
& Pentalenes

Cations and Anions of Dibenzo[a,e]pentalene and Reduction of a
Dibenzo[a,e]pentalenophane

Mathias Hermann,[a] Tobias Bçttcher+,[b] Marcel Schorpp+,[b] Sabine Richert,[c] Daniel Wassy,[a]

Ingo Krossing,[b, d, e] and Birgit Esser*[a, d, e]

In memory of FranÅois Diederich

Abstract: Dibenzo[a,e]pentalene (DBP) is a non-alternant
conjugated hydrocarbon with antiaromatic character and

ambipolar electrochemical behavior. Upon both reduction
and oxidation, it becomes aromatic. We herein study the
chemical oxidation and reduction of a planar DBP derivative
and a bent DBP-phane. The molecular structures of its
planar dication, cation radical and anion radical in the solid

state demonstrate the gained aromaticity through bond
length equalization, which is supported by nucleus inde-

pendent chemical shift-calculations. EPR spectra on the
cation radical confirm the spin delocalization over the DBP

framework. A similar delocalization was not possible in the
reduced bent DBP-phane, which stabilized itself by proton
abstraction from a solvent molecule upon reduction. This is
the first report on structures of a DBP cation radical and di-
cation in the solid state and of a reduced bent DBP deriva-

tive. Our study provides valuable insight into the charged
species of DBP for its application as semiconductor.

Introduction

Polycyclic aromatic hydrocarbons (PAHs) incorporating five-
membered rings have intrigued chemists for decades. As op-

posed to alternant PAHs composed of only six-membered

rings, those with five-membered rings are non-alternant p-sys-
tems.[1] The result is a shift of orbital energies relative to an al-
ternant p-system of similar size, in most cases an increase in

HOMO and a decrease in LUMO energy. This bestows ambipo-
lar electrochemical character and a small band gap on five-

membered ring-containing PAHs. Furthermore, they can pos-
sess antiaromatic character.[2–7] The best example here is penta-
lene (Figure 1 A), which is so unstable and reactive that it
could only be isolated when bearing three kinetically stabiliz-

ing tert-butyl substituents.[8]

Another strategy of stabilization is to annulate two benzene
rings to the pentalene core, resulting in dibenzo[a,e]pentalene
(DBP, Figure 1 A),[9] which is a thermodynamically and kinetical-
ly stable compound.[10] Yet it retains a small band gap, reflect-

ed in its red color, and ambipolar redox properties (Figure 1 B).
The relative ease of oxidation and reduction of DBP can be ex-

plained by an increase in aromatic character. Formally, both
two-electron oxidation or -reduction render the 16-p-electron
system Heckel-aromatic with 14- or 18 p-electrons, respectively

(Figure 1 B). Not surprisingly, the interest in DBP’s redox
chemistry dates back to 1963 when Silvestri provided first ex-

perimental proof that a two-fold reduction was possible.[11] Ra-
binovitz[12–14] as well as Edlund[15] and co-workers followed with
more detailed NMR- and EPR-spectroscopic studies, confirming

an increased aromatic character of the oxidized and reduced
DBP. Finally, proof for the planar structure of the DBP dianion

in the solid state, a further indication for its aromaticity, was
obtained by Saito et al. in 2007.[16] More examples of dianionic

DBPs in the solid state followed[17–19] as well as the structure of
a DBP anion radical.[20] Similarly, the structures of the reduction
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products of p-extended indenofluorenes were reported.[21, 22]

However, no examples of a DBP cation radical or dication in
the solid state have been reported yet.[23]

The oxidation and reduction products of DBP are also of in-
terest regarding the application of DBPs as semiconductors in

organic field-effect transistors (OFETs). DBP derivatives and fur-

ther benzannulated diaceno[a,e]pentalenes have been em-
ployed in both p-[24–29] and n-type[30] OFET devices. The charge

transport is thought to proceed through either the cation radi-
cal in the case of p-type doping or the anion radical for an n-

type device. Which type of doping is easier to achieve depends
on the HOMO and LUMO energy levels of the DBP deriva-

tives.[31, 32] Investigating charged DBP derivatives, which are re-

sponsible for charge carrier transport in devices, as discrete
species gives insight into their electronic and geometric struc-
tures.

For these reasons we herein study the chemical oxidation

and reduction of DBP derivative 1 (Figure 1 C).[33] We were able
to obtain its anion radical 1C@@ , cation radical 1C++ and dication

12++ and investigated their structural and electronic properties
by X-ray crystallography, EPR spectroscopy and DFT calcula-
tions. With the synthesis of (2,7)dibenzo[a,e]pentaleno-

phanes[33] (DBP-phanes) and DBP-based nanohoops[34–36] we re-
cently showed that the DBP unit can be bent[37] without

strongly altering its optoelectronic properties. Hence, we
herein performed a chemical reduction of DBP-phane 2 (Fig-

ure 1 C) to investigate the influence of bending. We surprising-

ly found that the strain led to a reduction product different
from that of planar 1 through proton abstraction from a sol-

vent molecule.

Results and Discussion

Oxidation and reduction of planar DBP 1

Planar DBP 1 was synthesized as previously described.[33] Cyclic
voltammetry measurements indicated that 1 could form both

a relatively stable anion radical and dianion as well as cation
radical and dication, testifying to its ambipolar electrochemical
character (Figure 2). 1 featured two reversible reductions in

THF with half-wave potentials of E1/2 =@2.13 and @2.69 V and
two reversible oxidations in CH2Cl2 at E1/2 = 0.66 and 1.01 V (all

vs. Fc/Fc+).

For the chemical reduction of DBP 1, one equivalent of KC8

was added to a solution of 1 in THF at @78 8C. After reaching
room temperature, filtration afforded the anion radical as the

salt [K(THF)6]+ 1C@@ (Scheme 1) as an intensely dark-blue-colored
solution. A concentrated solution of [K(THF)6]1 in THF at
@40 8C provided single crystals suitable for XRD. Attempts to

obtain the dianion 12@@ by using two equivalents of KC8 were
unsuccessful and only furnished the anion radical 1C@@ . This may

be due to the steric hindrance through the mesityl groups,
which do not allow for an h5-coordination of the potassium
ions to the reduced DBP core. In all reported solid-state struc-
ture of DBP dianions in the literature with alkaline counter cat-

ions, both metal ions h5-coordinated to the DBP core.[16, 18, 19]

For the oxidation of 1 a strong yet innocent oxidant, facili-
tating an outer-sphere electron transfer, was required. Based

on its high oxidation potential (see above), we used the per-
fluorinated dihydrophenazine cation radical of salt 3, which

was recently introduced as a strong oxidant.[38]

Its formal reduction potential lies at 1.29 V versus Fc/Fc+ in

ortho-difluorobenzene (o-DFB), hence sufficiently high to oxi-

dize 1 to a dication. The large Al-based weakly coordinating
counterion Al(ORF)4]@ (RF = C(CF3)3)[39] serves to stabilize gener-

ated reactive cationic species.[40–44] Indeed, treatment of 1 with
one or two equivalents of 3 in o-DFB furnished cation radical

1C++ and dication 12++ as deeply red- and blue-colored solutions,
respectively. Layering of the obtained reaction mixtures with

Figure 1. A) Molecular structures of pentalene and dibenzo[a,e]pentalene
(DBP) ; B) The twofold oxidation or reduction of DBP leads to an aromatic di-
cation or dianion, respectively; C) DBP-derivative 1 and (2,7)dibenzo[a,e]pen-
talenophane 2 used in this study.

Figure 2. Cyclic voltammograms of DBP 1 in THF (reduction) and CH2Cl2 (oxi-
dation) (1 mm, 0.1 m nBu4NPF6, scan rate 0.1 V s@1, glassy carbon electrode,
potentials given versus Fc/Fc+ as internal standard).

Chem. Eur. J. 2021, 27, 4964 – 4970 www.chemeurj.org T 2021 The Authors. Chemistry - A European Journal published by Wiley-VCH GmbH4965

Chemistry—A European Journal
Full Paper
doi.org/10.1002/chem.202005131

http://www.chemeurj.org


pentane afforded single crystals suitable for X-ray diffraction
analysis of both salts.

The structures of the salts of 1C@@ , 1C++ and 12++ are shown in
Figure 3, and selected bond lengths are listed in Table 1. To the

best of our knowledge, this is only the second report of a DBP

anion radical[20] in the solid state and the first report on solid-

Scheme 1. Synthesis of the DBP-anion radical 1C@@ , the cation radical 1C++ and
the dication 12 ++ .

Figure 3. A) Molecular structures of the salts of anion radical 1C@@ , cation radical 1C++ and dication 12 ++ in the solid state (displacement ellipsoids are shown at
the 50 % probability level; hydrogen atoms are omitted for clarity); B) Changes in bond lengths (in a) upon going from neutral 1 to anion radical 1C@@ , cation
radical 1C++ and dication 12 ++ , based on structural parameters in the solid state (blue-colored bonds are shortened, red-colored bonds elongated) and average
dihedral angles VDBP-Anisyl for the torsion between the DBP unit and the anisyl substituents.

Table 1. Bond numbering and selected bond lengths (in a) from X-ray
crystallographic data of 1[33] and its reduced and oxidized species 1C@@ , 1C++

and 12 ++ .

Bond # Anion radical 1C@@ Neutral 1[a, 33] Cation radical 1C++ Dication 12 ++ [a]

1 1.455(5) 1.490 1.471(3) 1.466
2 1.398(4) 1.380 1.381(3) 1.372
3 1.392(4) 1.411 1.412(3) 1.417
4 1.417(4) 1.397 1.416(3) 1.438
5 1.396(5) 1.394 1.380(3) 1.370
6 1.390(5) 1.378 1.401(3) 1.401
7 1.446(4) 1.461 1.438(3) 1.420
8 1.412(4) 1.357 1.374(3) 1.376
9 1.437(4) 1.424 1.435(3) 1.450
10 1.434(4) 1.467 1.472(3) 1.469
11 1.484(4) 1.483 1.475(3) 1.442
12 1.374(4) 1.374 1.361(2) 1.330
1’ 1.446(5) –[b] 1.474(3) –[b]

2’ 1.400(4) –[b] 1.375(3) –[b]

3’ 1.404(4) –[b] 1.414(3) –[b]

4’ 1.402(4) –[b] 1.423(3) –[b]

5’ 1.390(5) –[b] 1.379(3) –[b]

6’ 1.395(5) –[b] 1.401(3) –[b]

7’ 1.446(4) –[b] 1.428(3) –[b]

8’ 1.398(4) –[b] 1.374(3) –[b]

9’ 1.435(4) –[b] 1.436(3) –[b]

11’ 1.485(4) –[b] 1.460(3) –[b]

12’ 1.379(4) –[b] 1.352(2) –[b]

[a] Two independent molecules A and B in the asymmetric unit, given is
the arithmetic mean. The bond lengths errors for A and B amount to (2)
or (3), resulting in an average error of (2). [b] Symmetry-equivalent.
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state structures of a DBP cation radical or dication. In anion
radical 1C@@ , likely due to the steric bulk of the two mesityl

groups on the DBP core, the potassium ion is not coordinated
by the DBP unit, but by six THF molecules instead. This stands

in contrast to the only other DBP anion radical reported in the
literature with two Si(iPr)3 (TIPS) substituents on the DBP core,

where the potassium ion was located above the center of
the DBP framework and furthermore unsymmetrically coordi-
nated with two THF molecules.[20] Due to this the geometry

of the DBP unit 1C@@ remains planar, which provides an
ideal situation to assess its increased aromaticity by compari-
son of the C@C bond lengths with neutral 1. A similar situation
was encountered for both the cation radical 1C++ as well as the

dication 12++ , where the here non-coordinating counter anions
Al(ORF)4]@ are far removed from the DBP cores, leaving the latter

planar.

Most instructive regarding the (anti)aromaticity of the DBP
core is a comparison of the C@C bond lengths in neutral 1,

anion radical 1C<M-> and oxidized species 1C++ and 12 ++ . In neu-
tral 1, the small bond length alternation with C@C bond length

between 1.378 and 1.424 a in the six-membered rings of the
DBP units (bonds 2–6 and 9, Table 1) clearly indicate their aro-

matic character. In the five-membered rings, the double bond

(bond 8: 1.357 a) and single bonds (bonds 1: 1.490 a, 7:
1.461 a and 10: 1.467 a) are more localized due to the slight

antiaromatic character of the pentalene core. Upon both re-
duction or oxidation, the C@C bond lengths in the five-mem-

bered rings become more equalized in 1C@@ , 1C++ and 12 ++ . This is
shown in detail by a red (elongated) or blue (shortened) color-

ing of the respective bonds in Figure 3 B including the abso-

lute change in bond lengths compared to 1 for all bonds ex-
periencing a change of more than 0.02 a. In the bis-TIPS-sub-

stituted DBP anion radical reported in the literature,[20] the
same tendency of bond lengths equilibration in the pentalene

core was observed compared to the neutral species.
Furthermore, the dihedral angles VDBP-Anisyl between the DBP

unit and the anisyl substituents significantly change upon re-

duction or oxidation (Figure 3 B). In anion radical 1C@@ with a
value of 44.98, this angle is larger than in neutral 1 with 27.48
for molecule A and 38.18 for molecule B. This indicates a re-
duced resonance with the anisyl group in the anion radical

state, which can be rationalized with the electron-rich nature
of the anisyl substituent. The opposite is the case in cation rad-

ical 1C++ and dication 12++ . Here, the dihedral angles are reduced
to 9.78 for 1C++ and 11.88 respective 26.38 for molecule A and B
of 12 ++ , respectively. This shows that the positive charge(s) are

partially delocalized over the anisyl groups. This is also mani-
fested in shortened lengths of bonds 11 and 12 (and 11’ and

12’) in 1C++ and 12 ++ compared to 1. In particular, in dicationic
12++ , these bonds are shortened by 0.041 and 0.044 a, respec-

tively, assuming partial double bond character.

Spectroelectrochemical measurements on DBP derivative 1
(see Supporting Information) showed an increase in the longer

wavelength absorption maxima and absorption onset upon ox-
idation, indicative of a reduced band gap, while the intensity

of the main absorption band centered around 340 nm de-
creased. Upon reduction, the intensities of all absorption

bands increased, in particular the short-wavelength bands
below 300 nm.

To further assess the (anti)aromatic character of the DBP
units we calculated NICS[45, 46] (nucleus independent chemical

shift) values using B3LYP/6-31G* (Table 2). For neutral 1, the

NICS(1)iso value was positive above the center of the 5-mem-

bered rings and negative for the 6-membered rings, indicating
aromatic character for the latter and antiaromatic character for

the former. With all redox events, the aromaticity of the overall

molecule increased. With reduction to anion radical 1C@@ , the 5-
membered rings obtained slight aromatic character, while the

aromaticity in the 6-membered rings further increased. Strong-
ly aromatic character was found for dianion 12@@, in particular

for the 5-membered rings in the pentalene core. A similar ob-
servation can be made for the oxidation. In cation radical 1C++ ,

the 5-membered rings have lost their antiaromatic character,

and in dication 12++ they even assumed a certain degree of aro-
maticity, while the 6-membered rings became a bit more aro-

matic.
The higher aromatic character upon reduction to 1C@@ and

particularly 12@@ compared to oxidized 1C++ and 12 ++ can be ex-
plained by the lack of conjugation to the anisyl substituents in
the anionic forms. Thereby, the additional electron(s) are

mostly localized on the DBP core and lead to a strong increase
in aromaticity. In cations 1C++ and 12++ , on the other hand, con-

jugation to the anisyl substituents is significant, as discussed
above in the context of the geometrical parameters of the

solid-state structures, and the positive charges are only partial-
ly localized on the DBP core and less strongly increase its aro-

maticity.
Electron paramagnetic resonance (EPR) spectra provided in-

sight into the location of the spin density in cation radical 1C++ .

The continuous wave spectrum obtained for 1C++ in o-DFB at
room temperature is shown in Figure 4 A. The spectrum is

characterized by a pronounced hyperfine pattern, resulting
from coupling of the unpaired electron spin to the protons of

the structure. Consistent with previous literature results,[13] a g-

value of 2.0026 was determined by numerical simulation of the
data using EasySpin[47] functions in combination with a home-

written MATLAB fitting routine. As shown in Figure 4 B, the
spin density (predicted from DFT calculations) is distributed

mainly over the DBP core, but also the anisyl substituents. This
is in line with the interpretation of the solid-state structure of

Table 2. NICS(1)iso values for 1 and its reduced and oxidized species 1C@@ ,
1C++ and 12 ++ .[a]

5-membered ring 6-membered ring

dianion 12@@ @9.05 @8.95
anion radical 1C@@ @2.70 @7.40
neutral 1 5.60 @6.05
cation radical 1C++ 0.40 @6.00
dication 12 ++ @3.35 @6.65

[a] B3LYP/6-31G* on PBEh-3c (1C++ and 12 ++)- or B3LYP/6-31G** (1, 1C@ and
12@)-optimized geometries.
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1C++ , which showed the anisyl groups to participate in the

charge and spin delocalization.
The choice of the proton couplings accounted for in the

simulations was guided by the results from DFT calculations
(UKS B3LYP/EPRII) of the EPR parameters using ORCA. The pro-

tons with calculated hyperfine coupling constants larger than j
aiso j +0.3 MHz are indicated in Figure 4 C. The computed
values were used as starting parameters for the numerical fit,

where the ten protons with hyperfine coupling constants be-
tween : (0.2–0.5) MHz were assumed to contribute only to the

linewidth and were not explicitly accounted for. The signs of
the hyperfine coupling constants were taken from DFT, since

the simulation is only sensitive to the absolute values. The

best fit to the experimental data, as shown in Figure 4 A
(bottom), was obtained for the following hyperfine coupling

constants: @4.5 MHz (V 2), @2.4 MHz (V 2), + 2.1 MHz (V 6),
and + 1.1 MHz (V 4).

Reduction of bent DBP-phane 2

Finally, we were interested to find out what effect bending of
the DBP unit played in its chemical reduction or oxidation.

DBP-phane 2 (for structure see Figure 1 C) was synthesized as
previously described.[33] Compared to planar 1, the oxidation

potentials of 2 are only slightly shifted to lower half-wave po-
tentials of E1/2 = 0.59 and 0.90 V versus Fc/Fc+ (in CH2Cl2), with

the first oxidation being reversible and the second quasi-rever-

sible (Figure 5). Applying similar oxidation conditions as shown
in Scheme 1 to DBP-phane 2, however, did not provide single

crystals suitable for X-ray diffraction, but decomposition
seemed to occur, even at low temperatures.

The reductions are more strongly influenced by the bending
of the DBP. The first reduction was reversible, when the poten-

tial was reversed before initiating the second reduction pro-
cess. With E1/2 =@1.99 V vs. Fc/Fc+ its half-wave potential was

shifted to higher potentials by 0.14 V compared to planar 1.
The second reduction was irreversible with a cathodic peak po-

tential of Ecp =@2.72 V vs. Fc/Fc+ (compared to @2.77 V for 1),
which can be seen from the additional peak in anodic scan di-

rection at @1.17 V.

In order to shed light on the second irreversible reduction
process in DBP-phane 2, we reduced this compound with two

equivalents of KC8 in THF (Figure 6 A). After filtration, red crys-

Figure 4. A) Continuous-wave X-band EPR spectrum of cation radical 1C++ in
o-DFB acquired at room temperature with a modulation amplitude of
0.005 mT (top) and best numerical simulation of the data (bottom); B) Visu-
alization of the spin density predicted by DFT calculations; C) Assignment of
the calculated hyperfine coupling constants to the protons of the structure
(only hyperfine couplings with jaiso j +0.3 MHz are shown. For hyperfine
coupling constants predicted to have a positive sign, the round marker is
shown above the molecular skeleton).

Figure 5. Cyclic voltammograms of DBP-phane 2 in THF (reduction) and
CH2Cl2 (oxidation) (1 mm, 0.1 m nBu4NPF6, scan rate 0.1 V s@1, glassy carbon
electrode, potentials given versus Fc/Fc+ as internal standard).

Figure 6. A) Reduction of DBP-phane 2 ; B) Molecular structure of the reduc-
tion product K(THF)4

+ 4@@ in the solid state (displacement ellipsoids are
shown at the 50 % probability level; hydrogen atoms are omitted for clarity) ;
C) Close-up view of the reduced DBP core showing the tetrahedral C-atom
at the right-hand five-membered ring (highlighted by a grey box) and the
h5-coordination of the K-atom.
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tals were obtained from a concentrated THF solution layered
with pentane stored at @40 8C.

Interestingly, the reduced product was neither the DBP-
phane anion radical nor its dianion. Instead, single-crystal XRD

revealed the structure shown in Figure 6 B. Apparently, the dia-
nion 22@@ had abstracted a proton from—most likely—a THF
solvent molecule to form anion 4@@ , where one of the 5-mem-
bered rings was reduced to a cyclopentadiene with an sp3-hy-

bridized carbon atom. The deprotonation of THF by strong
bases is a known process.[48] This was evidenced by the molec-
ular structure of the reduction product K(THF)4

+ 4@@ in the solid

state (Figure 6 B). In the crystal structure, the potassium ion is
h5-coordinated by the cyclopentadienide moiety with an addi-

tional four complexed THF molecules. The other five-mem-
bered ring contains the tetrahedral carbon atom, as can be

seen from the close-up view in Figure 6 C. This proton abstrac-

tion is reminiscent of the reported reaction of a dianionic DBP
species with Cr(CO)3(CH3CN)3, where proton abstraction from a

CH3CN ligand led to a compound similar to 4@@ with Cr(CO)3 h5-
coordinated to the reduced five-membered ring and a tetrahe-

dral C-atom in the other five-membered ring.[19] The reason for
the instability of a dianion 22@@ may lie in the fact that h5-coor-

dination of two potassium ions is not possible due to the in-

corporation of the DBP into a cyclophane structure. Coordina-
tion of the first potassium ion is hindered by the two mesityl

groups (see structure of [K(THF)6]+ 1C@@ above), and the second
potassium ion would need to bind from the bottom side of

the DBP, which is sterically inaccessible. In all reported solid-
state structures of DBP dianions in the literature with alkaline

counter cations, both metals coordinate from opposite sides of

the DBP.[16, 18, 19] Furthermore, due to the strained structure of
DBP-phane 2, a planarization of the DBP unit upon twofold re-

duction is not possible, which would be required to fully profit
from the obtained aromatic character. The fact that the potas-

sium ion does coordinate to one five-membered ring in
K(THF)4

+ 4@@ stands in contrast to the solid-state structure of
the planar anion radical in the salt [K(THF)6]+ 1C@@ (see above). It

is likely due to one of the mesityl groups being bent away
from the five-membered rings in 4@@ because of the tetrahedral

geometry of that carbon atom, providing sufficient space for
the K(THF)4

+ moiety to bind.

Conclusions

We herein investigated the chemical oxidation and reduction
of bis-anisyl-substituted DBP 1 and DBP-phane 2. Their molec-

ular structures in the solid state are the first examples for a
DBP cation radical and dication, and the second example of a

DBP anion radical. CC-bond length analyses and NICS calcula-
tions showed that the antiaromaticity of 1 decreased upon

both reduction and oxidation, in particular in the five-mem-

bered rings, rendering the charged species aromatic. In the
oxidized forms, the anisyl substituents participated in the

charge delocalization, as seen from their bond lengths and co-
planarization. In addition, the hyperfine couplings determined

by EPR spectroscopy signaled the delocalization of the spin
density over the entire molecular ion and even to the anisyl

moieties. For DBP-phane 2, the two-fold reduction product un-
derwent proton abstraction from a solvent molecule. This was

likely due to its bent structure, which could not well accommo-
date the added charge, as well as the steric bulk of two mesityl

substituents, hindering the coordination of two potassium cat-
ions. This study testifies to the ambipolar electrochemical char-

acter of the DBP and provides structural insight into its
charged species, relevant for OFET applications.

Experimental Section

DBP 1 and DBP-phane 2 were synthesized as previously de-
scribed.[33] Details on materials and methods can be found in the
Supporting Information.

Synthesis of 1C++ [Al(ORF)4]@@ : A solution of 3 [Al(ORF)4] (0.070 g,
0.043 mmol) in o-DFB (3 mL) was slowly added to a solution of 1
(0.030 g, 0.047 mmol, 1.1 equiv.) in o-DFB (2 mL). Upon addition
the immediate formation of a dark red color was observed. The re-
action mixture was stirred for a further 30 min at ambient tempera-
ture and subsequently layered with n-pentane to yield dark red/
black crystals suitable for scXRD analysis (0.047 g, 0.029 mmol,
67 % crystalline yield).

Synthesis of 12++ ([Al(ORF)4]@@)2 : 3 [Al(ORF)4] (0.070 g, 0.043 mmol)
in o-DFB (3 mL) and 1 (0.014 g, 0.022 mmol, 0.5 equiv.) were dis-
solved in o-DFB (3 mL) with immediate formation of a dark blue
color. The reaction mixture was stirred for a further 30 min at ambi-
ent temperature and subsequently layered with n-pentane to yield
dark blue/black crystals suitable for scXRD analysis (0.042 g,
0.016 mmol, 75 % crystalline yield).

Synthesis of [K(THF)6]++1C@@ : A solution of 1 (107 mg, 0.16 mmol) in
2 mL THF was slowly added to a suspension of KC8 (22 mg,
0.16 mmol, 1 equiv.) in 2 mL THF at @78 8C. An immediate color-
change from orange to blue was observed. The reaction mixture
was stirred for 15 minutes at @78 8C. The cooling bath was re-
moved and the reaction mixture was stirred for 3 h at rt. After fil-
tration, the solution was concentrated and stored at @40 8C to
give dark blue crystals suitable for scXRD.

Synthesis of [K(THF)4]++ 4@@ : A solution of 2 (82 mg, 0.10 mmol) in
2 mL THF was slowly added to a suspension of KC8 (30 mg,
0.22 mmol, 2.2 equiv.). An immediate color-change from orange-
red to purple was observed. The reaction mixture was stirred for
15 minutes at @78 8C. The cooling bath was removed and the reac-
tion mixture was stirred for 1.5 h at rt. After filtration, the reaction
mixture was concentrated, layered with pentane and stored at
@40 8C to give dark red crystals suitable for scXRD. The crystals
were embedded in a sticky solid which may be caused by the yet
unidentified proton abstraction reaction.

Deposition numbers 2045958, 2045957, 2045909, and 2045910 (1C++

[Al(ORF)4]@ , 12 ++ ([Al(ORF)4]@)2, [K(THF)6]+1C@@ , and [K(THF)4]+ 4@@) con-
tain the supplementary crystallographic data for this paper. These
data are provided free of charge by the joint Cambridge Crystallo-
graphic Data Centre and Fachinformationszentrum Karlsruhe
Access Structures service www.ccdc.cam.ac.uk/structures.
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