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1 Introduction, aims 
In our research group three- and four-membered heterocyclic compounds were 

synthetized in a stereoselective manner for many years. 

It has been known for several years that benzylaminomethyloxirane derivatives 

could be transformed into trans oxetane derivatives stereoselectively by superbase 

induced rearrangement reactions (Scheme 1). This reaction can also be accomplished in 

satisfactory yields (60-70%) if the starting compound contains benzylaminomethyl 

moiety, as well
1
. 

 
Scheme 1. Diastereoselective synthesis of 2-phenyloxetane derivatives  

The aim of our research work was to examine whether a similar regioselective 

metalation reaction could occur on a compound which contains only a benzylamino 

group instead of a benzyloxy group. In this case, the metalated compound could react 

with the electrophilic oxirane ring providing new chiral heterocyclic products 

(azetidines and/or pyrrolidines). 

In addition, reductive ring-opening reactions of 2-phenylazetidines and 2-

phenyloxetanes were investigated by catalytic hydrogenation reactions. 

Other motivation of this work was to investigate chemical transformations of the 

optically active products into four- and five-membered heterocycles which can be used 

as catalysts or as chiral tools in the synthesis of pharmaceutical ingredients having 

biological activity. 

2 Review of literature 
Despite their indisputable importance as bioactive compounds and pharmaceutical 

tools, four-membered monocyclic aza-heterocycles have received little interest by the 

chemical community compared to the higher homologous counterparts. The lower 

general interest in azetidines is probably due to their strained nature and the difficulty 

of formation of the four-membered ring.  

These heterocyclic rings found diffuse applications in medicinal chemistry as 

pharmacological tools. For the synthesis of simple azetidines, the reduction of -

lactams is still one of the most widely used methods. Cyclization of a preformed chain 

by nucleophilic displacement of a leaving group by a nitrogen nucleophile is also a 

common method to produce azetidines. Cyclization involving C-C bond formation with 

the uses of strong bases is also a known method (Scheme 2). Starting from carboxylic 

esters, phosphonates or nitrile derivatives, azetidines could be obtained with 

diastereoselectivity in some cases 
2,3
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Scheme 2. Azetidine ring formation by C-C bond formation 

3 Experimental and evaluation methods 
Conventional methods of preparative organic chemistry were used in synthesis. 

Schlenk technique (continous dry nitrogen flow, Schlenk flasks) was applied in case of 

organometallic reactions. The reactions were monitored by thin layer chromatography 

(TLC), gas chromatography (GC) or high performance liquid chromatography (HPLC). 

Purifications of the crude products were carried out by flash (CombiFlash Rf) 

chromatographic methods or preparative HPLC. Purities of the products and 

intermediates were controlled by HPLC.  

Enantiomeric excess of the optically active compounds was determined by HPLC or 

GC using chiral stationary phase containing columns. 

The new compounds were identified by spectroscopic methods (
1
H NMR, 

13
C NMR, 

DEPTQ, HSQC, HMBC and NOE-NMR, HPLC-HRMS), and in two cases by single 

crystal diffractometric measurements. 

All computations were carried out with the Gaussian09 program package, using 

standard convergence criteria. Computations were carried out at the B3LYP/6-31G(d,p) 

level of theory. 

Statistical calculations were performed with the software STATISTICA 10.0. 

4 New scientific results 

4.1 Rearrangements of 2-benzylaminomethyloxirane derivatives 

Oxirane derivatives containing benzylamino group were treated with the excess of 

LiDA-KOR superbase (potassium tert-butoxide activated lithium diisopropylamide). 

On the basis of spectroscopic evidence, it was clear that compounds containing trans 

four-membered ring were formed regio- and diastereoselectively in good yields. 

(Scheme 3). 

 
Scheme 3. Preparation of azetidines from benzylamine derivatives 

(cleavage of red bond, formation of green bond) 

Theoretically, rearrangements of benzylaminomethyloxirane derivatives described 

above can produce four- and five-membered rings, depending on the direction of the 

attack of organometallic carbon atom. It is known that faster ring formation is exhibited 

toward the five-membered rings, while the slowest is for the four-membered ones 

among the small-membered heterocycles. In our case, the opposite situation was 

observed, therefore we planned to explore the reason by quantum chemical methods, in 

order to understand why the thermodynamically less stable four-membered products 



were formed instead of the five-membered ones. 

According to these computations, the reason of this deviation can be explained by 

the specific structure of oxirane ring. In an ideal case, the bond angle of the central 

carbon atom (C2 or C3), the attacking (C1) and the leaving (O3) atoms in the transition 

state should be approximately 180°, thus one gets the highest overlapping volume 

between the nucleophile HOMO and the electrophile LUMO orbitals in case of 

bimolecular reaction (Scheme 4). Exploring the geometries of the two-two transition 

states leading to the four-membered and five-membered rings, we observed that the C1-

C2-O3 bond angle proved to be optimal for the route toward the formation of the trans 

four-membered ring (168°), and somewhat less optimal for cis four-membered ring 

(163°). However, the same bond angle is lower in case of the route leading to 

pyrrolidine products (trans: 137°, cis: 132°; Scheme 4). Consequently the overlapping 

volume between the quasi-HOMO and LUMO orbitals is significantly less for the five-

membered derivative than the same for the four-membered rings. Finally, it may be the 

reason that the lowest activation energy is exhibited by the reaction route leading to 

trans-azetidine derivative, resulting in the kinetic preference for the four-membered 

ring formation against the thermodynamically more preferred five-membered one. 
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Scheme 4. The four transition state geometries leading to cis and trans azetidine and pyrrolidine products 

together their HOMO and LUMO contour plot representation and the C1-C2-O and C1-C3-O bond angles of 

them. (red: oxygen, blue: nitrogen, dark grey: carbon, white: hydrogen) 

4.2 Regioselective routes to azetidine- and pyrrolidine-fused 1,2,3,4-
tetrahydroisoquinolines from oxirane derivatives 

Regioselective metalation of tetrahydroisoquinolines has also been investigated and 

it was shown that the position (C1 or C4) of the hydrogen/metal exchange depends on 

the N-substituent and the additives used in the reaction
4
.  

Oxiranylmethyl group-substituted tetrahydroisoquinoline derivatives were 

rearranged into pyrrolidine-fused tricyclic compounds regio- and highly 

stereoselectively by LiDA-KOR base (Scheme 5, route A). Only the trans (in 3 and 4 

position of pyrrolidine ring) diastereomers were formed in these rearrangement 

reactions. Quantum chemical calculations confirmed the proposed reaction mechanisms 
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and the role of kinetic controls on the stereochemical outcome of the reported new 

rearrangement. 

 
Scheme 5. Synthesis of alkaloid-type condensed tricyclic compounds  

from oxyran-2-ylmethyl-1,2,3,4-tetrahydroisoquinoline derivatives 

Regio- and diastereoselective method has been investigated for preparation of 

azetidine-fused 1,2,3,4-tetrahydroisoquinolines from oxiranylmethyl derivatives using 

strong alkali amide type bases with BF3 co-reagent (Scheme 5, route B). Typically the 

cis isomer was formed as the major product, but the trans isomers were isolated as 

minor products, as well. 

On the basis of the calculations, the trans azetidine is the kinetically favoured 

product. Consequently the question arises whether the trans product could be 

transformed into the thermodynamically more stable cis isomer under the reaction 

conditions. The quantum chemical calculations confirmed that the excess of the base 

could deprotonate the trans product and this anion could be stabilized as cis isomer 

(Scheme 6). 

 
Scheme 6. Proposed mechanism of transformation of trans azetidine derivative into the cis form 

(M: metalation, EP: epimerisation, TM: transmetalation) 

4.3 An efficient method for one-step ring opening and deprotecting 
reaction of 2-pheyloxetane and 2-phenylazetidine derivatives and 
synthesis of pyrrolidine derivatives  

An efficient method for the palladium mediated hydrogenation of an optically 

active, N-protected aminooxetane derivative has been developed. Surprisingly, a 

benzamide derivative was isolated with moderate yield from the methanolic reaction 

mixture. In a one-step reaction using appropriate solvents an optically active 1,4-

aminoalcohol derivative was formed over a Pd/C catalyst, during hydrogenolytic ring 

opening and debenzylation reactions. This aminoalcohol was transformed to pyrrolidine 

derivative by Mitsunobu reaction (Scheme 7).  



 
Scheme 7. Synthesis of five-membered heterocyclic compound from oxetane derivative  

The heterogeneous catalytic hydrogenolysis of several 2-phenylazetidine derivatives 

over palladium on charcoal was investigated in detail. The structure of the 

corresponding amines, formed in hydrogenolytic ring opening and/or deprotecting 

reactions depended on the reaction conditions. The ring opening reaction of 2-

phenylazetidine derivatives (R
2
=H) were complete at atmospheric pressure and room 

temperature in a fast reaction. Higher pressure was necessary for debenzylation, while 

at higher pressure and temperature in the presence of acid traces derived from 

dichloromethane both debenzylation and detritylation took place. Hydrogenolysis of 

silyl ether (R
2
=TMS) resulted in a mainly desililated product. During the 

hydrogenolysis of benzoate ester (R
1
=Bn, R

2
=Bz) a side-reaction (O-debenzoylation) 

was also observed under mild conditions (Scheme 8). 

 
Scheme 8. Hydrogenolysis of 2-phenylazetidines 

Since detritylation of the benzoate ester practically failed in the previous 

hydrogenolytic reactions, the removal of the O-trityl protecting group was also 

attempted in a hydrolytic reaction. Two consecutive synthetic routes were chosen to 

achieve the desired 1,4-aminoalcohol derivative: hydrolytic detritylation followed by 

hydrogenolysis of the azetidine ring and vice versa. This 1,4-aminoalcohol product was 

transformed to N-benzylpyrrolidine derivative by Mitsunobu reaction (Scheme 9). 

 
Scheme 9. Alternative routes of synthesis for the 1,3,4-trisubstituted pyrrolidine from N-benzylazetidine 



4.4 Kinetic resolution of N-Boc-trans-3-hydroxy-4-phenylpyrrolidine 

The above-mentioned processes to synthetize pyrrolidine derivatives were 

interesting but not efficient pathways to prepare them on the industrial scale. Plenty of 

reactions were found to prepare racemic 3,4-disubstituted pyrrolidines
5
, but only a few 

methods were known to prepare optically active ones. Our aim was to develop scalable 

method under mild conditions for preparation of optically pure  

3,4-disubstituted pyrrolidines. 

The first lipase-catalyzed kinetic resolution of tert-butyl-3-hydroxy-4-

phenylpyrrolidine-1-carboxylate was investigated. The optimization of the enzyme, 

solvent and temperature led to in a new resolution method with high enantioselectivity. 

Efficient resolution could be also accomplished in supercritical carbon dioxide (scCO2) 

in a batch reactor. It was found that the interaction of reaction time, pressure and 

temperature determined the enantioselectivity and the enzyme activity (Scheme 10). 

 
Scheme 10. Enzyme-catalyzed kinetic resolution of N-Boc-3-hydroxy-4-phenylpyrrolidine 

Excellent enantioselectivity (E > 200) was achieved in the enzyme-catalyzed 

alcoholysis of the racemic acetate and this way the enantiomers were prepared in pure 

form under optimal conditions (Scheme 11). 

 
Scheme 11. Alcoholysis/hydrolysis of N-Boc-3-acetoxy-4-phenylpyrrolidine  

4.5 New optically active aminoalcohol derivatives were tested as 
catalyst ligands 

New, optically active N-alkyl pyrrolidine derivatives were synthesized from N-Boc-

(3S,4R)-3-hydroxy-4-phenylpyrrolidine (Scheme 12). 

 
Scheme 12. Synthesis of N-alkyl derivatives from optically active N-Boc pyrrolidine derivative 

These enantiopure pyrrolidines (Scheme 12) and the optically active azetidine 

derivatives (ee>99%) synthesized from optically active 3-((trityloxy)methyl)oxyran-2-

yl)methyl-benzylamine derivatives (Scheme 3) were used as chiral catalysts in 

enantioselective addition of diethylzinc to benzaldehyde derivatives
6
 (Scheme 13). The 
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test reactions provided the products in good or moderate enantioselectivity under the 

optimized conditions (temperature, amount of reagents). 

 
Scheme 13. The application of optically active aminoalcohols as catalyst ligands in enantioselective addition 

5 Theses 
1. A novel, LiDA-KOR (mixture of lithium diisopropyl amide and potassium tert-

butoxide) superbase-induced stereoselective rearrangement of oxiranes containing 

benzylamino group was developed to provide series of trans-1,2,3-trisubstituted 

azetidines in good yields. Quantumchemical calculations confirmed the reaction 

mechanisms proposed and the role of kinetic control on the regio- and 

stereochemical outcome of the new rearrangement. [1,7] 

2. An efficient, regio- and highly diastereoselective method has been described for the 

preparation of pyrrolidine- and azetidine-fused 1,2,3,4-tetrahydroisoquinolines from 

oxiranylmethyl derivatives using strong alkali amide type bases with or without BF3 

co-reagent, respectively. Quantum chemical calculations confirmed the reaction 

mechanisms proposed and the role of kinetic/thermodynamic controls on the 

stereochemical outcome of the new reactions. [2] 

3. Efficient and selective methods for hydrogenolysis of 2-phenylazetidine and 2-

phenyloxetane derivatives were developed. The ring closure reactions of the 

products of these reactions resulted in new, chiral pyrrolidine derivatives. [3, 4, 5] 

4. We developed the first enzyme-catalyzed kinetic resolution of tert-butyl-3-hydroxy-

4-phenylpyrrolidine-1-carboxylate not only in traditional solvents but also in 

supercritical carbon-dioxide. The optically active alcohol was transformed into 

tertiary amines which were tested as catalysts. It was proved that the new, optically 

active compounds are useful catalysts in enantioselective synthesis of 1-

phenylpropan-1-ol derivatives. [6, 8] 

6 Application of scientific results 
I did not make efforts to utilize my results in preparation of products which have 

industrial significance, however, I pointed out some stereoselective preparation 

processes for simple azetidine, condensed azetidine- and pyrrolidine derivatives, which 

have physiological importance. The variety of the reactions are the most important 

results of my research work, which contributes to the improvement of this research 

field and widens the toolbar of preparative organic chemistry. 

The hydrogenolysis reactions and enzymatic resolution are scalable processes and 

they may be useful in industrial scale. 

The novel optically active amino alcohol-type N-heterocyclic compounds were used 

as catalysts in enantioselective synthesis of 1-phenylpropan-1-ol derivatives. These 

compounds may also catalyse other enantioselective model reactions. 
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