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Stereocontrolled and selective methods for the synthesis of densely 

functionalized alicyclic and heterocyclic scaffolds with multiple chiral 

centers 

Final report (K 119282) 

 

During the current project our research activity was mainly directed towards: 

(a) development of selective methods for the synthesis of fluorine-containing small molecular 

entities 

(b) development of selective and controlled synthetic strategies to the access of highly 

functionalized molecules across metathesis protocol 

(c) selective synthesis of highly functionalized, orthogonally protected cyclic amino ester 

derivatives 

 

1. Development of selective methods for the synthesis of fluorine-containing small 

molecular entities 

(i) synthesis of functionalized, fluorine-containing elements though late-stage fluorinations 

(oxo-diF, OH-F exchange)  

Selective fluorinations were investigated by nucleophilic fluorination of various diol derivatives 

and diformyl-substituted cyclopentane amino esters. Studies of „late-stage” fluorinations 

revealed highly substrate dependent transformations with chemoselective anchimeric 

assistance. Various fluorohydrins, heterocycles, amino esters and amino lactones were 

prepared (Chem. Asian J. 2016, 11, 3376, http://real.mtak.hu/70681/; ChemistrySelect 2017, 

2, 3049, http://real.mtak.hu/70682/; Beilstein J. Org. Chem. 2017, 13, 2364, 

http://real.mtak.hu/70685/). The oxidative ring cleavage of some cyclohexene amino esters 

and the intramolecular regioselective aldol cyclization followed by chemoselective nucleophilic 

fluorination of the resulted aldehyde derivatives proceeded with anchimeric and substrate 

effect. The „late-stage” fluorinations provided either heterocycles possessing vinyl fluoride 

moieties or difluorinated cyclic amino ester stereoisomers (Eur J Org Chem 2018, 3735, 

http://real.mtak.hu/87161/).  

 

(ii) functionalizations with diastereoselective oxirane formation/oxirane opening with fluoride  

The functionalization strategy involved the stereoselective oxirane formation though ring olefin 

bond epoxidation followed by nucleophilic oxirane opening with Deoxofluor or XtalFluor. The 

heteroring opening with fluoride in these systems was detected to be highly regent and 

substrate dependent (Molecules 2016, 21, 1943, http://real.mtak.hu/63286/; Fluorine Notes, 

http://real.mtak.hu/70681/
http://real.mtak.hu/70682/
http://real.mtak.hu/70685/
http://real.mtak.hu/87161/
http://real.mtak.hu/63286/
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2017, 4 (113), http://real.mtak.hu/70684/; Fluorine Notes 2018, 116 (1-2), 

http://real.mtak.hu/87163/). 

 

(iii) selective haloflurination protocols towards highly functionalized fluorine-containing small 

molecules 

Another strategy of fluorination was based on the halonium ion activation of the ring olefin bond 

of some substituted cycloalkane model compounds, followed by nucleophilic fluorinations with 

Deoxofluor and XtalFluor. Substrate-dependence, neighboring effect and stereochemical 

outcome of the transformations were deeply investigated (Beilstein J. Org. Chem. 2020, 16, 

2562–2575, http://real.mtak.hu/id/eprint/117140). 

 

(iv) synthesis of fluorine-containing azaheterocycles 

A highly efficient stereocontrolled synthetic approach was developed to the access of various 

functionalized, fluorine containing azaheterocycles. The protocol involved OsO4-catalyzed diol 

formation/NaIO4 mediated oxidative opening of some substituted cycloalkenes, followed by 

double reductive amination of the resulted dialdehydes in the presence of some fluorine-

containing primary amines. Note, that the transformations proceeded with the conservation of 

the configuration of the chiral centers, thus the structure of the starting materials predetermines 

the stereochemistry of the products (Tetrahedron 2016, 72, 7526, http://real.mtak.hu/63276/; 

Synthesis 2017, 49, 1206, http://real.mtak.hu/70683/). 

A novel synthetic strategy was developed for the creation of derivatives with 

tetrahydroisoquinoline skeleton. The concept was based on the transformation of various 

indene derivatives through olefin bond oxidative ring cleavage followed by double reductive 

amination of the formed dialdehydes with some aliphatic amines and fluorine-containing 

primary amines. the protocol might be regarded as a novel synthetic pathway to the 

construction of isoquinoline skeleton (Synlett 2018, 29, 2066, http://real.mtak.hu/87162/). 

Synthesis of novel fluorine-containing azaheterocyclic amino acid derivatives has been 

performed, thus some unsaturated cyclic amino acids were selected as model compounds, 

which were converted, across oxidative ring cleavage, followed by reductive amination with 

fluorine-containing amines of the formed dialdehyde intermediates into the corresponding 

azaheterocyclic amino ester stereoisomers. The transformations proceeded with 

stereocontrol: the structures of the starting materials predetermined the configuration of the 

stereocenters in the products (Fluorine Notes 2019, 122 (1-2) http://real.mtak.hu/103316/). 

Similar synthetic strategy was applied for the stereocontrolled access to γ-amino esters with 

piperidine core. (Eur. J. Org. Chem. 2019, 2202, http://real.mtak.hu/103317/). The method 

based on oxidative ring opening/reductive amination with cyclization was extended for the 

stereocontrolled preparation of several fluorine-containing lactams and benzazepines as well 

http://real.mtak.hu/70684/
http://real.mtak.hu/87163/
http://real.mtak.hu/id/eprint/117140
http://real.mtak.hu/63276/
http://real.mtak.hu/70683/
http://real.mtak.hu/87162/
http://real.mtak.hu/103316/
http://real.mtak.hu/103317/
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(Chem. Rec. 2020, 20, 120, http://real.mtak.hu/id/eprint/98883; J. Fluorine Chem. 2020, 232: 

109466, http://real.mtak.hu/id/eprint/105967).  

 

The descripted strategy towards the synthesis of some novel fluorine-containing small 

azaheterocycles has been further improved. The oxidative ring opening of substituted 

cycloalkene model derivatives was efficiently performed under ozonolysis, providing the 

corresponding dialdehydes. Thus, the highly toxic OsO4, as well as the utilization of NaIO4 and 

of the large amount of solvent and silica gel could be avoided, the number of reaction steps 

could be reduced accordingly. The reductive amination with fluorine-containing amines of the 

formed diformyl intermediates through ozonolysis gave, by stereocontrol, the corresponding 

saturated azaheterocyclic compounds (Ouchakour L, Nonn M, Remete AM, Kiss L: Eur J Org 

Chem 2021, 3874, http://real.mtak.hu/133706/; Nonn M, Kara D, Ouchakour L, Forró E, 

Haukka M, Kiss L: Synthesis 2021, 53, 1163, http://real.mtak.hu/133702/). 

 

2. Development of selective and controlled synthetic strategies to the access of highly 

functionalized molecules across metathesis protocol 

Another direction of our research was the functionalization of versatile small molecules 

under metathesis reaction protocols (ring-opening, ring-closing and cross metathesis). The 

ring-opening metathesis (ROM) of various highly substituted unsaturated cyclic systems was 

investigated by taking into consideration the character of the catalyst, the stereochemistry of 

the starting model derivatives and the ring size of the substrate as well as the functional group 

tolerance. The ROM protocols furnished various divinyl-substituted, highly functionalized 

interesting scaffolds, such as isoxazolines, lactams or lactones with different framework (Eur. 

J. Org. Chem. 2017, 1894, http://real.mtak.hu/63280/; Beilstein J. Org. Chem. 2018, 14, 2698, 

http://real.mtak.hu/87160/). Various three-dimensional small molecules were synthetized by 

“flat molecule functionalization” through diversity–oriented synthesis protocol by the selection 

of some readily available, commercial starting model compounds: cyclodienes with different 

ring size, which in turn were functionalized by selective nitrile-oxide cycloaddition, followed by 

ring-opening metathesis to give novel alkenylated scaffolds (ChemistrySelect 2019, 4, 2886, 

http://real.mtak.hu/103319/).  

The chemical behavior, the reactivity of various functionalized, unsaturated strained 

systems (lactams, amino esters) were investigated under ring-opening metathesis. The 

reactions afforded under stereocontrol, across ring-opening metathesis, versatile 

polifunctionalized, alkenylated alicycles with multiple chiral centers (amino esters, lactams etc). 

The chemodifferentiation of the olefin bonds in various substrates were also studied under the 

cross-metathesis protocol (Eur. J. Org. Chem. 2019, 5285, http://real.mtak.hu/98876/). The 

above synthetic strategies based on ring opening metathesis/cross-metathesis (ROM/CM) 

http://real.mtak.hu/id/eprint/98883
http://real.mtak.hu/id/eprint/105967
http://real.mtak.hu/133706/
http://real.mtak.hu/133702/
http://real.mtak.hu/63280/
http://real.mtak.hu/87160/
http://real.mtak.hu/103319/
http://real.mtak.hu/98876/
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were further extended by investigating the catalyst and substrate scope. A new generation of 

various functionalized small molecules were synthetized accordingly. The behavior of various 

divinyl-substituted scaffolds, in view of the chemodiscrimination of the olefin bonds under CM 

conditions was studied (“Fluorine notes” 2019, Vol. 6(127), 

http://real.mtak.hu/id/eprint/105334; Chem Rec, 2020, 20, 1129, 

http://real.mtak.hu/id/eprint/117141). 

A new stereocontrolled access route has been developed towards the synthesis of 

novel azaheterocycles by starting from norbornene amino acid derivatives. The 

transformations involved simultaneous ROM/intramolecular RCM of some strained N-allylated 

or propargylated amino esters. Some three-dimensional, fluorine-containing small molecules 

were also synthetized through metathesis synthesis protocol. Selected starting model 

compounds obtained from some readily available cyclodienes, which in turn were 

functionalized by selective cycloaddition (providing lactams and isoxazolines), followed by ring-

opening metathesis and cross metathesis with fluorine-containing alkenes (Benke Z, Nonn M, 

Remete AM, Fustero S, Kiss L: Beilstein J. Org. Chem. 2021, 17, 2051, 

http://real.mtak.hu/133708/; Benke Z, Nonn M, Remete AM, Fustero S, Kiss L: Synlett 2021, 

32, 1911, http://real.mtak.hu/133707/; Benke Z, Remete AM, Semghouli A, Kiss L: Asian J Org 

Chem 2021, 10, 1184, http://real.mtak.hu/133705/). 

 

3. Selective synthesis of highly functionalized, orthogonally protected cyclic amino 

ester derivatives 

Versatile, orthogonally protected cyclic beta- and gamma-amino esters, as useful monomers 

for peptide synthesis, have been accessed. The molecular entities, suchs as stereo- and 

regiosimers of various diamino esters were prepared by stereo- and regiocontrolled synthetic 

procedures based on oxirane formation/oxirane opening may be regarded as interesting 

molecular scaffolds with multiple stereocenters which possess a second N-atom, available for 

protonation, incorporated in their structure (Synthetic Commun 2020, 50, 1199, 

http://real.mtak.hu/id/eprint/111831; Helv. Chim. Acta 2020, 103, e2000090, 

http://real.mtak.hu/id/eprint/111832). 
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