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INTRODUCTION
I performed the research work for my PhD thesis under the supervision of Dr. Mátyás Milen

senior research and development chemist of Egis Pharmaceuticals Plc., Directorate of Drug
Substance Development. Our research focused on the preparation of indole skeleton (1)
containing natural products and its derivatives with their reactions. As a part of our work, we
paid special attention to oxazole ring fused indole alkaloids (2),1 β-carbolines (3),2 and
indoloquinoline skeleton (4)3 containing molecules and their closely related analogons (Fig. 1.).
Recently, the families of 2‒4 have come into focus due to their wide range of biological
properties. Seeing the potential of the compounds 2‒4, the pivotal point of my work was the
synthesis of these substances. The preparation of bioactive alkaloids 2a‒g as well as chiral
(R)-5 and (R)-6 pimprinols and their closely related sensitive functional group bearing 7
compound belonged to the scope of our researches.

Figure 1. Target compounds of our research.
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8, 749‒752.
[2] Love, B. E., Org. Prep. Proced. Int. 1996, 28, 1–64.
[3] Nadein, O. N.; Aksenov, D. А.; Abakarov, G. M.; Aksenov, N. А.; Voskressensky, L. G.; Aksenov, A. V., Chem.
Heterocycl. Compd. 2019, 55, 905‒932.

___________________________________________________________________________
2

An important part of our research was to develop a new synthesis of 1-formyl-9H-βcarboline (8) and its derivatives, which were used in further reactions to accomplish the
preparation of more complex alkaloids as pityriacitrin (9), hyrtiosulawesine (10) and the first
synthesis of trigonostemine alkaloids 11‒13. The synthesis chiral brevicolline (14) as a
bioactive β-carboline alkaloid was also involved in our research. The design of indole (1)
skeleton containing indoloqiunoline framework (4) was achieved via intramolecular ring
closure reaction using compound 15 precursors. The appropriate member of 16 compound
library planned to be the subject of further transformations to obtain antimalarial
isoneocryptolepine (17) on a new synthesis way. In addition to the synthesis of 16 substances
the investigation and understanding of the ring closure mechanism belonged to our research.
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LITERATURE
Oxazole ring bearing indole alkaloids (2), β-carbolines (3) and indolo[2,3-c]quinolines (4)

are outstanding members of indole unite (1) containing molecules. Accordingly, numerous
examples represent the synthesis of 2‒4 in the literature.1‒3
For the construction of the oxazole ring of 5-(3-indolyl) oxazoles (2) offers a variety of
methods previously described in the literature.4,5 Robinson‒Gabriel reaction is one of the
widely known and used method, which can be performed directly or indirectly by the
intramolecular condensation of N-acylamino ketones (18) in the presence of a dehydrating agent
(Scheme 1). A common feature of dehydrating agents reagents used as reagents in the ring
closure is that they are difficult to handle, in many cases corrosive, toxic, moisture sensitive,
and in large quantities are required to achieve good yields.

Scheme 1. The Robinson‒Gabriel oxazole synthesis
Due to the great interest in natural indolyl oxazoles (2), the preparation of their
representatives has been carried out by several researchers (Scheme 2).6‒11
______________________________
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[5] Ibrar, A.; Khan, I.; Abbas, N.; Farooq, U.; Khan, A., RSC Advances 2016, 6, 93016–93047.
[6] Zhang, F.; Greaney, M. F., Org. Lett. 2010, 12, 4745‒4747.
[7] Doyle, K. J.; Moody, C. J., Synthesis 1994, 10, 1021‒1022.
[8] Xiang, J.; Wang, J.; Wang, M.; Meng, X.; Wu, A., Tetrahedron 2014, 70, 7470–7475.
[9] Koyama, Y.; Yokose, K.; Dolby, L. J., Agric. Biol. Chem. 1981, 45, 1285–1287.
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Scheme 2. Methods for the synthesis of natural 5-(3-indolyl) oxazoles (2)
The only known synthesis of pimprinol A [(R)-5] was developed by Wu et al. in 1 step to
give the title compound in good yield and enantiomeric excess (Scheme 2).12 The synthesis of
the furuther two primpinol alkaloid [(R)-6] and 7] has not been reported so far.
1-Formyl-9H-β-carbolin (8) or called kumujian C alkaloid could play an important role in
the synthesis of more complex β-carboline skeleton containing substances.13 Therefore, a good
synthesis way is essential that provides compound 8 in sufficient quantities for further
transformations (Scheme 3).
For the preparation of 8, usually tryptamine (28a) or tryptophan are applied as starting
materials, which underwent a Pictet‒Spengler reaction with the appropriate aldehyde to form
the β-carboline backbone. Next, the oxidation of C ring required, which followed an acidic
treatment to form the formyl group in C(1).14 Tryptamine salts (29) are also good starting
materials for a Pictet‒Spengler synthesis with aldehydes, that provides 8, after the
dehydrogenation of the C ring and ester group reduction.15
______________________________
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Chem. 2019, 67, 1795‒1806.
[11] Yundong, W.; Sha, P.; Yuejun, O.; Pengcheng, Q.; Weimin, H.; Jiannan, X., Acta Chim. Sinica 2012, 70, 1367‒1370.
[12] Xiang, J.; Wang, J.; Wang, M.; Meng, X.; Wu, A., Tetrahedron 2014, 70, 7470–7475.
[13] Devi, N.; Kumar, S.; Pandey, S. K.; Singh, V., Asian. J. Org. Chem. 2018, 7, 6–36.
[14] Zhu, Y. P.; Liu, M. C.; Cai, Q.; Jia, F. C.; Wu, A. X., Chem. Eur. J. 2013, 19, 10132–10137.
[15] Liew, L. P. P.; Fleming, J. M.; Longeon, A.; Mouray, E.; Florent, I.; Bourguet-Kondracki, M.-L.; Copp, B. R., Tetrahedron
2014, 70, 4910–4920.
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Formation of compound 8 is not unprecedented from β-carboline 2 via Minisci reaction or
from harmane (30) after functional group transfornations than oxidation reaction (Scheme 3).

Scheme 3. Syntheses of 1-formyl-β-carboline
For the preparation of β-carboline pityriacitrin (9) having anticancer acitivity, 3 one-pot
method described in the literature,16 which start from indole derivatives and resulted target
molecule 9 in good yield (Scheme 4 a.). Furthermore, Liew and co-workers reported an 8 step
synthesis of 9 with 2% yield starting from 1 (Scheme 4 a.). This synthesis route was suitable
for the preparation of antimalarial hyrtiosulawesine (10) as well.15 Alkaloid 10 was obtained as
the result of another synthesis, where 5-methoxyindole (33) provided the starting material for
both key intermediate. Compound 10 was obtained after the reaction of the two key
intermediates and an O-demethylation reaction (Scheme 4 b.).15,16 The synthesis of cognate
trigonostemine alkaloids 11‒13 is not described in the literature. Among them, tigonostemine
A (11) and B (12) show promising anticancer activity.17

Scheme 4. Known synthesis of pityriacitrin (9) and hyrtiosulawesine (10).
______________________________
[16] Zhang, P. Y.; Wan, S. B.; Ren, S. M.; Jiang, T., Chin. Chem. Lett. 2010, 21, 1307–1309.
[17] Wang, Y.; Wang, P.; Kong, F. D.; Wang, J.; Zuo, W. J.; Wang, H.; Dai, H. F.; Mei, W. L., J. Asian Nat. Prod. Res. 2018,
20, 270–276.
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The preparation of brevicolline alkaloid (14) is described in 4 publications and 2 of which
deal with the synthesis of the naturally occurring (S)-enantiomer. The common feature of the
two methods is that the appropriate stereo center is already incorporated at the level of the
starting materials 36 and 38 (Scheme 5).18,19

Scheme 5. Synthesis of (S)-brevicolline (14)
The construction of the indoloquinoline (4) structural unit has been the subject of several
recent studies.3 The synthesis applied for the formation of 4 commonly based on intramolecular
cyclization reactions using photochemical, oxidative, and catalytic synthesis techniques, which
methods provide access to the 16 indoloquinolinones in diverse yields (Scheme 6).21‒25

Scheme 6. Synthesis methods for indoloquinolinones (16)
The only known synthesis of the antimalarial isoneocryptolepin (17) has been developed by
Hostyn et al. in 2005 with the participation of György Hajós (Scheme 7).26
______________________________
[18] Mahboobi, S.; Wiegrebe, W.; Popp, A., J. Nat. Prod. 1999, 62, 577‒579.
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[21] Li, Z.; Wang, W.; Zhang, X.; Hu, C.; Zhang, W., Synlett 2013, 24, 73–78.
[22] Rasouli, M. A.; Mahdavi, M.; Firoozpour, L.; Shafiee, A.; Foroumadi, A., Tetrahedron 2014, 70, 3931–3934.
[23] Li, Y.; Zhang-Negrerie, D.; Du, Y.; Zhao, K., Tetrahedron 2015, 71, 2927–2935.
[24] Zhang, T.-Y.; Liu, C.; Chen, C.; Liu, J.-X.; Xiang, H.-Y.; Jiang, W.; Ding, T.-M.; Zhang, S.-Y., Org. Lett. 2018, 20, 220–
223.
[25] Gu, C.-X.; Chen, W.-W.; Xu, B.; Xu, M.-H., Tetrahedron 2019, 75, 1605–1611.
[26] Hostyn, S.; Maes, B. U.; Pieters, L.; Lemière, G. L.; Mátyus, P.; Hajós, G.; Dommisse, R. A., Tetrahedron 2005, 61,
1571–1577.

___________________________________________________________________________
6

Their synthesis route based on the formation of the key intermediate 50, which has been
achieved according 2 different approaches by the coupling reaction of 46, 47 with 48 or 49
compounds followed by further transformations.

Scheme 7. Synthesis of isoneocryptolepine (17).
3

EXPERIMENTAL METHODS
The experimental work was carried out in a preparative organic chemistry laboratory using

standard equipment, by performing classical and state-of-art synthetic techniques. Reaction
mixtures were analyzed by thin layer chromatography, HPLC-MS and GC-MS measurements.
Compound produced were purified by vacuum distillation, normal or reversed phase flash column
chromatography and recrystallization. Melting points were determined by Kofler‒Boëtius
apparatus. Structure elucidation was accomplished by NMR (1H,

13

C, COSY, HSQC, HMBC,

Bruker TopSpin 3.5 program), IR, HRMS and sc-XRD measurements.

MicroSYNTH T640 apparatus was used for reactions under MW conditions in “vent-andreseal” vessels. Chiral HPLC separations were made with Merck LaPrep, enantiomer excess of
products was determined by Agilent 1200 HPLC.
DFT calculations were carried out with ORCA 4.1.2 software package. Optimizations of
geometries B3LYP functional and def2-SVP basis set was applied. Single-point energies were
calculated with B3LYP functional and def2-TZVP basis set. Dispersion interactions took into
consideration applying Grimme’s D3 DFT-D method, and the Becke–Johnson damping.
(D3BJ). For the solvent effect SMD solvent model used during the single-point calculations.
Thermochemical data were calculated at 363,15 K and 1 atm. To shorten the computation time,
the RIJCOSX approximation was used with the def2/J basis set.
4

RESULTS
First, we elaborated a new method for the synthesis of 5-(3-indolyl) oxazoles (Scheme 8).

From readily available starting materials the acylation of tryptamine (28a) led to the 51a‒z
amides, which underwent an oxo group insertions promoted by DDQ. Acylamino ketones 52a‒
z produced this way were used as the precursors of Robinson‒Gabriel cyclization to form the
required 5-(3-indolyl) oxazoles (9a‒z). The formation of oxazole ring was implemented in the
___________________________________________________________________________
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presence of the non-toxic, easy to handle T3P® reagents under MW condition. Our new method
represents a convenient and eco-friendly preparation for the 9a‒z compounds. As a result of
our research 26 target molecules were synthesized with good yield in every cases. However, it
should be noted that the Robinson‒Gabriel reaction depends on the steric and electronic
properties of compounds 52a‒z. Bulky groups bearing molecules and electron withdrawing
units in the R1 group are unfavourable in the cyclization reaction. For the full conversion, harsh
reaction conditions needed to be applied.

Scheme 8. Synthesis of 5-(3-indolyl) oxazole alkaloids and their synthetic analogues in the
presence of T3P® under MW conditions
The synthesis of chiral pimprinol A [(R)-5] and pimprinol C [(R)-6] was successfully
obtained together with their racemate and antipodes, and the preparation of tertiary OH group
bearing pimprinol B (7) was achieved (Scheme 9). The syntheses of 5 and 6 started from 53
racemic and optically active amino acids, which were converted into 54 compounds preserved
the appropriate chirality. Synthesis of alkaloid 7 was started from 55, which was transformed
into 56 after acylation. For all 3 alkaloids, the synthesis continued with the formation of 57
acylamino ketones, which molecules underwent a Robinson‒Gabriel reaction at room
temperature with POCl3 reagent, in pyridine solvent to construct the oxazole ring. Finally, the
alkaline removal of the protecting group resulted the target molecules 5‒7.

Scheme 9. Synthesis of pimprinol A, B and C alkaloidok, and the preparation of the
racemates and antipodes of optically active pimprinol A and C
___________________________________________________________________________
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In agreement with our research goals, a new method was elaborated for the synthesis of
kumujian C (8) building block with its derivatives 70 and 71 in a 5 steps synthesis (Scheme
10). Inexpensive and readily available starting materials and reagents were used for the
reactions. Starting from tryptamine 28a and its analogues Pictet‒Spengler reaction was applied
to form the β-carboline core and the acid function in position C(1). This was followed by an
esterification and the oxidation of C ring. The ester function was reduced first the appropriate
alcohol, which was then oxidized to formyl group. Building blocks was prepared with 46‒81%
overall yield.

Scheme 10. Five steps synthesis of 1-formyl-9H-β-carboline (15) and its derivatives (70, 71)
and their usage as building blocks for the first synthesis of trigonostemine A, B and G (12‒13)
and the new preparation of pityriacitrin (9) és hyrtiosulawesine (10)
Compounds 8, 70 and 71 were used for further reactions to attain the new synthesis of
bioactive pityriacitrin (9) and hyrtiosulawesine (10) and the first total synthesis of
trigonostemines (11‒13) (Scheme 10). In the first step, building block was reacted with indole
derivatives under alkaline conditions to produce alcohol intermediates, which was oxidizes with
___________________________________________________________________________
9

MnO2 that led to alkaloids 9, 11, 12 and 35 és 79 intermediates in 2 steps. Alkaloids 10 and 13
were formed as a result of protecting group removals. Intermediate 35 underwent an Odemethylation reaction to obtain hyrtiosulawesine (10). Ketone 79 was treated with CsF reagent
to remove its TBDMS group to produce alkaloid 13.
A new synthetic approach was developed for the synthesis of the racemic brevicolline [(±)14] (Scheme 11). From tryptamine (28a), C(4) sulfonylated key intermediate (85) was produced
in 6 steps. First, β-carboline skeleton was formed in the reaction of 28a and acetaldehyde, then
the C-ring nitrogen was protected to produce 81. After that, oxo group was inserted by DDQ to
obtain 82, which protecting group was removed. Finally, oxidation of C-ring and sulfonlyation
of 84 resulted key intermediate 85 on gram scale. This was followed by the constructions of 88
amine, which was accomplished by Sonogashira reaction, and phthalimide removal in 2 steps.
From amine 88, the formation of 5-membered heterocycle in position C(4) was achieved via
Au-catalyzed hydroamination reaction. Next, the reduction of compound 89 took place, then an
alkylation reaction was performed to achieve the racemic brevicolline in 11 steps with 48%
overall yield. Enantiomers of compound (±)-14 were separated via chiral chromatography to
isolate (S)-brevicolline [(S)-14] with 100% ee and its antipode [(R)-14] with 98% ee.

Scheme 11. New synthesis of (±)-brevicolline (14) and its enantiomers [(R)-14 and (S)-14]
___________________________________________________________________________
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We developed a new method for the construction of indoloquinoline framework containing
16 via Pd-catalyzed intramolecular C‒H arylation reaction. (Scheme 12). Indole-2-carboxilyc
acids were used as starting materials to form 91 amide in acylation reaction. After that, 15
haloindole compounds were prepared, which were used as ring closure precursors. Model
compound 15d was used for the intensive examination of C‒H arylation reaction. The
optimized conditions (0.20 equiv. Pd(OAc)2 catalyst, 0.40 equiv. DPPP ligand, 2.0 equiv.
K2CO3 base in 3 mL DMF, closed vial under inert atm. at 90 °C-on 1 h reaction time) were
applied to prepare 25 examples of sindoloquinolinones (16a‒ab). According to the calculations
performed to investigate the ring closure mechanism the Concerted Metalation Deprotonation
is presumable, where the carbonate ion act like an inner sphere base in the reaction.
Furthermore, a unique transitions state was found in the calculations where a 5-coordinated Pdcomplex (15d-TSIII-IV) was detected with a distorted trigonal bipyramidal geometry around the
Pd-center. According to our research, compounds 15 can be found in cis conformation, which
is an unfavourable state in terms of the amides, but necessary for the reaction. Demonstrating
the importance of the compound library prepared from 16 indoloquinolinones, a 3 steps new
synthetic method has been developed for the synthesis of the antimalarial isoneocryptolepin
(17) from 16d indolequinolinone (Scheme 12).

Scheme 12. Synthesis of indoloquinolinones (16) via Pd-catalyzed intramolecular C‒H
arylation and the new synthesis of antimalarial isoneocryptolepine (17)
5

APPLICATION OF THE SCIENTIFIC RESULTS
The procedures developed during my PhD research allow the synthesis of variously

substituted indole compounds. In total syntheses, the synthetic methods used to prepare
bioactive alkaloids and their analogues make compounds 5-(3-indolyl) oxazoles, β-carbolines,
and indolo[2,3-c]quinolines readily available. In addition, to developing new approaches and
___________________________________________________________________________
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practical syntheses, my research has also contributed to the better understanding of the organic
chemical mechanisms that create the structure of the target molecules.
6

THESES

1.

We have developed a practical and eco-friendly procedure for the synthesis of 5-(3-indolyl)
oxazoles from acylamino ketones via the Robinson‒Gabriel reaction in the presence of
propylphosphonic anhydride (T3P®) using a microwave technique and proposed a reaction
mechanism was described. The 26 compounds produced include 8 biologically active
alkaloids and 10 new synthetic derivatives. T5

2.

The synthesis of pimprinol B with a sensitive hydroxy functional group and pimprinol A
and C with an asymmetric centre was achieved, starting from the corresponding chiral or
racemic amino acids. The chirality was kept during the reactions, so high enantiomeric
purity was observed. T3

3.

An efficient synthesis was elaborated for the preparation of the kumujian C alkaloid, i.e. 1formyl-9H-β-carboline and its 5- and 6-methoxy derivatives, in 5 steps. The building
blocks were synthesized with 46‒88% overall yield. T4

4.

A new synthesis of the alkaloids pityriacitrin and hyrtiosulawesine was elaborated, as well
as the first total synthesis of the natural compounds trigonostemine A, B, and G was
achieved starting from 1-formyl-9H-β-carboline building blocks. T2,T4

5.

Starting from tryptamine, we developed a 11 steps new synthesis for the preparation of
racemic brevicolline. Natural (S)-brevicolline and (R)-brevicolline were isolated from the
racemic compound by chiral chromatographic separation.

6.

A new synthetic approach has been developed for the construction of indolo[2,3c]quinoline framework via Pd-catalyzed intramolecular C‒H arylation reaction in the
presence of Pd(OAc)3 catalyst, DPPP ligand, K2CO3 base in DMF at 90 ° C.T1

7.

It was found according to the mechanistic calculations, that the cyclization reaction led to
the indolo[2,3-c]quinolinones presumed to follow the Concerted Metalation Deprotonation
mechanism, in which carbonate ions act as an inner sphere base.T1

8.

A new 3 step synthesis has been developed for the preparation of the antimalarial
compound isoneocryptolepine starting from the appropriate representative of indolo[2,3c]quinolinones.T1

___________________________________________________________________________
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