204 (s), 1148 (s), 1099 (s),
1029 (m), 1015 (m), 980 (m), 953 (s), 921 (s), &89, 823 (w), 776 (s), 748 (s), 708 (s), 682
(s), 647 (s), 606 (s), 552 (M), 529 (s).

8-Benzoyl-6-(5-chloro-2-hydroxybenzoyl)-5-(trifluoomethyl)-1H,2H,3H,5H-
imidazolidino[1,2-a]pyridin-5-ol (28c):

OH O 0 Starting with 6-chloro-3-(trifluoroacetyl)chromongc (0.276 g, 1.0
= | Ph mmol) and HKA24a (0.207 g, 1.1 mmol) in 1,4-dioxane (6-7 mL), the
Ho /N Yy Product28cwas isolated as a yellow solid (0.223 g, 48%), 6p C;
a RC

H NMR (300 MHz, DMSO#): & = 3.78-4.01 (m, 4H, CH), 6.84 (&

= 8.7 Hz, 1H, K), 7.06 (d,*J = 2.7 Hz, 1H, K), 7.22 (dd>3J = 8.7 Hz,*J = 2.7 Hz, 1H, H),
7.34 (s, 1H, 7-H), 7.37-7.46 (m, 5HaM{ 8.78, 9.48, 10.23 (all three s, 3H, 20H and N{;
NMR (62.9 MHz, DMSO¢g): § = 42.9 (NCH), 43.5 (NCH), 84.1 (9,2Jcr = 33.1 Hz, 5-C),
92.6 (8-C), 105.8, 117.8, 122.3, 127.8128.0, 2128.1, 128.2, 130.6, 130.8, 138.5, 149.3,
153.4, 157.9, 188.6 (C=0), 192.5 (C=3F NMR (282.4 MHz, DMSQ&): § = —81.4 (s, 1F,
F); MS (El, 70 eV)m/z (%): 395 ([M-CHK], 24), 380 (16), 379 (81), 378 (53), 377 (100)7 26
(30), 149 (10), 105 (11), 99 (33), 78 (51), 77 (183 (55), 57 (13); HRMS (EI): calcd for
C22H16°CIFsN204 ([M]*) 464.07452, found 464.07463; IR (ATR, &n V = 3274 (w), 1619
(w), 1562 (s), 1496 (m), 1463 (s), 1445 (m), 1389, (1319 (m), 1280 (w), 1247 (m), 1210 (s),
1159 (s), 1099 (s), 1032 (m), 1013 (s), 984 (m} @6), 954 (m), 922 (s), 903 (M), 836 (w), 825
(m), 800 (w), 781 (s), 743 (s), 728 (m), 697 (H7 §s), 639 (s), 578 (s), 528 (s).

8-Benzoyl-6-(1-hydroxynaphthalene-2-carbonyl)-5-(tifluoromethyl)-1 H,2H,3H,5H-
imidazolidino[1,2-a]pyridin-5-ol (28d):
OH O o Starting with 3-(trifluoroacetyl)benzbjchromonebe (0.292 g, 1.0

OO = Ph mmol) and HKA 24a (0.207 g, 1.1 mmol) in 1,4-dioxane (6-7

Ho TN S mL), the product28d was isolated as a yellow solid (0.163 g,

FC 34%), mp 177-178 °C;
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IH NMR (300 MHz, DMSO¢): 6 = 3.82-4.04 (m, 4H, CH), 7.31-7.34 (m, 3HyH 7.37 (s, 1H,
7-H), 7.40-7.47 (m, 4H, K), 7.52-7.64 (m, 2H, K), 7.86 (d,J = 8.1 Hz, 1H, K), 8.27 (d,2J

= 8.1 Hz, 1H, H), 8.83, 9.49, 10.76 (all three s, 3H, 20H and NH¥J NMR (75.5 MHz,
DMSO-ds): § = 42.9 (NCH), 43.3 (NCH), 84.4 (q,2Jcr = 32.8 Hz, 5-C), 91.3 (8-C), 104.9,
115.8, 118.3, 123.1, 124.5 (fcr = 295.7 Hz), 124.6, 125.9, 126.3, 127.6127.9, 2128.1,
128.9, 130.3, 135.7, 138.9, 147.4, 156.7, 157.8,9.8C=0), 196.7 (C=0)!F NMR (282.4
MHz, DMSO-ds): & = -80.9 (s, 1F, F); MS (El, 70 eW)/z(%): 463 ([M-OH], 11), 462 (40), 411
(26), 395 (28), 394 (84), 393 (100), 391 (11), 68), 267 (74), 231 (18), 196 (12), 105 (20), 77
(17), 69 (12), 57 (12), 44 (16); HRMS (EI): calaat {CeH10F3N204 ([M]*) 480.12914, found
480.12930; IR (ATR, crl): 7 = 3308 (w), 3049 (w), 2954 (w), 2895 (w), 1614 (4588 (m),
1564 (m), 1549 (m), 1502 (m), 1479 (w), 1451 (M0 (m), 1357 (w), 1318 (w), 1241 (m),
1204 (s), 1193 (s), 1164 (s), 1145 (s), 1128 @9,71(s), 1025 (m), 1015 (m), 998 (m), 955 (m),
923 (s), 882 (m), 830 (m), 803 (m), 794 (m), 760 745 (s), 698 (s), 658 (s), 610 (M), 593 (s),
581 (s), 556 (s), 536 ().

9-Benzoyl-7-(2-hydroxybenzoyl)-6-(trifluoromethyl)1H,2H,3H,4H,6H-pyrido[1,2-a]-
pyrimidin-6-ol (28e):
OH O o Starting with 3-(trifluoroacetyl)chromonga (0.242 g, 1.0 mmol) and

8
Z |9 Ph HKA 24b (0.222 g, 1.1 mmol) in 1,4-dioxane (6-7 mL), thequct28e

H,Q;: N lONlH was isolated as a yellow solid (0.391 g, 88%), mp-178 °C;

N2 'H NMR (300 MHz, DMSO¢): § = 1.81-1.91 (m, 1H, CH), 2.02-2.09
(m, 1H, CH), 3.39-3.48 (m, 1H, CH), 3.55-3.61 (1, ZH), 3.80-3.85 (m, 1H, CH), 6.72-6.80
(m, 2H, H), 7.06 (dd3J = 7.6 Hz,J = 1.6 Hz, 1H, H), 7.13-7.18 (m, 1H, W), 7.29 (s, 1H, 8-
H), 7.36-7.39 (m, 5H, K), 9.88, 10.01, 11.47 (all three s, 3H, 20H and NfJ NMR (62.9
MHz, DMSOs): § = 19.1 (CH), 38.6 (NCH), 39.8 (NCH), 84.3 (q,2Jc,r = 32.7 Hz, 6-C),
94.4 (9-C), 103.8, 116.0, 118.7, 125.0 {@; = 296.5 Hz), 125.3, 128.0, 128.3, 129.0, 129.1,
130.4, 131.3, 131.4, 139.1, 149.3, 154.5, 154.8,419C=0), 195.6 (C=0)!*F NMR (282.4
MHz, DMSO-ds): & = -83.9 (s, 1F, F); MS (El, 70 e\W/z (%): 444 ([M], 9), 397 (12), 376
(45), 375 (92), 357 (42), 282 (41), 281 (100), 1{09), 91 (12), 77 (13); HRMS (ESI): calcd for
Ca3H20F3N20s ([M+H]™) 445.13697, found 445.13743, calcd forstioFsNaN2Os ([M+Na]?)
467.11891, found 467.11891; IR (ATR, Tn V = 3066 (w), 2937 (w), 2865 (w), 1733 (w),
1610 (m), 1597 (m), 1575 (m), 1538 (w), 1512 (W73 (m), 1446 (m), 1379 (m), 1351 (w),
1327 (m), 1287 (w), 1263 (m), 1234 (m), 1206 (n)73 (s), 1151 (s), 1132 (s), 1074 (m), 1051
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(w), 1037 (W), 992 (w), 965 (m), 938 (s), 866 (W47 (W), 817 (w), 803 (w), 760 (s), 733 (s),
702 (s), 676 (s), 642 (s), 593 (M), 566 (M), 531 (M

9-Benzoyl-7-(2-hydroxy-4-methoxybenzoyl)-6-(trifluscomethyl)-1H,2H,3H,4H,6H-
pyrido[1,2-a]pyrimidin-6-ol (28f):

OH O o Starting with 7-methoxy-3-(trifluoroacetyl)chromoid (0.272
= | Ph g, 1.0 mmol) and HKA24b (0.222 g, 1.1 mmol) in 1,4-dioxane
HsC H N~ "NH  (6-7 mL), the produck8ewas isolated as a yellow solid (0.341
FsC

g, 72%), mp 187-188 °C;
'H NMR (300 MHz, DMSO¢): 6 = 1.78-1.94 (m, 1H, CH), 2.00-2.12 (m, 1H, CHB®3.48
(m, 1H, CH), 3.52-3.63 (m, 2H, CH), 3.70 (s, 3H, I@f; 3.77-3.86 (m, 1H, CH), 6.34 (t] =
2.3 Hz, 1H, H), 6.39 (dd3J = 8.6 Hz,*J = 2.3 Hz, 1H, H), 7.12 (dd2J = 8.6 Hz, 1H, H)),
7.28 (s, 1H, 8-H), 7.39-7.44 (m, 5Ha# 10.03, 10.26, 11.51 (all three s, 3H, 20H and);NH
13C NMR (62.9 MHz, DMSQdg): § = 19.2 (CH), 38.6 (NCH), 39.8 (NCH}), 55.3 (OCH), 84.4
(9, 2Jcr = 32.5 Hz, 6-C), 93.9 (9-C), 101.3, 103.6, 103.47.2, 2128.2, 2128.3, 130.3, 131.5,
139.4, 148.3, 154.7, 157.8, 162.6, 190.5 (C=0),196=0);'°F NMR (282.4 MHz, DMSO-
de): & =-83.9 (s, 1F, F); MS (El, 70 eW/z(%): 474 ([M], 14), 406 (31), 405 (100), 389 (20),
388 (85), 387 (89), 359 (23), 282 (81), 281 (798 211), 179 (16), 151 (13), 135 (20), 105 (25),
91 (33), 77 (18), 69 (68), 51 (28); HRMS (EIl): ahfor GaH21F3N20s ([M] *) 474.13971, found
474.13995; IR (ATR, cml): V = 3061 (w), 3038 (w), 3004 (w), 2926 (w), 2851 (438 (W),
1598 (m), 1568 (s), 1506 (m), 1473 (w), 1456 (W4Q (m), 1423 (w), 1407 (w), 1388 (m),
1369 (m), 1349 (s), 1316 (w), 1294 (w), 1264 (nd4Q (s), 1225 (s), 1199 (s), 1171 (s), 1155
(s), 1134 (s), 1108 (s), 1076 (m), 1060 (m), 102%, @99 (w), 985 (m), 972 (m), 949 (s), 939
(s), 920 (m), 877 (w), 862 (w), 826 (s), 777 (H47s), 736 (s), 706 (s), 697 (s), 668 (M), 644
(s), 610 (s), 577 (m), 535 (s).

9-Benzoyl-7-(5-chloro-2-hydroxybenzoyl)-6-(trifluoomethyl)-1H,2H,3H,4H ,6H-pyrido[1,2-
a]pyrimidin-6-ol (289):

OH O 0o Starting with 6-chloro-3-(trifluoroacetyl)chromongc (0.276 g, 1.0
Z | Ph  mmol) and HKA24b (0.222 g, 1.1 mmol) in 1,4-dioxane (6-7 mL), the
Hg d N° 'NH  product28gwas isolated as a yellow solid (0.454 g, 95%), Mp 4C;
Cl 3

IH NMR (300 MHz, DMSO€e): & = 1.78-1.94 (m, 1H, CH), 2.00-2.13
(m, 1H, CH), 3.42-3.50 (m, 1H, CH), 3.51-3.65 (rA, ZH), 3.77-3.88 (m, 1H, CH), 6.80 &,
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= 8.7 Hz, 1H, H), 7.02 (d,*J = 1.7 Hz, 1H, K, 7.19 (dd3J = 8.7 Hz,*J = 1.7 Hz, 1H, H),
7.25 (s, 1H, 8-H), 7.36-7.40 (m, 5HaM®{ 9.72, 10.19, 11.42 (all three s, 3H, 20H and NG
NMR (125.8 MHz, DMSOds): 5 = 19.0 (CH), 38.7 (NCH), 39.7 (NCH), 84.2 (q,2Jcr= 32.4
Hz, 6-C), 94.8 (9-C), 103.7, 117.7, 122.2, 124.9%qr = 296.2 Hz), 127.2, 127.95128.0,
2:128.1, 130.4, 130.7, 139.1, 149.6, 153.2, 154.8,619C=0), 193.0 (C=O):°F NMR (282.4
MHz, DMSO«s): 3 = -83.8 (s, 1F, F); MS (El, 70 e\W/z (%): 411 (IM-CE+2H], 52), 410
(32), 409 (99), 393 (26), 392 (13), 391 (66), 28@)( 281 (100), 253 (10), 105 (21), 91 (16), 77
(16); HRMS (ESI): calcd for §H18°CIFsN2O4 ([M+H]") 479.09800, found 479.09794, calcd
for CasH18>’CIFsN204 ([M+H]*) 481.09605, found 481.09590; IR (ATR, &n vV = 3070 (w),
2955 (w), 2919 (w), 2867 (w), 2851 (w), 1600 (m$6& (m), 1516 (m), 1462 (m), 1456 (m),
1443 (w), 1405 (m), 1381 (m), 1365 (m), 1318 (WJ93 (m), 1263 (m), 1231 (m), 1216 (m),
1149 (s), 1130 (s), 1074 (m), 1055 (m), 1025 (88 &m), 980 (w), 942 (s), 907 (m), 874 (w),
848 (w), 836 (m), 817 (w), 783 (s), 743 (m), 724),(701 (s), 642 (s), 596 (m), 555 (m), 534
(m).

9-Benzoyl-7-(1-hydroxynaphthalene-2-carbonyl)-6-(tifluoromethyl)-1 H,2H,3H,4H,6H-
pyrido[1,2-a]pyrimidin-6-ol (28h):
OH O o Starting with 3-(trifluoroacetyl)benzbJchromone5e (0.292 g, 1.0
OO = | ph mmol) and HKA24b (0.222 g, 1.1 mmol) in 1,4-dioxane (6-7 mL),
Ho7oN" NH  the produc28h was isolated as a yellow solid (0.385 g, 78%), mp
P& 192-193 °C;
'H NMR (300 MHz, DMSO¢): & = 1.81-1.97 (m, 1H, CH), 2.01-2.14 (m, 1H, CH}®3.51
(m, 1H, CH), 3.54-3.67 (m, 2H, CH), 3.80-3.92 (i, ICH), 7.27-7.40 (m, 8H, k), 7.50-7.61
(m, 2H, Hy), 7.82 (d,3J = 8.0 Hz, 1H, H,), 8.27 (d,3J = 8.0 Hz, 1H, H,), 9.82, 11.00, 11.46
(all three s, 3H, 20H and NHYC NMR (75.5 MHz, DMSQdg): & = 19.2 (CH), 38.7 (NCH),
39.7 (NCH), 84.5 (q,2Jc,r = 32.6 Hz, 6-C), 94.3 (9-C), 103.3, 107.8, 11613.5, 123.0, 124.6,
125.8, 126.1, 127.6,x228.1, 2128.2, 128.4, 130.2, 135.4, 139.4, 148.6, 154.0,819C=0),
196.3 (C=0)F NMR (282.4 MHz, DMSQds): 5 = -83.6 (s, 1F, F); MS (El, 70 eV)/z (%):
494 ([M]*, 6), 426 (9), 425 (34), 409 (9), 408 (21), 407)(2B2 (15), 281 (100), 69 (38), 51
(26); HRMS (EI): calcd for €&H21FsN204 ([M]*) 494.14479, found 494.14498; IR (ATR, &n
V = 3059 (w), 3027 (w), 2875 (w), 1617 (w), 1589 (rb%69 (m), 1538 (w), 1515 (m), 1458
(m), 1438 (m), 1405 (m), 1367 (m), 1323 (w), 1289, (1266 (m), 1240 (s), 1208 (m), 1160 (s),
1144 (s), 1130 (s), 1094 (m), 1058 (s), 1024 (rAP6L(m), 940 (s), 894 (w), 880 (w), 858 (w),
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809 (m), 787 (s), 758 (s), 742 (s), 718 (m), 695488 (s), 667 (s), 657 (s), 643 (s), 601 (S), 578
(m), 570 (m), 544 (w).

9-Benzoyl-6-(dichloromethyl)-7-(2-hydroxybenzoyl)-H,2H,3H,4H,6H-pyrido[1,2-a]-
pyrimidin-6-ol (28i):
OH O O Starting with 3-(2,2-dichloroacetyl)chromo8€0.257 g, 1.0 mmol) and
= | Ph HKA 24b(0.222 g, 1.1 mmol) in 1,4-dioxane (6-7 mL), threquct28i
CI:-L?_'C N~ >NH  was isolated as a yellow solid (0.230 g, 50%), ra@-151 °C;
K) H NMR (300 MHz, DMSOsg): & = 1.90-2.08 (m, 2H, CH), 3.37-3.47
(m, 1H, CH), 3.48-3.59 (m, 2H, CH), 3.99-4.08 (rhl, TH), 6.62 (s, 1H, CHG), 6.75-6.80 (m,
2H, Har), 7.14-7.20 (m, 3H, W), 7.34-7.38 (m, 5H, K), 9.39, 9.81, 11.33 (all three s, 3H, 20H
and NH);3C NMR (75.5 MHz, DMSQdg): § = 19.3 (CH), 38.4 (NCH), 39.8 (NCH), 78.6
(CHCIp), 88.4 (6-C), 94.8 (9-C), 107.5, 116.3, 118.5, .824127.9, 2128.3, 129.5, 130.0,
131.5, 139.6, 148.3, 154.9, 155.5, 190.1 (C=0),196=0); IR (ATR, cm): V = 3053 (w),
2996 (w), 2954 (w), 2921 (w), 2871 (w), 1612 (m$8Q (s), 1519 (m), 1477 (m), 1421 (m),
1370 (m), 1345 (w), 1317 (m), 1304 (m), 1268 (MP03.(s), 1179 (s), 1145 (s), 1094 (m), 1074
(m), 1056 (m), 1029 (m), 997 (m), 956 (m), 943 (BB6 (w), 874 (w), 846 (w), 793 (s), 781
(m), 742 (s), 702 (s), 690 (s), 673 (s), 642 (88 ), 562 (m), 532 (m).

12-Benzoyl-8-oxa-14,17-diazatetracyclo[8.7.3:00'31]heptadeca-1(10),2(7),3,5,11,13-
hexaen-9-one (29a):

Starting with 3-(heptafluorobutanoyl)chromobg (0.342 g, 1.0 mmol)
and HKA 24a(0.207 g, 1.1 mmol) in 1,4-dioxane (6-7 mL), thequct
29awas isolated as a red solid (0.311 g, 91%), mpZH6°C,;

'H NMR (500 MHz, DMSOds, 100°C): § = 4.03 (t,3J = 9.6 Hz, 2H,
CH), 4.65 (t3J = 9.6 Hz, 2H, CH), 7.43-7.45 (m, 2Hal, 7.50-7.53 (m,
2H, Har), 7.60 (s, 1H, 11-K), 7.63 (td,*J = 1.2 Hz,3) = 7.4 Hz, 1H, H), 7.74 (td*J = 1.2 Hz,
3J=7.4 Hz, 1H, K), 7.86-7.88 (m, 2H, K), 8.35 (d,%J = 8.6 Hz, 1H, H); 1*C NMR (125.6
MHz, DMSO-ds, 100°C): & = 49.9 (NCH), 54.1 (NCH), 99.0, 112.7, 117.5, 123.9, 124.7,
126.3, 127.8,427.9, 2128.6, 132.6, 133.1, 135.2, 136.2, 147.9, 153.3,8,391.4 (C=0); MS
(El, 70 eV)m/z(%): 342 ([MT], 100), 341 (83), 340 (11), 339 (23), 327 (16), 83%), 314 (96),
313 (83), 312 (36), 311 (60), 299 (11), 287 (28K 275), 285 (17), 268 (12), 258 (10), 242 (13),
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240 (10), 239 (42), 171 (22), 105 (17), 77 (73),(5Q); HRMS (ESI): calcd for £H1sN203
(IM+H]*) 343.10772, found 343.10788; IR (ATR, Tn V = 3353 (w), 3060 (w), 2961 (w),
2933 (w), 2886 (w), 1715 (w), 1634 (s), 1596 (562 (s), 1518 (s), 1492 (s), 1449 (m), 1369
(m), 1340 (m), 1300 (m), 1214 (s), 1189 (s), 1161157 (s), 1126 (s), 1048 (m), 1001 (s), 947
(s), 918 (s), 859 (m), 840 (s), 796 (s), 745 (81 &), 687 (s), 667 (S), 653 (S), 634 (S), 584 (M)
554 (s), 533 (s).

12-Benzoyl-5-methoxy-8-oxa-14,17-diazatetracyclo[B0.G"".0*31heptadeca-
1(10),2(7),3,5,11,13-hexaen-9-one (29b):

<\I\\l 0 Starting with 7-methoxy-3-(trifluoroacetyl)chromoié (0.372 g,

N | Ph 1.0 mmol) and HKA24a (0.207 g, 1.1 mmol) in 1,4-dioxane (6-7

| A mL), the produc29b was isolated as a red solid (0.115 g, 31%),
HsC o Yo mp 309-310 °C;
'H NMR (250 MHz, DMSOds, 100°C): § = 3.94 (s, 3H, OCH), 4.02 (t,3 = 9.6 Hz, 2H, CH),
4.59 (t,3) = 9.6 Hz, 2H, CH), 7.00-7.04 (m, 2HAM 7.47-7.53 (m, 3H, W), 7.60 (s, 1H, 11-
Har), 7.83-7.87 (m, 2H, K), 8.27 (d,2J = 9.7 Hz, 1H, H); *3C NMR (62.9 MHz, DMSQds,
100°C): 3 = 49.1 (NCH), 54.0 (NCH), 55.6 (OCH), 97.0, 101.8, 105.8, 111.8, 123.2, 127.6,
127.7, 2127.8, 2128.5, 132.3, 135.8, 136.4, 148.1, 153.3, 155.8,11691.3 (C=0); IR (ATR,
cnd): v = 3361 (w), 2953 (w), 2884 (w), 1733 (w), 1635 ,(dp11 (w), 1554 (s), 1502 (s),
1412 (s), 1367 (w), 1329 (m), 1276 (m), 1253 (n)7@ (m), 1153 (s), 1232 (w), 1196 (m), 1186
(m), 1107 (s), 1049 (m), 1020 (m), 997 (m), 964, (951 (w), 930 (w), 918 (w), 881 (w), 843
(m), 796 (s), 755 (s), 727 (s), 709 (s), 692 (58 &), 645 (S), 623 (S), 588 (S), 554 (S), 534 (S)

8-Benzoyl-12-oxa-3,6-diazapentacyclo[11.8.6:8.0°7.01*19henicosa-
1(13),2(10),6,8,14(19),15,17,20-octaen-11-one (29c)

Starting with 3-(heptafluorobutanoyl)benhfifhromonesw (0.392 g,
1.0 mmol) and HKA24a (0.207 g, 1.1 mmol) in 1,4-dioxane (6-7
mL), the produc29cwas isolated as a red solid (0.329 g, 84%), mp
337-339 °C;

H NMR (500 MHz, DMSOds, 100°C): & = 4.06 (t3J = 9.5 Hz, 2H,
CH), 4.73 (t3J=9.5 Hz, 2H, CH), 7.52 (8 = 7.5 Hz, 2H, HK/), 7.64

(t, 33 = 7.5 Hz, 1H, K), 7.67 (s, 1H, 9-W), 7.73-7.80 (m, 2H, W), 7.87-7.90 (m, 3H, K),
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8.04 (d,%J=8.1 Hz, 1H, H), 8.33 (d,3J = 9.3 Hz, 1H, H), 8.47 (d3J = 8.1 Hz, 1H, H); *C
NMR (125.8 MHz, DMSOds, 100 °C): & = 49.4 (NCH), 53.8 (NCH), 98.8, 107.7, 120.6,
121.8, 122.3, 123.0, 124.6, 126.8, 126.9,22.7, 2128.4, 129.1, 132.3, 134.1, 134.9, 136.2,
148.6, 150.8, 153.1, 157.4, 191.1 (C=0); MS (EI,eXQ m/z (%): 392 ([M], 42), 391 (100),
365 (14), 364 (30), 363 (88), 362 (11), 361 (1Bp 813), 289 (20), 77 (13); HRMS (ESI): calcd
for CosHi17N20sz ([M+H]") 393.12337, found 393.12345, calcd forstisNaN.Os ([M+Na]*)
415.10531, found 415.10520; IR (ATR, ©n V = 3337 (w), 3054 (W), 2926 (w), 2873 (W),
1732 (w), 1633 (m), 1558 (s), 1519 (s), 1497 (4171(s), 1397 (s), 1355 (m), 1330 (m), 1300
(m), 1280 (m), 1265 (m), 1242 (m), 1204 (s), 1183 1156 (s), 1095 (s), 1052 (s), 1015 (s), 988
(s), 948 (s), 880 (m), 796 (s), 745 (s), 745 (&), $s), 688 (s), 669 (s), 651 (Ss), 639 (S), 620 (S)
594 (s), 574 (s).

9-Benzoyl-7-(2-hydroxy-5-methylbenzoyl)-H,2H,3H,4H,6H-pyrido[1,2-a]pyrimidin-6-one
(30a):
Starting with 3-(heptafluorobutanoyl)chromobe (0.356 g, 1.0 mmol)
Ph and HKA24b (0.222 g, 1.1 mmol) in 1,4-dioxane (6-7 mL), threquct
30awas isolated as a yellow solid (0.295 g, 76%), 85-166 °C;

CHs 4K3)2 IH NMR (300 MHz, DMSOdg): & = 2.00-2.06 (m, 2H, CH), 2.19 (s,
3H, CH), 3.52-3.55 (m, 2H, CH), 3.89-3.93 (m, 2H, CH)Y4(d,3] = 8.7 Hz, 1H, H,), 7.10-
7.13 (m, 2H, H), 7.43-7.55 (m, 5H, W), 7.81 (s, 1H, 8-K), 10.34, 10.96 ( both s, 2H, OH
and NH); 3C NMR (62.9 MHz, DMSQOds): § = 18.3 (CH), 19.9 (CH), 38.4 (NCH), 39.2
(NCHy), 97.6 (9-C), 112.0, 116.3, 124.6, 127.1,27.9, 2128.3, 2130.6, 133.7, 139.3, 147.4,
155.0, 155.5, 158.4, 193.3 (C=0), 193.9 (C=0); NE§ {0 eV)m/z (%): 388 ([M], 8), 254
(13), 253 (13), 203 (88), 202 (100), 187 (42), 186), 185 (16), 173 (28), 126 (11), 125 (47),
109 (30), 105 (17), 78 (13), 77 (16); HRMS (Eltocafor CozH20N204 ([M] *) 388.14176, found
388.14250; IR (ATR, cm): V = 3179 (w), 3054 (w), 2983 (w), 2951 (w), 2920 (@76 (W),
1675 (w), 1592 (s), 1557 (s), 1502 (m), 1481 (8%21(m), 1403 (m), 1370 (m), 1344 (m), 1326
(m), 1287 (m), 1276 (m), 1258 (m), 1238 (s), 1264 1177 (s), 1079 (m), 1050 (m), 1028 (m),
1000 (w), 981 (m), 956 (w), 941 (w), 917 (w), 889,(861 (w), 833 (w), 824 (m), 799 (m), 770
(s), 753 (s), 703 (s), 676 (s), 642 (s), 551 (MY EM).
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7-(5-Chloro-2-hydroxybenzoyl)-9-(4-chlorobenzoyl)-#H,2H,3H,4H,6H-pyrido[1,2-a]-
pyrimidin-6-one (30b):

Starting with  6-chloro-3-(heptafluorobutanoyl)chrome 5t
(0.356 g, 1.0 mmol) and HKAR4c (0.237 g, 1.1 mmol) in 1,4-
dioxane (6-7 mL), the produ@0b was isolated as a yellow
solid (0.310 g, 70%), mp 216-217 °C;

'H NMR (300 MHz, DMSO¢g): § = 2.01 (m, 2H, CH), 3.53 (m, 2H, CH), 3.88 (m, 2EH),
6.83 (d,3J = 8.7 Hz, 1H, H), 7.18 (d*J = 2.4 Hz, 1H, HK), 7.27 (dd3J = 8.7 Hz,*) = 2.7 Hz,
1H, Har), 7.50-7.56 (m, 4H, W), 7.88 (s, 1H, 8-K), 10.21, 10.85 ( both s, 2H, OH and NH);
13C NMR (75.5 MHz, DMSQds): § = 18.2 (CH}), 38.5 (NCH}), 39.2 (NCH}), 98.2 (9-C), 111.6,
117.8, 122.1,428.5, 2129.2, 2129.9, 131.0, 135.4, 137.9, 147.6, 154.7, 155.8,5,5190.7
(C=0), 192.1 (C=0); MS (El, 70 eMp/z (%): 442 (M7, 46), 288 (100), 139 (11), 111 (8);
HRMS (ESI): caled for @Hi7°CloN2Os ([M+H]*) 443.05599, found 443.05675, calcd for
C22H17'CIoN204 ([M+H] ™) 445.05353, found 445.05419; IR (ATR, Tn V = 2992 (w), 2873
(w), 1667 (w), 1651 (w), 1588 (s), 1564 (s), 1558 (503 (m), 1471 (m), 1396 (m), 1371 (m),
1352 (m), 1314 (m), 1292 (m), 1261 (s), 1244 (8D5L(s), 1180 (s), 1112 (w), 1088 (m), 1048
(w), 1014 (m), 982 (m), 947 (w), 914 (w), 885 (848 (m), 827 (m), 808 (m), 779 (s), 732 (M),
688 (s), 674 (m), 644 (m), 598 (w), 561 (m), 539.(m

9-Benzoyl-7-(5-bromo-2-hydroxybenzoyl)-H,2H,3H,4H,6H-pyrido[1,2-a]pyrimidin-6-one
(30c¢):

OH O O Starting with 6-bromo-3-(heptafluorobutanoyl)chramedyv (0.421 g,
Ph 1.0 mmol) and HKA24b (0.222 g, 1.1 mmol) in 1,4-dioxane (6-7 mL),
N~ "NH  the product30c was isolated as yellow solid (0.344 g, 76%), mp-206

Br ) 208 oC;

'H NMR (300 MHz, DMSO¢g): § = 1.97-2.06 (m, 2H, CH), 3.50-3.57 (m, 2H, CHB&3.90
(m, 2H, CH), 6.79 (3 = 8.7 Hz, 1H, H), 7.26 (d,*J = 2.5 Hz, 1H, K), 7.37 (d*J = 2.5 Hz,
3J=8.7 Hz, 1H, ), 7.48-7.55 (m, 5H, K), 7.94 (s, 1H, 8-i), 10.25, 10.93 ( both s, 2H, OH
and NH);*C NMR (75.5 MHz, DMSQde): 6 = 18.3 (CH), 38.5 (NCH), 39.2 (NCH), 98.2 (9-
C), 109.5, 111.4, 118.3;128.0, 2128.4, 130.0, 130.7, 131.2, 133.7, 139.2, 147.9,118.55.2,
158.5, 190.5 (C=0), 193.5 (C=0); MS (El, 70 e¥lz(%): 452 ([M]’, 39), 255 (17), 254 (100),
253 (99), 105 (8); HRMS (EI): calcd for2£E17"°BrN20s ([M]*) 452,03662 found 452.03659,
calcd for GoH12'BrN2Os ([M]*) 454,03457 found 454.03485; IR (ATR, T V = 3063 (w),
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2976 (w), 2905 (w), 2869 (w), 1665 (w), 1620 (WP96 (s), 1558 (s), 1496 (m), 1463 (s), 1447
(m), 1399 (w), 1373 (m), 1359 (m), 1329 (m), 13f),(1289 (m), 1267 (s), 1238 (s), 1196 (S),
1178 (s), 1122 (m), 1078 (m), 1052 (m), 1020 (v1Q (w), 977 (m), 950 (w), 939 (w), 914
(w), 905 (w), 883 (w), 854 (w), 823 (m), 804 (mP57(m), 780 (w), 748 (s), 705 (s), 678 (s), 643
(s), 624 (s), 595 (m), 547 (w), 530 (s).

9-Benzoyl-7-(1-hydroxynaphthalene-2-carbonyl)-#,2H,3H,4H,6H-pyrido[1,2-a]-
pyrimidin-6-one (30d):

OH O O Starting with  3-(heptafluorobutanoyl)benhffhromone 5w
OO = | Ph (0.392 g, 1.0 mmol) and HKR4b (0.222 g, 1.1 mmol) in 1,4-

O0” >N~ °NH  dioxane (6-7 mL), the produ@0d was isolated as a yellow solid
(0.322 g, 76%), mp 268-269 °C;

H NMR (300 MHz, DMSO¢): 6 = 2.07 (s, 2H, CH), 3.57 (s, 2H, CH), 3.96 (m, ZHY), 7.30
(d,®) = 8.7 Hz, 1H, H), 7.44-7.58 (m, 7H, W), 7.68 (t,%J = 7.8 Hz, 1H, H), 7.83-7.88 (m,
2H, Har), 8.30 (d2J = 8.1 Hz, 1H, H), 10.97, 13.53 ( both s, 2H, OH and NHE NMR (62.9
MHz, DMSO-): 6 = 18.3 (CH), 38.4 (NCH), 39.8 (NCH), 98.1 (9-C), 111.5, 114.0, 117.3,
123.4, 124.3, 125.8, 127.5, 127.7127.9, 2128.4, 129.9, 130.6, 136.6, 139.3, 146.9, 155.1,
158.4, 160.4, 193.3 (C=0), 197.2 (C=0); MS (EI.ekQ m/z(%): 424 ([M], 77), 377 (10), 281
(9), 255 (33), 254 (100), 253 (99), 225 (9), 172)(1.31 (9), 115 (9), 105 (10), 77 (11), 69 (30);
HRMS (ESI): calcd for @H21N204 ([M+H]*) 425.14958, found 425.14982; IR (ATR, &n
= 3063 (w), 2963 (w), 2915 (w), 2875 (w), 1666 (1590 (s), 1567 (s), 1557 (s), 1496 (s), 1456
(s), 1404 (m), 1374 (m), 1359 (s), 1314 (m), 12881249 (s), 1227 (s), 1199 (s), 1169 (s), 1146
(s), 1107 (s), 1080 (m), 1058 (s), 1025 (s), 958 @06 (M), 882 (m), 862 (m), 804 (m), 780 (s),
738 (s), 717 (m), 699 (s), 667 (s), 642 (s), 6145398 (s), 588 (s), 573 (s), 536 (M).

1.2.4 Supplement for Chapter 5

General procedure for the synthesis of compounds 3#hd 33:

To a stirred reaction mixture of the correspond8ipalochromoned-11 (1.0 mmol) ands-
ketoamide31 (1.1 mmol) in dioxane (6-7 mL), DBU (1.3 mmol) wslswly added by syringe at

room temperature. Stirring at room temperature eeasginued until the chromone was consumed
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(approximately 3-4 h for 3-chlorochromongsand 10-12 h in case of 3-iodochromo®eand
3-bromochromone$0). The solvent was distilled off under reduced pues, and the resulting
residue was washed with a diluted aqueous solwiidtiCl. The formed precipitate was filtered
off. In some cases, it was necessary to purifyotit@ined product by washing with a mixture of
isopropanol and heptane (1:10) or by chromatogréghyga gel, heptane/ ethyl acetate).

1-{5-[(2-Hydroxyphenyl)carbonyl]-2-(phenylamino)furan-3-yl}ethan-1-one (32a):
. Starting with  3-bromochromonel0a (0.225 g, 1.0 mmol),
2 NH acetoacetanilide8la (0.195 g, 1.1 mmol) and DBU (0.20 mL, 1.3

mmol) in 1,4-dioxane (6-7 mL), the produ8Ra was isolated as a

1
0]
/

o}
HsC yellow solid (0.279 g, 87%), mp 141-143 °C,;

'H NMR (300 MHz,CDClg): 6 = 2.39 (s, 3H, Ch), 6.87 (1,33 = 7.6 Hz, 1H, H;), 6.98 (1,3 =
8.0 Hz, 1H, H\), 7.12 (t3J=7.3 Hz, 1H, K), 7.33-7.47 (m, 5H, K), 7.55 (s, 1H, 4-i4), 7.98
(dd,*J=1.4 Hz3J = 8.0 Hz, 1H, K, 10.15, 11.81 ( both s, 2H, OH and N NMR (62.9
MHz, CDCk): 6 = 27.1 (CH), 103.5, 118.6, 118.8, 118.9,129.3, 123.0, 124.9;229.7, 130.1,
135.5, 136.3, 141.7, 159.7, 162.6, 182.4 (C=0),498=0); MS (GC, 70 eVn/z (%) 321
(IM]*, 51), 201 (24), 172 (32), 130 (35), 121 (18), 26Q), 77 (26), 65 (15), 43 (19); HRMS
(EI): calcd for GeH1sNO4 ([M]*) 321.09956, found 321.09941; IR (ATR, ®n V = 3250 (w),
2922 (w), 2852 (w), 2732 (w), 1651 (m), 1616 (H0Q (m), 1575 (m), 1532 (s), 1472 (s), 1436
(m), 1417 (m), 1354 (w), 1323 (m), 1302 (m), 1288,(1235 (m), 1222 (m), 1205 (s), 1181 (s),
1150 (s), 1110 (m), 1064 (w), 1034 (w), 1018 (WH6gm), 954 (m), 896 (m), 870 (w), 852 (m),
823 (m), 791 (w), 776 (w), 752 (s), 726 (s), 701 €86 (m), 656 (s), 633 (s), 613 (M), 600 (M),
582 (s), 567 (m), 550 (m).

1-{5-[(5-Chloro-2-hydroxy-4-methylphenyl)carbonyl]-2-(phenylamino)furan-3-yl}ethan-1-
one (32b):

OH O Starting with 3-bromo-6-chloro-7-methylchromod@c (0.274 g,
\o N,';h 1.0 mmol), acetoacetanilidg@la (0.195 g, 1.1 mmol) and DBU
HaC % (0.20 mL, 1.3 mmol) in 1,4-dioxane (6-7 mL), theguct32b was
Cl HaC O isolated as a orange solid (0.365 g, 99%), mp H&°C;

IH NMR (300 MHz, DMSOd): 5 = 2.32 (s, 3H, CH), 2.40 (s, 3H, Ch), 6.96 (s, 1H, i), 7.18
(t, 3 = 7.4 Hz, 1H, K, 7.39-7.44 (m, 2H, W), 7.56-7.59 (m, 3H, K), 7.84 (s, 1H, 4-i}),
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10.23, 10.77 ( both s, 2H, OH and NHFJC NMR (75.5 MHz, CDGJ): § = 20.7 (CH), 27.1
(CHs), 103.5, 117.4,219.2, 120.5, 123.2, 124.3, 125.0129.8, 129.9, 136.1, 142.1, 144.8,
159.5, 161.5, 180.5 (C=0), 193.5 (C=0); MS (GC,eX¥Q) m/z (%): 369 ([M[, 45), 201 (51),
172 (29), 169 (18), 130 (38), 93 (100), 77 (52),(869), 51 (13), 43 (21); HRMS (EI): calcd for
C20H16*°CINO; ([M]*) 369.07624, found 369.07613; IR (ATR, &n V = 3239 (w), 3203 (w),
3140 (w), 3054 (w), 2952 (w), 2916 (w), 1722 (W)1B (w), 1641 (s), 1621 (m), 1601 (m),
1580 (m), 1514 (s), 1478 (s), 1458 (m), 1444 (rBR4L(w), 1374 (m), 1343 (s), 1320 (m), 1230
(s), 1200 (s), 1166 (s), 1113 (m), 1021 (w), 950, @79 (W), 858 (w), 837 (s), 815 (m), 744 (m),
728 (s), 689 (m), 648 (s), 610 (m), 597 (m), 531 (s

1-{5-[(2-Hydroxy-4-methoxyphenyl)carbonyl]-2-(phenyamino)furan-3-yl}ethan-1-one
(32¢):

OH O Starting with 3-chloro-7-methoxychromonklb (0.211 g, 1.0
\ O/ NZh mmol), acetoacetanilidg@la (0.195 g, 1.1 mmol) and DBU (0.20
HaCO mL, 1.3 mmol) in 1,4-dioxane (6-7 mL), the prodiB2c was
HaC © isolated as a yellow solid (0.344 g, 98%), mp 182-9C;

Yield 98%, yellow solid, mp: 169-171 °GH NMR (300 MHz, CDCJ): § = 2.44 (s, 3H, Cb),
3.85 (s, 3H, OCH), 4.44-6.47 (m, 2H, W), 7.17 (1,2 = 7,5 Hz, 1H, H/), 7,40 (t,3] = 8.4 Hz,
2H, Har), 7.47-7.49 (m, 2H, W), 7.56 (s, 1H, 4-i), 8.01 (d,3J = 8.7 Hz, 1H, H), 10.15,
12.73 (both s, 2H, OH and NHYC NMR (62.9 MHz, CDGJ): § = 27.1 (CH), 55.6 (OCH),
101.2, 103.2, 107.7, 112.4, 119.3, 120.3, 121.2,82129.1, 129.6, 131.8, 136.4, 141.9, 159.3,
165.7, 166.1, 181.2 (C=0), 193.4 (C=0); MS (GC,eX) m/z (%): 351 ([M], 57), 259 (23),
258 (100), 243 (43), 217 (33), 216 (12), 201 (1B3 (13), 172 (26), 161 (10), 151 (45), 130
(45), 128 (10), 108 (11), 93 (84), 77 (37), 69 (18) (10), 43 (20); HRMS (EIl): calcd for
C20H17NOs ([M] ) 351.11012, found 351.10989; IR (ATR, @n V = 3152 (w), 3056 (w), 1681
(m), 1641 (w), 1621 (m), 1592 (s), 1524 (w), 15M), (1486 (w), 1466 (m), 1435 (m), 1411 (m),
1383 (m), 1357 (m), 1296 (m), 1278 (m), 1223 (n204 (s), 1196 (m), 1178 (m), 1153 (m),
1138 (m), 1089 (m), 1031 (w), 1010 (w), 989 (w)19%), 925 (w), 890 (w), 976 (w), 811 (m),
773 (m), 728 (s), 697 (m), 680 (s), 638 (s), 608 GBO (M), 565 (Ss), 549 (M).
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1-{5-[(1-Hydroxynaphthalen-2-yl)carbonyl]-2-(phenylamino)furan-3-yl}ethan-1-one (32d):

OH O Starting with 3-chlorobenzbJchromonellc (0.231 g, 1.0 mmol),
OO \ 0/ N’PHh acetoacetanilid&la (0.195 g, 1.1 mmol) and DBU (0.20 mL, 1.3

mmol) in 1,4-dioxane (6-7 mL), the produg2d was isolated as a
HyC © orange solid (0.197 g, 53%), mp 206-208 °C,;

'H NMR (300 MHz, DMSOd): § = 2.45 (s, 3H, Ch), 7.21 (1,3 = 7.3 Hz, 1H, H,), 7.38-7.48
(m, 3H, Hy), 7.55-7.63 (m, 3H, W), 7.69 (t,3J = 7.0 Hz, 1H, K), 7.91 (d,3J = 8.1 Hz, 1H,
Har), 8.04 (d,3J = 8.9 Hz, 1H, H,), 8.12 (s, 1H, 4-K), 8.33 (t,3J = 8.2 Hz, 1H, H), 10.27,
13.9 (both s, 2H, OH and NHYC NMR (62.9 MHz, DMSOds): § = 27.3 (CH), 104.0, 112.4,
118.4, 2120.5, 123.4, 124.5, 124.8:125.1, 126.1, 127.5229.3, 129.9, 136.2, 136.6, 140.6,
158.9, 160.9, 181.0 (C=0), 193.0 (C=0); MS (EI.ekQ m/z(%): 371 ([MT, 41), 278 (21), 263
(13), 237 (15), 201 (100), 186 (10), 171 (18), {BD), 93 (53), 77 (11), 69 (12), 43 (9); HRMS
(ESI): calcd for GsHisNO4 ([M+H] *) 372.12303, found 372.12341, calcd forsti7/NaNQy
(IM+Na]*) 394.10498, found 394.10503; IR (ATR, dn V = 3235 (w), 3065 (w), 2921 (w),
2851 (w), 1641 (w), 1621 (m), 1602 (w), 1574 (mH2Q (s), 1482 (w), 1455 (m), 1409 (m),
1382 (m), 1350 (m), 1322 (m), 1263 (m), 1243 (8PA(s), 1156 (m), 1145 (m), 1128 (s), 1096
(m), 1062 (w), 1023 (m), 1000 (w), 955 (m), 922 ,(@P6 (w), 880 (w), 857 (m), 809 (w), 790
(s), 749 (s), 718 (s), 691 (s), 650 (s), 628 (P €n), 596 (W), 572 (M), 529 (s).

1-{2-[(2,4-Dimethylphenyl)amino]-5-[(2-hydroxypheny)carbonyl]furan-3-yl}ethan-1-one
(32e):

CHz  Starting with 3-bromochromon0a (0.225 g, 1.0 mmol)N-(2,4-
dimethylphenyl)-3-oxobutanamid&lb (0.226 g, 1.1 mmol) and
DBU (0.20 mL, 1.3 mmol) in 1,4-dioxane (6-7 mL)etiproduct
32ewas isolated as a orange solid (0.325 g, 93%), 41p113 °C;
o 'H NMR (300 MHz, DMSOsg): & = 2.25 (s, 3H, CH), 2.27 (s,

3H, ChHs), 2.38 (s, 3H, Ch), 6.86-6.98 (m, 2H, K), 7.07-7.11 (m,

2H, Ha), 7.42 (1d,2) = 7.8 Hz,"J = 1.6 Hz, 1H, ), 7.54-7.60 (m, 2H, W), 7.75 (s, 1H, 4-
Har), 10.15, 10.70 (both s, 2H, OH and NFC NMR (75.5 MHz, DMSQOde): § = 17.3 (CH),

20.4 (CH), 27.0 (CH), 103.1, 116.9, 118.9, 120.6, 123.1, 123.9, 12728B.6, 129.7, 131.3,
132.4, 133.1, 134.4, 141.5, 157.6, 159.7, 180.50)¢293.3 (C=0); MS (GC, 70 e\i/z (%):

349 ([M], 61), 229 (18), 200 (19), 121 (100), 105 (12),(Z2), 65 (12), 43 (10); HRMS (EI):

calcd for GiH1gNOs4 ([M]*) 349.13086, found 349.13057; IR (ATR, Tn V = 3097 (w), 3042
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(w), 3012 (w), 2959 (w), 2919 (w), 2853 (w), 2731),(1650 (m), 1606 (m), 1565 (m), 1526 (s),
1481 (s), 1435 (m), 1392 (w), 1376 (w), 1349 (n®93 (m), 1285 (m), 1264 (w), 1231 (s), 1205
(ss), 1177 (m), 1152 (s), 1134 (m), 1116 (m), 108% 1018 (m), 956 (m), 932 (m), 889 (m),
866 (w), 842 (s), 805 (s),796 (s), 775 (m),754 1% (s), 696 (s), 672 (s), 625 (S), 583 (S), 547
().

1-{2-[(2,4-Dimethylphenyl)amino]-5-[(2-hydroxy-4-meahoxyphenyl)carbonyl]-furan-3-
yl}ethan-1-one (32f):

CH; Starting with 3-chloro-7-methoxychromorigdlb (0.211 g,
1.0 mmol), N-(2,4-dimethylphenyl)-3-oxobutanamid&lb
(0.226 g, 1.1 mmol) and DBU (0.20 mL, 1.3 mmol)lid-
dioxane (6-7 mL), the produ@2f was isolated as a braun

OH O

0
| )—NH CH;

H.C
: o solid (0.262 g, 69%), mp 137-139 °C:

'H NMR (300 MHz,CDC4): § = 2.33 (s, 3HCHs3), 2.37 (s,
3H, CHs), 2.45 (s, 3H, CH), 3.85 (s, 3H, OCH), 6.42-6.47 (m, 2H, W), 7.08-7.10 (m, 2H,
Har), 7.60 (s, 1H, 4-k), 7.69 (d3J = 7.8 Hz, 1H, H), 8.02 (d2J = 9.0 Hz, 1H, H), 10.16,
12.84 (both s, 2H, OH and NHY*C NMR (125.8 MHz, CDG): § = 17.7 (CH), 20.8 (CH),
26.9 (CH), 55.5 (OCH), 101.1, 103.2, 107.7, 112.4, 119.6, 121.9, 12727,8, 131.7, 131.9,
132.4, 134.8, 141.8, 160.0, 165.6, 166.2, 181.10)¢393.3 (C=0); MS (GC, 70 e\f/z (%):
379 (IM]*, 22), 217 (20), 151 (20), 121 (100); HRMS (El)lcdafor CG:zH21NOs ([M]*)
379.14142, found 379.14136; IR (ATR, @n V = 3012 (w), 2971 (w), 2920 (w), 2850 (w),
1725 (w), 1710 (w), 1689 (w), 1642 (m), 1607 (mH72 (m), 1530 (s), 1502 (m), 1484 (m),
1469 (m), 1442 (m), 1412 (w), 1369 (m), 1355 (n324 (W), 1294 (w), 1243 (s), 1207 (s), 1184
(m), 1162 (w), 1129 (s), 1021 (w), 950 (m), 932,(8F7 (w), 867 (w), 851 (w), 829 (m), 800
(m), 757 (w), 729 (m), 691 (m), 632 (s), 614 (W§55m), 551 (W).

H,sC
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1-{2-[(2,4-Dimethylphenyl)amino]-5-[(1-hydroxynaphthalen-2-yl)carbonyl]furan-3-
yl}ethan-1-one (329):
CHz  Starting with 3-chlorobenzbh]chromone1lc (0.231 g, 1.0
OH O 3" mmol), N-(2,4-dimethylphenyl)-3-oxobutanamidib (0.226
OO \ O/ N CHa g, 1.1 mmol) and DBU (0.20 mL, 1.3 mmol) in 1,4xhoe
(6-7 mL), the productB2g was isolated as a yellow solid
O (0.303 g, 76%), mp 161-163 °C;

'H NMR (300 MHz, CDCJ): 6 = 2.36 (s, 3H, Ch), 2.40 (s,
3H, CH), 2.48 (s, 3H, CH), 7.10 (s, 1H, 3Har), 7.15 (d3J = 8.1 Hz, 1H, k), 7.28 (d31=8.1
Hz, 1H, Hy), 7.54 (dt3J = 6.9 Hz,°J = 0.9 Hz, 1H, K), 7.63 (dt3J = 8.1 Hz,*J = 1.2 Hz, 1H,
Har), 7.70 (s, 1H, 4-i), 7.76-7.80 (m, 2H, W), 8.06 (d3)=9.0 Hz, 1H, K), 8.48 (d’J=8.3
Hz, 1H, Hy), 10.20, 14.12 (both s, 2H, OH and NH}c NMR (62.9 MHz, CDG)): 5 = 17.8
(CHg), 20.9 (CH), 27.0 (CH), 103.5, 112.0, 118.2, 119.6, 122.7, 124.4, 12475.5, 125.9,
127.3, 127.7, 127.8, 130.0, 131.7, 132.4, 134.8,8,3141.9, 160.1, 163.6, 182.0 (C=0), 193.4
(C=0); MS (El, 70 eV)m/z(%): 399 ([M], 52), 237 (16), 230 (12), 229 (93), 200 (10), (72,
121 (100); HRMS (El): calcd for £8H21NO4 ([M] ™) 399.14651, found 399.14623; IR (ATR, Ttm
h: V' =3118 (w), 3051 (w), 3015 (w), 2972 (w), 2922 (@860 (w), 1642 (m), 1626 (m), 1611
(w), 1601 (w), 1568 (m), 1528 (s), 1503 (m), 1482, (1461 (s), 1420 (m), 1376 (m), 1354 (m),
1328 (w), 1271 (w), 1244 (s),1205 (s), 1150 (mBAIm), 1117 (m), 1098 (m), 1061 (w), 1025
(W), 999 (w), 958 (m), 931 (w), 920 (w), 874 (mPB(m), 787 (s), 754 (s), 732 (m), 716 (m),
660 (w), 631 (s), 587 (w), 572 (m), 551 (w).

HyC

1-{5-[(2-Hydroxyphenyl)carbonyl]-2-[(2-methylphenyl)amino]furan-3-yl}ethan-1-one
(32h):
Starting with 3-chlorochromoné&la (0.181 g, 1.0 mmol)N-(2-
0 o Q methylphenyl)-3-oxobutanamid&1c (0.210 g, 1.1 mmol) and
| ) NH s DBU (0.20 mL, 1.3 mmol) in 1,4-dioxane (6-7 mL)etiproduct
o 32hwas isolated as a yellow solid (0.285 g, 85%), 09-111 °C;
'H NMR (300 MHz, DMSOsg): & = 2.31 (s, 3H, CH), 2.41 (s,
3H, CHs), 6.89-6.99 (m, 2H, W), 7.14 (td2J = 7.4 Hz*J = 1.1 Hz, 1H, H), 7.27-7.34 (m, 2H,
Har), 7.42 (td,2J = 7.7 Hz,"J = 1.7 Hz, 1H, K), 7.59 (dd,*J = 7.7 Hz,*J = 1.7 Hz, 1H, H),
7.72 (d,*J = 8.00 Hz, 1H, W), 7.78 (s, 1H, 4-K), 10.23, 10.66 (both s, 2H, OH and NMC
NMR (75.5 MHz, DMSOs): 6 = 17.3 (CH), 27.0 (CH), 103.2, 116.9, 118.9, 120.3, 123.2,
181
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123.6, 125.0, 127.0, 128.5, 129.6, 130.8, 133.5,013141.7, 157.5, 159.5, 180.6 (C=0), 193.5
(C=0); MS (GC, 70 eV)niz (%): 335 ([M]', 62), 215 (18), 186 (28), 144 (17), 121 (18), 107
(100), 91 (31), 65 (27), 43 (14); HRMS (EI): calfat CaoHi7NOs ((M]*) 335.11521, found
335.11497; IR (ATR, cm): V = 3145 (w), 2969 (w), 2734 (w), 1641 (s), 1615 (1594 (s),
1577 (m), 1538 (s), 1481 (s), 1440 (m), 1403 (BYA(w), 1348 (m), 1324 (m), 1295 (s), 1237
(s), 1216 (s), 1187 (m), 1151 (s), 1112 (m), 1088 096 (w), 968 (m), 957 (m), 899 (w), 862
(m), 824 (m), 794 (w), 781 (W), 752 (), 734 (P9Es), 678 (M), 653 (), 631 (s), 591 (M), 573
(m), 558 (w).

1-{5-[(5-Chloro-2-hydroxy-4-methylphenyl)carbonyl]-2-[(2-methylphenyl)amino]furan-3-
yl}ethan-1-one (32i):
Starting with  3-bromo-6-chloro-7-methylchromoné.0c

OH O o (0.274 g, 1.0 mmol)N-(2-methylphenyl)-3-oxobutan-amide
| ) NH CHs 31¢(0.210 g, 1.1 mmol) and DBU (0.20 mL, 1.3 mmol) in
HaC 4 o 1,4-dioxane (6-7 mL), the produ@2i was isolated as a

HaC yellow solid (0.379 g, 99%), mp 166-167 °C:

IH NMR (300 MHz, DMSO#s): § = 2.31 (s, 6H, THs), 2.40 (s, 3H, Ch), 6.94 (s, 1H, 3Har),
7.14 (1,3 = 6.7 Hz, 1H, K, 7.31 (M, 2H, k), 7.58 (s, 1H, BHar), 7.70 (d,3] = 7.6 Hz, 1H,
Har), 7.84 (s, 1H, 4-i), 10.24, 10.84 (both s, 2H, OH and NFBC NMR (62.9 MHz, DMSO-
de): & = 17.3 (CH), 19.9 (CH), 27.1 (CH), 103.3, 119.3, 120.5, 122.5, 123.0, 124.1, 125.2,
127.0, 128.7, 129.2, 130.9, 134.9, 140.7, 141.8,215159.6, 178.7 (C=0), 193.5 (C=0):; MS
(GC, 70 eV)m/z(%): 383 ([M], 33), 215 (29), 186 (18), 169 (12), 144 (12), {DJ0), 91 (27),
77 (13), 65 (11), 43 (13); HRMS (ESI): calcd fop81*°CINO, ([M+H]*) 384.09971, found
384.09934, calcd for 4H164’CINO, ([M+H]*) 386.09763, found 386.09792; IR (ATR, &jn U

= 3140 (w), 3113 (w), 3027 (w), 2918 (w), 2858 (&A1 (s), 1621 (M), 1597 (m), 1574 (m),
1531 (s), 1505 (m), 1479 (m), 1464 (m), 1415 (W872 (m), 1344 (m), 1323 (m), 1307 (m),
1247 (s), 1227 (s), 1178 (m), 1168 (m), 1112 (9 (w), 1021 (w), 1001 (w), 958 (m), 947
(m), 870 (w), 847 (m), 807 (m), 778 (w), 743 (WROB(m), 647 (M), 622 (M), 599 (M), 555 (),
536 (m).
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1-{5-[(2-Hydroxy-4-methoxyphenyl)carbonyl]-2-[(2-mehylphenyl)amino]furan-3-yl}ethan-
1-one (32)):
Starting with 3-chloro-7-methoxychromorielb (0.211 g,

OH O 1.0 mmol), N-(2-methylphenyl)-3-oxobutanamide31c
\ O/ NH CHs (0.210 g, 1.1 mmol) and DBU (0.20 mL, 1.3 mmol)lid-
HC o dioxane (6-7 mL), the produB®j was isolated as a yellow
H3C solid (0.358 g, 98%), mp 156-158 °C;

'H NMR (300 MHz, DMSOdg): & = 2.32 (s, 3HCH?3), 2.45 (s, 3H, Ch), 3.82 (s, 3H, OCH),
6.48-6.51 (M, 2H, ), 7.14 (t3 = 8.1 Hz, 1H, H), 7.31 (131 = 7.5 Hz, 2H, H,), 7.71 (d3] =

7.8 Hz, 1H, H,), 7.85 (d;3] = 8.7 Hz, 1H, H), 7.98 (s, 1H, 4-i), 10.22, 12.11 (both s, 2H,
OH and NH);3C NMR (62.9 MHz, DMSO-¢): 5 = 17.6 (CH), 27.3 (CH), 55.8 (OCH),
101.5, 1034, 107.0, 113.6, 121.0, 123.8, 125.4,22129.1, 131.0, 132.2, 135.2, 141.0, 160.0,
163.4, 164.7, 180.3 (C=0), 193.6 (C=0); MS (GC,eX) m/z (%): 365 ([M]’, 32), 258 (18),
217 (19), 186 (11), 151 (25), 144 (12), 107 (181),(25), 65 (13), 43 (12); HRMS (ESI): calcd
for Co1H2oNOs ([M+H]*) 366.13360, found 366.13368, calcd fopiligNaNGs ([M+Na]*)
388.11554, found 388.11563; IR (ATR, @n V = 3100 (w), 3031 (w), 3014 (w), 2985 (w),
2951 (W), 2917 (W), 2894 (W), 2849 (w), 1639 (H1T (m), 1592 (s), 1574 (s), 1556 (w), 1528
(s), 1503 (s), 1475 (m), 1462 (s), 1430 (m), 138Y, (359 (s), 1322 (M), 1307 (w), 1296 (W),
1254 (s), 1229 (s), 1202 (s), 1183 (m), 1172 (B301(s), 1128 (s), 1107 (s), 1062 (w), 1048 (w),
1024 (s), 960 (m), 948 (m), 878 (w), 851 (m), 88p 809 (w), 799 (m), 780 (w), 744 (s), 729
(s), 686 (s), 647 (m), 631 (s), 599 (m), 555 (N2 Him).

1-{5-[(1-Hydroxynaphthalen-2-yl)carbonyl]-2-[(2-methylphenyl)amino]furan-3-yl}-ethan-
1-one (32k):
Starting with 3-chlorobenzb[chromone 11c (0.231 g, 1.0

o mmol), N-(2-methylphenyl)-3-oxobutanamidglc (0.210 g,
OO | )~NH CF g 4 mmol) and DBU (0.20 mL, 1.3 mmol) in 1,4-dioai®-7
o mL), the producB2k was isolated as a yellow solid (0.358 g,

93%), mp 166-168 °C;

'H NMR (300 MHz, CDCJ): 6 = 2.44 (s, 3H, CH), 2.48 (s, 3H, Ch), 7.14 (3] = 7.5 Hz, 1H,
Har), 7.26-7.30 (m, 2H, W), 7.35 (1,3 = 7.5 Hz, 1H, H/), 7.50-7.56 (m, 1H, W), 7.60-7.65
(m, 1H, Ha), 7.69 (s, 1H, 4-W), 7.74 (d,2J = 7.8 Hz, 1H, H), 7.92 (d3J = 8.1 Hz, 1H, H)),

H3C
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8.03 (d,3J=9.0 Hz, 1H, H,), 8.46 (d,3J = 8.1 Hz, 1H, H), 10.31, 14.12 (both s, 2H, OH and
NH); $3C NMR (62.9 MHz, CDGJ): § = 17.6 (CH), 26.8 (CH), 103.4, 111.7, 118.0, 119.1,
122.3,124.1, 124.4, 124.7, 125.2, 125.7, 127.1,11227.3, 129.8, 130.8, 134.8, 136.6, 141.8,
159.6, 163.4, 182.1 (C=0), 193.3 (C=0); MS (EIl.€KQ m/z(%): 385 ([M]", 53), 237 (15), 216
(11), 215 (96), 186 (12), 171 (17), 170 (11), 189)( 151 (40), 144 (11), 137 (14), 123 (18), 115
(12), 107 (100), 98 (12), 96 (17), 91 (16), 69 (183 (10), 41 (10); HRMS (EI): calcd for
C24H1aNO4 ([M] ) 385.13086, found 385.13065; IR (ATR, dn vV = 3122 (w), 3067 (w), 2915
(w), 2859 (w), 1643 (s), 1619 (m), 1594 (m), 15i8,(1524 (s), 1459 (s), 1415 (m), 1375 (m),
1356 (m), 1328 (w), 1294 (w), 1265 (m), 1243 (224 (s), 1209 (m), 1194 (m), 1177 (w), 1148
(m), 1129 (m), 1111 (m), 1096 (w), 1050 (w), 1023,(998 (w), 958 (m), 911 (m), 867 (m), 809
(w), 797 (m), 790 (m), 775 (m), 755 (s), 732 (D171s), 694 (w), 660 (W), 644 (s), 626 (M), 572
(m), 544 (m).

1-{2-[(4-Chlorophenyl)amino]-5-[(2-hydroxyphenyl)cabonyl]furan-3-yl}ethan-1-one (32I):
c Starting with 3-iodochromonea (0.272 g, 1.0 mmol),N-(4-
chlorophenyl)-3-oxobutanamid&ld (0.233 g, 1.1 mmol) and DBU

OH O
o (0.20 mL, 1.3 mmol) in 1,4-dioxane (6-7 mL), theoghuct 32| was
| NH isolated as a braun solid (0.163 g, 46%), mp 175°C7
o H NMR (300 MHz, DMSOd): § = 2.39 (s, 3H, Ch), 6.91-7.00 (m,
HsC

2H, Har), 7.42-7.45 (m, 3H, W), 7.58-7.60 (m, 3H, W), 7.77 (s, 1H,
4-Ha), 10.24, 10.64 (both s, 2H, OH and NHJC NMR (62.9 MHz, DMSOde): & = 27.3
(CHs), 103.8, 116.9, 118.9x®21.7, 123.2, 123.4, 128.2:129.0, 129.7, 133.2, 135.8, 141.8,
157.4, 158.2, 180.7 (C=0), 192.9 (C=0); MS (GC,eX) m/z (%): 355 ([M]', 44), 235 (24),
206 (22), 187 (26), 164 (35), 127 (100), 111 (¥&H,(18), 43 (30); HRMS (ESI): calcd for
C1oH1s°CINO, ([M+H]*) 356.06841, found 356.06842, calcd forgis’CINOs ([M+H]™)
358.06621, found 358.06626; IR (ATR, Tn V = 3237 (w), 3196 (w), 3154 (w), 3099 (w),
3054 (w), 1643 (w), 1615 (m), 1587 (w), 1574 (nB5T (w), 1526 (s), 1505 (m), 1479 (s), 1435
(m), 1417 (m), 1385 (w), 1337 (m), 1295 (m), 1289),(1241 (m), 1229 (m), 1203 (m), 1181
(m), 1155 (s), 1093 (m), 1062 (w), 1034 (w), 1004, 958 (m), 891 (m), 864 (w), 852 (w), 836
(m), 808 (s), 755 (s), 725 (s), 697 (s), 671 (88 €M), 617 (s), 592 (M), 567 (s), 529 (s).
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1-{2-[(4-Chlorophenyl)amino]-5-[(2-hydroxy-5-methylphenyl)carbonyl]furan-3-yl}-ethan-
1-one (32m):
cl Starting with 3-bromo-6-methylchromori®b (0.239 g, 1.0 mmol),
N-(4-chlorophenyl)-3-oxobutanamid&ld (0.233 g, 1.1 mmol) and

OH O
o DBU (0.20 mL, 1.3 mmol) in 1,4-dioxane (6-7 mL)getproduct32m
NH . :
| was isolated as a yellow solid (0.365 g, 99%), 188-190 °C;
CHy o O 'H NMR (300 MHz, DMSOdg): & = 2.24 (s, 3H, Ch), 2.39 (s, 3H,
3

CHs), 6.88 (d3 = 8.3 Hz, 1H, H), 7.22 (d2J = 8.1 Hz, 1H, H)),
7.40-7.43 (m, 3H, W), 7.57-7.59 (m, 2H, W), 7.78 (s, 1H, 4-K), 10.24, 10.61 (both s, 2H,
OH and NH);**C NMR (75.5 MHz, DMSQde): § = 19.9 (CH), 27.3 (CH), 103.7, 116.8,
2:121.8, 123.3, 127.6, 128.2:129.0, 129.6, 134.1, 135.8, 141.9, 155.6, 155.8.215180.8
(C=0), 192.9 (C=0); MS (GC, 70 eW)/z(%): 369 ([M[, 58), 242 (13), 237 (20), 235 (57), 227
(10), 206 (23), 201 (27), 166 (14), 164 (45), 188)( 127 (100), 111 (21), 107 (11), 77 (38), 75
(15), 69 (16), 53 (11), 43 (47); HRMS (EI): calimit CooH163°CINO4 ([M]*) 369.07624, found
369.07589, calcd for H163’'CINO4 ([M]*) 371.07329, found 371.07380; IR (ATR, T V =
3233 (w), 3190 (w), 2917 (w), 2859 (w), 2710 (WH4B (w), 1608 (m), 1567 (m), 1520 (s),
1478 (s), 1418 (m), 1384 (m), 1341 (s), 1324 (8R11(m), 1284 (m), 1253 (m), 1244 (m), 1230
(s), 1213 (s), 1201 (s), 1161 (s), 1107 (m), 13921061 (m), 1027 (w), 1011 (m), 978 (w), 961
(m), 913 (w), 889 (w), 870 (w), 800 (s), 762 (M387(s), 697 (m), 679 (s), 635 (m), 619 (s), 588
(m), 573 (m), 549 (m).

1-{5-[(5-Chloro-2-hydroxy-4-methylphenyl)carbonyl]-2-[(4-chlorophenyl)amino]furan-3-
yl}ethan-1-one (32n):
cl Starting with 3-bromo-6-chloro-7-methylchromod@c (0.274
g, 1.0 mmol),N-(4-chlorophenyl)-3-oxobutanamidild (0.233

OH O
0 g, 1.1 mmol) and DBU (0.20 mL, 1.3 mmol) in 1,4xhne (6-7
NH
c | / mL), the product32n was isolated as a yellow solid (0.395 g,
H
4 0 98%), mp 214-216 °C;
H4C

IH NMR (300 MHz, DMSO#): & = 2.32 (s, 3H, CH), 2.40 (s,
3H, CHs), 6.96 (s, 1H, 3Har), 7.43-7.48 (m, 2H, W), 7.57-7.61 (m, 3H, K), 7.83 (s, 1H, 4-
Har), 10.27, 10.78 (both s, 2H, OH and NHC NMR (62.9 MHz, DMSQk): & = 19.9 (CH),
27.3 (CH), 103.9, 119.2,22.0, 122.7, 123.01, 123.9, 128.4129.1, 129.2, 135.7, 140.7,
141.8, 156.1, 158.4, 178.8 (C=0), 192.9 (C=0); NB&( 70 eV)m/z (%): 403 ([MT, 42), 237
185
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(25), 236 (10), 235 (74), 206 (30), 169 (26), 168)( 164 (32), 129 (32), 127 (100), 111 (14), 77
(20), 75 (11), 69 (12), 43 (30); HRMS (ESI): calimat C2oH16>°CI,NOs ([M+H]*") 404.04509,
found 404.04507, calcd for6H16°'CINO4 ([M+H]*) 406.04256, found 406.04260; IR (ATR,
cnY): VU = 3242 (w), 3196 (w), 3109 (w), 2979 (w), 2919 (@855 (w), 1641 (m), 1621 (m),
1573 (m), 1525 (s), 1494 (s), 1373 (m), 1340 (8)L0L(m), 1247 (s), 1202 (s), 1167 (s), 1118
(m), 1092 (m), 1061 (w), 1011 (m), 968 (w), 947 (80 (w), 842 (m), 803 (m), 742 (m), 690
(m), 634 (w), 618 (m), 592 (m), 546 (m).

1-{2-[(4-Chlorophenyl)amino]-5-[(2-hydroxy-4-methox/phenyl)carbonyl]furan-3-yl}-ethan-
1-one (320):
cl Starting with 3-chloro-7-methoxychromoridb (0.211 g, 1.0
mmol), N-(4-chlorophenyl)-3-oxobutanamiddld (0.233 g,

OH O
o 1.1 mmol) and DBU (0.20 mL, 1.3 mmol) in 1,4-dioeaf®-7
W NH mL), the producB2owas isolated as a yellow solid (0.181 g,
H3CO
° o 47%), mp 187-189 °C;
HsC

H NMR (300 MHz, DMSO#d): 6 = 2.43 (s, 3H, Ch), 3.83 (s,
3H, OCH;), 6.52-6.56 (m, 2H, W), 7.46 (d,*J = 8.7 Hz, 2H, H), 7.59 (d,3J = 9.0 Hz, 2H,
Har), 7.87 (d,3) = 8.4 Hz, 1H, K), 7.95 (s, 1H, 4-K), 10.25, 12.08 (both s, 2H, OH and NH);
13C NMR (62.9 MHz, DMSQdg): § = 27.5 (CH), 55.8 (OCH), 101.5, 104.0, 107.0, 113.6,
2x122.1, 123.6, 128.5,x229.3, 132.2, 136.0, 141.1, 158.3, 163.3, 164.8.418C=0), 193.1
(C=0); MS (GC, 70 eV)n/z(%): 385 ([MT], 37), 258 (100), 243 (40), 235 (12), 217 (46), 206
(15), 188 (12), 166 (11), 164 (35), 151 (53), 129)( 127 (63), 111 (16), 75 (10), 69 (17), 43
(29); HRMS (ESI): calcd for £H17°CINOs ([M+H]*") 386.07898, found 386.07883, calcd for
C20H17'CINOs ([M+H]*) 388.07688, found 388.07679; IR (ATR, T V = 3231 (w), 3119
(w), 3008 (w), 2916 (w), 2849 (w), 1643 (m), 1618)(1573 (m), 1525 (s), 1500 (s), 1438 (m),
1418 (w), 1374 (m), 1351 (m), 1320 (w), 1296 (w344 (s), 1205 (s), 1183 (m), 1136 (s), 1110
(m), 1091 (m), 1061 (w), 1027 (w), 1021 (w), 10%8,(952 (s), 881 (w), 834 (s), 806 (m), 757
(w), 722 (m), 706 (w), 694 (w), 694 (m), 675 (WRE(m), 619 (M), 593 (w), 562 (s), 528 (W).

18¢€



Supplement 1. Experimental part

1-{2-[(4-Chlorophenyl)amino]-5-[(1-hydroxynaphthalen-2-yl)carbonyl]furan-3-yl}ethan-1-
one (32p):
cl Starting with 3-iodobenzb]chromone9b (0.322 g, 1.0 mmol),
o Q N-(4-chlorophenyl)-3-oxobutanamid&ld (0.233 g, 1.1 mmol)
o

OH
and DBU (0.20 mL, 1.3 mmol) in 1,4-dioxane (6-7 mkhe
OO |/ NH product32p was isolated as a yellow solid (0.227 g, 56%), mp
o} 230-232 °C,;
HsC

'H NMR (300 MHz, CDCJ): & = 2.45 (s, 3H, Ch), 7.27-7.40
(m, 3H, H), 7.45-7.48 (m, 2H, W), 7.53 (13 = 7.7 Hz, 1H, K), 7.61-7.64 (m, 2H, W), 7.77
(d, %) = 8.0 Hz, 1H, H), 7.98 (d,%J = 8.8 Hz, 1H, H;), 8.46 (d,3) = 8.3 Hz, 1H, H), 10.19,
13.92 (both s, 2H, OH and NHYC NMR (62.3 MHz, CDGJ): 5 = 27.1 (CH), 103.6, 111.9,
118.3, 2120.4, 122.3, 124.3, 124.4, 125.4, 126.0, 1278227, 129.9, 130.2, 135.0, 136.9,
142.1, 159.1, 163.5, 182.2 (C=0), 193.6 (C=0); M§ {0 eV)m/z (%): 405 ([M]', 32), 278
(28), 263 (14), 235 (100), 171 (42), 164 (21), 127), 115 (17), 110 (15), 43 (11); HRMS
(ESI): caled for GsH16**CINO4 ([M-H] ") 404.06951, found 404.07002, calcd foridie’’ CINO,
(IM-H] ") 406.06755, found 406.06784; IR (ATR, @n V = 3240 (w), 3119 (w), 3049 (w), 2961
(w), 2923 (w), 2853 (w), 1731 (w), 1651 (m), 1620)( 1575 (m), 1537 (s), 1494 (m), 1464 (m),
1422 (m), 1385 (m), 1349 (m), 1317 (w), 1271 (53 (s), 1209 (m), 1181 (w), 1150 (m),
1094 (m), 1062 (w), 1027 (w), 1016 (w), 1004 (m§294m), 925 (w), 863 (m), 803 (s), 787 (m),
751 (m), 723 (m), 712 (m), 691 (W), 650 (w), 637,(619 (m), 571 (m), 547 (m).

Methyl 2-amino-5-[(2-hydroxyphenyl)carbonyl]furan-3-carboxylate (32q):

OH O Starting with 3-chlorochromonéla (0.181 g, 1.0 mmol), methyl 2-
\O/ nH, Carbamoylacetat@le (0.129 g, 1.1 mmol) and DBU (0.20 mL, 1.3
mmol) in 1,4-dioxane (6-7 mL), the prodi82qg was isolated as a yellow

HLCO © solid (0.128 g, 49%), mp 142-144 °C;

IH NMR (300 MHz, DMSO#): & = 3.70 (s, 3H, OCH), 6.87-6.95 (m, 2H, W), 7.18 (s, 1H, 4-
Har), 7.38 (td3J = 7.7 Hz,AJ = 1.7 Hz, 1H, K, 7.53 (dd3J = 7.7 Hz,J = 1.6 Hz, 1H, H),
8.0 (s, 2H, Ni), 10.59 (s, 1H, OH®3C NMR (62.9 MHz, DMSOdg): 5 = 50.9 (OCH), 91.2,
116.8, 118.9, 123.4, 125.2, 129.5, 132.8, 140.7,215163.2, 164.6, 179.7 (C=0); MS (GC, 70
eV) m/z (%): 261 ([M], 33), 244 (100), 213 (20), 184 (10), 158 (21), {23), 121 (42), 109
(28), 93 (11), 65 (22), 52 (19), 39 (11); HRMS (Edplcd for GaH1:NOs ([M]*) 261.06317,
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found 261.06323; IR (ATR, ci): ¥ = 3370 (w), 3307 (W), 3244 (w), 3174 (w), 1699 (11568
(m), 1628 (w), 1568 (m), 1557 (m), 1537 (s), 140, (1427 (w), 1372 (m), 1315 (m), 1287 (m),
1247 (s), 1223 (s), 1182 (m), 1150 (s), 1115 (r893L(m), 1041 (m), 962 (w), 947 (w), 893 (m),
876 (w), 865 (w), 821 (w), 806 (m), 777 (m), 738 (B8 (m), 695 (m), 668 (m), 627 (s), 580
(m).

Methyl 2-amino-5-[(2-hydroxy-5-methylphenyl)carbony]furan-3-carboxylate (32r):
OH O Starting with 3-bromo-6-methylchromontb (0.239 g, 1.0 mmol),
\ O/ NH, methyl 2-carbamoylacetaBie(0.129 g, 1.1 mmol) and DBU (0.20 mL,
1.3 mmol) in 1,4-dioxane (6-7 mL), the prodd&r was isolated as a
Chs H3CO © yellow solid (0.248 g, 90%), mp 111-113 °C,;
'H NMR (300 MHz, DMSOd): § = 2.24 (s, 3H, Ch), 3.70 (s, 3H, OCH}, 6.82 (d,2J = 8.3 Hz,
1H, 3-Har), 7.17-7.19 (m, 2H, '&’-Har), 7.32 (s, 1H, 4-K), 8.08 (s, 2H, NH), 10.38 (s, 1H,
OH); 13C NMR (62.9 MHz, DMSQds): § = 20.0 (CH), 50.9 (OCH), 91.1, 116.7, 123.1, 125.1,
127.6, 129.4, 133.4, 140.7, 155.0, 163.3, 164.8,9.{C=0); MS (GC, 70 eVin/z (%): 275
([M]¥, 38), 258 (100), 230 (17), 227 (18), 172 (15), 140), 135 (64), 109 (36), 107 (13), 77
(31), 52 (23); HRMS (EI): calcd forGH13NOs ([M]*) 275.07882, found 275.07859; IR (ATR,
cnd): Vo= 3418 (w), 3368 (w), 3307 (w), 3242 (w), 3152 (@952 (w), 2922 (w), 2860 (W),
1699 (m), 1682 (w), 1674 (w), 1668 (w), 1651 (W§2T (m), 1615 (m), 1574 (s), 1568 (s), 1557
(s), 1538 (s), 1531 (s), 1526 (s), 1520 (s), 1490 X428 (m), 1408 (w), 1371 (w), 1345 (w),
1307 (w), 1285 (s), 1245 (m), 1226 (s), 1165 (§4411(s), 1125 (s), 1090 (m), 1044 (m), 953
(w), 919 (w), 868 (w), 851 (w), 820 (m), 810 (mY,47(s), 734 (m), 709 (m), 697 (m), 678 (s),
574 (m), 534 (s).

Methyl 2-amino-5-[(2-hydroxy-4-methoxyphenyl)carbotyl]furan-3-carboxylate (32s):

OH O Starting with 3-chloro-7-methoxychromorklb (0.211 g, 1.0

\ O/ NH, mmol), methyl 2-carbamoylacetaBde (0.129 g, 1.1 mmol) and

H.C DBU (0.20 mL, 1.3 mmol) in 1,4-dioxane (6-7 mL)gtproduct
H,C © 32swas isolated as a braun solid (0.230 g, 79%), nGp111B °C;

IH NMR (250 MHz, DMSOdg): 8 = 3.72 (s, 3H, OCH), 3.80 (s, 3H, OCH), 6.47-6.53 (m, 2H,
3',5'-Har), 7.42 (s, 1H, 4-i), 7.87 (d3] = 8.6 Hz, 1H, 6:Has), 8.08 (s, 2H, Nb), 12.25 (s, 1H,
OH); 23C NMR (62.3 MHz, DMSCde): 5 = 50.9 (OCH), 55.5 (OCH), 91.4, 101.3, 106.8,
113.4, 124.6, 131.9, 140.0, 163.2, 163.3, 164.3,416.79.6 (C=0); MS (GC, 70 eW/z (%):
188



Supplement 1. Experimental part

291 ([MJ*, 30), 274 (100), 259 (11), 246 (26), 243 (24), 2B4), 188 (12), 151 (46), 109 (13),
108 (10), 52 (13); HRMS (EI): calcd foriB1sNOs ([M]*) 291.07374, found 291.07358; IR
(ATR, cnTl): 7 = 3365 (w), 3308 (W), 3234 (W), 3171 (w), 2949 (2843 (w), 2207 (w), 1697
(W), 1672 (w), 1613 (m), 1566 (m), 1529 (s), 1508,(1468 (M), 1453 (w), 1432 (m), 1373 (W),
1328 (), 1314 (w), 1293 (w), 1251 (s), 1230 (204 (s), 1185 (s), 1160 (s), 1121 (s), 1097 (s),
1050 (m), 1022 (m), 969 (w), 884 (w), 870 (w), &18), 807 (m), 778 (m), 756 (w), 738 (M),
706 (M), 693 (M), 665 (W), 642 (W), 618 (s), 580 58 (S).

Methyl 2-amino-5-[(1-hydroxynaphthalen-2-yl)carbony]furan-3-carboxylate (32t):
OH O Starting with 3-chlorobenzbJchromonellc (0.231 g, 1.0 mmol),
OO : O/ NH, Methyl 2-carbamoylacetagie(0.129 g, 1.1 mmol) and DBU (0.20
mL, 1.3 mmol) in 1,4-dioxane (6-7 mL), the prodg2t was
H,CO © isolated as a yellow solid (0.274 g, 88%), mp 192-9C;
'H NMR (300 MHz, CDC4): § = 3.85 (s, 3H, OCH}, 6.32 (s, 2H, Nb), 7.26 (d,3J = 9.0 Hz,
1H, Har), 7.49-7.54 (m, 1H, W), 7.56 (s, 1H, 4-K), 7.58-7.63 (m, 1H, W), 7.74 (d3J=7.8
Hz, 1H, H), 7.86 (d,3J = 9.0 Hz, 1H, H;), 8.43 (d,2J = 8.1 Hz, 1H, H/), 13.78 (s, 1H, OH);
13C NMR (62.9 MHz, CDGJ): § = 51.7 (OCH), 93.6, 112.1, 118.5:224.5, 124.8, 125.6, 126.1,
127.5, 130.1, 137.0, 141.3, 163.1, 164.0, 164.2.5.8C=0); MS (El, 70 eVm/z (%): 311
(IM]*, 59), 295 (21), 294 (100), 266 (15), 263 (23), 125), 196 (24), 171 (59), 170 (45), 142
(10), 141 (88), 115 (24), 114 (29), 109 (52); HRIE): calcd for G7H1aNOs ([M] *) 311.07882,
found 311.07879; IR (ATR, c: V = 3435 (w), 3422 (w), 3310 (w), 3258 (w), 3151 (BO55
(w), 2948 (w), 1693 (m), 1623 (m), 1600 (w), 1564),(1536 (m), 1479 (w), 1454 (s), 1427 (m),
1413 (m), 1385 (w), 1317 (w), 1268 (s), 1251 (1A (m), 1163 (s), 1148 (s), 1105 (m), 1023
(m), 978 (w), 914 (w), 871 (w), 837 (w), 805 (WRZ/(s), 761 (s), 737 (s), 716 (m), 660 (w), 638
(w), 602 (m), 549 (m), 526 (M).

2-{[4-Benzoyl-5-(phenylamino)furan-2-ylJcarbonyl}phenol (32u):
OH O Starting with 3-chlorochromoné&la (0.181 g, 1.0 mmol), 3-oxb;3-
\ O/ NPHh diphenylpropanamid&1f (0.263 g, 1.1 mmol) and DBU (0.20 mL, 1.3
mmol) in 1,4-dioxane (6-7 mL), the prodiB2u was isolated as a yellow
PH © solid (0.241 g, 63%), mp 170-172 °C;
'H NMR (300 MHz, DMSO¢g): § = 6.88-6.98 (m, 2H, W), 7.21 (t3J = 7.4 Hz, 1H, K, 7.37-
7.47 (m, 4H, H;), 7.53-7.66 (m, 6H, K), 7.79-7.81 (m, 2H, W), 10.54, 10.65 (both s, 2H, OH
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and NH); 3C NMR (75.5 MHz, DMSOdg): § = 101.8, 116.8, 119.0:220.4, 123.2, 123.6,
124.7, 2128.0, 2128.8, 129.3, 429.7, 132.0, 133.1, 136.6, 138.4, 142.1, 157.0,6,6180.6
(C=0), 188.2 (C=0); MS (El, 70 e\)/z(%): 383 ([M[', 44), 291 (13), 263 (18), 234 (14), 171
(9), 121 (10), 105 (100), 93 (99), 91 (18), 77 (7@ (11), 51 (11); HRMS (EI): calcd for
CaaH17NO4 ([M] ") 383.11521, found 383.11551; IR (ATR, &n U = 3051 (w), 1635 (s), 1599
(m), 1587 (m), 1578 (m), 1566 (s), 1542 (s), 1489, (1481 (m), 1470 (m), 1445 (m), 1394 (m),
1351 (w), 1336 (w), 1325 (w), 1299 (m), 1289 (m36% (m), 1245 (s), 1218 (m), 1203 (m),
1178 (m), 1147 (s), 1137 (m), 1103 (w), 1031 (wWYPQ (w), 972 (m), 937 (m), 923 (w), 890
(m), 870 (W), 846 (w), 822 (w), 799 (w), 786 (MBL7(m), 739 (s), 710 (M), 690 (s), 657 (S),
616 (m), 601 (m), 575 (M), 565 (M), 530 (M).

2-{[4-Benzoyl-5-(phenylamino)furan-2-yljcarbonyl}-4-chloro-5-methylphenol (32v):
Starting with 3-bromo-6-chloro-7-methylchromod@c (0.274 g,

OH O
o Ph 1.0 mmol), 3-oxaN,3-diphenylpropanamide31f (0.263 g, 1.1
W, NH mmol) and DBU (0.20 mL, 1.3 mmol) in 1,4-dioxane7(énL), the
HsC
° Cl o) product32v was isolated as a yellow solid (0.310 g, 72%), 190-2

Ph
202 °C;

IH NMR (250 MHz, CDGJ): 6 = 2.40 (s, 3H, Ch), 6.92 (s, 1H, BHar), 7.21-7.26 (m, 1H, K),
7.47-7.56 (m, 7H, i), 7.82-7.84 (m, 3H, W), 8.24 (s, 1H, 4-K), 10.75, 12.17 (both s, 2H,
OH and NH):*C NMR (62.3 MHz, CDGJ): 6 = 20.7 (CH), 102.3, 117.4,/219.5, 120.5, 124.2,
124.3, 125.1, 125.2xP28.2, 2128.8, 2130.0, 132.2, 136.1, 138.5, 142.4, 144.9, 161.3,616
180.8 (C=0), 189.7 (C=0); MS (GC, 70 eN)z (%): 431 ([M]', 52), 263 (51), 234 (17), 169
(21), 105 (100), 93 (82), 77 (80), 53 (14), 51 (IMRMS (ESI): calcd for gH1o**CINO,
([M+H]™") 432.09971, found 432.09984, calcd fosstis>’CINOs ([M+H] ") 434.09789, found
434.09821; IR (ATR, cm): V = 3234 (w), 3062 (w), 2991 (w), 2949 (w), 2916 ,(&$28 (m),
1594 (w), 1579 (w), 1525 (s), 1495 (m), 1485 (mM)71 (m), 1455 (w), 1443 (m), 1385 (w),
1369 (w), 1331 (m), 1315 (m), 1312 (m), 1248 (n92& (m), 1200 (w), 1170 (s), 1123 (m),
1114 (m), 1078 (w), 1031 (w), 1014 (w), 1001 (Wgpqw), 936 (w), 924 (w), 909 (m), 880 (w),
871 (w), 864 (w), 841 (w), 811 (w), 797 (m), 788)(m51 (m), 740 (m), 733 (s), 714 (m), 692
(s), 681 (s), 665 (m), 652 (s), 637 (s), 609 (MY &), 578 (M), 546 (s), 528 ().
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2-{[4-Benzoyl-5-(phenylamino)furan-2-yljcarbonyl}-5-methoxyphenol (32w):
Starting with 3-chloro-7-methoxychromonklb (0.211 g, 1.0

OH Q o Ph mmol), 3-oxoN,3-diphenylpropanamidalf (0.263 g, 1.1 mmol)
|\ NH and DBU (0.20 mL, 1.3 mmol) in 1,4-dioxane (6-7 mithe
H3C o  Product32w was isolated as a yellow solid (0.285 g, 69%), mp
P 181-183 °C;

'H NMR (250 MHz, CDCY): § = 3.85 (s, 3H, OCH), 6.42-6.49 (m, 2H, K), 7.17-7.24 (m, 1H,
Har), 7.42-7.60 (m, 7H, K), 7.66 (s, 1H, 4-W), 7.79-7.83 (m, 2H, W), 8.01 (d,3J = 8.8 Hz,
1H, Har), 10.67, 12.74 (both s, 2H, OH and NHJC NMR (62.9 MHz, CDGQJ): & = 55.6
(OCHg), 101.2, 102.0, 107.7, 112.4x129.5, 122.7, 124.9,x228.1, 2128.7, 2129.7, 131.9,
132.0, 136.4, 138.7, 142.2, 161.2, 165.8, 166.2,418C=0), 189.6 (C=0); MS (El, 70 eW)/z
(%): 413 ([MT', 38), 321 (24), 320 (100), 151 (14), 105 (98),83), 78 (13), 77 (23), 71 (11),
69 (16), 63 (13), 57 (18), 55 (11), 44 (18), 43)(IHRMS (EI): calcd for @GH19NOs ([M] ™)
413.12577, found 413.12575; IR (ATR, ©n V = 3266 (w), 3152 (w), 3106 (w), 3055 (w),
3014 (w), 2975 (w), 2917 (w), 2847 (w), 1626 (H01 (m), 1579 (m), 1566 (m), 1526 (s), 1500
(s), 1494 (s), 1469 (m), 1450 (m), 1415 (w), 1368, (L347 (m), 1301 (w), 1249 (s), 1198 (m),
1185 (s), 1167 (m), 1140 (s), 1127 (s), 1081 (r@z5L(m), 1002 (w), 983 (w), 959 (w), 949 (w),
930 (m), 908 (w), 873 (w), 827 (s), 802 (m), 730 €92 (s), 670 (s), 650 (s), 628 (M), 614 (M),
595 (m), 560 (s), 526 (m).

2-{[4-Benzoyl-5-(phenylamino)furan-2-ylJcarbonyl}ingohthalen-1-ol (32x):
Starting with 3-chloro-7-methoxychromonglc (0.211 g, 1.0
o Ph mmol), 3-oxoN,3-diphenylpropanamid&1f (0.263 g, 1.1 mmol)
OO | )~ NH  and DBU (0.20 mL, 1.3 mmol) in 1,4-dioxane (6-7 mibe product
o 32xwas isolated as a orange solid (0.303 g, 70%), 68167 °C;
'H NMR (300 MHz, DMSO¢g): & = 7.26 (1) = 7.4 Hz, 1H, H,),
7.38 (d,33=8.9 Hz, 1H, H), 7.49 (t3) = 7.9 Hz, 2H, K, 7.55-7.65 (M, 4H, W), 7.65-7.71
(m, 3H, Hy), 7.75 (s, 1H, 4-K), 7.85-7.91 (m, 3H, K), 7.99 (d,2J = 8.9 Hz, 1H, H), 8.32 (d,
3J=8.3 Hz, 1H, H), 10.73, 13.65 (both s, 2H, OH and N NMR (62.9 MHz, DMSQd):
6 = 102.3, 112.6, 118.4x120.9, 123.4, 124.5, 124.7, 125.0, 125.1, 126.7,.5,22128.2,
2x128.8, 2129.3, 129.9, 132.1, 136.2, 136.5, 138.3, 141.0,716160.8, 181.2 (C=0), 188.1
(C=0); MS (El, 70 eV)m/z(%): 433 ([M]’, 33), 340 (39), 263 (100), 171 (11), 105 (74)(38),
77 (20); HRMS (ESI): calcd for £H20NO4 ([M+H]™) 434.13868, found 434.13892, calcd for
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C2sH1oNaNQy ([M+Na]*) 456.12063, found 456.12034; IR (ATR, &n V = 3275 (w), 3054
(w), 2921 (w), 2851 (w), 1653 (w), 1626 (w), 159V),(1577 (w), 1565 (w), 1524 (s), 1462 (s),
1444 (m), 1410 (m), 1381 (m), 1348 (m), 1337 (n82Q (m), 1253 (s), 1206 (m), 1177 (m),
1150 (m), 1125 (m), 1098 (m), 1078 (m), 1026 (n®5 9m), 941 (m), 930 (m), 917 (m), 891
(m), 867 (m), 851 (m), 809 (m), 787 (m), 752 (I81s), 721 (s), 689 (s), 667 (s), 648 (S), 625
(s), 599 (s), 581 (m), 569 (s), 549 (s).

N-(4-chlorophenyl)-5-[(1-hydroxynaphthalen-2-yl)carbonyl]-2-methylfuran-3-carboxamide
(33):
Starting with  3-chloro-7-methoxychromonellb
m« (0.211 g, 1.0 mmol), N-(4-chlorophenyl)-3-
04 HNO oxobutanamide31d (0.233 g, 1.1 mmol) and DBU
(0.20 mL, 1.3 mmol) in 1,4-dioxane (6-7 mL), the
product33was isolated as a pale yellow solid (0.027 g, #9@,214-216 °C;
'H NMR (300 MHz, DMSO¢k): § = 2.71 (s, 3H, CH), 3.84 (s, 3H, OCH, 6.56 (dJ = 2.4 Hz,
1H, Ha), 6.61 (dd2J = 8.9 Hz,%J = 2.5 Hz, 1H, H), 7.40 (dt,3] = 8.9 Hz,%) = 2.5 Hz, 2H,
Har), 7.76 (dd2J = 8.9 Hz,J = 2.5 Hz, 2H, H;), 8.00-8.04 (m, 2H, K), 10.07, 11.96 (both s,
2H, OH and NH)*C NMR (75.5 MHz, DMSQde): § = 14.0 (CH), 55.7 (OCH), 101.3, 107.2,
113.7, 118.3, 119.7,x221.8, 127.4,428.5, 132.6, 137.6, 148.5, 160.6, 162.4, 163.5,116
181.9 (C=0); MS (GC, 70 eMp/z(%): 385 ([M], 36), 260 (15), 259 (100), 258 (87), 243 (15),
217 (24), 151 (47), 129 (15), 127 (42), 109 (99)8 110), 43 (14); HRMS (ESI): calcd for
C20H17°CINOs ([M+H]*) 386.07898, found 386.07870, calcd fopokliz*’CNOs ([M+H])
388.07688, found 388.07690; IR (ATR, Tn V = 3325 (w), 3016 (w), 2923 (w), 2851 (w),
1734 (w), 1713 (w), 1650 (w), 1626 (m), 1606 (m)94 (m), 1575 (m), 1531 (m), 1515 (s),
1495 (m), 1454 (w), 1441 (w), 1403 (W), 1371 (842 (s), 1314 (m), 1294 (w), 1271 (m), 1255
(s), 1223 (m), 1213 (m), 1196 (s), 1177 (m), 11&Y, 1136 (s), 1093 (w), 1082 (m), 1024 (w),
1016 (m), 999 (m), 962 (s), 894 (w), 874 (m), 868,(835 (s), 815 (s), 760 (m), 735 (w), 711
(w), 698 (m), 685 (m), 656 (M), 634 (w), 623 (D,L§mM), 596 (w), 534 (M).
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General procedure for the synthesis of compound 35:

Method A. To a stirred reaction mixture of the corresponddjalochromonelO or 11 (1.0
mmol) and Bi-indole-2-thione34 (1.1 mmol) in 1,4-dioxane (12 mL), DBU (1.3 mmolpas
slowly added by syringe at room temperature. &tirrwvas continued until the starting 3-
halochromone was consumed (TLC control, 3-4 hourge solvent was distilled off under
reduced pressure. The resulting residue was pairlfie column chromatography (silica gel,

heptane/ethyl acetate).

Method B. To a stirred reaction mixture of the correspond@rgalochromon®-11 (1.0 mmol)
and 3H-indole-2-thione34 (1.1 mmol) in DMF (12 mL), KECOs (4 mmol) was added at room
temperature. Stirring was continued until the chmamwas consumed (TLC control, 3-4 hours).
The solvent was distilled off under reduced pressidihe resulting residue was purified by
column chromatography (silica gel, heptane/ethgtae).

2-{8H-Thieno[2,3-b]indole-2-carbonyl}phenol (35a):

Starting with 3-chlorochromongla (0.181 g, 1.0 mmol), indoline-2-

thione34a(0.164 g, 1.1 mmol) and DBU (0.20 mL, 1.3 mmol)lid-

dioxane (12 mL), the produBbawas isolated as a orange solid (0.167
" g, 57%), mp 212-213 °C, (Method A):

Starting with 3-chlorochromongla (0.181 g, 1.0 mmol), indoline-2-
thione34a(0.164 g, 1.1 mmol) andXGs (0.552 g, 4 mmol) in DMF (12 mL), the prodi8ia
was isolated as a orange solid (0.217 g, 74%),{dbteB);

'H NMR (300 MHz, DMSO¢k): § = 6.94-7.02 (m, 2H, W), 7.14 (td,*J = 1.0 MHz,3J = 7.5
MHz, 1H, Hy), 7.27 (td*) = 1.2 MHz,3J = 7.6 MHz, 1H, H,), 7.41 (td*) = 1.7 MHz,3)=7.8
MHz, 1H, Ha), 7.50-7.53 (m, 2H, W), 7.90 (d,*J = 7.6 MHz, 1H, H), 7.98 (s, 1H, 3Ha/),
10.21, 12.09 (both s, 2H, OH and NHJC NMR (62.9 MHz, DMSQde): § = 112.0, 116.7,
118.9, 119.8, 120.2, 121.9, 123.5, 125.1, 125.8,62129.4, 132.0, 135.7, 142.5, 148.1, 155.9,
188.3 (C=0); MS (GC, 70 eMp/z(%): 293 ([M], 42), 261 (20), 260 (100), 174 (14), 173 (93),
172 (29), 128 (16), 65 (14); HRMS (EI): calcd for7811NO2S ([M]*) 293.05050, found
293.05043; IR (ATR, cm): V = 3256 (w), 3079 (w), 3055 (w), 1651 (w), 1623 (@83 (w),
1544 (w), 1504 (m), 1484 (w), 1470 (s), 1446 (n0Q (s), 1333 (m), 1312 (w), 1299 (m), 1233
(s), 1215 (s), 1154 (m), 1131 (m), 1115 (m), 1089 @085 (M), 1035 (w), 1014 (w), 979 (w),
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947 (w), 924 (w), 892 (w), 880 (W), 866 (m), 825)(f75 (M), 752 (S), 729 (s), 715 (M), 694
(s), 662 (s), 628 (M), 600 (s), 590 (M), 566 (NBR M), 544 (m).

5-Methoxy-2-{8H-thieno[2,3-b]indole-2-carbonyl}phenol (35b):

OH O Starting with 3-chloro-7-methoxychromoniklb (0.211 g, 1.0
mmol), indoline-2-thione34a (0.164 g, 1.1 mmol) and KOs
(0.552 g, 4 mmol) in DMF (12 mL), the produg%b was isolated
as a yellow solid (0.181 g, 56%), mp 228-229 °CetiMdd B);

'H NMR (300 MHz, DMSO¢k): § = 3.84 (s, 3H, OCEJ, 6.56-
6.62 (M, 2H, K), 7.17 (3 = 7.4 MHz, 1H, H), 7.28 (td,"J = 0.9 MHz,3] = 7.6 MHz, 1H,
Har), 7.53 (d,2J = 8.1 MHz, 1H, H,), 7.84 (d,3] = 8.7 MHz, 1H, H), 7.93 (d,*J = 7.7 MHz,
1H, Ha’), 8.23 (s, 1H, 3Har), 11.65 (s, 2H, OH, NH)**C NMR (62.9 MHz, DMSQOde): § =
55.5 (OCH), 101.5, 106.4, 112.1, 115.4, 119.9, 120.3, 12P23,5, 125.5, 128.1, 132.3, 134.9,
142.6, 147.9, 161.3, 163.9, 187.8 (C=0); MS (Ele¥) m/z(%): 323 ([M], 21), 291 (17), 290
(100), 173 (34); HRMS (ESI): calcd forng1aNO3S ([M+H]") 324.06889, found 324.06883; IR
(ATR, cnt?): V = 3246 (w), 3079 (w), 3059 (w), 3004 (w), 2982 (@952 (w), 2904 (w), 2835
(w), 2719 (w), 2635 (w), 1633 (m), 1581 (m), 1580,(1504 (s), 1473 (m), 1446 (m), 1396 (m),
1372 (m), 1346 (m), 1314 (w), 1278 (m), 1266 (32 (s), 1214 (s), 1194 (m), 1156 (m), 1145
(m), 1130 (w), 1101 (m), 1086 (m), 1029 (m), 1043, ©66 (w), 922 (w), 866 (w), 842 (m), 823
(w), 801 (w), 784 (m), 767 (m), 748 (w), 729 (HBAw), 692 (s), 640 (w), 617 (m), 591 (s), 562
(w), 542 (w).

2-{8H-Thieno[2,3-b]indole-2-carbonyl}naphthalen-1-ol (35c):

OH O Starting with 3-chlorobenzb]chromonellc (0.231 g, 1.0 mmol),
OO \ S/ \y [ndoline-2-thione34a (0.164 g, 1.1 mmol) and K0z (0.552 g, 4

mmol) in DMF (12 mL), the producB5c was isolated as a dark
O yellow solid (0.268 g, 78%), mp 282-284 °C, (Metli)d

'H NMR (300 MHz, DMSO#): & = 7.19 (1,3 = 7.4 MHz, 1H, H,), 7.30 (2] = 7.4 MHz, 1H,
Har), 7.53-7.64 (m, 3H, W), 7.71 (t,3) = 7.4 MHz, 1H, H,), 7.97 (d,2J = 7.8 MHz, 2H, H,),
8.08 (d,3) = 8.8 MHz, 1H, H), 8.36 (d,®J = 8.3 MHz, 1H, H), 8.46 (s, 1H, 3Har), 12.19,
13.03 (both s, 2H, OH and NHYC NMR (62.9 MHz, DMSQOdg): § = 112.2, 114.2, 118.6,
120.1, 120.4, 122.0, 123.4, 123.8, 124.7, 126:02&1, 127.6, 129.1, 129.5, 134.4, 136.0,
142.7, 148.6, 158.9, 188.9 (C=0); MS (EI, 70 eMk (%): 343 ([MT, 37), 311 (10), 310 (49),
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174 (22), 173 (100), 172 (21), 155 (10); HRMS (ESiplcd for GiH1aNO.S ([M+H]Y)
344.07398, found 344.07393; IR (ATR, Tn V = 3247 (w), 3077 (w), 3056 (w), 1629 (w),
1600 (w), 1574 (m), 1554 (m), 1502 (m), 1476 (W}5@ (m), 1445 (m), 1424 (w), 1399 (s),
1333 (m), 1312 (m), 1274 (m), 1257 (w), 1235 (204 (m), 1190 (m), 1156 (m), 1129 (m),
1089 (m), 1025 (w), 1014 (w), 986 (w), 956 (m), 9484, 918 (w), 911 (w), 879 (w), 866 (w),
847 (w), 825 (w), 796 (s), 765 (m), 753 (s), 746 183 (s), 704 (m), 684 (m), 658 (M), 638 (M),
615 (m), 596 (m), 582 (s), 573 (s), 548 (M), 527.(m

4-Methyl-2-{8-methyl-8H-thieno[2,3-b]indole-2-carbonyl}phenol (35d):
Starting with 3-bromo-6-methylchromorid@®b (0.239 g, 1.0 mmol), 1-

OH O
- methylindoline-2-thione84b (0.179 g, 1.1 mmol) and DBU (0.20 mL,
7 3
O | /N 1.3 mmol) in 1,4-dioxane (12 mL), the prodd&d was isolated as a
EH, O yellow solid (0.138 g, 43%), mp 141-143 °C, (Metheyd

'H NMR (300 MHz, DMSOsk): § = 2.29 (s, 3H, CH), 3.92 (s, 3H,
NCHs), 6.90 (d,2] = 8.2 MHz, 1H, H,), 7.18-7.23 (m, 2H, W), 7.29 (d,*J = 1.8 MHz, 1H,
Har), 7.35 (td*J = 1.2 MHz,3) = 7.7 MHz, 1H, H:), 7.60 (d2J = 8.2 MHz, 1H, H,), 7.94 (d 3]
= 7.7 MHz, 1H, H,), 8.02 (s, 1H, 3Har), 9.93 (s, 1H, OH)}3C NMR (62.9 MHz, DMSQCds): 8
= 20.0 (CH), 32.3 (NCH), 110.3, 116.6, 120.0, 120.5, 121.9, 123.4, 12®6,1, 127.6, 128.9,
129.4, 132.6, 135.8, 142.9, 150.4, 153.7, 188.1QCMS (GC, 70 eV)n/z(%): 321 ([M]', 32),
288 (45), 187 (100), 172 (18), 115 (12), 77 (17RMB (EI): calcd for @H1sNOS ([M]*)
321.08180, found 321.08162; IR (ATR, Tn V = 3046 (w), 2917 (w), 1621 (w), 1575 (w),
1553 (m), 1506 (m), 1495 (m), 1480 (s), 1461 (429 (m), 1422 (m), 1399 (s), 1385 (s), 1347
(m), 1315 (s), 1287 (m), 1267 (s), 1241 (s), 129)1 1194 (s), 1130 (s), 1089 (m), 1052 (m),
1015 (m), 930 (m), 906 (w), 882 (w), 868 (w), 84W),(821 (s), 789 (s), 781 (s), 746 (s), 696
(m), 685 (m), 673 (M), 625 (s), 598 (M), 571 (WJ3Fm), 541 (m).

5-Methoxy-2-{8-methyl-8H-thieno[2,3-b]indole-2-carbonyl}phenol (35e):

Starting with 3-chloro-7-methoxychromoridb (0.211 g, 1.0
mmol), 1-methylindoline-2-thion84b (0.179 g, 1.1 mmol) and
DBU (0.20 mL, 1.3 mmol) in 1,4-dioxane (12 mL), theduct

35ewas isolated as a yellow solid (0.155 g, 46%), raf-159

°C, (Method A);
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IH NMR (300 MHz, CDCY): & = 3.74 (s, 3H, Ch), 3.80 (s, 3H, Ch), 6.44-6.48 (m, 2H, k),
7.14-7.19 (m, 1H, W), 7.26-7.28 (M, 2H, W), 7.73 (d 3] = 7.7 Hz, 1H, K,), 7.86-7.89 (m, 2H,
Ha?), 12.25 (s, 1H, OH)¥*C NMR (62.9 MHz, DMSQd): & = 32.4 (NCH), 55.5 (OCHj),
101.3, 107.2, 109.4, 113.3, 119.8, 120.7, 122.3,5,2124.2, 127.0, 132.7, 134.7, 143.0, 150.7,
164.8, 165.2, 188.7 (C=0); MS (GC, 70 ewjz(%): 337 ([M[]', 27), 304 (100), 187 (64), 172
(12), 155 (14); HRMS (ESI): calcd fori16H1eNOsS ([M+H]") 338.08450, found 338.08450,
calcd for GeHisNaNQsS ([M+NaJ") 360.06650, found 360.06620; IR (ATR, &n 7 = 2971
(W), 2930 (W), 2848 (W), 1612 (m), 1573 (m), 1558,(1491 (s), 1454 (s), 1441 (m), 1397 (m),
1364 (s), 1330 (s), 1317 (s), 1297 (m), 1250 @P6L(s), 1172 (m), 1163 (s), 1139 (s), 1126 (s),
1089 (s), 1052 (s), 1023 (s), 1015 (s), 963 (s}, @8), 850 (s), 822 (M), 808 (s), 757 (S), 747 (S),
735 (s), 708 (s), 694 (s), 671 (M), 644 (M), 637584 (S), 546 (S).

2-{8-Methyl-8H-thieno[2,3-b]indole-2-carbonyl}naphthalen-1-ol (35f):
Starting with 3-chloro-4H-benzbjchromonellc (0.231 g, 1.0
S - mmol), 1-methylindoline-2-thion&4b (0.179 g, 1.1 mmol) and
OO a : DBU (0.20 mL, 1.3 mmol) in 1,4-dioxane (12 mL), theoduct
O 35f was isolated as a yellow solid (0.196 g, 55%), r8p-181
°C, (Method A);
'H NMR (300MHz, DMSO¢l): § = 3.93 (s, 3H, NCH), 7.24 (td,*J = 0.9 MHz,3J = 7.5 MHz,
1H, Ha), 7.37 (td}J=1.2 MHz,3J=7.7 MHz, 1H, H,), 7.53 (d3J = 8.8 MHz, 1H, H,), 7.58-
7.63 (m, 2H, H), 7.71 (td,"J = 1.3 MHz,3J = 7.5 MHz, 1H, H,), 7.95-8.01 (m, 2H, K), 8.06
(d,%J =8.8 MHz, 1H, H,), 8.36 (d,3J = 8.3 MHz, 1H, H), 8.47 (s, 1H, 3Ha), 13.01 (s, 1H,
OH); 13C NMR (62.9 MHz, DMSQds): § = 32.5 (NCH), 110.5, 114.1, 118.6, 120.2, 120.7,
121.9, 123.4, 123.7, 124.5, 124.7, 125.7, 126.7,6,2129.4, 129.5, 134.4, 136.0, 143.1, 150.8,
158.9, 188.6 (C=0); MS (EI, 70 e\W/z (%): 357 ([M], 30), 324 (21), 187 (100), 172 (11);
HRMS (ESI): calcd for @HieNO.S ([M+H]") 358.08963, found 358.08948, calcd for
C22H1sNaNG:S ([M+NaJ") 380.07157, found 380.07118; IR (ATR, Tn vV = 3047 (w), 2935
(w), 1658 (w), 1642 (w), 1628 (m), 1599 (w), 157)( 1556 (w), 1536 (w), 1508 (m), 1493
(m), 1454 (s), 1425 (m), 1415 (m), 1398 (s), 1380 1343 (m), 1317 (m), 1277 (m), 1264 (s),
1253 (s), 1210 (m), 1197 (m), 1155 (m), 1139 (n129 (m), 1116 (m), 1091 (m), 1052 (m),
1024 (m), 1017 (m), 953 (m), 919 (w), 883 (m), &6H, 843 (m), 820 (m), 804 (m), 791 (m),
772 (s), 756 (m), 733 (s), 717 (s), 704 (m), 68§ BB (M), 637 (M), 605 (M), 586 (s), 572 (M),
546 (m), 532 (m).
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2-{8-Phenyl-8H-thieno[2,3-b]indole-2-carbonyl}phenol (35g):
OH O Starting with 3-chlorochromonella (0.181 g, 1.0 mmol), 1-

S pp, Phenylindoline-2-thione34c (0.248 g, 1.1 mmol) and DBU (0.20 mL,

O \ N 1.3 mmol) in 1,4-dioxane (12 mL), the prodiBfg was isolated as a
orange solid (0.221 g, 60%), mp 156-157 °C, (MetAid
'H NMR (300MHz, DMSO#d): § = 6.98 (td,J = 0.9 MHz,3] = 7.4

MHz, 1H, Har), 7.02 (dd,J = 0.7 MHz,3J = 8.3 MHz, 1H, H,), 7.29 (tdJ = 0.9 MHz,3J = 7.4
MHz, 1H, Hy), 7.36 (td*J = 1.4 MHz,3J = 7.7 MHz, 1H, H,), 7.43 (tdJ = 1.7 MHz,3) = 7.7
MHz, 1H, Ha), 7.51 (dd,*J = 1.7 MHz,3J = 7.7 MHz, 1H, H,), 7.56 (d,3) = 7.7 MHz, 2H,
Har), 7.71 (t,3) = 7.7 MHz, 2H, H,), 7.78-7.81 (m, 2H, K), 8.05 (dd,J = 0.9 MHz,3) = 7.4
MHz, 1H, Ha), 8.12 (s, 1H, 3Har), 10.19 (s, 1H, OH)**C NMR (75.5 MHz, DMSQdg): & =
110.9, 116.7, 118.9, 120.5, 121.7, 122.10,23.8, 124.3, 125.3, 125.5, 128.1, 128.7, 129.4,
2x130.6, 132.2, 135.9, 137.2, 141.7, 148.8, 155.8,418C=0); MS (GC, 70 eVin/z (%): 369
(IM]*, 57), 352 (17), 337 (20), 336 (81), 250 (20), 2290), 248 (12), 247 (15), 204 (19), 65
(10); HRMS (ESI): calcd for &H1eNO2S ([M+H]") 370.08963, found 370.08972; IR (ATR,tm
1): ¥ = 3052 (w), 2921 (w), 2852 (w), 1615 (w), 1579 (57 (w), 1515 (w), 1500 (m), 1482
(m), 1467 (s), 1452 (m), 1443 (m), 1399 (s), 1313, 335 (M), 1325 (m), 1299 (m), 1275 (m),
1249 (m), 1210 (s), 1183 (m), 1150 (s), 1130 (MR (m), 1081 (m), 1035 (w), 1024 (w), 985
(w), 968 (w), 951 (w), 929 (w), 916 (w), 895 (m),B(w), 870 (w), 852 (w), 845 (w), 811 (w),
781 (m), 767 (s), 755 (s), 747 (s), 737 (s), 726485 (s), 662 (S), 638 (M), 626 (M), 612 (M),
597 (s), 566 (w), 535 (m).

5-Methoxy-2-{8-phenyl-&8H-thieno[2,3-b]indole-2-carbonyl}phenol (35h):
Starting with 3-chloro-7-methoxychromorielb (0.211 g, 1.0
mmol), 1-phenylindoline-2-thion84c (0.248 g, 1.1 mmol) and
DBU (0.20 mL, 1.3 mmol) in 1,4-dioxane (12 mL), theoduct
35h was isolated as a orange solid (0.140 g, 35%); 4160
°C, (Method A);
'H NMR (250MHz, DMSOdg): 6 = 3.84 (s, 3H, OCHJ, 6.58-6.63 (m, 2H, W), 7.28-7.40 (m,
2H, Ha), 7.52-7.59 (m, 2H, W), 7.68-7.85 (m, 5H, W), 8.07 (d,J = 7.2 MHz, 1H, H,), 8.35
(s, 1H, 3-Har), 11.33 (s, 1H, OH)**C NMR (62.9 MHz, DMSQOds): & = 55.5 (OCH), 101.6,
106.5, 110.8, 110.9, 115.4, 120.5, 121.7, 1223227, 124.3, 125.7, 128.1x130.5, 132.2,
135.1, 137.3, 141.7, 148.4, 161.1, 164.0, 187.1CMS (GC, 70 eVn/z(%): 399 ([M], 31),
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367 (26), 366 (100), 250 (13), 249 (69), 204 (1B6 (13); HRMS (ESI): calcd forGH1sNOsS
([M+H]*) 400.10019, found 400.10018; IR (ATR, ®n ¥ = 3083 (w), 3054 (w), 3011 (W),
2952 (w), 2921 (w), 2852 (w), 2705 (w), 2659 (WF41l (w), 1621 (w), 1595 (w), 1568 (m),
1551 (w), 1515 (w), 1500 (m), 1467 (m), 1452 (m)48 (m), 1403 (s), 1384 (m), 1366 (s), 1335
(m), 1324 (m), 1300 (w), 1280 (w), 1253 (s), 128}, (216 (s), 1204 (s), 1188 (s), 1159 (m),
1144 (m), 1130 (s), 1102 (m), 1082 (s), 1044 ()LA(s), 962 (M), 953 (M), 917 (w), 885 (W),
828 (s), 799 (s), 765 (M), 758 (M), 737 (s), 7I0E85 (), 665 (M), 643 (M), 631 (M), 612 (M),
592 (s), 574 (s).

2-{8-Phenyl-8H-thieno[2,3-b]indole-2-carbonyl}naphthalen-1-ol (35i):

Starting with 3-chlorobenzb[chromonellc(0.231 g, 1.0 mmol),
1-phenylindoline-2-thione34c (0.248 g, 1.1 mmol) and DBU
(0.20 mL, 1.3 mmol) in 1,4-dioxane (12 mL), the gwot 35i was
isolated as a orange solid (0.243 g, 58%), mp 1644€thod A);

'H NMR (300MHz, DMSO¢k): 5 = 7.30-7.41 (m, 2H, H), 7.53-
7.64 (m, 4H, H,), 7.69-7.74 (m, 3H, W), 7.80 (d,2] = 7.5 MHz, 2H, H,), 7.97 (d,*] = 8.1
MHz, 1H, Ha), 8.05-8.12 (m, 2H, W), 8.36 (d,*J = 8.3 MHz, 1H, H,), 8.56 (s, 1H, 3Ha/),
12.87 (s, 1H, OH)*C NMR (75.5 MHz, DMSQdg): § = 110.9, 114.2, 118.8, 120.6, 121.8,
122.6, 123.4,423.7, 124.5, 124.7, 125.8, 126.1, 126.2, 127.8,212129.1, 129.6,*230.5,
134.6, 136.1, 137.2, 141.8, 149.0, 158.9, 188.90(CMS (El, 70 eV)m/z(%): 419 ([MT, 36),
386 (16), 384 (12), 250 (25), 249 (100); HRMS (ESialcd for G7H1sNO.S ([M+H]Y)
420.10528, found 420.10519, calcd fort@i7NaNG,S ([M+Na]") 442.08722, found 442.08734;
IR (ATR, cnT?): V' = 3056 (w), 2953 (w), 2922 (w), 2852 (w), 1623 (4593 (w), 1557 (W),
1514 (w), 1496 (m), 1446 (s), 1416 (m), 1399 (8)3(m), 1339 (m), 1317 (m), 1296 (m), 1262
(m), 1250 (s), 1214 (s), 1186 (m), 1159 (m), 1149, 1137 (m), 1095 (m), 1088 (m), 1075 (m),
1023 (m), 960 (m), 938 (w), 917 (m), 908 (m), 84), (848 (m), 834 (m), 810 (m), 792 (m), 763
(s), 748 (s), 738 (s), 724 (s), 693 (8), 669 (rBY, M), 643 (M), 627 (M), 613 (M), 596 (W), 583
(s), 574 (s), 530 (m).
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General procedure for the synthesis of compound 36a
To a solution of 2-benzoylfuraB2m (1.0 mmol) in DCM (10 ml), 2 (2.0 mmol) was added in

solid form. Subsequently, DBU (3.0 mmol) was slowlyded by syringe and the mixture was
stirred vigorously at room temperature. The pragresthe reaction was monitored by TLC.
When the starting 2-benzoylfuré82m was consumed=(2-3 hour), an aqueous solution of
K2$:03 (2 mmol) and KCOs (2.0 mmol) was added and the solution was exiasith CHCE

(3 x 15 ml). The combined organic layers were catre¢éedin vacuq and the residue was

purified by column chromatography on silica gelgtame/ethylacetate, 3:1).

3-Acetyl-2-[(4-chlorophenyl)amino]-7-methyl-H-furo[3,2-b]Jchromen-9-one (36a):

Starting with 1-{2-[(4-chlorophenyl)amino]-5-[(2-kyoxy-5-
methylphenyl)carbonyl]furan-3-yl}ethan-1-ong&2m (0.111 g,
0.3 mmoal), $ (0.152 g, 0.6 mmol) and DBU (0.14 mL, 0.9
mmol) in dichloromethane (2-3 ml), the produgbéa was
isolated as a white solid (0.035 g, 32%), mp 228-Z3,

'H NMR (300 MHz, CDCY): § = 2.48 (s, 3H, Ch), 2.69 (s, 3H,
CHs), 7.36-7.39 (m, 2H, K), 7.46-7.52 (m, 4H, W), 8.16 (s, 1H, 8-), 10.61 (s, 1H, NH);
13C NMR (75.5 MHz, CDGJ): 5 = 20.9 (CH), 28.7 (CH), 93.6, 117.4,°421.0, 125.9, 128.8,
2x129.8, 130.5, 133.6, 134.3, 135.2, 152.7, 153.5,658.62.5, 191.9 (C=0); MS (GC, 70 eV)
m/z (%): 367 ([M]’, 100), 366 (28), 325 (16), 296 (18), 242 (44), 16R), 111 (14), 43 (13);
HRMS (ESI): calcd for @Hi1s°CINOs ([M+H]") 368.06841, found 368.06838, calcd for
C20H15*'CINO4 ([M+H]") 370.06627, found 370.06631, calcd fankdi4°CINaNQs ([M+Na]")
390.05036, found 390.05035, calcd foroi43’CINaNQ: ([M+Na]*) 392.04822, found
392.04803; IR (ATR, cm): V = 3045 (w), 2923 (w), 2853 (w), 1734 (w), 1709 (59 (m),
1631 (s), 1615 (s), 1594 (s), 1573 (m), 1562 (8D21(s), 1479 (s), 1435 (s), 1382 (m), 1347 (w),
1313 (w), 1290 (w), 1275 (w), 1251 (m), 1235 (m)9& (m), 1145 (w), 1115 (m), 1095 (m),
1060 (w), 1044 (w), 1011 (m), 959 (s), 931 (w), &84, 851 (w), 828 (s), 814 (s), 794 (w), 770
(m), 759 (m), 736 (m), 710 (w), 693 (w), 673 (MH3gw), 631 (m), 614 (m), 548 (m).
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General procedure for the synthesis of compound 36b and 37:

To a stirred mixture of 3-halochromo® or 11 (1.0 mmol) ang’-ketoamide31 (1.1 mmol) in
dioxane (6-7 mL), DBU (1.3 mmol) was added slowyydyringe at room temperature. Stirring
was continued until the 3-halochromone was comiylatensumed (TLC control, 3-4 hours).
DCM (10 mL), b (2.0 mmol) and DBU (3.0 mmol) were added, and rttigeture was stirred
vigorously for 2-3 hours at room temperature. Thagpess of the reactions was again monitored
by TLC. An aqueous solution of28,03 (2 mmol) and KCOs (2.0 mmol) was added, and the
solution was extracted with CH{3 x 15 ml). The combined organic layers were eotiated

in vacug and the residue was purified by column chromaplgy (silica gel, heptane/
ethylacetate = 3:1)n the case of the reaction of 3-bromochromafd, the second step of the

reaction was carried out in refluxing DMF.

3-Acetyl-2-(phenylamino)-H-furo[3,2-bjchromen-9-one (36b):
o) Starting with  3-bromochromonel0a (0.225 g, 1.0 mmol),
| (; N/Eh acetoacetanilid&la (0.195 g, 1.1 mmol), DBU (0.20 mL, 1.3 mmol),
1,4-dioxane (6-7 mL),21(0.508 g, 2.0 mmol) and DBU (0.45 mL, 3.0
HoC © mmol) in dichloromethane (10 mL), the prod®8b was isolated as a
white solid (0.118 g, 37%), mp 258-260 °C;
'H NMR (300 MHz, CDCJ): & = 2.68 (s, 3H, CH), 7.21 (t,3J = 7.4 Hz, 1H, H), 7.40-7.48 (m,
3H, Har), 7.55-7.58 (m, 3H, W), 7.66 (td,3J = 7.7 Hz,*J = 1.6 Hz, 1H, H), 8.40 (dd2J = 7.9
Hz, %) = 1.6 Hz, 1H, H;), 10.62 (s, 1H, NH)}*C NMR (75.5 MHz, CDGJ): § = 28.7 (CH),
93.4, 117.6, A419.9, 125.1, 125.2, 125.3, 126.4, 128.4,29.7, 132.4, 135.6, 152.9, 155.2,
160.0, 162.2, 191.8 (C=0); MS (GC, 70 av)jz (%): 319 ([M], 100), 318 (37), 277 (20), 248
(20), 228 (27), 146 (11), 77 (31), 76 (9), 43 (1BRMS (EIl): calcd for @H13NOs ([M] ™)
319.08391, found 319.08370; IR (ATR, T V = 3151 (w), 3049 (w), 3014 (w), 1660 (m),
1637 (s), 1620 (s), 1596 (s), 1581 (s), 1555 )01(s), 1459 (s), 1426 (s), 1384 (m), 1360 (m),
1326 (m), 1313 (w), 1275 (w), 1251 (m), 1205 (W}8T (m), 1143 (m), 1102 (m), 1082 (w),
1062 (w), 1025 (w), 999 (w), 958 (s), 898 (m), &8, 845 (w), 831 (w), 802 (w), 783 (w), 745
(s), 733 (s), 704 (m), 687 (s), 656 (S), 639 (VY €s), 611 (M), 593 (M), 563 (w), 538 (w).
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3-Acetyl-6-methoxy-2-(phenylamino)-#1-furo[3,2-bjchromen-9-one (36c¢):

o) Starting with 3-chloro-7-methoxychromonklb (0.211 g, 1.0
| O Ph mmol), acetoacetanilidgla(0.195 g, 1.1 mmol), DBU (0.20 mL,
NH
HsCO o % 1.3 mmol), 1,4-dioxane (6-7 mL) 0.508 g, 2.0 mmol) and

HaC o DBU (0.45 mL, 3.0 mmol) in dichloromethane (10 mithe
product36cwas isolated as a white solid (0.098 g, 28%), nfp- 261 °C;
'H NMR (250 MHz, DMSO¢k): § = 2.63 (s, 3H, Ch), 3.94 (s, 3H, OCH), 7.09 (dd>J = 8.8
Hz,2J = 2.4 Hz, 1H, K), 7.22-7.29 (m, 2H, W), 7.43-7.58 (m, 4H, W), 8.09 (d,*J = 8.8 Hz,
1H, Har), 10.41 (s, 1H, NH)}3C NMR (62.9 MHz, DMSQdg): & = 27.9 (CH), 55.6 (OCH),
92.9, 101.1, 113.0, 117.7¥120.5, 124.7, 126.0, 127.2;128.8, 135.4, 151.8, 156.1, 158.8,
160.6, 162.6, 190.0 (C=0); MS (GC, 70 av)z (%): 349 ([M], 100), 307 (15), 292 (16), 278
(20), 258 (27), 77 (24), 43 (11); HRMS (El): calfmt CoHisNOs ([M]*) 349.09447, found
349.09448; IR (ATR, cm): V = 3223 (w), 3065 (w), 3044 (w), 3013 (w), 2990 (P48 (w),
2840 (w), 1660 (w), 1652 (w), 1616 (s), 1602 (H94 (s), 1579 (s), 1553 (m), 1495 (m), 1458
(m), 1441 (s), 1378 (w), 1359 (w), 1346 (w), 1323,(1271 (m), 1244 (s), 1201 (w), 1151 (w),
1133 (w), 1095 (s), 1059 (w), 1023 (m), 953 (s)3 9@), 877 (w), 856 (m), 826 (w), 801 (w),
761 (m), 747 (s), 737 (s), 714 (m), 688 (s), 649 @A1 (M), 610 (s), 589 (s).

15-Acetyl-14-(phenylamino)-13,17-dioxatetracyclo[8.0.F".0'>§heptadeca-
1(10),2(7),3,5,8,12(16),14-heptaen-11-one (36d).
Starting with 3-bromobenzblchromonel10d (0.275 g, 1.0 mmol),
acetoacetanilidd1a(0.195 g, 1.1 mmol), DBU (0.20 mL, 1.3 mmol),
1,4-dioxane (6-7 mL),21(0.508 g, 2.0 mmol) and DBU (0.45 mL, 3.0
mmol) in dichloromethane (10 mL), the prod3&d was isolated as
a pale yellow solid (0.052 g, 14%), mp 292-294 °C;
IH NMR (250 MHz, DMSOd): & = 2.82 (s, 3H, Ch), 7.28 (d3J = 7.3 Hz, 1H, ), 7.46-7.53
(m, 2H, Hy), 7.58-7.62 (m, 2H, W), 7.78-7.83 (M, 2H, W), 7.96 (d,3J = 8.7 Hz, 1H, H)),
8.09-8.12 (m, 1H, W), 8.20 (d,3J = 8.7 Hz, 1H, H), 8.55-8.58 (m, 1H, K), 10.44 (s, 1H,
NH); *C NMR (62.9 MHz, DMSQdg): § = 27.9 (CH), 92.8, 119.9, 420.4, 120.5, 120.9,
121.6, 124.2, 124.6, 126.9, 127.3, 127.8, 128&12&6, 134.3, 135.3, 157.9, 158.9, 160.5,
162.9, 189.6 (C=0); MS (GC, 70 eW)/z (%): 369 ([M], 100), 327 (12), 298 (17), 278 (27),
196 (11), 171 (11), 77 (23), 43 (11); HRMS (El)lcchfor GaH1sNO4 ([M] ¥) 369.09956, found
369.09932; IR (ATR, cml): V = 3246 (w), 3205 (w), 3169 (w), 3060 (w), 1665 (48 (s),
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1635 (s), 1619 (s), 1595 (s), 1577 (s), 1556 (HLOL(S), 1501 (s), 1459 (m), 1438 (s), 1426 (s),
1378 (m), 1340 (m), 1324 (w), 1267 (w), 1242 (m923 (m), 1188 (W), 1177 (w), 1145 (w),
1110 (w), 1093 (w), 1076 (w), 1060 (w), 1027 (WgHAW), 960 (M), 941 (w), 900 (w), 875 (w),
869 (W), 843 (W), 826 (m), 780 (W), 786 (W), 765)(56 (s), 741 (m), 734 (m), 710 (w), 686
(M), 672 (M), 649 (W), 631 (M), 619 (W), 606 (MIBFW), 579 (W), 566 (M), 532 (W).

3-Benzoyl-2-(phenylamino)-#-furo[3,2-bJchromen-9-one (36e):
o Starting with 3-chlorochromonéla (0.181 g, 1.0 mmol), 3-oxb;3-
o Ph diphenylpropanamided1f (0.263 g, 1.1 mmol), DBU (0.20 mL, 1.3
| VR mmol), 1,4-dioxane (6-7 mL),»1(0.508 g, 2.0 mmol) and DBU (0.45
o] mL, 3.0 mmol) in dichloromethane (10 mL), the prod36e was

O

PH
isolated as a white solid (0.160 g, 42%), mp 2283-Z2,

IH NMR (250 MHz, DMSOgg): § = 7.22-7.32 (m, 2H, K), 7.43-7.53 (m, 3H, K), 7.57-7.73
(m, 6H, Hy), 7.88-7.92 (m, 2H, k), 8.19 (dd3J = 7.9 Hz,4J = 1.6 Hz, 1H, K), 10.79 (s, 1H,
NH); °C NMR (62.9 MHz, DMSQdk): § = 92.1, 117.0,920.9, 124.3, 124.4, 124.8, 125.0,
2127.4, 127.5, 427.6, 2128.8, 121.5, 132.1, 135.4, 138.2, 151.2, 154.0,6,6L60.8, 186.9
(C=0); MS (GC, 70 eVn/z(%): 381 ([M[, 100), 352 (21), 248 (20), 105 (63), 77 (51), S} (
HRMS (ESI): calcd for @&H16NO4 ([M+H]*) 382.10738, found 382.10739; IR (ATR, Tn 7

= 3061 (w), 1660 (m), 1633 (M), 1610 (M), 1591 (4§79 (M), 1555 (s), 1497 (M), 1469 (W),
1457 (m), 1421 (s), 1348 (m), 1336 (m), 1323 (BLA(M), 1275 (W), 1263 (s), 1206 (M), 1186
(m), 1162 (m), 1145 (w), 1104 (m), 1079 (w), 102%,(1001 (w), 987 (m), 960 (W), 934 (w),
911 (m), 897 (s), 873 (W), 843 (W), 823 (w), 800,(@B4 (M), 744 (s), 691 (S), 684 (S), 665 (S),
657 (s), 637 (M), 614 (M), 592 (s), 570 (W), 538, GBL (W).

3-Benzoyl-6-methoxy-2-(phenylamino)-BI-furo[3,2-b]jchromen-9-one (36f):

o) Starting with 3-chloro-7-methoxychromorklb (0.211 g, 1.0
| Q N,::h mmol), 3-oxoN,3-diphenylpropanamid&lf (0.263 g, 1.1 mmol),
HsC 1) % DBU (0.20 mL, 1.3 mmol), 1,4-dioxane (6-7 mL),(0.508 g, 2.0

e’ © mmol) and DBU (0.45 mL, 3.0 mmol) in dichlorometka(l0
mL), the producB6fwas isolated as a pale yellow solid (0.086 g, 21%),249-251 °C;
'H NMR (250 MHz, DMSOs): & = 3.87 (s, 3H, OCH), 6.65 (d,%J = 2.3 Hz, 1H, H), 7.06
(dd,3J = 8.9 Hz,%J = 2.3 Hz, 1H, H), 7.28 (t,3) = 7.3 Hz, 1H, K), 7.46-7.52 (m, 2H, K),
7.58-7.63 (m, 4H, W), 7.68 (d,2J = 7.1 Hz, 1H, H,), 7.88-7.91 (m, 2H, W), 8.09 (d3J = 8.8
202



Supplement 1. Experimental part

Hz, 1H, Hy), 10.72 (s, 1H, NH)¥3C NMR (62.9 MHz, DMSQde): & = 55.3 (OCH), 92.1,
100.8, 112.5, 117.8x220.6, 124.7, 126.0x227.3, 127.4,427.5, 2128.7, 131.3, 135.4, 138.1,
150.7, 155.6, 160.2, 160.8, 162.4, 186.8 (C=0); (@8, 70 eV)m/z(%): 411 ([M], 100), 410
(50), 382 (21), 278 (28), 105 (75), 77 (56), 51 @HRMS (ESI): calcd for H1sNOs ([M+H]*)
412.11795, found 412.11770, calcd fosi@i/NaNOs ([M+Na]*) 434.09989, found 434.09988;
IR (ATR, cnTl): 7 = 3046 (w), 3004 (w), 2922 (w), 2852 (w), 1660 (P31 (s), 1618 (s),
1592 (s), 1577 (m), 1568 (m), 1553 (s), 1506 (MB4L(m), 1455 (m), 1435 (m), 1418 (m), 1381
(m), 1368 (M), 1347 (w), 1334 (w), 1317 (w), 1278)(1267 (m), 1245 (m), 1212 (m), 1197
(W), 1187 (w), 1165 (m), 1153 (w), 1143 (w), 11K, (1099 (m), 1045 (w), 1028 (m), 988 (m),
941 (w), 905 (m), 889 (w), 870 (m), 843 (s), 821),(BL1 (w), 791 (m), 748 (s), 738 (s), 715
(m), 696 (s), 680 (s), 667 (s), 637 (M), 625 (M) 6w), 590 (M), 579 (M), 547 (W).

Methyl 5'-amino-3,3'-dioxo-3H,3'H-spiro[1-benzofuran-2,2'-furan]-4'-carboxylate (373:
Starting with 3-bromochromon#&0Oa (0.225 g, 1.0 mmol), methyl 2-
carbamoylacetat8le (0.129 g, 1.1 mmol), DBU (0.20 mL, 1.3 mmol),

O 1 4-dioxane (6-7 mL),21(0.508 g, 2.0 mmol) and DBU (0.45 mL, 3.0
mmol) in dichloromethane (10 mL), the prodiita was isolated as a

white solid (0.083 g, 30%), mp 292-294 °C,;

'H NMR (300 MHz, DMSOdg): & = 3.69 (s, 3H, OCH), 7.33 (t,] = 7.5 Hz, 1H, 5-K), 7.46

(d, %) = 8.3 Hz, 1H, 7-H), 7.89 (d,2J = 7.6 Hz, 1H, 4-K), 7.91 (td3) = 7.8 Hz,*J = 1.2 Hz,

1H, 6-Har), 9.11 (s, 1H, NH), 10.15 (s, 1H, NHFC NMR (62.9 MHz, DMSQOds): § = 50.7

(OCHg), 84.4, 101.7 (2-C), 113.5, 118.0, 124.4, 125M).7, 162.6, 171.4 (7a-C), 178.0-%),

180.8 (3-C), 192.1 (3-C); MS (El, 70 eVin/z (%): 275 ([M], 23), 151 (15), 150 (100), 121

(11), 105 (25), 68 (12), 44 (18); HRMS (ESI): cafod C13H10NOs ([M+H]*) 276.05026, found

276.05037; IR (ATR, crm): V = 3451 (w), 3101 (w), 3028 (w), 2962 (w), 1743 (129 (m),

1671 (m), 1640 (s), 1616 (s), 1492 (s), 1477 (4R0L(s), 1362 (w), 1323 (m), 1304 (m), 1237

(m), 1231 (m), 1202 (m), 1170 (m), 1153 (m), 1147, (1012 (s), 1007 (s), 902 (w), 866 (M),

812 (w), 799 (m), 785 (m), 759 (s), 727 (m), 712,®82 (M), 631 (s), 569 (W).
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Methyl 5'-amino-6-methoxy-3,3'-dioxo-3H,3'H-spiro[1-benzofuran-2,2'-furan]-4'-
carboxylate (37b):

0 Starting with 3-chloro-7-methoxychromonglb (0.211 g, 1.0
NH,

mmol), methyl 2-carbamoylacetadde (0.129 g, 1.1 mmol), DBU

0o (0.20 mL, 1.3 mmol), 1,4-dioxane (6-7 mL) (0.508 g, 2.0
OH3CO mmol) and DBU (0.45 mL, 3.0 mmol) in dichlorometkafilO

mL), the producB7bwas isolated as a white solid (0.084 g, 27%), mp296 °C,;
'H NMR (300 MHz, DMSOdg): § = 3.69 (s, 3H, OCEJ, 3.93 (s, 3H, OCH}, 6.86 (dd3J = 8.7
Hz,4) = 2.0 Hz, 1H, 5-K), 7.02 (d,*J = 1.9 Hz, 1H, 7-HK), 7.67 (d,2] = 8.7 Hz, 1H, 4-K),
9.06 (s, 1H, NH), 10.10 (s, 1H, NHYC NMR (62.9 MHz, DMSQdg): = 50.7 (OCH), 56.8
(OCHg), 84.4, 97.3, 102.7 (2-C), 110.8, 113.4, 126.2.16169.6 (6-C), 174.1 (7a-C), 178.0-(5
C), 181.0 (3C), 189.0 (3-C); MS (EI, 70 eMp/z(%): 305 ([MT, 27), 181 (14), 180 (100), 165
(11), 151 (15), 135 (27), 78 (15), 68 (13), 63 (189 (13), 44 (28); HRMS (ESI): calcd for
C1H1NO7 ([M+H]) 306.06083 found 306.06078, calcd foridiaNaNO; ([M+Na])
328.04277 found 328.04291; IR (ATR, T V = 3381 (w), 3084 (w), 3024 (w), 2964 (w),
2844 (w), 1724 (m), 1689 (m), 1644 (s), 1626 (§pA(m), 1501 (s), 1460 (w), 1454 (w), 1445
(m), 1424 (w), 1348 (m), 1297 (m), 1282 (m), 126%9H,(1218 (w), 1188 (w), 1182 (w), 1158
(m), 1139 (s), 1120 (s), 1050 (m), 1023 (m), 1080 959 (w), 930 (w), 867 (w), 840 (w), 827
(w), 797 (m), 775 (w), 766 (m), 755 (w), 730 (Wi16(m), 634 (s), 555 (w).
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Supplement 2

Crystallographic data

Crystal data and structure refinement for 13b:

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group (H.-M.)
Space group (Hall)
Unit cell dimensions

Volume

Z

Calculated density
Absorption coefficient
F(000)

Crystal size

® range for data collection
Limiting indices

Reflections collected
Indepent reflections
Completeness t@ = 29.50°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on ¥

Final R indices [l >52(1)]

R indices (all data)

Largest diff. peak and hole

is_is52
GoH1809
402.34 g/mol
173 K
0.71073 A
Triclinic
P-1
-P1
a =8.9975 (8)A
b =10.6797 (11)A
c=11.4242 (17)A
928.83 (19) A
2
1.439 mgim
0.115 mrh
420
0.27 x 0.20 x 0.04 rAim
3.3-28.0°
-1Zh<12, -14Kk<14, -15I<15
18251
502@(int) = 0.035]
97.1%
Multi-scan
0.9954 and 0.9696
Full-matrix least-squares &n F
5026/0/274
1.052
R1 =0.0465, wR2 = 0.1176
R1 =0.0820, wR2 =0.1294
0.33and -0.218 A

o = 107.022 (8)°
B =99.434 (8)°
y = 111.650 (5)°
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Crystal data and structure refinement for 13c:

Identification code is_is73

Empirical formula GoH18010

Formula weight 418.34 g/mol

Temperature 173K

Wavelength 0.71073 A

Crystal system Orthorhombic Heo o
Space group (H.-M.) Pbca

Space group (Hall) -P 2ac 2ab

Unit cell dimensions a=11.3807 (5)A o =90.00°

b =8.1698 (4)A B = 90.00°
c = 40.6850 (16)A y =90.00°

Volume 37828 (3) A

z 8

Calculated density 1.469 mgim

Absorption coefficient 0.120 mth

F(000) 1744

Crystal size 0.80 x 0.48 x 0.25 rfim

O range for data collection 2.7 -30.3°

Limiting indices -15h<15, -1kk<11, -56<1<55
Reflections collected 41068

Indepent reflections 527R(int) = 0.048]
Completeness t@ = 29.50° 99.8%

Absorption correction Multi-scan

Max. and min. transmission 0.9707 and 0.9103
Refinement method Full-matrix least-squares 6n F
Data / restraints / parameters 5272/0/284
Goodness-of-fit on ¥ 1.090

Final R indices [l >02(1)] R1 =0.0516, wR2 = 0.1209
R indices (all data) R1 =0.0611, wR2 =0.1248
Largest diff. peak and hole 0.39 and -0.268 A
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Crystal data and structure refinement for 14o0:

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group (H.-M.)
Space group (Hall)

Unit cell dimensions

Volume

z

Calculated density
Absorption coefficient
F(000)

Crystal size

©® range for data collection
Limiting indices

Reflections collected
Indepent reflections
Completeness t®@ = 30.00°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on ¥

Final R indices [l >52(1)]

R indices (all data)

Largest diff. peak and hole

is_is82
GoH13F0O7
498.30 g/mol
173K
0.71073 A

Monoclinic

P21
P 2yb

a=10.7404 (19)A o = 90.00°
B =91.526 (12)°
c=12.188 (2)A v =90.00°

b =7.6871 (15)A

1005.9 (3) A
2
1.645 mgim
0.164 mrh
504
0.80 x 0.12 x 0.05 rAim
4.990 - 61.299°
-15h<14, -&k<10, -1&I<17
11496
514R(int) = 0.028]
99.9%
Multi-scan
0.9918 and 0.8798
Full-matrix least-squares dn F
5141/1/317
1.025
R1 =0.0397, wR2 = 0.0895
R1 = 0.0564, wR2 = 0.0975
0.25 and -0.22°8 A
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Crystal data and structure refinement for 15:

Identification code
Empirical formula
Formula weight
Temperature

Wavelength

Crystal system
Space group (H.-M.)
Space group (Hall)

Unit cell dimensions

Volume

Z

Calculated density
Absorption coefficient
F(000)

Crystal size

O range for data collection
Limiting indices

Reflections collected
Indepent reflections
Completeness t®@ = 30.00°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on ¥

Final R indices [l >02(1)]

R indices (all data)

Largest diff. peak and hole

208

IS_is752
(oH15F308
428.31 g/mol
173(2) K
0.71073 A

Monoclinic
P21/n
-P 2yn
a=8.5463 (5)A
b =17.9015 (12)A
c=12.7567 (8)A
1857.6 (2) A
4
1.532 mgim
0.138 mrh
880
0.44 x 0.10 x 0.07 im
2.28 - 25.14°
-1Zh<10, -25k<25, -1&I<17
26427
539R(int) = 0.064]
99.6%

Multi-scan

Full-matrix least-squares &n F

5391/0/281
1.042
R1 =0.0469, wR2 = 0.1009
R1 =0.0867, wR2 =0.1192
0.31 and -0.302 A

o = 90.00°
B =107.863 (3)°
vy = 90.00°
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Crystal data and structure refinement for 16:

Identification code
Empirical formula
Formula weight
Temperature

Wavelength

Crystal system
Space group (H.-M.)
Space group (Hall)

Unit cell dimensions

Volume

Z

Calculated density
Absorption coefficient
F(000)

Crystal size

® range for data collection
Limiting indices

Reflections collected
Indepent reflections
Completeness t@ = 29.85°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on ¥

Final R indices [l >52(1)]

R indices (all data)

Largest diff. peak and hole

ah_is388 1
(gH140s
358.29 g/mol
173(2) K
0.71073 A

Monoclinic
P2i/c

-P 2ybc

a =8.1090 (5)A
b = 16.4208 (9)A
c =12.1650 (7)A

o = 90.00°
B = 100.506 (3)°
vy = 90.00°

1592.69 (16) A
4
1.494 Mgfm
0.119 mrh
744
0.24 x 0.18 x 0.13 Mm
2.84 - 29.60°
-1kh<11, -23k<19, -1%I<16
21690
456@R(int) = 0.048]
99.6%
Multi-scan
0.7459 and 0.6834
Full-matrix least-squares dn F
4560/0/243
1.045
R1 =0.0432, wR2 = 0.1075
R1 =0.0650, wR2 = 0.1205
0.34 and -0.2128 A
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Crystal data and structure refinement for 17a:

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group (H.-M.)
Space group (Hall)

Unit cell dimensions

Volume

z

Calculated density
Absorption coefficient
F(000)

Crystal size

O range for data collection
Limiting indices

Reflections collected
Indepent reflections
Completeness t@ = 31.00°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on ¥

Final R indices [l >2(1)]

R indices (all data)

Largest diff. peak and hole

21C

ch_is2001
GsH1807
406.37 g/mol
173(2) K
0.71073 A

Triclinic

P-1
P1
a=9.4746 (4)A
b =10.2347 (4)A
c =11.4323 (4)A
961.06 (6) A
2
1.404 mgim
0.105 mrh
424
0.25 x 0.15 x 0.09 rAim
4.4 -61.8°
-13h<13, -14k<14, -1&1<16
27835
611R(int) = 0.052]
99.7%
Multi-scan
0.9906 and 0.9743

Full-matrix least-squares &n F

6112/0/281
1.032
R1=0.0461, wR2 = 0.1131
R1 =0.0700, wR2 = 0.1280
0.34 and -0.2278 A

o = 65.728 (2)°
B =71.993 (2)°
v = 82.309 (2)°
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Crystal data and structure refinement for 17b

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group (H.-M.)
Space group (Hall)

Unit cell dimensions

Volume

z

Calculated density
Absorption coefficient
F(000)

Crystal size

©® range for data collection
Limiting indices

Reflections collected
Indepent reflections
Completeness t® = 30.00°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on ¥

Final R indices [l >52(1)]

R indices (all data)

Largest diff. peak and hole

is_is93
GsH17FOy
424.37 g/mol
173(2) K
0.71073 A

Monoclinic

C2/c
-C 2yc
a=22.8935 (6)A
b = 8.2045 (2)A
¢ =21.6152 (5)A
4019.15 (17) A
8
1.403 mgim
0.110 mrh
1760
0.27 x 0.24 x 0.07 rAim
2.6 - 30.5°
-3kh<32, -1kk<9, -3(<I<30
21758
584%K(int) = 0.035]
99.6%
Multi-scan
0.9923 and 0.9708
Full-matrix least-squares &n F
5845/0/290
1.047
R1 =0.0492, wR2 = 0.1252
R1=0.0772, wR2 = 0.1353
0.89 and -0.4478 A

o = 90.00°
B = 98.132 (1)°
v =90.00°
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Crystal data and structure refinement for 18a:

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group (H.-M.)
Space group (Hall)

Unit cell dimensions

Volume

z

Calculated density
Absorption coefficient
F(000)

Crystal size

O range for data collection
Limiting indices

Reflections collected
Indepent reflections
Completeness t®@ = 30.00°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on+

Final R indices [l >2(1)]

R indices (all data)

Largest diff. peak and hole

212

av_is2002
G2H1406
374.33 g/mol
173(2) K
0.71073 A

Triclinic

P-1
-P1
a=8.0894 (4)A
b =8.8477 (4)A
c =11.6944 (5)A
826.12 (7) A
2
1.505 mgim
0.111 mrh
388
0.20 x 0.18 x 0.08 rAim
4.6 - 60.2°
-1kh<10, -1Xk<12, -1&1<16
16616
464R(int) = 0.027]
96.5%
Multi-scan
0.9912 and 0.9782

Full-matrix least-squares dn F

4657/0/258
1.043
R1 =0.0436, wR2 = 0.1064
R1=0.0703, wR2 = 0.1233
0.38 and -0.2478 A

o = 95.198 (2)°
B = 97.489 (2)°
y = 90.900 (2)°



Supplement 2. Crystallographic data

Crystal data and structure refinement for 18d:

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group (H.-M.)
Space group (Hall)

Unit cell dimensions

Volume

z

Calculated density
Absorption coefficient
F(000)

Crystal size

©® range for data collection
Limiting indices

Reflections collected
Indepent reflections
Completeness t@ = 32.50°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on ¥

Final R indices [l >52(1)]

R indices (all data)

Largest diff. peak and hole

av_is149
G2H13NOg
419.33 g/mol
173(2) K
0.71073 A

Triclinic

P-1
-P1
a =8.6996 (3)A
b =9.4687 (3)A
c =11.8581 (4)A
905.14 (5) A
2
1.539 mgim
0.119 mrh
432
0.44 x 0.13 x 0.10 rAim
4.4 -65.1°
-12h<13, -14k<14, -1&I<17
23897
650R(int) = 0.023]
99.4%
Multi-scan
0.9882 and 0.9493
Full-matrix least-squares dn F
6501/0/285
1.043
R1 =0.0453, wR2 = 0.1158
R1=0.0571, wR2 = 0.1239
0.38 and -0.2878 A

o = 87.360 (2)°
B =71.996 (1)°
y =77.073 (1)°

213



Supplement 2. Crystallographic data

Crystal data and structure refinement for 20c:

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group (H.-M.)
Space group (Hall)

Unit cell dimensions

Volume

z

Calculated density
Absorption coefficient
F(000)

Crystal size

O range for data collection
Limiting indices

Reflections collected
Indepent reflections
Completeness t® = 30.67°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on+

Final R indices [l >2(1)]

R indices (all data)

Largest diff. peak and hole

214

av_is2081 b
G1H2203
442.49 g/mol
173(2) K
0.71073 A

Monoclinic

P2i/c
-P 2ybc
a=18.3936 (4) A
b=5.9331 (1) A
c=21.3185 (5) A
2310.78 (8) A
4
1.272 mgim
0.081 mrh
928
0.56 x 0.07 x 0.06 rAim
5.5-60.7°
-24h<26, -6k<8, -30<1<30
26898
711R(int) = 0.054]
99.2%
Multi-scan
0.9952 and 0.9561

Full-matrix least-squares dn F

7113/0/315
1.008
R1=0.0577, wR2 = 0.1041
R1=0.1228, wR2 = 0.1310
0.30 and -0.268 A

o = 90.00°
B = 96.666 (2)°
y = 90.00°



Supplement 2. Crystallographic data

Crystal data and structure refinement for 20d:

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group (H.-M.)
Space group (Hall)

Unit cell dimensions

Volume

z

Calculated density
Absorption coefficient
F(000)

Crystal size

©® range for data collection
Limiting indices

Reflections collected
Indepent reflections
Completeness t@ = 29.00°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on ¥

Final R indices [l >52(1)]

R indices (all data)

Largest diff. peak and hole

av_isl761
GoH2003S
448.51 g/mol
173(2) K
0.71073 A

Monoclinic

P2i/c
-P 2ybc
a=18.4149 (9A
b = 5.8081 (3)A
c =21.3309 (12)A
2266.1 (2) A
4
1.315 mgim
0.172 mrh
936
0.85 x 0.06 x 0.05 rAim
47 -52.8°
-25h<24, -Kk<6, -2%I<29
28745
600R(int) = 0. 115]
99.9%
Multi-scan
0.9914 and 0.8675

Full-matrix least-squares dn F

6003/8/319
1.029
R1=0.0612, wR2 = 0.1038
R1 =0.1405, wR2 = 0.1322
0.26 and -0.2978 A

o = 90.00°
B = 96.645 (3)°
vy = 90.00°



Supplement 2. Crystallographic data

Crystal data and structure refinement for 20f:

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group (H.-M.)
Space group (Hall)

Unit cell dimensions

Volume

z

Calculated density
Absorption coefficient
F(000)

Crystal size

O range for data collection
Limiting indices

Reflections collected
Indepent reflections
Completeness t@ = 28.00°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on+

Final R indices [l >2(1)]

R indices (all data)

Largest diff. peak and hole

21¢€

ch_is209
G1H21NOs
487.49 g/mol
173(2) K
0.71073 A
Orthorhombic
Fdd2
F2-2d

a =36.4369 (12)A
b = 40.2125 (14)A
c = 6.8319 (2)A
10010.2 (6) A
16
1.294 mgim
0.088 mrh
4064
0.51 x 0.09 x 0.07 rAim
4.6-52.7°
-48h<43, -5Xk<52, -%I<8
43251
591&(int) = 0.061]
99.8%
Multi-scan
0.9939 and 0.9564

Full-matrix least-squares dn F

5916/1/342
1.089
R1 =0.0519, wR2 = 0.0914
R1 =0.0894, wR2 = 0.1055
0.18 and -0.2278 A

o = 90.00°
B = 90.00°
v =90.00°



Supplement 2. Crystallographic data

Crystal data and structure refinement for 21b:

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group (H.-M.)
Space group (Hall)

Unit cell dimensions

Volume

z

Calculated density
Absorption coefficient
F(000)

Crystal size

©® range for data collection
Limiting indices

Reflections collected
Indepent reflections
Completeness t@ = 27.50°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on ¥

Final R indices [l >52(1)]

R indices (all data)

Largest diff. peak and hole

is_is1762
GoH2003S
448.51 g/mol
173(2) K
0.71073 A
Orthorhombic

Pbca
-P 2ac 2ab
a=7.6625 (7)A
b =22.434 (2)A
c = 25.438 (3)A
4372.9 (7) A
8
1.363 mgim
0.178 mrh
1872
0.60 x 0.17 x 0.03 rAim
4.8 -44.1°
-&h<5, -29%k<23, -3xI<31
29592
500®R(int) = 0.112]
99.9%
Multi-scan
0.9947 and 0.9005

Full-matrix least-squares dn F

5009/0/306
1.003
R1 = 0.0646, wR2 = 0.1225
R1=0.1469, wR2 = 0.1549
0.31 and -0.452@ A

o = 90.00°
B = 90.00°
v =90.00°



Supplement 2. Crystallographic data

Crystal data and structure refinement for 21e:

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group (H.-M.)

Space group (Hall)

Unit cell dimensions

Volume

z

Calculated density
Absorption coefficient
F(000)

Crystal size

® range for data collection
Limiting indices

Reflections collected
Indepent reflections
Completeness t@ = 27.50°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on+

Final R indices [l >02(1)]

R indices (all data)

Largest diff. peak and hole

218

is_is163

G2H23NOs

517.51

173(2) K

0.71073 A

Orthorhombic
Pbca

-P 2ac 2ab

a=16.0280 (12)A «=90.00°
B = 90.00°
y = 90.00°

b = 14.4028 (12)A
c =21.1809 (18)A
4889.6 (7) A
8
1.406 Mgfm
0.098 mrh
2160
0.41 x 0.23 x 0.11 rAim
2.7 -27.4°
-26th<20, -18k<18, -2&I<27
45522
561%R(int) = 0.100]
99.9%
Multi-scan
0.9893 and 0.9611

Full-matrix least-squares dn F

5615/27/393
1.032
R1=0.0553, wR2 = 0.1514
R1=0.0823, wR2 = 0.1638
0.34 and -0.24@ A




Supplement 2. Crystallographic data

Crystal data and structure refinement for 25f:

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group (H.-M.)
Space group (Hall)

Unit cell dimensions

Volume

z

Calculated density
Absorption coefficient
F(000)

Crystal size

©® range for data collection
Limiting indices

Reflections collected
Indepent reflections
Completeness t@ = 32.50°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on ¥

Final R indices [l >52(1)]

R indices (all data)

Largest diff. peak and hole

is_is246
G4H19CIN2Os
450.86 g/mol
173(2) K
0.71073 A

Triclinic

P-1
-P1
a=7.4502 (3)A
b=11.0719 (5)A
c =14.3255 (7)A
1037.37 (8) A
2
1.443 mgim
0.225 mrh
468
0.19 x 0.17 x 0.08 rAim
6.1 - 65.5°
-1kh<10, -16k<16, -2KlI<21
37516
749®R(int) = 0.049]
99.9%
Multi-scan
0.9822 and 0.9585
Full-matrix least-squares dn F
7499/0/294
1.004
R1 = 0.0487, wR2 = 0.1007
R1=0.0970, wR2 = 0.1214
0.39 and -0.4478 A

o = 68.214 (3)°
B =82.026 (3)°
y=71.014 (3)°

219



Supplement 2. Crystallographic data

Crystal data and structure refinement for 26g:

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group (H.-M.)
Space group (Hall)

Unit cell dimensions

Volume

yA

Calculated density
Absorption coefficient
F(000)

Crystal size

O range for data collection
Limiting indices

Reflections collected
Indepent reflections
Completeness t@ = 31.00°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on+

Final R indices [l >2(1)]

R indices (all data)

Largest diff. peak and hole

22C

ch_is255
GeH20N203S
440.50 g/mol
173(2) K
0.71073 A

Monoclinic

P21/n
-P 2yn
a=7.8696 (2)A
b = 16.2835 (5)A
c =16.1443 (5)A
2058.74 (10) A
4
1.421 mgim
0.019 mrh
920
0.36 x 0.21 x 0.06 rAim
5.6 - 61.1°
-1kh<11, -23k<19, -2%I<23
33282
655R(int) = 0.052]
99.9%
Multi-scan
0.9887 and 0.9346

Full-matrix least-squares dn F

6557/0/312
1.028
R1 =0.0501, wR2 = 0.1038
R1=0.0877, wR2 = 0.1203
0.33 and -0.248 A

o = 90.00°
B = 95.653 (2)°
vy = 90.00°



Supplement 2. Crystallographic data

Crystal data and structure refinement for 26m:

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group (H.-M.)
Space group (Hall)

Unit cell dimensions

Volume

Z

Calculated density
Absorption coefficient
F(000)

Crystal size

O range for data collection
Limiting indices

Reflections collected
Indepent reflections
Completeness t@ = 26.00°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on+

Final R indices [l >2(1)]

R indices (all data)

Largest diff. peak and hole

is_is252
GoH24N203
460.51 g/mol
173(2) K
0.71073 A
Triclinic
P-1

-P1
a=10.2821 (12)A
b =10.3291 (12)A
c =13.0613 (14)A
1129.2 (2) A
2
1.354 mgim
0.088 mrh
484
0.28 x 0.10 x 0.06 MM
4.8 -49.7°
-12h<12, -1kk<12, -1&1<16
15811
423R(int) = 0.066]
95.8%
Multi-scan
0.9947 and 0.9758
Full-matrix least-squares dn F
4235/0/321
1.001
R1 =0.0565, wR2 = 0.1216
R1=0.1164, wR2 = 0.1512
0.27 and -0.26@ A

o = 107.939 (6)°
B = 98.029 (6)°
vy = 115.540 (6)°

221



Supplement 2. Crystallographic data

Crystal data and structure refinement for 26n:

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group (H.-M.)
Space group (Hall)

Unit cell dimensions

Volume

Z

Calculated density
Absorption coefficient
F(000)

Crystal size

O range for data collection
Limiting indices

Reflections collected
Indepent reflections
Completeness t@ = 31.00°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on ¥

Final R indices [l >02(1)]

R indices (all data)

Largest diff. peak and hole

222

is_is264
GoH23CIN203
494.95 g/mol

173(2) K
0.71073 A

Monoclinic
P2i/c

-P 2ybc

a =8.1449 (2)A
b=12.9178 (3)A
c =22.4376 (4)A
2355.50 (9) A
4
1.396 mgim
0.199 mrh
1032
0.48 x 0.10 x 0.06 MM
4.8 -60.3°
-1kh<11, -18k<18, -2%I<32
36329
748®R(int) = 0.047]
99.8%
Multi-scan
0.9881 and 0.9104

Full-matrix least-squares dn F

7489/0/329
1.007
R1 =0.0475, wR2 = 0.0944
R1 =0.0928, wR2 =0.1134
0.35 and -0.26@ A

o = 90.00°
B =93.823 (1)°
vy = 90.00°



Supplement 2. Crystallographic data

Crystal data and structure refinement for 260:

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group (H.-M.)
Space group (Hall)

Unit cell dimensions

Volume

z

Calculated density
Absorption coefficient
F(000)

Crystal size

©® range for data collection
Limiting indices

Reflections collected
Indepent reflections
Completeness t@ = 27.09°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on ¥

Final R indices [l >52(1)]

R indices (all data)

Largest diff. peak and hole

is_is4602
GeH17F3N203
462.41 g/mol
173(2) K
0.71073 A

Monoclinic

P21/n
-P 2yn
a=7.4706 (7)A
b=19.1877 (17)A
c =14.3379 (11)A
2045.8 (3) A
4
1.501 mgim
0.117 mrh
952
0.27 x 0.08 x 0.04 rAim
2.9-21.3°
-Eh<9, -18k<24, -18&I<18
22066
A50TR(int) = 0.085]
99.7%
Multi-scan
0.7455 and 0.6852
Full-matrix least-squares dn F
4507/3/324
1.000
R1 =0.0539, wR2 = 0.0903
R1=0.1384, wR2 = 0.1185
0.23 and -0.288 A

o = 90.00°
B = 95.507 (4)°
y = 90.00°

223



Supplement 2. Crystallographic data

Crystal data and structure refinement for 26p:

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group (H.-M.)
Space group (Hall)

Unit cell dimensions

Volume

z

Calculated density
Absorption coefficient
F(000)

Crystal size

O range for data collection
Limiting indices

Reflections collected
Indepent reflections
Completeness t®@ = 30.00°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on+

Final R indices [l >2(1)]

R indices (all data)

Largest diff. peak and hole

224

is_2701
G2H16CI2N203
427.27 g/mol
173(2) K
0.71073 A
Triclinic
P-1
-P1
a =9.9068 (6)A
b = 10.0544 (6)A
¢ =10.9014 (7)A
922.51 (10) A
2
1.538 mgim
0.381 mrh
440

0.21 x 0.16 x 0.08 MM

5.2-62.0°

o = 114.988 (3)°
B =100.724 (3)°
y = 100.864 (3)°

-13h<13, -14k<14, -15I<15

20836

533R(int) = 0.027]

99.3%
Multi-scan

0.9702 and 0.9243

Full-matrix least-squares dn F

5335/0/226
1.019

R1 =0.0388, wR2 = 0.0880
R1 =0.0582, wR2 = 0.0975

0.38 and -0.282@ A




Supplement 2. Crystallographic data

Crystal data and structure refinement for 27b:

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system

Space group (H.-M.)
Space group (Hall)

Unit cell dimensions

Volume

Z

Calculated density
Absorption coefficient
F(000)

Crystal size

® range for data collection
Limiting indices

Reflections collected
Indepent reflections
Completeness t@ = 29.00°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on ¥

Final R indices [l >52(1)]

R indices (all data)

Largest diff. peak and hole

is_is404
G7H19FN203- CHiO
470.48 g/mol
173(2) K
0.71073 A
Orthorhombic

Pbca
-P 2ac 2ab
a=13.6829 (4)A o =90.00°
b=13.6968 (5 A B =90.00°
c =24.0304 (7) A y=90.00°
4503.6 (2) A
8
1.388 mgim
0.098 mrh
1968
0.60 x 0.23 x 0.10 rAim
2.3-29.4°
-18h<18, -18k<16, -3xI<32
61437
597R(int) = 0.072]
99.8%
Multi-scan
0.7461 and 0.7002
Full-matrix least-squares dn F
5973/21/347
1.023
R1 = 0.0554, wR2 = 0.1169
R1=0.0979, wR2 = 0.1394
0.30 and -0.388 A

225



Supplement 2. Crystallographic data

Crystal data and structure refinement for 27d:

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group (H.-M.)
Space group (Hall)

Unit cell dimensions

Volume

z

Calculated density
Absorption coefficient
F(000)

Crystal size

O range for data collection
Limiting indices

Reflections collected
Indepent reflections
Completeness t®@ = 30.00°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on+

Final R indices [l >2(1)]

R indices (all data)

Largest diff. peak and hole

22¢€

is_is268
G7H19N30s
465.45 g/mol
173(2) K
0.71073 A

Monoclinic

P21/n
-P 2yn
a=12.1392 (3)A
b =13.7350 (3)A
c =13.1589 (3)A
2180.01 (9) A
4
1.418 mgim
0.100 mrh
968
0.26 x 0.19 x 0.17 rAim
2.4 -30.7°
-1%h<15, -14k<19, -1&I<17
32868
632R(int) = 0.057]
99.5%
Multi-scan
0.7463 and 0.6916

Full-matrix least-squares dn F

6327/0/317
1.014
R1 = 0.0538, wR2 = 0.1092
R1=0.1129, wR2 = 0.1328
0.31 and -0.288 A

o = 90.00°
B = 96.476 (1)°
v =90.00°



Supplement 2. Crystallographic data

Crystal data and structure refinement for 27h:

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group (H.-M.)

Space group (Hall)

Unit cell dimensions

Volume

Z

Calculated density
Absorption coefficient
F(000)

Crystal size

® range for data collection
Limiting indices

Reflections collected
Indepent reflections
Completeness t@ = 25.50°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on ¥

Final R indices [l >2(1)]

R indices (all data)

Largest diff. peak and hole

av_is405
GoH22N203- 0.5(GHgO)
476.53 g/mol

173(2) K

0.71073 A
Monoclinic

C2/c

-C 2yc
a = 24.3897(15)A
b =14.4367 (9) A
c=14.2172 (9) A
4982.7 (5) A
8
1.270 mgim
0.08 mrh
2008
0.08 x 0.08 x 0.02 rAm
2.8-20.6°
-29h<29, -1%k<16, -1&I<17
23255
464R(int) = 0.118]
99.8%
Multi-scan
0.7453 and 0.6574
Full-matrix least-squares dn F
4642 [1/345
1.001
R1 =0.0591, wR2 = 0.1142
R1 =0.1486, wR2 = 0.1550
0.32 and -0.247@ A

o = 90.00°
B =95.522 (4)°
vy =90.00 ©

227



Supplement 2. Crystallographic data

Crystal data and structure refinement for 28e:

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group (H.-M.)
Space group (Hall)

Unit cell dimensions

Volume

z

Calculated density
Absorption coefficient
F(000)

Crystal size

O range for data collection
Limiting indices

Reflections collected
Indepent reflections
Completeness t® = 30.00°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on+

Final R indices [l >2(1)]

R indices (all data)

Largest diff. peak and hole

228

is_is4061
G3H19F3N204
444.40 g/mol
173(2) K
0.71073 A

Triclinic

P-1
P1

a=11.4582 (2)A
b =11.8588 (2)A
¢ =15.5620 (3)A

a =91.229 (1)°
B =111.145 (1)°
y =91.826 (1)°

1969.97 (6) A
4
1.498 mgim
0.122 mrh
920
0.25 x 0.21 x 0.16 rAim
2.5-30.6°
-16h<16, -16<k<16, -2KI<21
44219
1147&(int) = 0.038]
99.9%
Multi-scan
0.7463 and 0.6857

Full-matrix least-squares dn F

11474/0/601
1.008
R1 = 0.0468, wR2 = 0.0932
R1=0.0855, wR2 = 0.1123
0.35 and -0.2278 A



Supplement 2. Crystallographic data

Crystal data and structure refinement for 29b:

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group (H.-M.)
Space group (Hall)

Unit cell dimensions

Volume

z

Calculated density
Absorption coefficient
F(000)

Crystal size

©® range for data collection
Limiting indices

Reflections collected
Indepent reflections
Completeness t@ = 28.00°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on ¥

Final R indices [l >52(1)]

R indices (all data)

Largest diff. peak and hole

ah_is4594
G2H16N204
372.37 g/mol
173(2) K
0.71073 A

Monoclinic
P2i/c
-P 2ybc
a=15.2230 (4)A o =90.00°
b =6.7516 (1)A B =104.295 (1)°
c=16.7885 (4)A  y=90.00°
1672.09 (6) A
4
1.479 mgim
0.103 mrh
776
0.22 x 0.20 x 0.04 rAim
2.5-30.5°
-26th<16, -8k<6, -2KI<22
20211
401®R(int) = 0.045]
99.9%
Multi-scan
0.7462 and 0.6950
Full-matrix least-squares dn F
4019/0/254
1.027
R1 = 0.0860, wR2 = 0.0920
R1 =0.0860, wR2 = 0.1090
0.25 and -0.2528 A
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Supplement 2. Crystallographic data

Crystal data and structure refinement for 30b:

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group (H.-M.)
Space group (Hall)

Unit cell dimensions

Volume

z

Calculated density
Absorption coefficient
F(000)

Crystal size

©® range for data collection
Limiting indices

Reflections collected
Indepent reflections
Completeness t@ = 25.00°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on+

Final R indices [l >2(1)]

R indices (all data)

Largest diff. peak and hole

23C

is_is2451
G2H16CI2N204- H20
461.28 g/mol
173(2) K
0.71073 A

Monoclinic

P2i/c
-P 2ybc
a=14.6744 (16)A
b = 7.8448 (9)A
c =18.406 (2)A
2051.7 (4) A
4
1.493 mgim
0.355 mrh
952
0.25 x 0.21 x 0.04 rAim
4.6 - 46.8°
-1%h<17, -&k<9, -2Kl<21
16757
357®&(int) = 0.054]
98.8%
Multi-scan
0.9859 and 0.9164

Full-matrix least-squares dn F

3576/0/279
0.992
R1 =0.0502, wR2 = 0.1030
R1=0.0937, wR2 = 0.1154
0.34 and -0.447@ A

o = 90.00°
B = 104.472 (5)°
vy = 90.00°



Supplement 2. Crystallographic data

Crystal data and structure refinement for 32e:

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group (H.-M.)
Space group (Hall)

Unit cell dimensions

Volume

z

Calculated density
Absorption coefficient
F(000)

Crystal size

® range for data collection
Limiting indices

Reflections collected
Indepent reflections
Completeness t@ = 28.00°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on ¥

Final R indices [l >52(1)]

R indices (all data)

Largest diff. peak and hole

is_is29d1_c

G1H19NO4 H.

349.37 g/mol
173(2) K
0.71073 A
Orthorhombic

CH,

Aba2
A2 -2ac
a =53.4482 (16)A
b = 16.9847 (5)A
c =7.5348 (3)A
6840.1 (4) A
16
1.357 mgim
0.094 mrh
2944
0.30 x 0.20 x 0.10 rAim
5.0-50.1°
-6%h<69, -22k<21, -%I<9
15265
628®(int) = 0.038]
92.4%
Multi-scan
0.9906 and 0.9723

Full-matrix least-squares dn F

6289 /1/491
1.033
R1 = 0.0458, wR2 = 0.0854
R1=0.0619, wR2 = 0.0926
0.21 and -0.2328 A

o = 90.00°
B = 90.00°
v = 90.00°
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Supplement 2. Crystallographic data

Crystal data and structure refinement for 32x:

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system

Space group (H.-M.)
Space group (Hall)

Unit cell dimensions

Volume

Z

Calculated density
Absorption coefficient
F(000)

Crystal size

O range for data collection
Limiting indices

Reflections collected
Indepent reflections
Completeness t@ = 31.90°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on ¥

Final R indices [l >2(1)]

R indices (all data)

Largest diff. peak and hole

232

is_is361
GgH19NO4
433.44 g/mol
173(2) K
0.71073 A

Monoclinic

P2i/c
-P 2ybc
a =15.6057 (3)A
b = 13.4479 (2)A
c=9.9275 (2)A
2077.40 (7) A
4
1.386 mgim
0.093 mrh
904
0.30 x 0.24 x 0.18 mm
5.1 -61.5°
-23h<17, -26<k<18, -1xI<14
34884
7154(int) = 0.036]
99.9%
Multi-scan
0.9834 and 0.9726

Full-matrix least-squares dn F

7154/0/306
1.024
R1 =0.0492, wR2 = 0.1052
R1 =0.0929, wR2 = 0.1249
0.32 and -0.252@ A

o = 90.00°
B = 94.359 (1)°
vy = 90.00°




Supplement 2. Crystallographic data

Crystal data and structure refinement for 33:

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group (H.-M.)
Space group (Hall)

Unit cell dimensions

Volume

z

Calculated density
Absorption coefficient
F(000)

Crystal size

©® range for data collection
Limiting indices
Reflections collected
Indepent reflections
Completeness t@ = 32.00°
Absorption correction
Max. and min. transmission

Refinement method

Data / restraints / parameters

Goodness-of-fit on ¥
Final R indices [l >52(1)]
R indices (all data)

Largest diff. peak and hole

is_is3801
GoH16CINOs- GHsOS
463.92 g/mol
173(2) K
0.71073 A
Monoclinic
P2:/m
-P 2yb
a=9.7020 (2)A
b = 6.8943 (1)A
c=16.0179 (3)A
1071.18 (3) A
2
1.438 mgim
0.316 mrh
484
0.28 x 0.27 x 0.13 rAim
4.9 -70.7°
-14h<14, -16k<10, -23I<23
18612
397®(int) = 0.022]
99.7%
Multi-scan
0.9601 and 0.9168
Full-matrix least-squares dn F
3979/0/192
1.025
R1 =0.0382, wR2 = 0.1038
R1 =0.0465, wR2 =0.1126
0.47 and -0.37 8 A

H-
/
0O

o = 90.00°
B =91.201 (1)°
v = 90.00°
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Supplement 2. Crystallographic data

Crystal data and structure refinement for 35i:

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group (H.-M.)
Space group (Hall)

Unit cell dimensions

Volume

z

Calculated density
Absorption coefficient
F(000)

Crystal size

O range for data collection
Limiting indices

Reflections collected
Indepent reflections
Completeness t@ = 32.50°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on ¥

Final R indices [l >2(1)]

R indices (all data)

Largest diff. peak and hole

234

is_is447
G7H17NO.S
419.48 g/mol

173(2) K
0.71073 A

Monoclinic
P2i/c

-P 2ybc

a =10.4820 (5)A
b =9.7696 (4)A
c =19.8471 (8)A

a = 90.00°
B = 105.020 (2)°
vy = 90.00°

1963.00 (15) A
4
1.419 mgim
0.191 mrh
872
0.44 x 0.30 x 0.22 rAim
2.9 -32.5°
-15h<15, -1Zk<14, -3xI<28
32487
706%R(int) = 0.028]
99.5%
Multi-scan
0.7464 and 0.6868
Full-matrix least-squares dn F
7065/0/284
1.032
R1 =0.0407, wR2 = 0.1086
R1 =0.0537, wR2 = 0.1206
0.39 and -0.218 A



Supplement 2. Crystallographic data

Crystal data and structure refinement for 36e:

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group (H.-M.)
Space group (Hall)

Unit cell dimensions

Volume

yA

Calculated density
Absorption coefficient
F(000)

Crystal size

©® range for data collection
Limiting indices

Reflections collected
Indepent reflections
Completeness t@ = 28.50°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on ¥

Final R indices [l >52(1)]

R indices (all data)

Largest diff. peak and hole

is_is411
GaH15NO4
381.37 g/mol
173(2) K g
0.71073 A O
Orthorhombic
P212121
P 2ac 2ab
a=4.9114 (A
b =9.9314 (7)A
c = 36.687 (3)A
1789.5 (2) A
4
1.416 mgim
0.097 mrh
792
0.99 x 0.10 x 0.04 rAim
4.7 - 44.1°
-6h<6, -13<k<13, -4%I<48
18306
454&(int) = 0.072]
100%
Multi-scan
0.9961 and 0.9099
Full-matrix least-squares &n F
4548/0/267
1.010
R1 =0.0480, wR2 = 0.0925
R1 =0.0937, wR2 =0.1105
0.20 and -0.208 A

o = 90.00°
B = 90.00°
v =90.00°
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List of abbreviations

List of abbreviations

A Absorption

AMP Adenosine monophosphate

Ar Aromatic

ATP Adenosine triphosphate

d Day

2D Two-dimensional

CN Nitrile

COSsYy Correlation spectroscopy

DABCO 1,4-Diazabicyclo[2.2.2]octane

DBN 1,5-Diazabicyclo[4.3.0]non-5-ene
DBU 1,8-Diazabicyclo[5.4.0]lundec-7-ene
DCM Dichloromethane

DDQ 2,3-Dichloro-5,6-dicyano-1,4-benzoquinone
DMF N,N-Dimethylformamide

DMF-DMA N,N-Dimethylformamidedimethyl acetal
DNA Deoxyribonucleic acid

€ Extinction coefficient

El Electron ionization

ESI Electrospray ionization

Et Ethyl

GC Gas chromatography

GTP Guanosine-5'-triphosphate

h Hour

Har Aromatic hydrogen atom

HCI Hydrochloric acid

HIV Human immunodeficiency virus

HKA Heterocyclic ketene aminal

HMBC Heteronuclear multiple bond correlation
HRMS High resolution mass spectroscopy
Hz Hertz

23¢€



List of abbreviations

MeCN
MS
mp
NAD
NMR
Nu
Ph

r. t.
RF
RNA
THF
TLC
uv

Infrared spectroscopy
Inosine-5monophosphate dehydrogenase
Coupling constant

Wavelength

Methyl

Acetonitrile

Mass spectrometry

Melting point

Nicotinamide adenine dinucleotide
Nuclear magnetic resonance
Nucleophile

Phenyl

Room temperature

Polyfluoroalkyl group

Ribonucleic acid

Tetrahydrofuran

Thin layer chromatography
Ultraviolet

Chiral atom (centre)
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