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ABSTRACT: Higher order acenes (i.e., acenes longer than pentacene) and
extended zethrenes (i.e., zethrenes longer than zethrene) are theoretically
predicted to have an open-shell singlet ground state, and the radical character
is supposed to increase with extension of molecular size. The increasing
radical character makes the synthesis of long zethrenes and acenes very
challenging, and so far, the longest reported zethrene and acene derivatives
are octazethrene and nonacene, respectively. In addition, there is a lack of
fundamental understanding of the differences between these two closely
related open-shell singlet systems. In this work, we report the first synthesis of
a challenging nonazethrene derivative, HR-NZ, and its full structural and
physical characterizations including variable temperature NMR, ESR, SQUID,
UV−vis−NIR absorption and electrochemical measurements. Compound
HR-NZ has an open-shell singlet ground state with a moderate diradical
character (y0 = 0.48 based on UCAM-B3LYP calculation) and a small
singlet−triplet gap (ΔES−T = −5.2 kcal/mol based on SQUID data), thus showing magnetic activity at room temperature. It also
shows amphoteric redox behavior, with a small electrochemical energy gap (1.33 eV). Its electronic structure and physical
properties are compared with those of Anthony’s nonacene derivative JA-NA and other zethrene derivatives. A more general
comparison between higher order acenes and extended zethrenes was also conducted on the basis of ab initio electronic structure
calculations, and it was found that zethrenes and acenes have very different spatial localization of the unpaired electrons. As a
result, a faster decrease of singlet−triplet energy gap and a faster increase of radical character with increase of the number of
benzenoid rings were observed in zethrene series. Our studies reveal that spatial localization of the frontier molecular orbitals play
a very important role on the nature of radical character as well as the excitation energy.

■ INTRODUCTION

π-Conjugated polycyclic hydrocarbons (CPHs) with an open-
shell singlet ground state have recently attracted much
attention in the frontier areas of physical organic chemistry,
structural organic chemistry, and materials science.1 Among
various studied CPHs,2−5 higher order acenes (longer than
pentacene)6 and extended zethrenes (longer than zethrene)7

are two closely related systems (Figure 1a), but they behave
quite differently and need more detailed examination. Acenes
are linearly fused benzene oligomers, and according to Clar’s
sextet rule, higher order acenes will be highly reactive as only
one aromatic sextet ring (the ring shaded in blue color in
Figure 1a) can be drawn no matter how long the acene
molecule is. This simple analysis can explain the observed high
reactivity of high-order parent acenes and even their derivatives.

Bendikov et al. first examined the ground-state electronic
structures of higher order acenes by using broken-symmetry
DFT calculations (UB3LYP) and found that for acenes longer
than hexacene the open-shell singlet solution is lower than that
of closed-shell singlet; thus, they should have an open-shell
singlet ground state.8 Further theoretical studies indicated that
longer acenes could even show polyradical character by
recovering more aromatic sextet rings in the polyradical form
(Figure 1a).9 In the past decade, various stabilizing strategies
have been developed by chemists, and relatively stable acenes
up to nonacene have been successfully synthesized.10 It is worth
noting that Anthony’s group has reported the elegant synthesis
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and crystallographic structure of nonacene derivative JA-NA
substituted by electron-withdrawing fluorine atoms and bulky
triisopropylsilylethynyl and 3,5-trifluoromethylphenyl groups
(Figure 1b).10h However, no clear conclusion was made
regarding their open-shell singlet diradical character.
In parallel to the acene chemistry, our group and others have

been working on a type of Z-shaped CPHs called zethrenes,
which can be regarded as dibenzo-acenes.7 The smallest
member of this family is called zethrene (Zth) and the
extended homologues are heptazethrene (HZ), octazethrene
(OZ), nonazethrene (NZ), and so on, based on the number of
the hexagon rings. Unlike acenes, extended zethrenes (from
heptazethrene) have a quinoidal structure with two aromatic
sextet rings in the closed-shell form and tend to become a
diradical by recovering the aromaticity of the central quinodi-
methane moieties (Figure 1a). As a result, open-shell singlet
diradical character was experimentally observed for the
derivatives of heptazethrene7d and octazethrene.7e A prominent
feature is the observation of thermal population from singlet to
triplet state at room temperature, which results in nuclear
magnetic resonance (NMR) signal broadening and para-
magnetic signal in electron spin resonance (ESR) spectrum.
Similar to higher order acenes, the more extended zethrenes are
supposed to be extremely reactive due to the increased diradical
character, but so far, there is no report on the synthesis or

characterization of a stable nonazethrene derivative, the
counterpart of nonacene. In this context, herein we report
the first synthesis and characterization of a relatively stable
nonazethrene derivative HR-NZ, which is kinetically stabilized
by bulky mesityl and electron-deficient 3,5-trifluoromethyl-
phenyl groups (Figure 1b). This allows us to have an
experimental comparison between our nonazethrene derivative
HR-NZ and Anthony’s nonacene derivative JA-NA. Generally,
a comparison between higher order acenes and zethrenes will
give some insight into the fundamental difference between
these two types of open-shell singlet CPHs.

■ RESULT AND DISCUSSION

Synthesis. Compound HR-NZ was synthesized by an
intramolecular Friedel−Crafts alkylation followed by oxidative
dehydrogenation approach, with compound 5 as the key
intermediate (Scheme 1). The synthesis commenced with the
methylation of the anthraflavic acid by using dimethyl sulfate,
giving compound 1 in 90% yield. Compound 1 was then
treated with excessive 2-mesitylithium and subsequent
reduction by SnCl2 afforded 2,6-dimethoxy-9,10-dimesitylan-
thracene 2 in 70% yield. Regioselective lithiation of 2 with n-
BuLi/tetramethylethylenediamine (TMEDA) followed by
quenching with dry dimethylformamide (DMF) gave the
dialdehyde 3. Compound 3 then underwent demethylation
by BBr3 and esterification by Tf2O to afford intermediate 5.
Suzuki coupling of 5 with (2-methylnaphthalen-1-yl) boronic
acid gave 6. Then, 6 was treated with bis(trifluoromethyl)
phenylmagnesium bromide to give diol 7, which was subjected
to Friedel−Crafts alkylation reaction promoted by BF3·OEt2
and trifluoroacetic acid (TFA) to afford dihydro precursor 8.
HR-NZ was finally obtained as a black solid by oxidative
dehydrogenation of 8 with 2,3-dichloro-5,6-dicyano-1,4-benzo-
quinone (DDQ) in dichloromethane (DCM) after purification
by column chromatography on triethylamine-treated silica gel
under argon protection. Compound HR-NZ was quite sensitive
to air in both solid and solution state, so only freshly prepared
sample was used for physical characterizations.

Magnetic Properties. Variable temperature (VT) 1H
NMR spectra of HR-NZ in THF-d8 were recorded in a JY
NMR tube under the protection of argon, and no significant
decomposition was observed during the measurement (Figure
2). HR-NZ showed a broadened 1H NMR spectrum at room
temperature. Progressively sharper peaks were found as the

Figure 1. (a) Resonance structures of higher order acenes and
extended zethrenes; (b) Chemical structures of Anthony’s nonacene
derivative (JA-NA) and our new nonazethrene derivative (HR-NZ).

Scheme 1. Synthetic Route of HR-NZa

aReagent and conditions: (a) dimethyl sulfate, K2CO3, acetone, reflux for 3 days, 90%; (b) (i) 2,4,6-trimethybromombenzene, n-BuLi, THF, −78 °C,
overnight, (ii) SnCl2, reflux, 5 h, overall yield 70%; (c) (i) n-BuLi, TMEDA, THF, 0 °C, 5 h; (ii) DMF, r.t., 2 h, 13%; (d) BBr3, DCM, 0 °C,
overnight, 54%; (e) (CF3SO2)2O, pyridine, DCM, 0 °C, 2 h, 58%; (f) (2-methylnaphthalen-1-yl) boronic acid, Pd(PPh3)4, Na2CO3, toluene/
ethanol/H2O = 5:1:1, 95 °C, 2 days, 62%; (g) 3,5-bis(trifluoromethyl)phenylmagnesium bromide, THF, 0 °C, overnight, 90%; (h) BF3·Et2O, TFA,
DCM, 90%; (i) DDQ, DCM, under argon, 20%. Mes: mesityl; ArF: 3,5-bis(trifluoromethyl)phenyl.

Journal of the American Chemical Society Article

DOI: 10.1021/jacs.6b06188
J. Am. Chem. Soc. 2016, 138, 10323−10330

10324

http://dx.doi.org/10.1021/jacs.6b06188


temperature became lower. With the help of 2D COSY
measurement at 233 K (Figure S3), the NMR peaks in the
aromatic region could be assigned to the proposed HR-NZ
structure (Figure 2). This phenomenon is common for many
other open-shell singlet diradicaloids, and the NMR broadening
can be explained by the presence of thermally populated triplet
species caused by a small singlet−triplet energy gap.
A strong, broad ESR signal with a ge value of 2.0027 was

observed for both solid and DCM solution of HR-NZ (Figure
3a), which is typical for largely delocalized singlet diradicaloids.
The superconducting quantum interference device (SQUID)

measurement was conducted on the freshly prepared powder of
HR-NZ at the temperature range of 2−380 K. It is found that
the χT product increases with increase of temperature after 250
K, correlating to a thermal population from singlet to
paramagnetic triplet state (Figure 3b). The singlet−triplet
energy gap (ΔES−T) was estimated to be −5.2 kcal/mol by a
careful fitting of the data using the Bleaney−Bowers equation,11
which is close to the calculated value (ΔES−T ≈ −5.4 kcal/mol,
vide inf ra). For comparison, the freshly prepared JA-NA
solution was reported to be 1H NMR silent at room
temperature, and a weak and broad ESR signal (ge= 2.0060)
was observed at both room temperature and 115 K.10h Upon
standing, decomposition happened, resulting in new 1H NMR
signals for decomposed products appearing and the ESR signal
eventually disappearing. There was no clear conclusion on the
origin of the observed ESR signal, and a combination of VT
NMR, ESR, and SQUID measurements may solve the puzzle.

Optical and Electrochemical Properties. HR-NZ shows
green color as DCM solution and its absorption spectrum
shows an intense p-band with maximum at 672 nm (ε = 7.96 ×
104 M−1 cm−1) (Figure 4a and Table 1). Like other open-shell
singlet diradicaloids such as octazethrene derivatives, two weak
shoulder absorption bands at 800 and 895 nm were observed at
the low-energy absorption side, which can be correlated to the
(H,H → L,L) doubly excited singlet excited state.12,13 Solution
of HR-NZ turned from green to brown within 1 day at both
room temperature and 0 °C after removal from the glovebox,
and photostability tests revealed that the half-life time of HR-
NZ was 16 h under ambient air and light condition (Figure S5),
which makes single-crystal growth unsuccessful even in a
glovebox. For comparison, JA-NA is an olive color in toluene,
showing an intense S0−S1 transition at 1014 nm and a
relatively weak p-band at 880 nm, somewhat similar to that of
HR-NZ except for the relative intensity of the p-band to the
lowest energy S0−S1 absorption band, implying its open-shell
diradical character. The optical energy gap (Eg

opt) of JA-NA
(1.20 eV) is smaller than that of HR-NZ (1.33 eV). So far,
stable derivatives of octacene are still not available, and the
reported heptacene derivatives show a weak low-energy
shoulder in addition to the major p-band,10b,f indicating their

Figure 2. Variable temperature 1H NMR spectra (in aromatic region) of HR-NZ in THF-d8.

Figure 3. (a) ESR spectrum of HR-NZ in DCM recorded at −40 °C.
(b) χT−T plot for the solid sample of HR-NZ in SQUID
measurements. The measured data were plotted as open circles, and
the red solid curve is the best fit using Bleaney−Bowers equation with
ge = 2.00.
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open-shell singlet diradical character. However, clear 1H NMR
spectra were observed for all reported heptacene derivatives at
room temperature and even at 100 °C, presumably due to the
large singlet−triplet energy gaps.10f For all hexacene derivatives,
such a fingerprint weak absorption band was not observed,
which is in accordance with their small diradical character. So,
hexacene and shorter acenes are better described as closed-shell
CPHs.
Cyclic voltammetry (CV, Figure 4b) and differential pulse

voltammetry (DPV) (Figure S4) measurements were carried
out to investigate the electrochemical properties of HR-NZ in
dry DCM solution. Two oxidation waves with half-wave
potential (E1/2

ox) at 0.08 and 0.26 V and two reduction waves

with half-wave potential (E1/2
red) at −1.46 and −1.82 V (vs Fc/

Fc+, Fc = ferrocene) were observed. The HOMO and LUMO
energy levels were determined to be −4.73 and −3.42 eV from
the onset potentials of the first oxidation and reduction wave,
respectively, and the electrochemical energy gap (Eg

EC) was
estimated to be 1.31 eV. For comparison, the HOMO and
LUMO energy levels of JA-NA are −5.10 and −3.91 eV (Table
1); both are lower lying compared with that of HR-NZ, with a
smaller Eg

EC value (1.19 eV). Compound HR-NZ can be
chemically oxidized to stable radical cation and dication species
by NOSbF6 oxidant in dry DCM (Figure S6a). The
monoradical cation shows intense absorption beyond 1000
nm, with maxima at 1200, 1474, 1705, and 1964 nm (HOMO
→ SOMO electronic transitions), together with a short
wavelength absorption band at 535 nm (Figure 4a). A broad
ESR signal at ge = 2.0027 was observed (Figure S6b). This ESR
signal disappeared upon further oxidation to the dication. The
dication exhibits an intense absorption band in the near-
infrared region with a maximum at 1273 nm and one band in
the visible region with a maximum at 512 nm.
In Table 1, we also compare the photophysical and

electrochemical properties of HR-NZ to other zethrene
derivatives (Figure 5). A redshift of the absorption spectra

was observed as the zethrene homologues extended. The p-
band absorption maxima of Zth-Mes, HZ-Mes, OZ-Mes, and
HR-NZ (with mesityl substitution) locate at 521, 613, 649, and
672 nm, respectively. A similar trend was also found for Zth-
APh, HZ-TIPS, and OZ-TIPS series, but their energy gap is
smaller than that of the corresponding mesityl substituted
analogues due to extended electron delocalization to the

Figure 4. (a) UV−vis−NIR absorption spectra of HR-NZ in the
neutral, radical cationic, and dicationic states in dry DCM. Inset are
the photos of the solutions for the three respective states (from left to
right). (b) Cyclic voltammogram of HR-NZ in dry DCM with 0.1 M
n-BuNPF6 as supporting electrolyte, Ag/AgCl as reference electrode,
Au disk as working electrode, Pt wire as counter electrode, and scan
rate at 50 mV/s.

Table 1. Comparison of Photophysical and Electrochemical Data between HR-NZ and JA-NA and Other Zethrene Derivativesa

compd λ(abs) εmax E1/2
ox E1/2

red HOMO LUMO Eg
EC Eg

opt ΔES−T
Exp

Zth-Mes7b 521 35500 2.10
Zth-APh7a 576 31600 0.29, 0.79 −1.64, −2.03 −5.05 −3.25 1.80 1.96
HZ-Mes7o 613 70030 −0.27, 0.17 −2.03, −2.36 −4.47 −2.87 1.60 1.91
HZ-TIPS7e 634 60000 0.17, 0.69 −1.48, −1.86 −4.87 −3.41 1.46 1.82
OZ-Mes7p 649, 692, 757 87000 0.09, 0.30 −1.82 −4.44 −3.09 1.35 1.56 −3.8
OZ-TIPS7e 668, 719, 795 83300 0.02, 0.22, 0.61 −1.30, −1.56, −1.82 −4.73 −3.60 1.13 1.50 −3.9
HR-NZ 672, 800, 895 79600 0.08,0.26 −1.46, −1.82 −4.73 −3.42 1.31 1.33 −5.2
JA-NA10h 880, 1014 0.35 −0.96, −1.18 −5.10 −3.91 1.19 1.20

aHOMO = −(4.8 + Eox
onset) eV, LUMO = −(4.8 + Ered

onset) eV, where Eox
onset and Ered

onset are the onset potential of the first oxidation and reduction
wave, respectively, vs Fc/Fc+ couple. Eg

EC = HOMO − LUMO. Eg
opt is the optical energy gap obtained from the lowest energy absorption onset.

ΔES−TExp is experimentally measured singlet−triplet energy gap by SQUID method.

Figure 5. Structures of other reported zethrene derivatives.
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carbon−carbon triple bonds. Therefore, although OZ-TIPS is
shorter than HR-NZ in the zethrene skeleton, it actually
showed smaller singlet−singlet and singlet−triplet energy gaps.
In addition, the existence of two electron-donating alkoxy
groups in OZ-Mes leads to a smaller singlet−triplet gap
compared to that of HR-NZ. These results indicate how
substituents can have an important impact on the energy gaps
and diradical characters of organic open-shell singlet
diradicaloid systems.
Theoretical Calculations and Discussion. To understand

in detail the diradical nature of the singlet ground state of HR-
NZ in comparison to that of JA-NA and the parent higher
order acenes and zethrenes, we conducted electronic structure
calculations at the restricted active space spin-flip (RAS-SF)13a

level of theory, which has been shown to properly deal with
strongly correlated electrons in systems with important
diradical (or polyradical) character and provide reliable results
measuring the molecular radical character and excitation
energies.13b The diradical character degree of the ground
state singlet was estimated from the electron occupancies of the
frontier natural orbitals through the Yamaguchi’s scheme (y0)

14

and by the number of unpaired electrons (NU) according to eq
1,15 where {ni} are the natural occupation numbers from the
one-particle density matrix.

∑= − −N n(1 abs(1 ))
i

iU
(1)

The computed values for NU, y0, and singlet−triplet energy
difference (ΔES−T) are summarized in Table 2. Our calculations

predict that the parent zethrene has a zero diradical character
with a closed-shell ground state, which is in accordance with
experimental observations.7i The extended zethrenes, all have
an open-shell singlet ground state and with extension of the
molecule length, the diradical character increases while the
singlet−triplet energy gap decreases (Table 2). We theoretically
found that HR-NZ possesses a moderate diradical character (y0
= 0.25 and NU = 1.20) in singlet ground state with a small
ΔES−T value (−5.4 kcal/mol), in very good agreement with the
experimental gap and very close to the results for the parent
nonazethrene (y0 = 0.25, NU = 1.21 and ΔES−T = −5.2 kcal/
mol). Higher order acenes (hexacene to nonacene) are found
to have open-shell singlet ground state and, similar to zethrene
series, the diradical character becomes larger with the increase
of the number of benzenoid rings.
Interestingly, although the ΔES−T energy gap of zethrene is

much larger than that in hexacene, the decrease of the gap with
the molecular size is clearly much faster within the zethrene
series, and at 8−9 rings, the computed values are very close to
each other (Figure 6). This trend is also recovered by density
functional theory (DFT)-based methods (Tables S1 and S2).

The origin of the different behavior between acene and
zethrene series requires deeper investigation (vide inf ra).
Frontier natural orbitals responsible of the diradical character

of the JA-NA and HR-NZ molecules are shown in Figure 7. It
is noteworthy that the unpaired electrons in JA-NA are
localized at the center of the molecule, whereas in HR-NZ, they
are at the edges.

To explore the nature of diradical character in acenes and
zethrenes, we have decomposed the computed wave functions
in different contributions by using fragment orbitals. From such
localized orbitals, it is possible to express the wave function of
the ground state singlet as the interaction of two radical centers
(A and B). In other words, as a combination of neutral
contributions (NE, 1 electron on each center) and charge
resonances (CR, 2 electrons on 1 center), as indicated in eq 2

|Ψ ⟩ = |Ψ ⟩ + |Ψ ⟩= c cS 0 NE NE CR CR (2)

where NE and CR terms can be explicitly expressed as

α β β α|Ψ ⟩ = | ⟩ + | ⟩A B A B( ) ( ) ( ) ( )NE (3)

Table 2. Calculated Diradical Character (y0), Number of
Unpaired Electrons (NU), and Singlet−Triplet Energy Gaps
(ΔES−T, kcal/mol) at the RAS-SF/6-31G(d,p) Levela

mol. y0 Nu ΔES−T mol. y0 Nu ΔES−T
Zth 0.00 0.28 −37.8 HexA 0.04 0.61 −17.0
HZ 0.04 0.57 −18.3 HepA 0.08 0.79 −11.3
OZ 0.13 0.92 −9.2 OA 0.15 1.02 −7.5
NZ 0.25 1.21 −5.2 NA 0.22 1.15 −5.7
HR-NZ 0.25 1.20 −5.4 JA-NA 0.20 1.15 −5.8

aHexA: hexacene, HepA: heptacene, OA: octacene, NA: nonacene.

Figure 6. Singlet−triplet energy gap (in kcal/mol) for the acene and
zenthrene series computed at the RAS-SF/6-31G(d,p) level.

Figure 7. HONO, LUNO, and electron occupancies and diradical
character indicators y0 and NU for JA-NA and HR-NZ molecules
computed at the RAS-SF/6-31G(d,p) level.
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α β α β|Ψ ⟩ = | ⟩ + | ⟩A A B B( ) ( ) ( ) ( )CR (4)

Evidently, the triplet state only contains NE terms (2 unpaired
electrons).

α α|Ψ ⟩ = | ⟩= A B( ) ( )S 1 (5)

From this scheme, the cCR amplitudes correspond to charge
resonances between the two radical centers and can be used as
a measure of their interaction. The frontier localized molecular
orbitals of some acene and zethrene molecules are shown in
Figure 8, and the amounts of CR (in %) in the ground state

singlet along the acene and zenthrene series are presented in
Figure 9. The CR contribution in zethrene is much larger than

that in hexacene, indicating stronger interaction between
radicals. This contribution decreases with the number of
benzenoid rings, but this decrease is faster within the zethrene
series. CR contributions in nonacene are larger than that in
nonazethrene, suggesting larger diradical character in the latter.

In the same sense, analysis of the spin densities obtained at
the DFT level also indicates significant differences between
acenes and zethrenes (Figures 10 and S1). For example, the

singly occupied molecular orbital (SOMO) profiles of the α
and β spins of the nonacene are mainly delocalized along the
two zigzag edges with a disjointed character, and the spins are
thus mainly distributed along the two zigzag edges with the
central carbons having the highest spin density. However, for
nonazethrene, the α and β spins are mainly delocalized at the
two terminal phenalenyl moieties with a similar disjoint
character, and the spins are distributed through the whole π-
conjugated framework with the zigzag edges having higher spin
density. Such a difference on SOMO profiles and spin
distribution resembles the picture obtained by CR analysis
performed above and suggests that one needs to strategically
put stabilizing groups to the zigzag edges of acenes and the
phenalenyl moieties of zethrenes. Indeed, both JA-NA and HR-
NZ are appropriately designed; thus, relatively stable materials
are obtained for full characterizations. Calculations on the
substituted nonacene JA-NA and nonazethrene HR-NZ reveal
similar SOMO profiles and spin distribution, with slightly
different diradical characters and singlet−triplet energy gaps
(Table S1 and Figure S1).
Overall, these results point toward the different localization

of the unpaired electrons as the origin for the different behavior
of the acene and zethrene series, that is, the faster decrease of
singlet−triplet gap and faster increase of radical character in
zethrenes can be understood to be due to a faster decrease of
the interaction between the radical centers. Calculations also
show that JA-NA has a slightly larger singlet−triplet energy
difference (5.8 kcal/mol) than HR-NZ (5.4 kcal/mol),
indicating that it may require even higher temperature to
thermally populate the singlet species to the paramagnetic
triplet species and result in significant ESR/SQUID signal.

■ CONCLUSIONS
The first substituted nonazethrene HR-NZ was synthesized and
fully characterized. It shows an open-shell singlet ground state
with a moderate diradical character and a small singlet−triplet
energy gap (ΔES−T = −5.2 kcal/mol based on SQUID data).
Consequently, HR-NZ exhibited NMR broadening and
paramagnetic activity at room temperature. It has a small
energy gap and displays amphoteric redox behavior, allowing us
to access their stable radical cation and dication species. A

Figure 8. Frontier localized molecular orbitals of hexacene, nonacene,
zethrene, and nonazethrene.

Figure 9. Charge resonance contributions (in %) along the acene and
zethrene series computed at the RAS-SF/6-31G(d,p) level.

Figure 10. Calculated SOMO-α/-β profiles and spin density maps of
the singlet diradicals of parent nonacene (left) and nonazethrene
(right).
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comparison between our HR-NZ and Anthony’s JA-NA and
more generally between the extended zethrenes and higher
order acenes reveals a faster decrease of singlet−triplet energy
gap and a faster increase of radical character with the increase of
number of benzenoid rings in zethrene series. Such a significant
difference can be explained by the different localization of the
unpaired electrons and the different charge resonance
contribution in the acene and zethrene series. Our studies
indicate that spatial localization of the frontier molecular
orbitals play a very important role on the nature of radical
character as well as the excitation energy, and this must be
considered in the design of open-shell singlet diradicaloids and
polyradicaloids in the future.
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Zeng, W.; Kim, D.; Huang, K.-W.; Webster, R. D.; Casado, J.; Wu, J. J.
Am. Chem. Soc. 2012, 134, 14513. (c) Zeng, Z.; Ishida, M.; Zafra, J. L.;
Zhu, X.; Sung, Y. M.; Bao, N.; Webster, R. D.; Lee, B. S.; Li, R.-W.;
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