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Introduction & Aims

Organic syntheses design and execution urges the development of novel solutions
towards improved efficiency in terms of higher yields and conversions, better selectivities,
less number of synthetic steps applied, lower costs and easy reaction performance. The
synthesis of organic compounds are typically accomplished in a step-by-step fashion,
moreover, each products of the individual steps are often subjected to complex purification
procedures, then the isolated intermediates are used as further starting materials of the
subsequent synthetic step. The synthetic design based on domino approaches can serve as a
useful alternative for the above mentioned problems. Domino reactions are defined as one-pot
processes of two or more bond-forming reactions under identical conditions, in which the
subsequent transformation takes place at the functionalities obtained in the former
transformation. Multicomponent reactions (MCRs) are considered to be a subclass of domino
reactions, whereby more than two reactants combine in a one-pot sequential manner to give
complex products with excellent chemo-, regio-, and stereoselectivities. In addition, the
isolation of the intermediates contrary to the conventional synthetic methodologies is not
necessary. Importantly, a high level of structural diversity can be achieved using MCR
approaches by varying the components arbitrarily.

We aimed to develop specific synthetic routes towards novel pharmacophore O-, and
N,N-heterocyclic scaffolds, moreover modified curcumin derivatives based on one-pot
multicomponent and/or domino synthetic strategies.

Materials & Methods

Reactions were carried out in 1-40 millimole scale, and products were purified either by
means of column chromatography or simple filtration and recrystallization. All new
compounds were characterized by melting points, IR and NMR (*H and **C) spectroscopy,
and mass spectrometry (ESI). The model compounds were characterized by using one- or
two-dimensional NMR spectroscopies (*H/**C NMR, COSY, NOESY, HSQC, HMBC). The
microwave-assisted reactions were performed in a CEM Discover ™ Microwave System. All
chemicals and solvents were of commercial grade (Sigma-Aldrich, Alfa Aesar, AK Scientific)
and used without further purification. The in vitro anti-proliferative activity of the synthesized

curcumin analogs was tested by Avidin Ltd.
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Results*

1. Synthesis of novel six-membered fused heterocycles'

1.1. In the initial stage of the work we investigated whether 2-imino-chromene-3-
carboxamides 73a-c, possessing iminolacton, activated alkene, as well as 1,3-azadiene motifs
can be subjected to a specific 1,4-conjugate addition/O-trapping rearrangement sequence with
isocyanides 74a-c. A model reaction was chosen in order to adjust the reaction parameters by
testing both Lewis- and Brensted acids and examining the solvent effect. Upon tuning the
reaction conditions (1.5 equivalents of TFA and isocyanide each, EtOH, RT), the synthesis of
nine novel 2-amino-3-cyano-4-carboxamide-4H-chromene frameworks 75a-i was completed
in moderate to good vyields (48-92%) by means of three isocyanide and three
2-iminochromene building blocks (Scheme 1.).
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Scheme 1.

* Compound numbering is identical to that applied in the thesis.



1.2. Besides the development of a novel isocyanide-based approach, the 2-amino-3-cyano-4H-
chromene-4-carboxamide derivatives 75a-i were also synthesized via a TFA promoted one-
pot three-component reaction of salicylaldehydes 71a-c, cyanoacetamide (72) and isocyanides

74a-c with overall yields up to 77% (Scheme 2.).
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Scheme 2.
The tandem multicomponent reaction can be elucidated as a one-pot Knoevenagel
condensation/intramolecular Pinner reaction followed by an isocyanide 1,4-conjugate
addtion/intramolecular O-trapping rearrangement (carboxamide—carbonitrile conversion)

sequence.

2. Synthesis of novel N,N-heterocycles via domino reactions’

2.1. The second experimental session deals with the domino annulations of 5-amino-1-aryl-
1H-pyrazol-4-carbonitriles 134a-i with chloroalkyl isocyanates 144a and 144b (Scheme 3.).
We investigated the catalytic activation of isocyanates towards amine-isocyanate coupling by
Lewis acids due to the extremely low nucleophilicity of 5-aminopyrazoles observed in the
course of the project. Followed by an extensive catalyst screen, the use of catalytic amount of
copper(ll)-acetate proved to be highly efficient. Due to the excellent conversion and short
reaction time of the copper(ll)-catalyzed urea formation observed, further efforts were
focused on the one-pot realization of the domino process without isolating the corresponding
intermediates. Moreover, the effect of various basic additives was examined in order to trigger
the domino ring-closure process. The use of Cs,CO3 in a one-pot fashion was found to be the
most efficient way to obtain pyrazole-fused imidazo[1,2-c]pyrimidinones. By using the well-
established and rapid one-pot protocol (10 mol% of Cu(OAc), and 1.2 equivalent of Cs,COg3



10 min), an 18-membered novel pyrazolo[3,4-d]pyrimidine library 146a-i and 147a-i was

successfully generated with isolated yields in the range 77-90% (Scheme 3.).
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Scheme 3.
2.2. Experiments were then performed to reveal whether 3-aminocarbaldehydes 142 and 143
as bifunctional building blocks can be subjected to a copper(ll)-catalyzed domino
transformation with chloroalkyl isocyanates 144a and 144b. Interestingly, the formation of
bicyclic pyrazolo[3,4-d]pyrimidine-6(5H)-one species 149a, 149b, 150a and 150b were
observed instead of the anticipated tricycles 148 when pyrazole-based p-aminocarbaldehydes
142 and 143 were employed. Nevertheless, the mechanisms of the copper-catalyzed amine—
isocyanate coupling and the following domino processes were proposed based on an
isocyanate electrophilic activation through mono- and dinuclear copper(ll)-transition

complexes.
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3. Synthesis of novel curcumin derivatives® 2"¢*

3.1. The final experimental part describes the synthesis of 47 novel C-4 substituted curcumin
derivatives 172-218. In order to prove the appropriate structural diversity, the precursor
[-acylamide-1,3-diones 165a-q were synthesized via a modified Mannich three-component

reaction in yields of 22-81% (Scheme 5.).
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Scheme 5.
In addition, a Mannich intermediate possessing an activated terminal double bond was
subjected to Heck-coupling to demonstrate further variability. Afterwards, the construction of
the curcumin backbone was achieved through an improved morpholinium-chloroacetate-
catalyzed double aldol condensation (Claisen-Schmidt reaction). Based on the well-
established protocol and by modifying Rs, Rg and Ry diversity points, a series of novel

curcuminoids 172-218 were synthesized in moderate to good yields (50-76%) (Scheme 5.).



The proposed mechanism includes the in situ formation of a spirocyclic boron-complex, the
dynamic ring-opening and closure of the boron-complex, and a secondary amine salt-
catalyzed multiple aldol condensation via enamine activation.

3.2. The in vitro anti-proliferative activity of the synthesized curcumin analogs 172-218 was
tested by Avidin Ltd. in A549 and H1975 lung adenocarcinoma cells using viability assays.
Furthermore, a strong correlation of the cytotoxic potential of the analogs 172-218 was found
followed by the detection of TNFa-induced NF-«B inhibition in vitro. Structure-activity
relationships were established based on the obtained in vitro data, and the most prominent
member of the library 209 was assigned as lead compound (Glsp[A549] = 0.56 uM,
Glsp[H1975] = 0.26 uM, NF-xB inhibition (ICsp= 2.80 puM)) for further investigations
(Scheme 6.).
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3.3. In addition, the scale-up trials of the lead compound in <40 mmol range were
successfully accomplished in isolated yield of 60% and with excellent NMR purity (>98%). It
should be emphasized, that only simple filtration and recrystallization was applied during the
work-up procedure.

In the course of my PhD work, the synthetic elaboration of 78 novel compounds, including O-
and N,N-heterocycles (4H-chromenes, pyrazolo[3,4-d]pyrimidinones), as well as C-4
modified curcumin species using one-pot multicomponent and domino synthetic strategies

were accomplished (Scheme 7.).
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