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4 X 4 OVERVIEW
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Catalytic synthesis

Org Lett 2021 23 6536 

Mechanistic studies

Adv Synth Catal 2020 362 4680 

With A. Palmieri (UniCAM)

All-metal aromatic clusters

With A. I. Boldyrev (Utah State)
Chem Sci 2021 12 477 

Pd-norbornene joint catalysis

ACIE 2023 62 e202218928 
With N. Della Ca’ (UniPR)



PROS AND CONS OF CROSS-COUPLING:
AN EXAMPLE FROM THE CATELLANI REACTION
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A model reaction
with Pd/norbornene
joint catalysis

A few interesting targets
with relevant biological
activities

Natural benzo[c]phenanthridines:
Norallonitidine, Noravicine, Nornitidine…

Some drawbacks

Low atom-economy (Trost),
Low E-factor (Sheldon)

1 mol prod (+$),
1 mol HI (-$), HBr (-$)
2 mol base (-$)

Org Lett 2010 12 5692 



OUTLINE: ATOM-ECONOMICAL CYCLIZATION
STRATEGIES
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An old lesson from the food valley around Parma: do not produce wastes!

Small rings

Medium rings

Common rings



FIVE-MEMBERED RINGS
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CATALYSIS WITH ALL-METAL AROMATICS



TRINUCLEAR ALL-METAL AROMATICS

Robinson JACS 1995, 117, 7578; Sadighi ACIE 2012, 51, 12077; Maestri ACIE 2014, 53, 1987; Fischer ACIE 2015, 54, 4370; Maestri Chem. Eur. J. 
2015, 21, 12271; Schoenebeck ACIE 2019, 58, 211
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1865 - Kekulé - Introduces the concept of aromaticity
1979 - Bursten and Fenske - Introduce the concept of metalloaromaticity
1982 - Elliot - First stable metallobenzene, osmabenzene
1995 - Robison - First aromatic cluster [Ga3]2-
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CATALYSIS WITH M3
+: FROM SEMI-REDUCTIONS TO 

FORMATION OF C-C BONDS

ChemCatChem 2015 7 3266  Dalton Trans. 2016 45 15786  ACS Sustainable Chem. & Eng. 2017 5 8205
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REACTIVITY WITH DIENYNES AND DIMERIZATION WITH 1,6-ENYNES

ACS Catalysis, 2018, 8, 144                             JOC 2021 86 15433 
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MECHANISTIC STUDIES: AROMATICITY ENSURES CATALYST STABILITY

JOC 2021 86 15433       J Phys Chem A 2021 125 10035



THREE-MEMBERED RINGS
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TWO-PHOTON ACTIVATION OF REDOX INHERT STYRENES



HOW NATURE AND CHEMISTS CAN SEAL FOUR 
CYCLES IN A SEQUENCE

W. D. Nes Chem. Rev. 2011, 111, 6423; E. I. Negishi J. Am. Chem. Soc. 1990, 112, 8590 11



HIGHLIGHTING THE DICARBENOID BEHAVIOUR OF 
ALKYNES

ACIE 2019, 58, 6703 12



PROPOSED MECHANISM

ACIE 2019, 58, 6703 13

I

II

III



FOUR-MEMBERED RINGS
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TUNING ALLENE DIFUNCTIONALIZATION



RELEVANT VINYLIDENE CYCLOBUTANES AND 
REGIOCHEMICAL ISSUES

15
Bach ChemRev 2016, 116, 9748; Brown ACIE 2015, 54, 11918; Alcaide, Almendros ChemSocRev 2010, 39, 783

Tetrahedron Lett. 2009, 50, 1731



COMPLEMENTARY ROUTES TO SELECTIVE
DIFUNCTIONALIZATION OF ALLENES

16Thermal: Tanaka, J. Org. Chem. 2007, 72, 4378 Au: Toste, J. Am. Chem. Soc. 2007, 129, 12402
Our contribution: OL 2020, 22, 6354



SELECTIVE PROXIMAL DIFUNCTIONALIZATION OF 1,7-
ENALLENES

17OL 2020, 22, 6354



1,3-SULFONYL MIGRATION WITH 1,6-ENALLENES

18OL 2020, 22, 6354



A RADICAL PROCESS PROMOTED BY VISIBLE LIGHT

19OL 2020, 22, 6354



EIGHT-MEMBERED RINGS
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TUNING ALLENE DIFUNCTIONALIZATION (TWICE)



THE CYCLOBUTANE PARADIGM

21
Bach ChemRev 2016, 116, 9748; Brown ACIE 2015, 54, 11918; Alcaide, Almendros ChemSocRev 2010, 39, 783



PARADIGMS ARE MEANT TO BE BROKEN…

22Chem Sci 2022 13 2632



INTERMOLECULAR POLYCYCLIZATION OF ENALLENES
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ACCESS TO TRICYCLIC CYCLOOCTANES
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PARA-CYCLOADDITIONS
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BREAKING AROMATICITY: A USEFUL ESCAPE FROM FLATLAND



A DIFFICULT TASK…

26Himbert: ACIE 1982 21 620; Sarlah: Nat Chem 2016 8 922; B&H&G: Science 2021 371 1338



A CHALLENGING OPTIMIZATION

27ACIE 2023 62 e202216817

Reagent Sensitizer Additive (eq.) Time (h) Yield of 2 (%)

1aa Ir(ppy)3 -- 240 46
1a Ir(ppy)3 -- 3 99

1aa Ir(ppy)3 C10H8 (10) 48 60

1aa Ir(ppy)3 C10H8 (20) 38 64

1aa Ir(ppy)3

1-Methoxy-
naphthalene 

(10)
24 70



A SIMPLE METHOD SUITABLE FOR UNBIASED ARENES

28ACIE 2023 62 e202216817



AN INTERMOLECULAR VARIANT

29Tetrahedron Chem 2023 8 100053



INTERMOLECULAR DEAROMATIZATION WITH ENALLENES

30Tetrahedron Chem 2023 8 100053



THE BENEFICIAL ROLE OF NAPHTHALENE

31ACIE 2023 62 e202216817



CAN WE PLAY WITH DISPERSION INTERACTIONS?

32



ENT-MEDIATED PHOTOISOMERIZATION

33Chem. Eur. J. 2024 30 e202304010 

The seminal work:
Facile Synthesis of Z-Alkenes via Uphill Catalysis
by Weaver, JACS 2014, 136, 5275



THE GENERALITY OF THE EFFECT

34Chem. Eur. J. 2024 30 e202304010 



A SULFONYL- RADICAL CHAIN

35Chem. Eur. J. 2024 30 e202304010 



DEAROMATIZATION WITH ALKENES

36Chem. Eur. J. 2024 30 e202304010 



THE BALANCE BETWEEN ENTHALPY AND ENTHROPY

37Chem. Eur. J. 2024 30 e202304010 



THE POWERFUL MULTIVALENT EFFECT

38Chem. Eur. J. 2024 30 e202304010 



A BOOST FOR CHALLENGING [2+2]

39PhotochemPhotobiolSci 2024 23 1543



ALKENE-HETEROARENE DEAROMATIVE [2+2]

40



TRACKING STRAINED 4-MEMBERED N- HETEROCYCLES

41



THE RECENT BACKGROUND

42

Dell’Amico Nat. Catal. 2024 doi: 10.1038/s41929-024-01206-4

Schindler Science 2024 384 1468



SYNTHESIS OF AZETIDINES VIA 1,5-HAT
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Deviation from initial conditions time (h)[b] Yield of 3a(%)[c]

PC1, no N co-cat 168 22

N4, PC2 84 52

N4, PC5, purple LEDs 24 76



ASSEMBLY OF BETA-LACTAMS

44



THE CO-CATALYTIC EFFECT

45



CAN WE TARGET PYRIDINE & PIPERIDINE BIO-ISOSTERES?
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Sarlah ChemRxiv 2023 doi 10.26434/chemrxiv-2023-jgr4j

Fowler, JOC 1972 37 1321

50%

Swindell JOC 1987 52 2346

2 - 14%



AN OLD LESSON FROM RADICAL CHEMISTRY…

47

Beckwith, Tetrahedron Lett. 1986 27 4525

Stork, JACS 1982 104 2321



A TRIPLET BIRADICAL VARIANT OF THE STORK-BECKWITH MODEL
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PhD and Post-docs (since 2013): they deserve all credits!
Alessandro Cerveri

Matteo Corrieri
Giulia Russo

Gregoire Boivin
Gabriele Scarica

Matteo Hoch
Sara Sparascio

Maurizio Chiminelli
Davide Ruggeri

Aleksandr Voronov
Nicola Camedda
Andrea Serafino
Chiara Cecchini
Anna Monfredini

Matteo Lanzi
Gianpiero Cera
Davide Balestri
Emanuele Paris

Veronica Santacroce
Tatiana Cañeque-Cobo

Yanlan Wang
Filipe Gomes

Vanessa Narbonne
Pierre-Alexandre Deyris
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