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ABSTRACT: The relationship between Mobius topology and aromaticity and topological chirality is still elusive to date,
which is, to a large extent, due to the related synthetic challenges and, further, the scarcity in both the quantity and the di-
versity of the constructed Mobius systems. In this work, we reported the synthesis of [4n]Mo6bius conjugated all-carbon
nanohoops ([5]H-[7,8]CPPs) by utilizing a [5]helicene unit as a hidden writhe and a masked aromatic unit to overcome the
strain inherited from Mdbius topology. X-ray analysis revealed that [5]H-[7,8]CPPs contain a [5]helicene moiety and an
oligoparaphenylene unit, and display a Mobius topology. Photophysical investigations demonstrated that [5]H-[7,8]CPPs
exhibited moderately high fluorescence quantum yields, which are significantly higher than those of pristine [5]helicene
and [7,8]CPPs. Chiroptical studies revealed that [S]H-[7,8]CPPs displayed an obvious Cotton effect in circular dichroism
and bright circularly polarized luminescence, indicating that the chirality of [5]helicene was efficiently transferred to the
overall carbon nanohoops. Importantly, theoretical investigations reveal that, though possessing a 4n m-electron array, such
all-carbon nanohoops are fully conjugated systems with Hiickel aromaticity. The results may help us to better understand

the relationship between Mébius topology and aromaticity.

Introduction

The research on aromaticity and stability of cyclic m-
conjugated systems with distinct topology has attracted much
attention of both organic and theoretic chemists, and received
a significant evolution in synthesis and theory since the land-
mark discovery of benzene by Faraday in 1825.1-5 It is well
recognized that annulenes displaying a Hiickel topology are
aromatic and stable when their cyclic conjugated m-electrons
are 4n+2, whereas those with 4n are antiaromatic and unsta-
ble. However, when annulene is twisted by 180° to adopt a
Mobius topology that is the classic example of a non-
orientable surface, its electronic structure and aromatic char-
acter were changed significantly. The concept of Mébius aro-
maticity, proposed by Heilbronner in 1964, predicted that
Maobius annulenes with 4n conjugated m-electrons should be
aromatic and stable. ¢ Since then, annulenes with a Mébius
topology have aroused tremendous interest to both synthetic
organic and theoretic chemists. One of important milestones
in the field of Mdbius aromaticity was demonstrated by the
first successful synthesis of a [16] M&bius annulene by Herges
and co-workers in 2003,7 and followed by the expanded por-
phyrin with a dynamic Mdébius-Hiickel aromaticity. 8 After that,
the topic of M6bius aromaticity has been mainly dominated by
expanded porphyrinoid systems because their structural fea-
tures can potentially stabilize M6bius aromatic systems. 9-11

Stimulated by recent advances on all-carbon nanoarchitec-
tures with distinct topologies such as catenanes, knots and
rotaxanes, 1221 conjugated all-carbon nanohoops with a Mébi-
us topology have recaptured great attention of scientists from
synthetic organic chemistry, physical science and material

science. So far, there are limited examples of Mobius conjugat-
ed all-carbon nanohoops because of the synthetic difficulties
associated with the twisted topological structure.3-5 In 2014,
Herges and co-workers reported the first triply twisted Mobi-
us [24]dehydroannulene, 22 whose conjugation is interrupted
by large torsional angles due to its flexible building blocks.
Durola and Herges then developed a triple cyclic tri-
[5]helicenes with a Mébius topology, exhibiting a strong dia-
tropic ring current in the outer periphery. However, no net
macrocyclic aromaticity was displayed due to the counterbal-
ance of the diatropic and paratropic currents in the outer 1
and the inner o system, respectively. 23 Moore and co-workers
reported the synthesis of a Mobius tris((ethynyl)[5]helicene)
macrocycle showing no significant global aromaticity due to
the weak conjugation between the alkyne and adjacent heli-
cene units. 24 Cong and Zhu disclosed the aromaticity of me-
chanically interlocked Mobius conjugated nanohoops. 25
Solomek reported a Mébius nanohoop containing [6]helicene
unit with circularly polarized luminescence.2¢ Unfortunately,
this nanohoop lacks the basis for Mobius aromaticity studies
because the presence of [6]helicene in nanohoop leads to an
odd number of m-electrons in the cyclic conjugated pathway.
Very recently, a Mobius topology has been disclosed in the
twisted [n]cycloparaphenylene with alkene insertion by
Kayahara and Yamago. 27 Besides above excellent advances,
there are a few elegant examples on other aromatic macrocy-
cles with a Mébius topology. 28-30 Nevertheless, the relation-
ship between Mobius topology and aromaticity/chirality, in
particular if there 1is inevitable connection between
[4n]Mobius topology and Mébius aromaticity, is still far from
being fully understood.
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We have a long-term interest in conjugated carbon nano-
hoops 3136, Herein, we present the design and synthesis of
[4n]Mébius conjugated all-carbon nanohoops by hybridiza-
tion of [5]helicene (Figure 1 and Scheme 1) and cyclopara-
phenylenes as well as their Mébius topologies. We demon-
strated that the presence of [S]helicene wunit in
[7,8]cycloparaphenylenes enable the conjugated all-carbon
nanohoops to exhibit a Mébius topology with [4n] T-electrons
in the cyclic conjugated pathway and bright circularly polar-
ized luminescence. More importantly, the Mobius nanohoops
are aromatic, which are supported by the results of Nucleus-
independent chemical shifts (NICS), harmonic oscillator mod-
el of aromaticity (HOMA), Anisotropy of the induced current
density (AICD) and localized orbital locator-n/c (LOL-mt/0)
calculations.
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Figure 1. (A) Concept of this work: the cartoon illustration
of hybridization of two conjugated subunits ([S]helicene and
cycloparaphenylene) with a Hiickel topology into a globally
conjugated carbon nanohoop with a Mébius topology. (B) the
structures of the [4n]Mobius conjugated all-carbon nano-
hoops studied herein. Each nanohoop contains two different
conjugated circuits dependent on the inner (blue) or outer
(red) paths of helicene. All cyclic conjugation paths contain 4n
m-electrons.
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Results and discussion

Design and Synthesis

In a singly twisted Mdbius annulene featuring a molecular
twist and an overall macrocyclic conjugation (Figure 1), a 180°
twist induces strain in m-conjugated macrocycle and thus
causes tremendous difficulties in stabilizing the M6bius topol-
ogy. The utilization of a hidden writhe such as helicene to cir-
cumvent this difficulty has been successfully demonstrated in
helicene-based Mobius annulenes. 23, 24,26 However, this meth-
od is not yet enough to mitigate strain caused by the overall
macrocyclic conjugation within a singly twisted Mo6bius annu-
lene. On the other hand, a 3,6-syn-dimethoxy-cyclohexa-1,4-
diene moiety as a masked aromatic ring has been successfully
used to develop strained [n]cycloparaphenylenes ([n]CPPs)
followed by sequential aromatization. 37

We envisaged that this masked aromatic ring could be uti-
lized to construct marginally strained macrocyclic Moébius
precursor in combination with [5]helicene as a hidden writhe,
and sequential aromatization of the cyclohexadiene units in
macrocyclic Mébius precursor would readily build up strained
Mobius conjugated all-carbon nanohoop. More importantly,
the presence of [5]helicene subunit in M&bius conjugated car-
bon nanohoops eventually provide the cyclic conjugation
paths with 4n m-electrons (Figure 1 B), that is, [5]H-[7]CPP
contains 44 and 36 T electrons in the peripheric and inner
conjugation circuits, respectively; for [S]H-[8]CPP, those are
48 and 40 ones, respectively, which are ready for investigating
the relationship between [4n]Mobius topology and aromatici-
ty in present work.

The synthetic routes to [5]H-[7]CPP and [5]H-[8]CPP are
outlined in Scheme 1. The targeted Mébius nanohoop [5]H-
[7]1CPP was synthesized by Suzuki-Miyaura cross-coupling
between dibromopentahelicene 138 and C-shaped synthon 2,
39 followed by a reductive aromatization in 20% yield over
two steps. In the case of [5]H-[8]CPP, compound 4 was gen-
erated in a yield of 80% by Suzuki coupling reaction between
1 and 4-chlorophenylboronic acid, and was then converted to
borate ester 5 in a yield of 85%. Compound 7 was obtained by
the Suzuki coupling reaction of 5 with L-shaped synthon 6 in

[5]H-[7ICPP: n=1
[5]H-[8]CPP: n=2

Scheme 1. Synthesis of [5]H-[7, 8]CPP. (a) 2M NaOH, Pd(PPhs)4, 1,4-dioxane, H20, 115 °C, overnight, crude compound; (b) 4-
Chlorophenyboronic acid, 2M CsCOs, Pd(PPhs)s, 1,4-dioxane, H20, 115 °C, overnight, 80%; (c) X-phos, Pdz(dba)s, Bzpinz, KOAc, 1,4-
dioxane, 115 °C, overnight, 85%; (d) 2M K2CO0s, Pd(PPhs)s, 1,4-dioxane, H20, 115 °C, overnight, 72%; (e) bpy, Ni(COD)2, THF, 75 °C,
overnight; (f) H2SnCls, THF, RT, overnight, 20% for [S]H-[7]CPP and 35% for [5]H-[8]CPP.
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Figure 2. X-ray crystal structures of the target compounds: a) the side view, b) the top view, c) the dihedral angles of [5]H-[7]CPP.
d) the side view, e) the top view, f) the dihedral angles of [5]H-[8]CPP. Only P-enantiomers are shown.

the presence of Pd(PPhs)s, 2M K2CO3 in deoxygenated 1,4-
dioxane and Hz0 in a yield of 72%. Precursor 8 was obtained
by a ring-closure reaction via a nickel-mediated Yamamoto
reaction without further purification, 40-41 subjected to a re-
ductive aromatization using freshly made H2SnCls in anhy-
drous THF at room temperature to afford the final Mobius
nanohoop [5]H-[8]CPP as a yellow solid in a total yield of
35%.

Crystallography

The single crystals of [S]H-[7]CPP were obtained by slowly
volatilizing a chloroform solution at 4 °C, while the single crys-
tals of [5]H-[8]CPP were obtained by crystalizing its solution
in a mixture of DCM/toluene (1:1, v/v) at 4 °C. The single crys-
tal X-ray analysis showed that [S]H-[7]CPP was crystallized in
triclinic P1 space group, while [5]H-[8]CPP was solved in
orthorhombic Pnna space group. In each case, two pairs of
enantiomers were found in each unit cell. As shown in Figure
2, the crystal structures clearly demonstrate that [S]H-[7]CPP
and [5]H-[8]CPP possess a Mobius topology with a reasona-
ble overall conjugation. For [5]H-[7]CPP, the dihedral angles
of the adjacent benzenes are found to be from 26.4° to 44.8°,
while those for [5]H-[8]CPP are from 31.1° to 38.7° (Figure
2c and 2f). The fluctuated extent of the dihedral angles for
[SIH-[7]CPP is larger than those for [5]H-[8]CPP, mainly due
to its larger strain in [5]H-[7]CPP, which is supported by DFT
calculations (vide infra). The dihedral angles of [5]H-[7]CPP
and [5]H-[8]CPP in the solid phases are in good agreement
with those predicted by DFT (b3lyp/6-31g(d)/PCM-UFF)
symmetry-unconstrained calculations (Figure S2-S3). The
same arguments also hold for the torsional angles (Figure S4-
S5, Table S2-S3). These dihedral and torsional angles are rela-
tively small, thus allowing the structures of [5]H-[7]CPP and
[5]H-[8]CPP to satisfy the criteria of Mdbius aromaticity as-
serted by Rzepa. 442

The strain energies of the Mébius nanohoops were estimat-
ed by DFT calculations according to the homodesmotic reac-
tions shown in Scheme S2, wherein the nanohoops and bi-
phenyl are converted to diphenyl[5]helicenes and terphenyl.
The strain energies of [S]H-[7]CPP and [5]H-[8]CPP are cal-
culated to be 52.5 and 47.8 kcal mol!, respectively, which
indicates that [5]H-[7]CPP is less stable due to the smaller
nanohoop size as expected. Such strain energies of [5]H-
[7]1CPP and [5]H-[8]CPP are close to those of [11]CPP (54
kcal mol-1) and [12]CPP (48 kcal mol-1), but are significantly

smaller than those of [7]CPP (84 kcal mol-1) and [8]CPP (72
kcal mol1),43 respectively, indicating that the presence with
[5]helicene moiety substantially decrease the tension of
[n]CPP nanohoops possessing the same number of para-
phenylene units. Moreover, it is worth noting that the strain
energy of [5]H-[7]CPP is smaller than that (55.4 kcal mol-1) of
Solomek’s [6]helicene nanochoop with the same numbers of
paraphenylene units, 26 implying that the [5]helicene nano-
hoops are more stable.

Absorption and emission properties

The photophysical properties of [S]H-[7]CPP and [5]H-
[8]CPP were examined by UV-vis and fluorescence spectros-
copies and the photophysical parameters are summarized in
Table 1 and S5. As shown in Figure 3, [S]H-[7]CPP displays a
main absorption peak at 332 nm with a molar extinction coef-
fecient (€) of 1.0 x 10* M-1 cm-! and a shoulder band in the
range of 370 to 450 nm. [5]H-[8]CPP displays a similar ab-
sorption contour to that of [5]H-[7]CPP but with a much larg-
er € of 2.6x104 M-1cm-1 at 332 nm. The maximum absorption
peaks of [S]H-[7]CPP and [5]H-[8]CPP are slightly blue-
shifted as compared with those of [7-8]CPPs, presumably due
to the presence of [5]helicene in the cyclic conjugations.

The fluorescence emissions of [5]H-[7,8]CPP were meas-
ured in DCM solution. [5]H-[7,8]CPP emit strong fluorescence
with a main peak at about 490 nm, which is red-shifted by 60
nm when compared with [5]helicene (Aem= 430 nm) but sig-
nificantly blue-shifted by 93 and 43 nm relative to [7,8]CPPs,
respectively. The fluorescence quantum yields (®r) were de-
termined to be 37.1% for [5]H-[7]CPP and 44.6% for [5]H-
[8]CPP, which are moderate but significantly higher than
those of the pristine [7-8]CPPs [19] and [5]helicene. 4647 The
symmetry breaking caused by the presence of [5]helicene
moiety in the nanohoops is partially responsible for the turn-
on fluorescence of [5]helicene-based nanohoops. 48 The en-
hancement in fluorescence quantum yields were further in-
terpreted by theoretic calculations (vide infra). The fluores-
cence lifetimes (t) of [5]H-[7]CPP and [5]H-[8]CPP were
found to be 3.0 ns and 3.1 ns by single-exponential decay fit-
ting (Figure. S8), respectively. The radiative decay rate con-
stants (kr) were corresponded to be 1.24 x 108 s-1 for [5]H-
[7]1CPP and 1.44 x 108 s-1 for [S]H-[8]CPP, respectively.
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Figure 3. UV/Vis absorption and fluorescence emission spec-
tra of [5]H-[7]CPP (red) and [5]H-[8]CPP (blue) in CH:Cl:
(1.0x10-5 M).

Table 1. Photophysical properties of [S]H-[7]CPP 2, [5]H-
[8]CPPa, [7]CPP 44, [8]CPP 45 and [5]Helicene 46-47.

Anabs(b] Aem cI)F[d]/
Compd. emx104 t/ns
/nm [d/nm %
[5]H-[7]CPP 332 1.0 490 371 3.0
[5]H-[8]CPP 332 2.6 490 44.6 3.1
[7]1CPP 340 6.9 587 0.7 NA
[8]CPP 340 10.0 533 10 17.6
[5]Helicene 300 - 430 4 25.5

(@ UV-vis absorption and fluorescence spectra were meas-
ured in DCM (1.0x10-5 M) at room temperature. ® Maxi-
mum absorption. (9 Maximum emission upon excitation at
332 nm. @ Fluorescence quantum yields were measured
by using a calibrated integrating sphere, excited at 332 nm.

The frontier molecular orbitals (FMOs) calculated at
DFT(b3lyp/6-31g(d) level reveal similar orbital characteris-
tics for [S]H-[7]CPP and [5]H-[8]CPP (Figure 4 and S9). Both
HOMO and LUMO mainly concentrate on the paraphenylene
moieties, whereas HOMO-1 and LUMO+1 are comparatively
more dispersed and mainly scattered over the [5]helicene
subunits. The energy diagrams of the dominant excitations are
shown in the left of Figure 4. In both cases, the absorption
bands at 332 nm are mainly contributed to transitions from
HOMO-2—LUMO+1 and HOMO—LUMO+4, which are corre-
sponding to the calculated absorption maxima at 339 nm for
[5]H-[7]CPP and 342 nm for [5]H-[8]CPP, respectively, with
the large oscillator strength (f) values. The small shoulder
bands around 400 nm are corresponding to the transition of
HOMO—LUMO. Note that the FMOs of [5]helicene are no
longer HOMOs and LUMOs of [5]H-[7]CPP and [5]H-[8]CPP
so that the emission wavelength are mainly dependent on the
cyclic paraphenylene units, which are presumably accounta-
ble for the fact that the fluorescence quantum yields of
[5]helicene-based nanohoops are significantly higher than
that of the pristine [5]helicene. [5]H-[7]CPP features the
HOMO and the LUMO energy level of -5.23 and -1.76 eV, re-
spectively, slightly higher than that of [S]H-[8]CPP corre-
sponding to -5.48 and -2.12 eV, respectively (Figure 4). The
HOMO-LUMO gaps of [5]H-[7]CPP and [5]H-[8]CPP are thus
determined to be 3.46 and 3.35 eV, respectively, which are
slightly narrower than those of [11]CPP and [12]CPP (3.53

and 3.63 eV, respectively). The HOMO-LUMO gap of [5]H-
[7]CPP is larger than that of [7]CPP (3.17 eV). However, the
HOMO-LUMO gap of [5]H-[8]CPP is comparable with that of
[8]CPP (3.41 eV, b3lyp/6-31g(d) level). 49
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Figure 4. Energy diagrams and pictorial representations of
the FMOs for [5]H-[7]CPP (a) and [5]H-[8]CPP (b). The values
of f represent the oscillator strengths.

Chiroptical properties

Chiral resolutions of the enantiomers of [S]H-[7]CPP and
[S]H-[8]CPP were achieved by HPLC with a chiral-stationary-
phase column (Chiralpak IB column, 4.6 mm @ x 250 mm L)
and a UV detector, in which the mobile phase was DCM/n-
heptane (40:60) with a flow of 2 mL/min. Each pair of enanti-
omers were obtained as a pair of isolated fractions with a ra-
tio of about 1:1, respectively (Figure S12). The ECD spectra of
the two isolated HPLC fractions recorded in DCM solution
(Figure 5a and 5b) were perfect mirror images corresponding
to the P- and M-enantiomers of [5]H-[7]CPP and [5]H-[8]CPP,
respectively, which were assigned according to the computa-
tional studies (Figure S13). The ECD spectra of enantiomers
display multiple Cotton effects in the range of 250 to 450 nm,
with two distinct sign inversions at A=310 and 374 nm for
[S]H-[7]CPP and at A=314 and 374 nm for [5]H-[8]CPP (Fig-
ure 5 and S14), respectively. The enantiomers of [5]H-[7]CPP
exhibits a maximum CD signal at 350 nm with |Ag| = 20.1 M-
lcm! and the |gabs| value of 2.4x10-3, while the enantiomers of
[S]H-[8]CPP also exhibits a maximum CD signal at the same
wavelength but with a larger |Ag| = 74.3 M-1cm'! and |gabs|
value of 3.6x10-3 (Figure S15).

The chiroptical properties of the excited states were inves-
tigated by the means of circularly polarized luminescence
(CPL) spectroscopy. The two enantiomers of [S]H-[7]CPP and
[S]H-[8]CPP show CPL emission in the range of 425 to 625
nm (Figure 5), which are corresponding to the fluorescence
emission. The CPL spectra of each pair of enantiomers are
mirror images of each other. The maximum CPL dissymmetry
factor (|gum|) can evaluate the magnitudes of CPL, thus the
|gum| values were determined to be 2.03 x10-3and 1.47 x10-3
for [5]H-[7]CPP and [5]H-[8]CPP, respectively, which are in
the range of 10-5 to 10-3 for small organic molecules. 50-5¢ The
ratios of |gum| and |gabs| were calculated to be 0.86 and 0.41
for [5]H-[7]CPP and [5]H-[8]CPP, respectively. The values
are likely to indicate that the geometric change between the
ground and excited states is little for [S]H-[7]CPP but signifi-
cant for [S]H-[8]CPP, which is presumably due to that the
structure in excited state of [SJH-[7]CPP is more rigid than
that of [S]H-[8]CPP.50-57
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Figure 5. CD and CPL spectra of (a) [5]H-[7]CPP and (b) [S]H-
[8]CPP in DCM (1.0x10-5M).

Computational studies on aromaticity

Nucleus-independent chemical shifts (NICS) analysis has
been extensively used for molecular aromaticity determina-
tion. The NICS(%1)zz values of all the six-membered rings of
the studied neutral systems, obtained from the GIAO-b3lyp/6-
31+g(d,p) computations, are largely negative (Figure S20-
S21), thus indicating local Hiickel aromaticity of these moie-
ties. Geometric aromaticity analyses, on the basis of the struc-
tures optimized at the b3lyp 6-31+g(d,p) level, provided ac-
cordant results. In both [5]H-[7]CPP and [5]H-[8]CPP, the
harmonic oscillator model of aromaticity (HOMA) values are
determined to be 0.989-0.993 of the p-phenylene units, re-
vealing that these rings are highly locally aromatic. values of
about 0.950 of the peripheral rings and 0.84-0.89 for the rest
ones in the [S]helicene moiety are obtained, which is due to
the twisted conformation and the strong m-conjugation in this
unit (Figure S22-S23, Table S9 and S10).

Interestingly, the calculated NICSz: values show the differ-
ences on the periphery and interior cavity of the Mdbius na-
nohoops. For the ghost atoms located at the periphery of the
nanohoop for a specific ring, the value is typically less nega-
tive compared to the corresponding one located inside (Figure
S$20-S21), suggestive of a more aromatic circumstance for the
inner cavity of the nanohoops 58. Further NICS-scan was car-
ried out, in which the NICS probes were placed the inner cavi-
ty of the nanohoops at intervals of 2.61 and 2.91 A to give a
quinque-section in the case of [5]H-[7]CPP and [5]H-[8]CPP,
respectively, along the theoretical Cz axis of symmetry. As
shown in Figure 6, S20 and S21, ignoring place A that located
in the bay area of the [5]helicene moiety, the NICS values at
the inner cavity are in the range from -7.2 to -3.2 and from -
9.8 to -4.0 ppm for [5]H-[7]CPP and [5]H-[8]CPP, respective-
ly. These small negative NICS values could be due to the pres-
ence of marginal aromaticity and the small positive values of
position A might be ascribed to the, comparatively, stronger
paratropic current flowing in the bay of the helicene moiety.

(a)

(b)

Figure 6. NICS(1)z: values of [5]H-[7]CPPand [5]H-[8]CPP
calculated at GIAO-B3LYP/6-31+g(d,p) level of theory. The
values of the ghost atoms corresponding to the outer
periphery and cavity of the nanohoops are indicated in black
and pink, respectively. Hydrogen atoms are omitted for clarity
in the structures.

Anisotropy of the induced current density (AICD) analyses
are widely accepted for visualization of aromaticity. 3. 22-25.59-61
The AICD plot (isovalue = 0.50) of [S]H-[7]CPP (Figure S24)
shows locally diatropic currents in each individual benzene
ring. For the [5]helicene moiety, a strong diatropic current can
be observed in the periphery and a paratropic current pre-
sents in the bay. Similar pattern is also observable in the case
of [5]H-[8]CPP. Such AICD plots are strongly indicative of a
Hiickel-aromaticity for both [5]H-[7]CPP and [5]H-[8]CPP.
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Figure 7. LOL-m isosurfaces (isovalue = 0.30) for (a) [S]H-
[7]CPP and (b) [5]H-[8]CPP and that of LOL- ¢ (isovalue = 0.60)
for (c) [5]H-[7]CPP and (d) [5]H-[8]CPP.

The isolated electron density observed in the localized or-
bital locator-m (LOL-m) plots 62-64 are in good agreement with
the results of the NICS and AICD analysis as well (Figure 7). In
the case of [5]H-[7]CPP, at isovalue = 0.30 level, the m-
electrons delocalize over all the [S5]helicene moiety and the
individual benzene rings. Nevertheless, the m-electrons do not
spread continuously in the whole [7]cycloparaphenylenes
fragment, and bifurcations located at the bridging C-C single
bonds are observed, indicating that the m-conjugation within
[S]H-[7]CPP is not significant enough, inhibiting the system
to display global aromaticity. For [5]H-[8]CPP, a similar, but
less continuous, T-electrons delocalization pattern is shown,
suggestive of a weaker electron conjugation. This phenome-
non, similar to those of their parent molecules [n]CPPs, 44.45.49
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is understandable because that a smaller nanohoop would
give rise to a better radial m-overlap and thus an effective in-
crease in the m-conjugation between the neighbouring aryl
rings. Notably, LOL-o plots at isovalue = 0.60 clearly show that
the electrons delocalization on the C-C atoms bridged neigh-
bouring aryls are comparable to that over the benzene rings,
suggesting that [5]H-[7]CPP and [5]H-[8]CPP are still m-
conjugated to some extent.

Conclusions

A convenient and modular synthetic strategy is developed
for preparing conjugated all-carbon nanohoops with a Mdbius
topology by hybridizing [5]helicene and oligoparaphenylene
units. X-ray structural analyses revealed that the conjugated
all-carbon nanohoops exhibit a Mébius topology. The photo-
physical and chiroptical properties of the all-carbon nano-
hoops were investigated after HPLC resolutions. The all-
carbon nanohoops display electronic circular dichroism with
multi-bands and bright CPL emissions, with moderately high
absorption and luminescence dissymmetry factors. Theoreti-
cal structural analysis revealed that the presence of
[5]helicene unit leads to a significant mitigation of strain and
the cyclic conjugated pathways with 4n m-electrons. The com-
putational investigations revealed a weak conjugated, Hiickel
aromatic character for these neutral all-carbon nanohoops.
Our findings reveal that there is no necessary connection be-
tween [4n]Mobius topology and Mobius aromaticity in the
present case. We expected that cationic nanohoops of [5]H-
[7]1CPP and [5]H-[8]CPP may possess different aromatic
characters compared to the neutral analogues. The effort on
investigating Mobius aromaticity of these cationic species is
undergoing in our lab and will be reported in due course.
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SYNOPSIS TOC.

All-carbon nanohoops with [4n]Moébius topology via hybridizing [S]helicene and cycloparaphenylene units exhibit
bright circularly polarized luminescence and Hiickel aromaticity.

Crystal structure

Hiickel topology Mbobius topology
4n+2 Aromaticity 4n Aromaticity ?
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