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Abstract 

 

Molecular and electronic structure, reduction electron transfer and coordination abilities of a 

polycyclic aromatic hydrocarbon (PAH) having a planar naphtho-group fused to the corannulene 

bowl have been investigated for the first time using a combination of theoretical and 

experimental tools. A direct comparison of naphtho[2,3-a]corannulene (C28H14, 1) with parent 

corannulene (C20H10, 2) revealed the effect of framework topology change on electronic 

properties and aromaticity of 1. The presence of two reduction steps for 1 was predicted 

theoretically and confirmed experimentally. Two reversible one-electron reduction processes 

with the formal reduction potentials at –2.30 V and –2.77 V vs. Fc
+/0

 were detected by 

cyclic voltammetry (CV) measurements, demonstrating accessibility of the corresponding 

mono- and dianionic states of 1. The products of the mono- and doubly-reduced 

napththocorannulene were prepared using chemical reduction with Group 1 metals and isolated 
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as sodium and rubidium salts. Their X-ray diffraction study revealed the formation of “naked” 

mono- and dianions crystallized as solvent-separated ion products with one or two sodium 

cations as [Na
+
(18-crown-6)(THF)2][C28H14

–
] and [Na

+
(18-crown-6)(THF)2]2[C28H14

2–
] (3·THF 

and 4·THF, respectively). The dianion of 1 was also isolated as a contact-ion complex with two 

rubidium countercations, [{Rb
+
(18-crown-6)}2(C28H14

2–
)] (5·THF). The structural consequences 

of adding one and two electrons to the carbon framework of 1 are compared for 3, 4 and 5. 

Changes in aromaticity and charge distribution stemming from the stepwise electron acquisition 

are discussed based on DFT computational study.  

 

Keywords: non-planar polyarenes  π-bowls  aromaticity  molecular structure  chemical 

reduction  X-ray diffraction  carbanions 

 

TOC: 

 

  



This article is protected by copyright. All rights reserved 

3 
 

Introduction 

Metalation of curved carbon surfaces attracts special attention of organometallic and 

materials chemists due to fundamental interest and potential applications.
[1]

 Starting from 

extensive exploration of fullerenes,
[2]

 these studies have recently shifted to the non-planar 

fragments of fullerenes (also referred to as open geodesic polyarenes,
[3]

 buckybowls,
[4]

 

molecular
5
 or -bowls 

[6]
). The latter represent a very interesting class of -conjugated ligands 

since their convex (exo) and concave (endo) faces are readily accessible for metal binding. Due 

to this unique versatility -bowls have shown a great variation of coordination modes.
[7]

 In 

addition, their binding abilities can be further enhanced through stepwise electron acquisition.
[8]

 

We have recently developed the preparation procedures that allowed the isolation of crystalline 

products of the bowl-shaped corannulene, C20H10 (Scheme 1a), upon step-wise electron addition. 

Notably, the resulting set of consequently reduced corannulene carbanions, C20H10
n

 (n = 14), 

exhibits distinctly different metal binding preferences. Based on X-ray crystallographic studies, 

we have demonstrated that mono- and doubly-reduced corannulene can form solvent-separated 

or contact-ion pairs with alkali metal ions in the solid state,
[9]

 while the electron-rich triply- and 

tetrareduced corannulene anions self-assemble into unique sandwich-type aggregates with a 

record number of metal ions encapsulated.
[10]

 The first study of sumanene reactions with Group 1 

metals also revealed the tendency of sumanenyl trianions to self-assemble into a novel 

supramolecular sandwich with multiple K
+
 ions.

[11]
 These works demonstrated that the charge, 

size and symmetry of a -bowl can affect the type of supramolecular assembly, prompting us to 

investigate the bowl-shaped polycyclic aromatic hydrocarbons (PAHs) having large surface area 

and different carbon framework topologies.
12

 In this regard, fusion of a planar naphtho-group to 

the corannulene core provides a unique PAH (C28H14 1, Scheme 1b) with dual potential sites for 

reduction and metal coordination. Both fragments are known to exhibit rich individual redox 

chemistry with naphthalene forming an electron-rich dianion
[13]

 and corannulene undergoing four 

one-electron reduction steps.
[8]

 Although the synthesis of C28H14 was reported back in 2001,
[14]

 

no studies of its molecular structure and solid state packing have been accomplished since then. 

In 2006, in situ chemical reduction of 1 was probed by solution NMR spectroscopy,
[15]

 but no 

products were isolated in the solid state, leaving questions regarding the overall structures, 

potential metal binding sites and geometry transformations of the resulting carbanions open. 
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Very recently, remarkable examples of large carbon-rich PAHs having planar and bowl-shaped 

fragments fused together have been reported,
[16]

 indicating the important role of the size and 

curvature of such π-systems in modulating their properties. Despite these successful efforts 

directed toward blending planar and curved parts, investigations of the metal-induced reduction 

processes and outcomes of multi-electron addition to such unique hybrid π-systems have yet to 

be initiated.  

 

 

Scheme 1. Corannulene, C20H10 (a), and naphtho[2,3-a]corannulene, C28H14 (b). 

 

Herein we provide the first comprehensive investigation of structure and properties of 

naphtho[2,3-a]corannulene (C28H14, 1) using a combination of X-ray crystallography, CV 

measurements and DFT calculations. The chemical reduction of 1 with Group 1 metals was also 

investigated; the resulting mono- and doubly-reduced carbanions were isolated as the 

corresponding alkali metal salts and fully characterized.  

 

Results and Discussion 

DFT: Neutral Naphthocorannulene  

Since no evaluation of molecular and electronic features of napththo[2,3-a]corannulene 

(C28H14, 1) has been accomplished, we started with an analysis of its structure and properties and 

compared those with parent corannulene (C20H10, 2), using a set of modern computational tools 

(see ESI for more details). We observed that fusion of the naphthalene fragment to the 

corannulene core results in notable changes of the bowl-shaped part of the molecule. First, it 

reduces the bowl depth to 0.827 Å vs. that of 0.875 Å for corannulene.
[17]

 Second, the bowl 

flattening is expected to be associated with a lower energy barrier of the bowl-to-bowl inversion. 

Indeed, it is found to be +7.80 kcal/mol for neutral C28H14, which is lower than that in C20H10 
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(+9.98 kcal/mol). Next, the charge distribution in C28H14 is less symmetric (Figure 1) than that in 

corannulene.
[12a]

 Specifically, two separate negatively-charged areas (one is localized on the 

bowl part and the other one is mostly concentrated on the naphtho-group) can be clearly seen. In 

general, such distribution may be indicative of possible charge separation during excitation 

and/or reduction/oxidation.  

 

 

Figure 1. MEP maps of neutral C28H14 molecule.  

 

 Further support for the above statement comes from analysis of the molecular orbital 

(MO) diagram of C28H14 (Figure 2). The highest occupied MO (HOMO) is mostly localized on 

the planar naphtho-group, whereas HOMO-1 and HOMO-2 are concentrated on the bowl part. 

Important feature of the electronic structure of C28H14 also includes different localization of 

HOMO and LUMO orbitals (Figure 2). In contrast to the above HOMO, the LUMO is mainly 

localized on the corannulene part.  
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Figure 2. MO diagram of neutral C28H14 (PBE0/cc-pVTZ).  

 

 From the energy point of view, HOMO-1 and HOMO-2 are degenerated. Similarly, 

LUMO+1 and LUMO+2 are separated by only 0.16 eV. The (HOMO-LUMO) gap of 1 is 3.89 

eV, making C28H14 a significantly better acceptor than corannulene ((HOMO-LUMO) = 4.71 

eV) and comparable to the recently studied indacenopicene, C26H12 (3.65 eV).
[12a]

 At the same 

time, the LUMO of C28H14 (-2.00 eV) lies notably higher than that of C26H12 (-2.42 eV) but 

lower than that of C20H10 (-1.77 eV). In contrast, HOMO (-5.89 eV) of 1 is significantly higher 

than that in both, corannulene (-6.48 eV) and indacenopicene (-6.07 eV). Thus, C28H14 is 

expected to be a better donor with respect to Lewis acidic agents. 

 Addition of naphtho-group to the corannulene bowl has also resulted in the significant 

perturbation of the aromatic -system. The induced changes were carefully monitored through a 

set of aromaticity descriptors of different nature (Table 1, see ESI for details), all consistently 
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revealing the same trends. Briefly, while the anti-aromatic character of the central 5-membered 

ring A remains essentially the same as in C20H10, the behavior of 6-membered rings in C28H14 is 

now different. The aromaticity of rings C and D has almost unchanged in comparison with 

C20H10, while the ring B is better described as non-aromatic (Table 1). In contrast, the 

neighboring rings E and F of the naphtho-fragment show a strong aromatic character. 

 In order to further investigate delocalization and magnetic currents in 1, the ACID maps 

were constructed for the total electron density as well as for its -component (Figure 3). Strong 

paratropic ring current is found for the 5-membered ring, in full agreement with its anti-aromatic 

behavior (as evidenced by a magnetic aromaticity descriptor such as NICS). At the same time, -

delocalization at the periphery covers the whole molecule of 1, including all rim-bonds of 

corannulene and naphthalene parts. This delocalization is diatropic in nature and, importantly, it 

only slightly touches the ring B, thus explaining its non-aromaticity (Table 1). The non-aromatic 

character of the ring B can be also understood in the term of Clar’s rule.
[18]

  

Table 1. Aromatic indexes calculated for neutral C28H14 and C20H10 (PBE0/cc-pVTZ). 

 

System
 

Ring HOMA NICS 
AIM Analysis Fuzzy Space 

PDI FLU PDI FLU 

C6H6  1.000 -8.21 0.105 0.000 0.106 0.000 

C5H6  -0.622 -3.43  0.054  0.057 

C28H14 

A 0.862 8.76  0.029  0.040 

B 0.095 0.10 0.029 0.027 0.031 0.035 

C 0.802 -6.30 0.065 0.011 0.066 0.016 

D 0.742 -5.91 0.057 0.015 0.059 0.020 

E 0.678 -8.88 0.065 0.010 0.066 0.015 

F 0.821 -8.10 0.072 0.011 0.074 0.013 

C20H10 B 0.702 -6.43 0.059 0.014 0.060 0.019 
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A 0.818 9.22 - 0.026 - 0.038 

 

 

Figure 3. ACID isosurfaces (a) and their -contributions (b) for neutral C28H14 molecule. 

Current density vectors are plotted onto the ACID surfaces to indicate dia- and paratropic ring 

currents.  

 

DFT and CV: Mono- and Dianionic States of C28H14 

Based on its MO diagram, 1 should readily accept up to two electrons in step-wise 

reduction processes. Addition of one and two electrons to the C28H14 molecule results in a 

notable re-shaping of the electron density distribution. As evidenced by the MEP maps (Figure 

4), the negative charge in both mono- and double-reduced carbanions is exclusively localized 

over the bowl-shaped part. This finding is in full agreement with the calculated MO diagram of 

neutral C28H14 (Figure 2), as it perfectly correlates with the topology of HOMO.  
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Figure 4. MEP maps of the mono- (a) and di-anion (b) of C28H14. 

 

The above theoretical predictions concerning the electron-accepting properties of 1 are 

fully supported by the electrochemical investigation of the reduction processes at 25 °C in THF. 

The cyclic voltammetric (CV) curves, reported in Figure 5, show two reductions in the available 

potential window of the electrolyte solution (which extends up to about -3.5 V). The two 

subsequent electron transfers occur with E½ values of –2.30 V and –2.77 V (vs. Fc
+/0

), 

respectively, and both are completely reversible one-electron processes. The stability of the 

electrochemically generated mono- and dianions of 1 was evaluated by checking the 

voltammetric reversibility at different sweep rates (in the range 0.4 V/s to 100 V/s). This further 

evidenced that even in the longest timescale explored (few seconds) the two reduction products 

are stable. In addition, no other kind of chemical reactivity was highlighted at shorter 

(millisecond range) timescale. 

 



This article is protected by copyright. All rights reserved 

10 
 

Figure 5. Cyclic voltammetric curves of 0.7 mM of 1 in 0.08 M TBAH/THF solution. Working 

electrode: Pt (125 μm, diameter); T = 25 °C; Sweep rate: 1 V/s. 

 

The first reduction potential of 1, compared to that of the parent corannulene, is 0.17 V 

less negative. The electrochemical energy gap between the two processes measures 0.47 eV, 

which is 0.11 eV lower than the corresponding separation for corannulene (0.58 eV).
[19]

 This can 

be rationalized on the basis of a larger -conjugation through the naphthalene moiety (vide 

supra). Notably, the energy difference between the first and second reduction potentials has a 

value quite close to the theoretical LUMO-LUMO+1 separation (Figure 2) for the neutral 

compound.  

 

C28H14: X-ray Crystallographic Study  

Since the solid state structure of C28H14 remained unknown, we started with 

crystallization of naphtho[2,3-a]corannulene. We selected an efficient microscale gas-phase 

sublimation/deposition method
[20]

 for crystal growth, as it allows one to avoid encapsulation of 

any solvent molecules into the crystal lattice.
[21]

 Deposition of 1 at 160 °C in a small evacuated 

and sealed glass ampule over 2 days afforded pale yellow needles in high yield. An X-ray 

structural characterization revealed the molecular structure (Figure 6) and crystal packing of 1 
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(Figure 7). The core parameters of 1 (Table 2) are compared with those of corannulene and 

naphthalene (See ESI, Table S2). The depth of corannulene bowl in 1 of 0.813(7) Å is reduced vs 

that of parent corannulene (0.875(2) Å), in accord with the above theoretical predictions. The 

calculated POAV angles for 1 (Table S3) also illustrate the reduction of curvature of the bowl-

part compared to corannulene. 

 

 

Figure 6. Molecular structure of 1, top and side views in ball-and-stick (a) and space-filling 

models (b).  

 

In the solid state structure of 1, the one-dimensional columns are unidirectional with a 

bowl slip of 1.985 Å (Figure S21). The two different stacking distances can be measured, 

averaging at 3.333 Å (Figure 7a). The 1D stacks are linked together into an extended 2D network 

(Figure 7b) through intermolecular C–H···π interactions ranging from 2.617 to 2.775 Å (Figure 

S22).  

 

 

 

Figure 7. Solid state packing of 1, 1D column in capped-stick and space-filling models (a) and 

2D packing (b).  
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Notably, the solid-state packing of 1 is different from that of C20H10, as the latter is 

dominated by CH interactions with no long-range 1D stacking of corannulene bowls.
[17]

 

However, a slipped columnar packing similar to that observed in 1 has been previously seen in 

the crystal structures of dibenzo[a,g]corannulene and other corannulene-based bowls.
[22]

  

 

Chemical Reduction and X-ray Crystallographic Study of Carbanions 

 For the next step, we moved to investigation of the chemical reduction behavior of 1. 

Consistently with the computational and electrochemical studies, we observe that reduction of 

C28H14 with Group 1 metals proceeds through two distinctive steps. The addition of an excess of 

alkali metal to 1, in THF, allows the generation of a deep brown color associated with C28H14
–
, 

which subsequently undergoes further reduction to form a dull brown-green solution of C28H14
2–

 

(Figures S1-S4). Based on these observations, we targeted the isolation of crystalline products of 

both mono- and doubly-reduced states of 1. We primarily chose sodium metal for the first 

chemical reduction study because it is well known to result in the formation of “naked” 

carbanions.
[9b,23]

 This should allow us to analyze the geometric perturbations of carbon 

framework of 1 upon acquisition of one and two electrons without the influence of direct metal 

binding.  

 The first product, [Na
+
(18-crown-6)(THF)2][C28H14

–
] (3), was prepared by the controlled 

reduction of C28H14 with Na metal in the presence of 18-crown-6 ether in THF. The product was 

crystallized by slow diffusion of hexanes into a THF solution at 5 °C. Dark brown blocks of 

(3·THF) were isolated in moderate yield after 4 days. In 3 (Figure 8a), the sodium ion is 

coordinated by one axial 18-crown-6 ether (Na···Ocrown, 2.681(5)‒2.874(6) Å) and two capping 

THF molecules (Na···OTHF, 2.282(6) and 2.357(6) Å), with all Na···O distances being close to 

those previously reported.
[7b,9b]

 The observed full encapsulation of sodium cation precludes its 

binding to the monoanion of 1. Notably, the bowl depth of the “naked” C28H14
–
 core in 3 

(0.816(10) Å) remains essentially unchanged when compared to the neutral ligand (0.813(7) Å).  
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Figure 8. Molecular structures of 3 (a), 4 (b), and 5 (c). All hydrogen atoms are removed for 

clarity.  

 

We have isolated and structurally characterized the dianion of 1 crystallized with two 

sodium countercations, [Na
+
(18-crown-6)(THF)2]2[C28H14

2–
] (Figure 8b, 4). In 4, both sodium 

ions are solvent-separated from the C28H14
2–

 core, thus allowing us to analyze the effect of the 

acquisition of two electrons by 1 without interfering metal binding effects. The two-fold 

reduction results in a shallower depth of the corannulene bowl when compared to the parent 

molecule (0.794(2) Å vs. 0.813(7) Å).  

Similarly to 3, the Na
+
 ions are axially bound by one 18-crown-6 ether molecule 

(Na···Ocrown, 2.639(2)‒2.935(3) Å) and capped by two THF molecules (Na···OTHF, 2.317(5) and 

2.337(2) Å) with all Na···O distances being close to those previously reported. In the solid state 

structure of 4 (Figure 9a), several CH contacts between the C28H14
2‒

 dianion with the 

neighboring 18-crown-6 ether molecules ranging over 2.601(2)‒2.897(2) Å can be identified.  
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Figure 9. Solid state packing in 4 (a) and 5 (b), space filling models. The [Na
+
(18-crown-

6)(THF)2] moieties are shown in different shades of blue, while [Rb
+
(18-crown-6)] ions are 

purple.  

 

 In addition, we have prepared the dianion of 1 by the reduction of C28H14 with rubidium 

metal in the presence of 18-crown-6 ether. The resulting single crystals were obtained upon slow 

diffusion of hexanes into a THF solution at 5 °C. An X-ray diffraction study revealed the 

formation of the contact-ion complex, [{Rb
+
(18-crown-6)}2(C28H14

2–
)] (5·THF). In contrast to 4, 

where no metal binding was observed, both rubidium ions are coordinated to the C28H14
2–

 core 

(Figure 8c). One Rb
+
 ion binds the six-membered ring B of the corannulene bowl in a convex 

(exo) fashion (Rb···Cexo, 3.187(6)–3.411(7) Å), while the second one interacts with the E ring 

approaching the planar naphtho-group from the opposite direction (Rb···Cendo, 3.191(6)‒3.659(6) 

Å). The distances from these rubidium ions to the benzene ring centroids are 3.107(7) Å and 

2.997(6) Å, respectively. For comparison, the distance of the Rb
+
 ion to the six-membered ring 

centroid of C20H10

 is 3.040(3) Å.

[9a]
 Each Rb

+
 ion is also coordinated by one 18-crown-6 ether 

molecule (Rb···O, 2.783(14)–3.100(5) Å). Overall, the Rb···O distances are close to those 

previously reported for the salts of different carbanions crystallized with Rb
+
 ions capped by 

crown ethers.
[9a,b,d,24]

  

In the solid state structure of 5 (Figure 9b), there are additional intermolecular contacts 

that include side π–π interactions between two neighboring C28H14
2–

 anions (ca. 2.33 Å). The 

shortest intermolecular C–H···π interaction between C28H14
2–

 and the adjacent 18-crown-6 ether 

molecule is found at 2.84 Å.  

 Based on the structures of dianions in 4 and 5, the acquisition of two electrons by 1 

results in elongation of the rim and spoke CC bonds when compared to neutral C28H14 (Tables 

2, S3). The CC bond at the junction of naphthalene and corannulene parts is notably shortened 

upon the two electrons addition (1: 1.487(7) Å; 4: 1.474(2) Å; 5: 1.464(13) Å). Interestingly, the 

bowl depth in 5 (0.857(11) Å) is deeper than that in the parent molecule 1 and the “naked” 

dianion in 4 (Table 2). This may stem from the direct binding of Rb
+
 ion to the convex face of 

C28H14
2–

, as such metal coordination was previously seen to increase the bowl depth.
[25]

 The 

calculated POAV angles (Table S4) are also consistent with the above-mentioned trend observed 

for the C28H14
2–

 anion in 4 and 5.  
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Table 2. Selected bond lengths in 1, 4, and 5 (in Å). 

 

 1* 4 5 

Rim  1.367(7)–1.390(7)Å 1.400(2)–1.425(2)Å 1.372(13)–1.404(9)Å 

Hub 1.396(7)–1.442(7)Å 1.388(2)–1.422(2)Å 1.404(9)–1.423(9)Å 

Flank  1.424(8)–1.474(7)Å 1.410(2)–1.474(2)Å 1.419(9)–1.471(9)Å 

Spoke  1.350(8)–1.385(7)Å 1.390(2)–1.407(2)Å 1.388(10)–1.403(10)Å 

Ring E 1.364(7)–1.487(7)Å 1.396(2)–1.474(2)Å 1.398(13)–1.464(13)Å 

Ring F 1.356(8)–1.432(7)Å 1.384(2)–1.434(2)Å 1.375(11)–1.439(14)Å 

Bowl Depth 0.813(7) 0.794(2) 0.857(11) 

*Values are averaged for two naphthocorannulene cores in the independent unit. 

 

Conclusions 

We have accomplished the first comprehensive investigation of molecular and electronic 

structures, solid state packing and reduction properties of naphtho[2,3-a] corannulene (C28H14, 1) 

and provided its direct comparison with parent corannulene (C20H10, 2), using a combination of 

theoretical and experimental tools. The accessibility of two reduction steps for 1 was predicted 

theoretically and confirmed by cyclic voltammetry (CV) measurements, detecting two 

reversible one-electron reduction processes with the formal reduction potentials at –2.30 

and –2.77 V vs. Fc
+/0

. Both calculations and electrochemistry indicated that the HOMO-

LUMO gap of 1 is reduced vs. that of 2, making C28H14 a better acceptor than C20H10. The CV 

data also demonstrated the accessibility and stability of the corresponding mono- and 

dianionic states of 1; and both were prepared using chemical reduction with Group 1 

metals. The resulting products of the mono- and doubly-reduced naphtho[2,3-a] corannulene 

were crystallized as sodium and rubidium salts. Their X-ray diffraction study revealed the 

formation of “naked” mono- and dianions crystallized as solvent-separated ionic products with 

one or two sodium cations as [Na
+
(18-crown-6)(THF)2][C28H14

–
] and [Na

+
(18-crown-
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6)(THF)2]2[C28H14
2–

] (3·THF and 4·THF, respectively). In addition, the dianion was isolated as a 

contact-ion complex with two rubidium countercations, [{Rb
+
(18-crown-6)}2(C28H14

2–
)] 

(5THF). This structural characterization of 3, 4 and 5 allowed the first evaluation of the 

outcomes of addition of one and two electrons to the carbon framework of naphtho[2,3-a] 

corannulene. 

 

Experimental Section 

Materials and Methods. All manipulations were carried out using break-and-seal
[26]

 and glove-

box techniques under an atmosphere of argon. Tetrahydrofuran (THF) and hexanes were 

purchased from Pharmco-Aaper, dried over Na/benzophenone and distilled prior to use. THF-d8 

was purchased from Sigma Aldrich, dried over NaK2 alloy and vacuum-transferred. Sodium and 

rubidium metals were purchased from Strem Chemicals and used as received. Crown ether, 18-

crown-6 (99%), was purchased from Sigma Aldrich and dried over P2O5 in vacuo for 24 hours. 

Naphtho[2,3-a]corannulene (C28H14, 1) was prepared as described previously
[14]

 and sublimed in 

vacuo in a sealed glass ampoule (5 inch length) at 160-180 °C prior to use. The UV-vis spectra 

were recorded on a PerkinElmer Lambda 35 spectrometer. The NMR spectra were measured on 

a Bruker AC-400 spectrometer at 400 MHz for 
1
H and referenced to the resonances of the 

corresponding solvent used. For CV measurements (see ESI for more details), electrochemical or 

analytical grade tetrabutylammonium hexafluorophosphate (TBAH) from Sigma-Aldrich was 

used as received as a supporting electrolyte. Tetrahydrofuran (LiChrosolv, Merck) was purified 

and dried by sodium anthracenide in order to remove any traces of water, proton donors and 

oxygen as previously reported,
[27]

 stored in a specially designed Schlenk flask and protected from 

light. The solvent was distilled via a closed system into a custom designed electrochemical cell 

containing the supporting electrolyte and the species under examination, immediately before 

performing the experiment. 

Calculations: Geometry optimizations for all systems under consideration were performed at the 

DFT level of theory using hybrid functional PBE0
[28]

 in combination with the correlation-

consistent basis set cc-pVTZ applied to all atoms. No symmetry restrictions were used. All 

calculated structures are local minima on the corresponding potential energy surfaces. All 

calculations were done with help of the Firefly
[29]

 program package (version 8.1.0). Electronic 
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structure was analyzed with help of NBO technique.
[30]

 Using PBE0/cc-pVTZ-optimized 

geometries, a set of theoretical descriptors/indexes of aromaticity was calculated. This set 

includes: (i) structure-based Harmonic Oscillator Model of Aromaticity (HOMA, as defined by 

Kruszewsk and Krygowski,
[31]

 (ii) Nuclear Independent Chemical Shift (NICS, introduced by 

von Rague Schleyer et al.
[32]

 and (iii) descriptors based on topological Quantum Theory of Atom 

in Molecule (QTAIM) approach
[33]

 such as Para-Delocalized Index (PDI)
[34]

 and Aromatic 

Fluctuation Index (FLU).
[35]

 All QTAIM calculations were carried out by Multiwfn 3.3.7 

program.
[36]

 Calculations of NICS values were performed using the Gauge Independent Atomic 

Orbitals (GIAO) approach with help of Gaussian 09 program
[37]

 at the PBE0/cc-pVTZ level of 

theory. The set of descriptors was augmented by detailed consideration of magnetic induced ring 

current in target systems using Anisotropy of the Induced Current Density (ACID) approach.
[38]

 

To obtain induced the current vectors and plot map, ACID 2.0.0 program uses the current density 

tensors, calculated by the Continuous Set of Gauge Transformations (CSGT) method 

implemented in Gaussian 09 package.
[39]

 

Crystallization of C28H14 (1): Deposition of 1 (5 mg, 0.014 mmol) at 160 °C in a sealed 

evacuated glass ampule over 2 days afforded yellow needle-shaped crystals in high yield (4.3 

mg, 86 %).  

Preparation of [Na(18-crown-6)(THF)2]
+
[C28H14

–
] (3THF): THF (1.0 mL) was added to a 

flask containing excess Na (0.2 mg, 0.008 mmol, 1.5 eq.), 18-crown-6 (1.5 mg, 0.0057 mmol) 

and naphthocorannulene (2 mg, 0.0057 mmol). The initial color of the mixture was pale yellow 

(neutral ligand), but within a few minutes the color turned brown. The reaction mixture was 

stirred for an additional 25 min and filtered; the brown filtrate was layered with hexanes (1.5 

mL) and placed at 5 °C. Dark brown blocks were present in good yield after 4 days. Yield: 2.8 

mg, 65%. UV/vis (THF): λmax 373, 395, 405, 427, 493, 520, 555, 655 and 718 nm. 

Preparation of [Na
+
(18-crown-6)(THF)2]2[C28H14

2–
] (4THF): THF (1.5 mL) was added to a 

flask containing excess Na (1.1 mg, 0.046 mmol, 8 eq.), 18-crown-6 (3 mg, 0.0114 mmol) and 

naphthocorannulene (2 mg, 0.0057 mmol). The initial color of the mixture was pale yellow 

(neutral ligand). Within a few minutes, the color turned to dark brown and then to green (in ca. 

30 min). After a total of 24 h of stirring, the resulting green suspension was filtered; the green 

filtrate was layered with hexanes (1.7 mL) and placed at 5 °C. Dark blocks were present in high 

yield after 4 days. Yield: 4.7 mg, 70%. UV/vis (THF): λmax 586 and 692 nm.  
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Preparation of [{Rb
+
(18-crown-6)}2(C28H14

2–
)] (5THF): THF (1.5 mL) was added to a flask 

containing excess Rb (3.1 mg, 0.036 mmol, 5 eq.), 18-crown-6 (3.8 mg, 0.014 mmol), and 

naphthocorannulene (2.5 mg, 0.007 mmol). The initial color of the mixture was pale yellow. 

Within a few minutes, the color of the mixture turned dark brown. The reaction mixture was 

stirred for an additional 10 minutes at room temperature, resulting in a dull brown-green 

suspension. After 20 minutes of stirring, the mixture was filtered; the brown-green filtrate was 

layered with hexanes (1.2 mL) and placed at 5 °C. Dark blocks were present in good yield after 4 

days. Yield: 5.4 mg, 68%. UV/vis (THF): λmax 475 and 692 nm. 
1
H NMR (THF-d8, 20 °C): δ = 

3.67 (16H, 18-crown-6), 5.62 (1H, C28H14
2–

), 6.61-6.69 (2H, C28H14
2–

), 6.81 (1H, C28H14
2–

), 

7.11-7.18 (2H, C28H14
2–

), 7.37-7.60 (7H, C28H14
2–

), 8.05 (1H, C28H14
2–

). 

Note: The extreme air- and moisture sensitivity of crystals 3–5, along with the presence of 

interstitial THF molecules, prevented obtaining of elemental analysis data.  

Crystal structure determination and refinement: The single crystal diffraction data set of 1 

was measured on a Bruker SMART APEX CCD-based X-ray diffractometer system equipped 

with a Mo-target X-ray tube (λ = 0.71073 Å) at T = 100(2) K and data collections of 3 and 4 

were performed on a Bruker D8 VENTURE X-ray diffractometer with PHOTON 100 CMOS 

detector equipped with a Mo-target X-ray tube (λ = 0.71073 Å) at T = 100(2) K. Data collection 

of 5 was performed on a Bruker D8 VENTURE X-ray diffractometer with PHOTON 100 CMOS 

detector equipped with a Cu-target X-ray tube (λ = 1.54178 Å) at T = 100(2) K. Data reduction 

and integration were performed with the Bruker software package SAINT (version 8.37A).
[40]

 

Data were corrected for absorption effects using the empirical methods as implemented in 

SADABS (version 2016/2).
[41]

 The structures were solved by SHELXT and refined by full-

matrix least-squares procedures using the SHELXL (version 2016/6)
[42]

 software package. 

CCDC 1584450 (1), 1584451 (3), 1584452 (4), and 1584453 (5) contain the supplementary 

crystallographic data for this paper. These data are provided free of charge by the Cambridge 

Crystallographic Data Centre. Further crystal data collection and structure refinement details are 

listed in supporting information and in Table S1. 
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