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Cyclopenta-fused polyaromatic hydrocarbons:
synthesis and characterisation of a stable, carbon-
centred helical radical†

Stefan Herzog, a Alexander Hinz, *b Frank Breher *b and Joachim Podlech *a

An air- and moisture-stable helical radical with seven six- and five-membered rings arranged alternately

was synthesized by cyclizations in a suitably ortho,ortho’-substituted terphenyl and re-establishment of

its conjugation. Mesityl groups at the five-membered rings prevent radical reactions. This cyclopenta-

fused polyaromatic hydrocarbon (CP-PAH) was characterized by X-ray crystallographic analysis, EPR and

UV/Vis spectroscopy, and by cyclic voltammetry. Further properties and spectra were determined by

quantum chemical calculation (spin densities, orbital energies, UV/Vis/NIR and ECD spectra). It turned out

that this radical is best described with its radical centre being in the outer five-membered rings, which

allows for the largest number of fully intact benzene rings. Its triradical character is rather small and can

be neglected. The five-membered rings show significant antiaromatic character, which is highest in the

central ring.

Introduction

π-Conjugated polycyclic hydrocarbons (PHs),1 in which six-
and five-membered rings are arranged alternately, have been
referred to as cyclopenta-fused polyaromatic hydrocarbons
(CP-PAHs),2 as non-alternant conjugated polycyclic hydro-
carbons (CPHs),3 or as compounds with quinoidal conjugated
units.4 Substrates with five or nine rings are occasionally only
termed with their rational names as indenofluorenes (IFs)5

and indacenodifluorenes (IDFs),1f,2a,6 respectively. A selection
of representatives (1–3) with roughly linear structure is given
in Fig. 1. Depending on the specific fusion, the number of
rings, and the maximum number of fully intact benzene rings
(Clar’s rule7) in the respective resonance structures, these com-
pounds show either a closed shell behaviour (e.g., 1A), di- or
tetraradical character (e.g., 3B), or are radicals (e.g. 2A).
Decomposition and side reactions8 based on possibly emer-
ging radical properties are typically avoided by attachment of
bulky aryl groups at specific positions (e.g., of mesityl groups,

Mes), usually at the five-membered rings.9 A number of unique
electronic (e.g., small HOMO–LUMO gaps), optical, and mag-
netic properties have been associated with these compounds,
which could possibly lead to applications in organic
electronics,1g,10 in spintronics, and non-linear optics,11 and
might be used for energy storage.1f

While CP-PAHs with two or four five-membered rings can
either be given with closed shell resonance structures or with
di- or tetraradical structures (e.g., 1, 3),1f,12 the CP-PAHs with
three five-membered rings (e.g., 2) are necessarily radicals and
thus need to possess an open-shell configuration. Neither of
the 21 supposable unbranched compounds with seven rings
(e.g., 2; all possible structures are given in the ESI†) seems to
have been synthesized yet, but a branched truxene derivative 4
with a presumed triradical structure has been synthesized and
investigated.13 These and similar persistent organic radicals
and diradicals9b,d,14 are of significant interest due to their
redox properties, their possible application as electrode-active
materials,15 and their magnetic behavior.16

CP-PAHs with two helical arms (5 and 6, which are given in
Fig. 1 with their closed shell configuration) have similarly
been synthesized and investigated.6,12d These compounds
turned out to be achiral and adopt meso structures. According
to the IUPAC definition, helicenes are ortho-fused polycyclic
aromatic or heteroaromatic compounds in which all rings
(minimum five) are angularly arranged so as to give helically
shaped molecules, which are thus chiral,17 while according to
a more recent statement of the IUPAC, the term helicene
might only be applicable to systems with at least six ortho-
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fused rings.18 While non-conjugated19 or cationic20 helicenes
containing five-membered rings have already been syn-
thesized, no report came to our attention dealing with chiral
CP-PAH helicenes (e.g., 7). Herein we present the synthesis of
helical CP-PAHs, for which the above-mentioned properties
might be supplemented by chiroptic properties.

Synthesis of helical CP-PAHs

We recently developed a method in which the fusion of ortho,
ortho′-substituted terphenyls yielded [5]helicene-type com-
pounds21 and we considered this strategy suitable for the con-
struction of even larger helicenes by using similarly substi-
tuted quaterphenyls or even higher oligophenyls. We envi-
sioned the synthesis of helical CP-PAHs with this method and
at first aimed for a helicene with five rings (containing two
five-membered rings). These compounds have already been
prepared, albeit via differing routes.1k,6,22 We started this
endeavour with purchasable dimethyl 2-aminoterephthalate 8,
which was brominated with N-bromosuccinimide (NBS) and
then subjected to a Sandmeyer reaction yielding the dihaloge-
nated diester 10 (Scheme 1). Double Suzuki coupling with 2-(4-
methoxyphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane 1123

and double intramolecular Friedel–Crafts-type reaction using
Eaton’s reagent (a solution of phosphorus pentoxide in metha-
nesulfonic acid)24 furnished the [5]helicene-type compound

13. Double addition of mesityllithium yielded diol 14 as a
mixture of stereoisomers. 14 was not isolated but immediately
reduced with tin(II) chloride in trifluoroacetic acid (TFA)22 to
the fully conjugated CP-PAH [5]helicene 15. The methoxy

Fig. 1 A selection of CP-PAHs containing two, three, or four five-membered rings. Fully benzoid rings are highlighted in bold.

Scheme 1 Synthesis of indeno[2,1-c]fluorene 15. Conditions: (a) NBS,
AcOH, toluene, rt, 4 d ( → 9, 29%); (b) NaNO2, aq. HCl, then KI, 0 °C to
rt, 17 h (68%); (c) MeOC6H4Bpin (11), cat. Pd(PPh3)2Cl2, Na2CO3, THF/
H2O (1 : 1), 80 °C, 15 h (61%); (d) P4O10 in MeSO3H (7.7%, w/w; Eaton’s
reagent), 80 °C, 15 h (52%); (e) MesLi, THF, −78 °C to rt, 2.5 h (not iso-
lated); (f ) SnCl2, TFA, toluene, 50 °C, 16 h (49%, 2 steps).
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groups were used to facilitate the detection during chromato-
graphic purification of the intermediates, to simplify analysis
of the 1H NMR spectra, and to promote the intramolecular
SEAr reactions. Later on (vide infra) it turned out that the
methoxy groups are not necessary and were thus not used in
further investigations. Since CP-PAH [5]helicenes very similar
to 15 have already been synthesized via different routes and
have been investigated thoroughly (including the measuring of
UV/Vis spectra and cyclic voltammograms),1k,6,22 we did not
aim for further representatives but turned to higher helicenes
of this type.

Helicene 7 was synthesized using a similar strategy starting
with 1,3-dibromobenzene (16), which was converted to tetra-
bromobiphenyl 17 25 and subjected to a halogen-metal
exchange in the presence of methyl chlorocarbonate to yield
fluorenone 18 (Scheme 2). Addition of mesitylmagnesium
bromide and subsequent reduction of the alcohol group with
triethylsilane furnished dibromide 20, which could be coupled
with ortho-formylated phenylboronic acid pinacol ester 2126 in
a double Suzuki reaction. Both formyl groups are again
reacted with a mesityl Grignard reagent, treated with boron tri-
fluoride, and oxidized with tetrachloro-p-benzoquinone yield-
ing [7]helicene-type CP-PAH 7. Its synthesis was completed
starting with 1,3-dibromobenzene (16) in 8 steps with a total
yield of 2.3%.

Characterization of helical radical 7

The carbon-centred helical radical 7 is a moisture- and air-
stable solid that appears green in solution. It was subjected to
a liquid/liquid diffusion in a chloroform/ethanol solvent
system and furnished very dark, virtually black crystals suitable
for X-ray crystallographic analysis (Fig. 2).† The two indepen-
dent molecules in the unit cell show slightly differing geome-
tries (what is relevant for determination of the HOMA values,
vide infra). The most relevant difference between both mole-
cules lies in the angles between the planes of terminal rings A
and G, which differ by 11.0° and thus highlight some flexibility
of the helix. The mesityl groups deviate from the planes per-
pendicular to the respective cyclopentane planes by 9 to 25°.
These distortions are in line with the findings from the
vibrational analysis (see ESI†), showing that a twisting of the
mesityl groups is found at frequencies around 10–15 cm−1, i.e.
at very low energies. 7 crystallizes in the space group P21/c and
the racemic crystal is composed of both helical enantiomers.
Details to the crystallographic analysis are given in the ESI.†
The thus obtained crystals show a melting behaviour at 514 K.
At this point the crystals seem to lose solvent and keep their
solid character. No further phase transition was observed until
about 620 K.

Clean NMR spectra could be measured from [5]helicene 15,
while it shows no EPR signal. This clearly confirms its closed-
shell configuration, what has already been noted previously.22

[7]Helicene 7, on the other hand, gave no NMR spectra and
a singlet resonance with no discernible hyperfine structure at g
= 2.0013 was detected by X-band EPR spectroscopy (Fig. 3).27

According to computed hyperfine coupling constants (see
ESI†) nearly all protons contribute in the same order of magni-
tude which corroborates the experimentally observed singlet
resonance with no resolved multiplet but a broadened line
instead (ω1/2 = 0.8 mT). No decay of the EPR resonance of a
sample in oxygen-saturated toluene could be observed over
time.

The aromaticity of a CP-PAH (i.e. its aromatic or antiaro-
matic character) is correlated with its HOMO–LUMO gap being
of great importance for its electronic properties. Standard pro-

Scheme 2 Synthesis of helicene-type radical 7. Conditions: (a) 1. LDA,
THF, −78 °C to rt, 20 h; 2. CuCN, LiCl; 3. benzoquinone (29%); (b) BuLi,
ClCO2Me, THF, −78 °C, 3 h (74%); (c) MesMgBr, THF, 0 °C to rt, 20 h (19:
70%, 23: not isolated); (d) BF3·OEt2, Et3SiH, CH2Cl2, 0 °C, 1 h (20: 71%,
24: (no Et3SiH added) mixture of isomers, 61%, two steps); (e) o-formyl-
C6H4Bpin (21), Na2CO3, cat. PdCl2(PPh3)2, THF/H2O (1 : 1), 80 °C, 15 h
(mixture of isomers, 43%); (f ) tBuOK, THF, 60 °C, 16 h, then tetrachloro-
p-benzoquinone, rt, 5 min (84%).

Fig. 2 A projection of the molecular structure of compound 7. Only
one of the crystallographically independent molecules is shown.
(Thermal ellipsoids are depicted at the 30% probability level.).†
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cedures for its evaluation are determination of HOMA values
(harmonic oscillator model of aromaticity),28 which give the
mean deviation from an ideally aromatic non-alternating bond
length, and of NICS values (nucleus-independent chemical
shift),29 which give the absolute magnetic shielding, usually
calculated at 1 Å distance from the respective ring centre
[NICSzz(1.0) values]. Both values are typically determined for
each individual ring of a polycyclic compound. HOMA values
can be extracted from crystallographic or from calculated data,
while NICS values are only obtained from calculations. HOMA
values for compound 7 are given in Fig. 4 (left: black numbers
from crystallographic data; blue numbers from calculated
data); they clearly account for an aromatic character in the
outer benzene rings A and G, for a considerably reduced aro-
maticity in the inner benzene rings C and E, and for a signifi-
cant antiaromatic character in the five-membered rings. The
lowest HOMA values (lowest aromaticity) were determined for
the central ring; they are 0.04 and 0.24, respectively. The
approach to these values and some values for comparison are
given in the ESI.† These findings were supported by the calcu-
lated NICSzz(1.0) values (Fig. 4, right): since we suspected
some of the values to be obscured by the mesityl groups, we
additionally determined all values for the parent compound 25
(R = H). It turned out that the values for both compounds are
virtually identical; they are fully in line with the information
deduced from the HOMA values: The outer rings A and G show

aromatic behaviour (negative NICS values), the central
benzene rings C and E are slightly antiaromatic, while a sig-
nificant antiaromatic character can be determined for the five-
membered rings (the highest positive value again for the
central ring D).

The aromatic vs. antiaromatic character can furthermore be
estimated from 1H NMR spectra since protons at the outer rim
are shielded in antiaromatic compounds.30 While NMR
spectra of 7 could not easily31 be measured due to its paramag-
netic behaviour, we were able to calculate magnetic shielding
tensors for this compound, which are easily converted into
chemical shifts (δ values). Since we suspected the mesityl
groups to obscure the shielding, we additionally calculated
these values for the parent compound 25, which furthermore
allowed the determination of the NMR-spectroscopic pro-
perties of protons at the five-membered rings (see ESI†).
Protons 3-H and 4-H (for numbering, see Fig. 1) in 25 have cal-
culated shifts of 7.04 and 7.16 ppm, which is expected for the
aromatic ring. However, the protons 5-H, 6-H, 7-H, and 8-H,
which are bound to rings with antiaromatic character accord-
ing to the calculated NICS values, show only slightly upfield-
shifted resonances at δ = 6.66, 6.77, 6.62, and 6.43 ppm,
respectively. The shifts for protons 1-H and 2-H (6.55,
6.60 ppm) are similarly shifted upfield, possibly due to inter-
actions with the opposite ring G.

A spin density map for 7 is given in Fig. 5. Positions 5 and
11 show Mulliken atomic spin densities of 0.34 each, while the
central position 8 carries a spin density of only −0.24 (see
ESI†). Since the SOMO shows a nodal plane through the centre
of the molecule (cf. Fig. 6) and thus through atom C-8, the sig-
nificant spin density observed at this position is most likely
due to negative spin polarization. These findings give evidence
for the predominance of the degenerate resonance formulas
7A (with the radical centres at the peripheral cyclopentane
rings) over resonance formula 7B (where the radical is located
in the central ring). This goes in line with Clar’s rule, expres-
sing that the most contributing resonance formulas are those
with the largest number of fully intact benzene rings.7 SOMOs

Fig. 3 EPR spectrum of 7 at X-band (9.427 GHz) at room temperature
in toluene.

Fig. 4 Left: Bond length of 7 are given at the bonds (black: averaged
values from the two roughly C2-symmetric independent molecules in
the unit cell; blue: calculated values). HOMA values are given in the
rings. Right: NICSzz(1.0) values for R = Mes (R = H); Dummy atoms were
located above the paper plane.

Fig. 5 Calculated spin density of 7. Blue and green surfaces represent α
and β spin density, respectively (isovalue: 0.004 electrons per bohr3).
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of radical 7 for both the α and the β electron are given in
Fig. 6. More frontier orbitals together with their energies are
given in the ESI.† It could be noted that the SOMO and at least
the first two HOMOs and LUMOs are MOs essentially build up
by the helicene core; the mesityl groups are hardly involved
herein.

The electrochemical properties of 7 were determined by
cyclic voltammetry (CV, potentials vs. the ferrocene/ferroce-
nium couple, Fc/Fc+); the voltammograms are given in Fig. 7.
Four quasi-reversible redox processes were observed in tetra-
hydrofuran at E01=2(THF) values of −2.73, −2.15, −1.36, and
−0.05 V, while five quasi-reversible redox processes at E01=2
(CH2Cl2) values of −2.14, −1.37, −0.16, +1.11, and +1.55 V were
observed in methylene chloride (for further details, see ESI†).
The values obtained in CH2Cl2 suggest that three reductions
(1–3) and two oxidations (4, 5) are possible for 7. In addition,

an electrochemical SOMO–LUMO gap can be deduced from
these values:32 ESOMO: −(4.8 + E0

1=2(4, CH2Cl2)) eV = −(4.8 +
1.11) eV = −5.91 eV; ELUMO: −(4.8 + E01=2(3, CH2Cl2)) eV = −(4.8
− 0.16) eV = −4.64 eV. The thus obtained gap of 1.27 eV is
reasonably close to the optical gap obtained from TD calcu-
lations (1.17 eV, vide infra). The electrochemical HOMO–SOMO
gap might analogously be estimated from the difference of
E01=2(3, CH2Cl2) = −0.16 and E01=2(2, CH2Cl2) = −1.37 to be 1.21
eV. Nevertheless, it should be noted that electrochemical gaps
and even more optical gaps were reported to underestimate
the actual gaps to some extent.32c

The triradical character of 7 (which would be exemplified
by resonance formula 7C) was determined by natural orbital
occupation number (NOON)33 calculations at the spin unrest-
ricted B3LYP/6-31 g(d,p) level. According to Yamaguchi’s
scheme12a,34 the triradical character y (see ESI†) was calculated
to be only 0.003 and thus to be significantly smaller than the
diradical character in, e.g., polycycle 6 (y = 0.12).12d Calculation
at the uCAM-B3LYP/6-31 g(d,p) level (considering long-range
correction) resulted in a somewhat higher triradical character
(y = 0.03). This leads once more to the conclusion that the
degenerate resonance formulas 7A are most significant; the
triradical resonance formula 7C showing three fully intact
benzene rings is of minor relevance. The rather small contri-
bution of resonance formula 7B has already been deduced
from the spin densities (vide supra).

The singlet/triplet gap is important for closed shell com-
pounds and this might lead analogously to a contingent
importance of doublet/quartet gaps in radicals like 7. The
energy difference of these states in helicene 7 was calculated at
the uM06/6-311++g(d,p) level to be 83.5 kJ mol−1 (0.87 eV), i.e.,
the state in which three unpaired electrons have the same spin
is significantly less stable und might thus be of minor
relevance.

UV/Vis/NIR and electronic circular dichroism (ECD) spectra
were calculated with a time-dependent (TD) calculation at the
uM06/6-311 g(d,p) level applying a modelled dichloromethane
solvent field (Fig. 8, bottom). The functional M06 was reported
to be well suited for TD calculations.35 The calculated UV/Vis
spectrum of 7 in CH2Cl2 is in good agreement with a measured
spectrum (Fig. 8, top; spectra with identical und thus compar-
able sections and scalings are given in the ESI†). It shows a
very weak absorption band at 1056 nm (1.17 eV; oscillator
strength f = 0.002), induced by the transition from the α-spin
SOMO to the LUMO and from the β-spin HOMO–1 to the
respective SOMO (see ESI†). This absorption is not visible in
the measured UV/Vis/NIR spectrum (see ESI†). A sharp absorp-
tion band at 812 nm ( f = 0.172) is essentially due to α-spin
SOMO → LUMO and β-spin HOMO−1 → SOMO transitions.
The next significant absorption band (here plotted as a
shoulder) at 552 nm ( f = 0.073) represents mainly α-HOMO−1
→ LUMO, β-HOMO−2 → SOMO, and β-HOMO−1 → LUMO
transitions. All these transitions are between orbitals fully
spread over the helicene’s π-system (see ESI†). The dominant
transition at 812 nm is also the most significant band in the
ECD spectrum.

Fig. 6 Calculated SOMOs of α and β electrons, respectively, for radical
7 (isovalue: 0.02 electrons1/2·bohr−3/2).

Fig. 7 Cyclic voltammograms of 7 in THF (top) and CH2Cl2 (bottom)
measured at room temperature (vs. Fc/Fc+; v(THF) = 200 mV s−1,
v(CH2Cl2) = 500 mV s−1; Pt/[nBu4N][Al(OC(CF3)3)4]/Ag). The asterisk
marks unidentified electrochemical responses of unknown origin.
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Conclusion

In summary we synthesized a helical CP-PAH consisting of
four benzene and three cyclopentadiene rings which is a
further example of a stable carbon-centred radical. It was
obtained by cyclization of an ortho,ortho′-substituted terphenyl
and re-establishment of the conjugation. The radical centre is
predominantly situated at the outer cyclopentadienes, most
probably to retain a maximum number of fully intact benzene
rings. It shows a very small triradical character and a small
SOMO–LUMO gap.

Experimental

Detailed experimental procedures and spectroscopic data for
all new compounds are given in the ESI.†

2,2′-[9-(2,4,6-Trimethylphenyl)-9H-fluorene-4,5-diyl]
dibenzaldehyde (22)

PdCl2(PPh3)2 (18 mg, 26 µmol) was added with positive argon
pressure to a degassed (ultrasonication) solution of fluorene
20 (200 mg, 452 µmol), 2-(4,4,5,5-tetramethyl-1,3,2-dioxaboro-
lan-2-yl)benzaldehyde26 (21, 262 mg, 1.13 mmol), and Na2CO3

(220 mg, 2.06 mmol) in THF/H2O (5 : 4, 9 mL), placed in a
Schlenk tube. The flask was closed and the mixture was heated
to 80 °C for 15 h. The mixture was cooled to rt, half-concen-
trated brine (5 mL) was added, and the mixture was extracted
with EtOAc (3 × 15 mL). The combined organic layers were
dried (Na2SO4), concentrated at reduced pressure, and purified
by column chromatography (silica gel, hexane/EtOAc, 10 : 1) to
yield 22 as a colourless solid (115 mg, 233 µmol, 52%). The

product was obtained as a mixture of atropisomers. Rf = 0.38
(hexane/EtOAc 4 : 1); IR (ATR): ν̃ = 2842 (vw), 2749 (vw), 1689
(m), 1594 (w), 1447 (w), 1392 (w), 1247 (w), 1194 (w), 1159 (vw),
854 (vw), 829 (w), 757 (m), 715 (w), 644 (w), 578 (vw), 449 (vw)
cm−1; MS (FAB): m/z (%): 493.3 (16) [M + 1]+, 492.3 (15) [M]+,
475.3 (28), 474.3 (23); HRMS (FAB): m/z calcd for C36H28O2:
492.2084 [M+]; found: 492.2085.

4,8,11-Tris(2,4,6-trimethylphenyl)-8,11-dihydro-4H-cyclopenta
[1,2-c:4,3-c′]difluorene (24)

Following a published protocol6 MesMgBr (1 M in THF;
1.15 mL, 1.15 mmol) was added dropwise within 5 min under
argon atmosphere to a cooled (0 °C) solution of fluorene 22
(115 mg, 233 µmol) in anhydrous THF (6 mL). The cooling
bath was removed and the mixture was stirred for 15 min at rt.
Saturated aqueous NH4Cl solution (20 mL) was added, stirring
was continued for 10 min, and the mixture was extracted with
CH2Cl2 (3 × 25 mL). The combined organic layers were dried
(MgSO4) and concentrated at reduced pressure. The residue
(23) was dissolved in anhydrous CH2Cl2 (25 mL), cooled to
0 °C, and BF3·OEt2 (0.15 mL, 173 mg, 1.22 mmol) was added
within 5 min. Stirring was continued for 1 h at rt and saturated
aqueous NH4Cl solution (25 mL) was added. The mixture was
stirred for 10 min and extracted with CH2Cl2 (2 × 20 mL). The
organic layers were dried (MgSO4), concentrated at reduced
pressure, and purified by column chromatography (silica gel,
hexane/CH2Cl2, 4 : 1) furnishing an oil, which was digested in
CH2Cl2 (2 mL) and precipitated with MeOH to yield 24 as a
white powder (117 mg, 167 µmol, 63%). The product was
obtained as a mixture of isomers; reasonable NMR spectra
could thus not be measured. Rf = 0.17 (hexane/CH2Cl2 4 : 1); IR
(ATR): ν̃ = 2914 (vw), 1611 (vw), 1447 (w), 1401 (vw), 1377 (vw),
1342 (vw), 1016 (vw), 849 (w), 814 (vw), 774 (w), 732 (m), 709
(w), 661 (vw), 632 (vw), 551 (vw), 439 (vw) cm−1; MS (FAB): m/z
(%): 698.4 (32) [M + 2]+, 697.4 (85) [M + 1]+, 696.4 (100) [M]+,
695.4 (34) [M – 1]+, 578.3 (34), 577.3 (75) [M – Mes]+, 576.3 (30),
458.2 (15) [M – 2Mes]+; HRMS (FAB): m/z calcd for C54H48:
696.3751 [M]+; found: 696.3752.

5,8,11-Tris(2,4,6-trimethylphenyl)cyclopenta[1,2-c:4,3-c′]
difluoren-5-yl (7)

Following a published protocol13 heptacycle 24 (100 mg,
144 µmol) and tBuOK (229 mg, 2.04 mmol), placed in a
Schlenk tube, were dissolved under an argon atmosphere in
anhydrous THF (7 mL) and the mixture was heated to 60 °C
for 16 h. The mixture was cooled to rt, chloranil (160 mg,
649 µg) was added, and after a short stirring (4 min) the
mixture was concentrated at reduced pressure. The residue was
purified by column chromatography (silica gel, hexane/
CH2Cl2, 4 : 1) to furnish 7 as a black solid (84 mg, 121 µmol,
84%). It was digested in degassed CHCl3 (2 mL) and covered
with degassed MeOH (3 mL). Slow, undisturbed diffusion
yielded black, rod-shaped crystals, suitable for X-ray crystallo-
graphy. Rf = 0.35 (hexane/CH2Cl2 4 : 1); m.p. 241 °C (CHCl3/
EtOH); IR (ATR): ν̃ = 2962 (w), 2914 (w), 1737 (vw), 1610 (w),
1561 (vw), 1459 (w), 1442 (w), 1376 (w), 1347 (w), 1260 (w),

Fig. 8 Measured UV/Vis spectrum of 7 (top) in CH2Cl2. Calculated UV/
Vis/NIR (bottom left) and ECD spectra (bottom right).
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1189 (w), 1140 (w), 1090 (w), 1014 (w), 941 (w), 911 (vw), 847
(w), 807 (m), 793 (m), 745 (m), 692 (m), 576 (vw), 549 (w), 438
(vw) cm−1; UV/Vis (CH2Cl2): λmax (ε) = 262 (54 000), 315
(33 000), 348 (22 000), 449 (27 000), 769 (6000), 855 nm
(12 000 mol−1 dm3 cm−1); MS (FAB): m/z (%): 694.4 (20) [M +
1]+, 693.4 (19) [M]+; HRMS (FAB): m/z calcd for C54H45:
693.3516 [M]+; found: 693.3518.
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