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Double aromaticity

Dr. Sílvia Escayola, PhD thesis

RC → history

π-
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C6I6

6p Hückel-aromatic

10s Hückel-aromatic

Double oxidation of C6I6 is required to open a hole in one of the 5p orbitals of iodine that 

generates six possible resonance structures (C6Cl6
+2 has a triplet ground state).

D. J. Sagl, J. C. Martin, J. Am. Chem. Soc. 1988, 110, 5827.
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dication of hexakis(phenylselenyl)benzene

S. Furukawa, M. Fujita, Y. Kanatomi, M. Hatanaka, K. Morokuma, K. Ishamura, M. Saito, Commun. Chem. 2018, 1, 1-7.

bond distances:  C−C [1.382(7)–1.399(7) Å]

Se−Se [3.240(1)–3.338(1) Å]

C6(SePh)6
2+
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X = Br, I, SeR, TeR
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Fully optimized 1C7X7
+ (X = F, Cl, Br, and I) geometries using BLYP/6-311+G(d,p)~SDD(I) and the planarity 

Root-Summed-Square (RSS) index 

S. Escayola, N. Proos Vedin, A. Poater, H. Ottosson, M. Solà. J. Phys. Org. Chem. 2023, 36, e4447

C7Br7
+  MCIC=0.0210 e; p-EDDBC = 3.800; NICS(1)zz = –10.9 ppm; MCIBr = 0.000 e; s-EDDBBr = 0.230 e

i) X = Br is preferred over X = I to avoid excessive steric congestion that will result in ring puckering 

ii) X = Br is preferred to X = Cl because the Br atom has more diffuse 4p orbitals that can lead to 

better overlaps. 
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NICS(1)zz = –12.0 ppm; MCI = 0.0238 e NICS(1)zz = 27.9 ppm; MCI = 0.0291 e
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1C7Br7
+  MCIC=0.0210 e; p-EDDBC = 3.800; NICS(1)zz = –10.9 ppm; MCIBr = 0.000 e; s-EDDBBr = 0.230 e

1C7Br7
-  MCIC=0.0080 e; p-EDDBC = 2.327; MCIBr = 0.000 e; s-EDDBBr = 0.180 e

3C7Br7
3+  MCIC=0.0246 e; p-EDDBC = 4.303; MCIBr = 0.002 e; s-EDDBBr = 2.626 e

6p Hückel aromatic 12p Baird weakly aromatic

3C7Br7
- MCIC=0.0121 e; p-EDDBC = 2.336; MCIBr = 0.000 e; s-EDDBBr = 0.314 e

3C7Br7
3+

1C7Br7
+

BLYP/6-311+G(d,p)~SDD(I) 

3C7Br7
3+
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Closo Boranes, [BnXn]2-



11/23Double aromaticity
Magic 2024, Frauenwörth
16/09/2024

Molecular Orbitals, [B12I12]
2-

ZORA-BLYP-D3(BJ)/TZ2P 
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C6I6
C6I6

2+

0.8 Å 

B3LYP/6-311++G**~LANL2DZ//ZORA-BLYP-D3(BJ)/TZ2P 



15/23Double aromaticity
Magic 2024, Frauenwörth
16/09/2024

3D-double aromaticity (EDDB)

B3LYP/6-311++G**~LANL2DZ//ZORA-BLYP-D3(BJ)/TZ2P 
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3D-double aromaticity (ASE)

B12I12 + [B12H12]
2-  B12H6I6 + B12H6I6

2- ΔG = -37.5 kcal/mol

J. Poater, S. Escayola, A. Poater, F. Teixidor, H. Ottosson, C. Viñas and M. Solà. J. Am. Chem. Soc. 2023, 145, 22527-22538

[C6I6]
2+ + C6H6  [C6H3I3]

2+ + C6H3I3 ΔG = 37.1 kcal/mol

(mirar d’in surten els electrons del [C6H3I3]
2+)

[B12I12]
2+ + [B12H12]

2-  [B12H6I6]
2+ + [B12H6I6]

2- ΔG = -2.8  kcal/mol
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“Aromaticity is a manifestation of electron delocalization in 

closed circuits, either in two or three dimensions, which results 

in energy lowering, often quite substantial, and a variety of 

unusual chemical and physical properties. These include a 

tendency toward bond length equalization, unusual reactivity, and 

characteristic spectroscopic features as well as distinctive 

magnetic properties related to strong induced ring currents.” 

Chen and Schleyer et al. Chem. Rev. 2005, 105, 3842.

Aromaticity is a complex phenomenon; aromatic compounds have 

many interesting properties, but two are essential, electron 

delocalization and energetic stabilization. A lack of one of these 

two precludes the existence of aromaticity. 
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Cyclo[18]carbon

FMB talk → many π-orbitals in favor of localization

IR talk

PF talk → Aromaticity is a magnetic phenomenon
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Cyclo[18]carbon

A. J. Stasyuk, O. A. Stasyuk, M. Solà and A. A. Voityuk Chem. Commun. 2020, 56, 352

Cumulenic structure

Dr. Dariusz Szczepanik

ASE = -9.8 kcal/mol

Solà, M.; Szczepanik, D. W., to be submitted
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 Among the systems studied only C7Br7
3+ in its triplet state with an 

internal Hückel aromatic tropylium ring and an external incipient Baird 

aromatic Br7 ring shows double π- and σ-aromaticity.

Magnetic and electronic descriptors of aromaticity suggest the 

presence of double aromaticity in [B12I12]
0/2+. However, delocalization 

in the I12 shell does not contribute to any stabilization of the system. 

Therefore, [B12I12]
0/2+ cannot be considered doubly 3D-aromatic.

 A lack of electron delocalization or energetic stabilization precludes 

the existence of aromaticity. 
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