
 
TARGETS IN HETEROCYCLIC SYSTEMS 

Chemistry and Properties 
 

Volume 8 (2004) 
Table of Contents 

 
Porphyrins, phthalocyanines and related compounds as materials for optical limiting 
Danilo Dini, Guo Y. Yang and Michael Hanack 
1. Introduction 
2. The optical limiting (OL) effect 

2.1. Intensity-dependent optical properties 
2.2. Models for absorbing optical limiters 
2.3. Nonlinearity of the optical limiting effect 
2.4. Metal complexes of conjugated macrocycles and optical limiting 

3. Porphyrins as optical limiters 
3.1. Effect of metal coordination 
3.2. Effect of meso functionalization 
3.3. Oligomeric porphyrins 
3.4. Expanded porphyrins 

4. Porphyrazines for optical limiting 
5. Phthalocyanines for optical limiting 

5.1. Effect of the combination central atom-axial ligand on OL properties of phthalocyanines 
5.2. Effect of peripheral substitution in phthalocyanines 
5.3. Effect of symmetry 
5.4. Charge transfer complexes with phthalocyanines  
5.5. Dimeric phthalocyanines for optical limiting  
5.6. Optical limiting of phthalocyanines in films 

6. Naphthalocyanines for optical limiting 
7. Conclusions 
Acknowledgments 
References 
 

Trihalide-based imidazolium salts as versatile reagents for the halogenation of unsatured compounds 
in ionic liquids 
Cinzia Chiappe and Daniela Pieraccini 
1. Introduction 
2. Synthesis and characterization of trihalide-based molten salts 
3. Stereoselective bromination of alkenes and alkynes 

3.1. Brominating species and product distribution 
3.2. Kinetic measurements 

4. Stereoselective iodochlorination and iodobromination of alkenes and alkynes 
4.1. Product distribution 
4.2. Kinetic measurements 

5. Halofluorination  
6. Electrophilic aromatic substitutions 
7. Conclusions 
Acknowledgments 
References 
 

An extremely versatile methodology for the synthesis of enantiopure ββββ-substituted proline analogues 
with the 7-azanorbornane skeleton 
Ana M. Gil, Elena Buñuel and Carlos Cativiela 
1. Introduction 
2. Building of enantiomerically pure  β-substituted key intermediates with the 7-azabicyclo[2.2.1]heptane 

skeleton  



 
2.1. Resolution of racemic mixtures 
2.2. Asymmetric synthesis 

3. Stereocontrolled manipulation of the β-substituents 
3.1. Functionalisation at the γ-position 
3.2. Reactivity studies at the γ-position 

3.2.1. Study of olefination reactions 
3.2.2. Study of SN2 reactions 

3.2.2.1. Introduction of leaving groups 
3.2.2.2. SN2 displacements at the γ-position 

3.2.3. Other transformations of the amino acid side chain 
4. New enantiopure proline–α-amino acid chimeras with the 7-azabicyclo[2.2.1]-heptane skeleton 
5. Conclusions 
Acknowledgments 
References 
 
Application of gold catalisys in the synthesis of heterocyclic systems 
Antonio Arcadi and Gabriele Bianchi 
1. Introduction 
2. Activation of C-H bonds by gold catalysis 
3. Activation of alkynes and allenes towards nucleophilic attack 
4. Gold derivatives as Lewis acids 
5. Dual role Au(III)-catalysis 
6. Gold-catalyzed domino reactions 
7. Conclusions 
Acknowledgments 
References 
 
Pyrazolino[60]fullerenes: synthesis and properties 
Fernando Langa and Frédéric Oswald 
1. Introduction 
2. Synthesis 
3. Electrochemical properties 

3.1. Influence of the nature of the heterocycle 
3.2. Substitution on the C-side of the pyrazoline 
3.3. Substitution on the N-side of the pyrazoline 

4. Photophysical properties 
5. Concluding remarks 
Acknowledgments 
References 
 
Thiolysis of 1,2-epoxides under environmentally friendly conditions 
Francesco Fringuelli, Ferdinando Pizzo, Simone Tortoioli and Luigi Vaccaro 
1. Introduction 
2. Thiolysis of 1,2-epoxides in water as reaction medium 

2.1. Thiolysis under basic conditions 
2.1.1. Thiolysis of alkyl- and aryl 1,2-epoxides 
2.1.2. Thiolysis of �,�-epoxyketones and �,�-epoxycarboxylic acids 

2.2. Thiolysis under acidic conditions 
2.2.1. In(III) and Zn(II): the best catalysts for the thiolysis of 1,2-epoxides 

2.3. Zn(II)-Catalyzed thiolysis of 1,2-epoxides under biomimetic conditions 
3. Thiolysis of 1,2-epoxides under solvent-free conditions 

3.1. Base-catalyzed thiolysis 
3.2. Acid-catalyzed thiolysis 



 
4. Conclusions 
Acknowledgments 
References 
 
Synthesis of heterocyclic compounds by [2+2] cycloaddition to oxa- and aza-norbornenic systems 
(including carbometallation reactions) 
Rocío Medel and Joaquín Plumet 
1. Introduction 
2. The [2+2] cycloaddition reactions. An overview 
3. Thermal [2+2] cycloaddition reactions to oxa- and azanorbornene derivatives 
4. Photochemically induced [2+2] cycloaddition reactions of oxanorbornene derivatives 
5. High-pressure induced [2+2] cycloaddition reactions of oxanorbornene derivatives 
6. Transition metal mediated [2+2] cycloaddition reactions of oxa- and azanorbornene derivatives 

6.1. Co-catalyzed [2+2] cycloaddition reactions of oxa- and azanorbornene derivatives and alkynes 
6.2. Ni-catalyzed [2+2] cycloaddition reactions of oxa- and azanorbornene derivatives and alkynes 
6.3. Ru-catalyzed [2+2] cycloaddition reactions of oxa- and azanorbornene derivatives and alkynes 

7. Metathesis reactions in oxa- and azanorbornene derivatives 
7.1. The metathesis reaction. An overview 
7.2. The metathesis reaction of oxa- and azanorbornene derivatives 

7.2.1. ROMP of oxa- and azanorbornene derivatives 
7.2.2. The sequence ROM-CM reactions in oxa- and azanorbornene derivatives. Synthesis of 

five-membered ring heterocycles 
7.2.2.1. The concurrence between ROMP and ROM-CM 
7.2.2.2. The compatibility of the catalyst with functional groups attached to the reactive 

partners 
7.2.2.3. The question of the E-Z diasteroselectivity 
7.2.2.4. The question of the regioselectivity 

8. Conclusions 
Acknowledgments 
References 
 
Properties, synthesis and functionalizations of ββββ-lactams 
Luigino Troisi, Catia Granito and Emanuela Pindinelli 
1. Introduction 

1.1. Inhibitors for β-lactamase  
1.2. Inhibitors of Human Leucocyte Elastase (HLE) 
1.3. Cysteine protease inhibitors 
1.4. Hypocholesterolemic activity  
1.5. Anti-hyperglycemic activity1 
1.6. Anticancer activity 
1.7. Antiviral activity 

2. Synthesis of β-lactams 
2.1. Previous synthetic methodologies 
2.2. Novel synthetic methodology 
2.3. Synthesis of chiral β-lactams 
2.4. Synthesis of β-lactams 4-heteroaryl substituted 

3. Functionalization of β-lactams 
3.1. Functionalization of β-lactams 4-phenyl substituted 
3.2. Functionalization of β-lactams 4-heteroaryl substituted 

4. Conclusions 
Acknowledgments 
References 
 



 
Substituted prolines: syntheses and applications in structure-activity relationship studies of 
biologically active peptides 
Philippe Karoyan, Sandrine Sagan, Olivier Lequin, Jean Quancard, Solange Lavielle and Gérard Chassaing 
1. Introduction 
2. Syntheses of substituted prolines 

2.1. 2-Substituted prolines syntheses 
2.1.1. 2-Substituted prolines syntheses starting from proline or proline derivatives 
2.1.2. 2-Substituted prolines syntheses by intramolecular C-N bond forming cyclization 
2.1.3. 2-Substituted prolines syntheses by C-C bond forming cyclization 
2.1.4. 2-Substituted prolines syntheses by alternative methods 

2.2. 3-Substituted prolines syntheses 
2.2.1. 3-Substituted prolines syntheses starting from proline or proline derivatives 
2.2.2. 3-Substituted prolines by C-C bond formation through anionic process 
2.2.3. 3-Substituted prolines by C-C bond formation through cationic process 
2.2.4. 3-Substituted prolines by C-C bond forming through radicalar process 
2.2.5. 3-Substituted prolines by intramolecular cyclization through C-N bond formation 

2.2.5.1. From aspartic or glutamic acid derivatives 
2.2.5.2. Chiral substrates from Garner’s aldehyde 
2.2.5.3. Michaël additions of nucleophilic glycine equivalent to chiral oxazolidinones 

2.2.6. Synthesis of 3-substituted prolines by intermolecular cyclization 
2.2.6.1. 1,3-Dipolar cyclization 
2.2.6.2. Cyclization by Michaël addition/alkylation sequences 

2.2.7. Cyclization through dialkylation 
2.3. 4-Substituted prolines syntheses 

2.3.1. From 4-hydroxyproline 
2.3.1.1. Direct functionalization 

2.3.2. From 4-oxoproline 
2.3.3. From pyroglutamic acid 

2.3.3.1. Alkylation of pyroglutamates derived enolates 
2.3.3.2. Other strategies 

2.3.4. Synthesis of substituted prolines by intramolecular cyclization with C-C bond formation 
2.3.4.1. Cationic cyclization 
2.3.4.2. Radical cyclization 

2.3.5. From aspartic or glutamic acid derivatives 
2.4. 5-Substituted prolines syntheses 

2.4.1. 5-Substituted prolines syntheses starting from proline derivatives 
2.4.1.1. 5-Substituted prolines syntheses by nucleophilic attack on N-acyliminium ions 

2.4.2. 5-Substituted prolines syntheses via cyclization 
2.4.3. 5-Substituted prolines syntheses by alternative methods 

3. Effect on peptide conformation and structure 
3.1. Conformational properties of proline 
3.2. Conformational effects of the introduction of substituents 

3.2.1. Substituents in position 2 
3.2.2. Substituents in position 3 

3.2.2.1. Side chain conformation 
3.2.3. Substituents in position 4 
3.2.4. Substituents in position 5 

4. Biological activities of the resulting analogues 
4.1. Angiotensin, bradykinin 
4.2. Cholecystokinin 
4.3. Melanocortin 
4.4. Opioid 
4.5. Tachykinins 



 
4.6. Melanostatin-PLG 
4.7. Glutathione 
4.8. Atrial natriuretic peptide 

5. Conclusions 
Acknowledgment 
List of abbreviations 
References 
 
Five-membered heteroaryl azides and derived iminophosphoranes: useful intermediates for the 
construction of b-fused pyridine ring systems 
Maria Funicello and Piero Spagnolo 
1. Introduction 
2. Five-membered heteroaryl azides 

2.1. General reactivity 
2.2. Synthesis 

3. Iminophosphoranes 
3.1. Iminophosphoranes in the synthesis of (fused) pyridines 
3.2. N-(Five-membered heteroaryl)iminophosphoranes in the synthesis of b-fused pyridines 

4. Conclusions 
Acknowledgments 
References 
 
1,3-Thiazolidine-4-carboxylic acids as building blocks in organic synthesis 
Teresa M. V. D. Pinho e Melo 
1. Introduction 
2. Synthesis of 1,3-thiazolidine-annulated systems 
3. Dipoles from 1,3-thiazolidine-4-carboxylic acids 
4. 2-Aza-1,3-butadienes or their tautomers from 1,3-thiazolidine-4-carboxylic acids 
5. Conclusion 
References 
 
Advances in asymmetric synthesis of biologically active molecules using heterocycles as building 
blocks 
Pietro Spanu and Fausta Ulgheri 
1. Introduction 
2. Furans 

2.1. 2-Trialkylsilyloxyfurans 
2.2. 2-Imido-furans 
2.3. 2-Carboxy-furans 
2.4. 3-Sulfinylfuran-2(5H)-ones 
2.5. 2(5H)-Furanones 
2.6. Furan-2,5-diones 

3. Pyrroles 
3.1. N-Boc-pyrroles 
3.2. 2-Trialkylsilyloxypyrroles 
3.3. 1,5-Dihydro-2H-pyrrol-2-ones 
3.4. Pyrrolidine-2,5-diones 

4. Pyrones 
4.1. 2H-Pyran-2-ones 

5. Pyridines 
5.1. 1,4-Dihydropyridines 

6. Dioxolanes 
6.1. 1,3-Dioxolanes 



 
6.2. 1,3-Dioxolan-4-ones 

7. Dioxanes 
7.1. 1,3-Dioxan-5-ones 

8. Oxazoles 
8.1. 1,3-Oxazolidines 
8.2. Oxazolines 
8.3. 1,3-Oxazoles 
8.4. 1,3-Oxazolidin-5-ones 
8.5. 1,3-Oxazol-4(5H)-ones 
8.6. 1,3-Oxazol-5(4H)-ones 

9. Imidazoles 
9.1. Imidazolidin-4-ones 
9.2. Imidazolidine-2,4-diones 

10. Thiazoles 
11. Oxazines 

11.1. 1,4-Oxazin-2-ones 
12. Pyrazines 

12.1. Piperazine-2,5-diones 
12.2. 3,6-Dihydropyrazin-2(1H)-ones 
12.3. 2,5-Dihydropyrazines 
12.4. Pyrazin-2(1H)-ones 

13. Pyrimidines 
13.1. Pyrimidin-4(1H)-ones 
13.2. Dihydropyrimidin-2,4(1H,3H)-diones 

14. Conclusions 
References 
 
Syntheses of polyhydroxylated azepanes 
Soledad Pino-González, Carmen Assiego and Noé Oñas 
1. Introduction 
2. Synthesis of tetrahydroxyazepanes 

2.1. From bis-epoxides 
2.1.1. Isomerisations (from or to) azepanes 
2.1.2. Solid phase synthesis 
2.1.3. Synthesis of pseudo, aza di-, tri- or oligo- saccharides 
2.1.4. Tetrahydroxyazepane derivatives as potential MGBL´s 

2.2. From azido or aminosugars 
2.3. Synthesis from inositols 
2.4. Synthesis from glycosil enamines 
2.5. Synthesis of lactams as azepane precursors 
2.6. Synthesis via ring closing methatesis 

3. Synthesis of trihydroxyamino azepanes 
4. Synthesis of trihydroxyazepanes 
5. Synthesis of pentahydroxyazepanes 
6. Synthesis of hexahydroxyazepanes 
7. Related products 
8. Conclusions 
Acknowledgments 
References 
 
Mass spectrometry of simple indoles. Part 2: Fourier transform mass spectrometry, fast atom 
bombardment, laser desorption and electrospray ionisation 
David Bongiorno, Lorenzo Camarda, Leopoldo Ceraulo and Mirella Ferrugia 



 
1. Introduction 
2. Fourier transform mass spectrometry (FTMS) 

2.1. Gas phase acidity of indole carboxylic acids 
2.2. Gas-phase basicities of indole and tryptophan 

3. Fast atom bombardment (FAB) 
3.1. Indoleamines and tryptamines 
3.2. Tryptophan and tryptophan derivatives 
3.3. Indole-3-acetic acid and indole-3-acetic acid conjugates 

4. Laser Desorption (LD) 
4.1. Arylindoles 

5. Electrospray ionisation (ESI) 
5.1. 1-Substituted indoles 
5.2. 3-Substituted indoles 
5.3. Other indole derivatives 

6. Conclusions 
Acknowledgments 
References 
 
Synthesis of benzo[c]quinolizin-3-ones: discovery and development of novel inhibitors of human 
steroids 5αααα-reductase 
Antonio Guarna, Fabrizio Machetti, Ernesto G. Occhiato 
1. Introduction 

1.1. Steroid 5α-reductase 
1.2. Inhibitors of 5α-reductase 

2. Synthesis of benzo[c]quinolizinones 
2.1. Synthetic strategies. From steroidal to non steroidal inhibitors of 5αR 
2.2. First synthesis of benzo[c]quinolizin-3-ones as non-steroidal inhibitors of 5αR-1 
2.3. Synthesis of 8-chloro-benzo[c]quinolizin-3-ones: Mannich-Michael tandem reaction of N-Boc 

iminium ions with 2-silyloxybutadienes 
2.4. Synthesis of more substituted benzo[c]quinolizinones 
2.5. Modified aza-Robinson annulation: 4-methyl-substituted benzo[c]quinolizin-3-ones 
2.6. Synthesis of 8-substituted 4-methyl-benzo[c]quinolizin-3-ones 

3. Further functionalisation by Pd-catalysed cross-coupling processes. Synthesis of dual inhibitors 
4. SAR (Structure-activity relationship) and a 3D-QSAR model for the inhibition of 5α-reductase Type 1 
5. Conclusions 
References 
 
 
ISBN  88 86208-29-4   ISSN  1724-9449       X + 455 pp 
 
 
 


