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Oxidation of a triple carbo[5]helicene with
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The reactivities of both diastereomers of hexabenzotriphenylene (HBTP), a triple carbo[5]helicene of the
formula C4,H4, Were examined in the presence of phenyliodine diacetate (PIDA) as an oxidizing agent.
The Ds-symmetric diastereomer afforded two different ring rearranged ketone-containing products
embedding a spirofluorene moiety. In contrast, under similar conditions, the C,-symmetric diastereomer
afforded predominantly a cyclodehydrogenation product. Altogether, this shows that stereochemistry is a
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Introduction

Over the past 25 years, carbohelicenes have gradually shifted
from the status of laboratory curiosity to star chiral molecules.
This was enabled by the progress in their synthesis and by the
discovery of their intriguing (chir)optical and electronic pro-
perties, which opened new and stimulating alleys of
research.'™® Helicenes, possibly embedding main-group
elements’ and/or metals®® in their lattice, are now used to
develop optoelectronic devices such as organic solar cells
(OCs),™ organic field-effect transistors (OFETs),"" and circu-
larly polarized organic light-emitting diodes (CP-OLEDs).**™**
Despite the current enormous interest in preparing functiona-
lized helicenes or helicenoid compounds, examples of selec-
tive functionalization of pristine carbohelicenes having no
directing or activating groups are extremely rare.'® One can
mention the two-fold oxidation of carbo[6]helicene with
chromic acid,"” as well as its bromination, nitration and acetyl-
ation (Scheme 1a).’® The regioselective borylation reaction of
carbo[5]helicene was reported through an Ir-catalyzed C-H
functionalization (Scheme 1b)." Lately, the electrochemical
methoxylation of carbo[n]helicenes (n = 6-9) was realized in
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critical factor in the reactivity of non-planar polycyclic aromatic hydrocarbons.

61-85% yield.”® The critical factor for the functionalization of
helicenes is the regioselectivity. Because of the lack of site-
specific methods to functionalize carbohelicenes, the commu-
nity has instead relied on the synthesis of pre-functionalized
analogues, incorporating alkoxyl groups, bromine atoms, and
alkynes as substituents at various positions."®

Multihelicenes built only by the fusion of benzene-like
six-membered rings belong to a peculiar class of
nanographenes®>*> that have promising chiroptical pro-
perties.”® After the pioneering works by Clar (1959), Laarhoven
(1971) and Martin (1972), who first synthesized double [n]heli-
cenes with n = 5-7, the field of multihelicenes remained
dormant for decades.?*™® It was not until the end of the 20™
century that Pascal and Guitian reported the synthesis of both
diastereomers (D;- and C,-symmetric) of hexabenzotripheny-
lene (HBTP), a triple [5]helicene fused in a single six-mem-
bered ring (Scheme 1c).>°*" It then took another decade for
the successful synthesis of additional multihelicenes. Over the
past ten years, a plethora of pristine multihelicene hydro-
carbons with increasing molecular contortion and diverse
photophysical and chiroptical properties have been
reported.*>**

Despite the bloom of multihelicenes in contemporaneous
organic synthesis, there have been no successful attempts
reported for their functionalization. Recently, some regio-
selective acyloxylation reactions of polycyclic aromatic hydro-
carbons (PAH) with hypervalent iodine compounds were
reported.** Among the examples examined in this study, only
one was a non-planar PAH, namely corannulene, which could
be acyloxylated with 30% yield. Inspired by this work, we exam-
ined the reactivity of HBTP under comparable conditions, with
the idea to prepare poly(acyloxylated) HBTP derivatives [HBTP
(OAc),,] (Scheme 1c). In contrast to our hypothesis, three
alternative oxidation products were obtained from these

This journal is © the Partner Organisations 2023
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(b) Functionalization of carbo[5]helicene (previous example)
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Scheme 1 Background and results of this work. PIDA = phenyliodine diacetate, TCE = 1,1,2,2-tetrachloroethane, HFIP = 1,1,1,3,3,3-hexafluoroiso-

propanol, and DCM = dichloromethane.

experiments, with a net difference of reactivity between the D;
and C, diastereomers of HBTP.

Results

In an early experiment aiming at the synthesis of the (poly)
acyloxylated products of type HBTP(OAc),, D;-HBTP was
reacted with excess (10 equiv.) phenyliodine diacetate (PIDA)
in the presence of hexafluoroisopropanol (HFIP) under blue
light irradiation.** Under these conditions, a complex mixture
of unidentified products was obtained, from which the for-
mation of the desired product(s) could not be evidenced.
Using 5 equiv. of PIDA in the absence of blue light led to a
cleaner reaction, with two major products formed in reason-
able amounts (Table 1, entry 1). Isolation and full characteriz-

Table 1 Reactivity of both diastereomers of HBTP under different reac-
tion conditions

Entry HBTP PIDA (equiv.) Yield (%) 1/2/C,-3
1 Dy 5.0 13/22/0

24 D, 5.0 No reaction

3 D, 2.5 30/11/0

4 D 1.1 48/8/0

5 C, 5.0 8/0/0

6 C, 2.5 8/0/28

7 C, 1.1 10/0/19

Reaction conditions: all reactions were performed in a 10 mL tubular
flask using 20 mg (0.038 mmol) of HBTP in 0.8 mL of 1,1,2,2-
tetrachloroethane, 0.8 mL of HFIP, and 0.2 mL of dichloromethane.
Yields account for the isolated homogeneous material. “ Reaction per-
formed without HFIP.

This journal is © the Partner Organisations 2023

ation of these two products, including single-crystal XRD ana-
lyses (Fig. 1), revealed that two ketones 1 (chiral) and 2
(achiral) formed, in 13% and 22% yield, respectively. In a
control experiment in the absence of HFIP (entry 2), no conver-
sion of D;-HBTP occurred, emphasizing its crucial role in reac-
tivity as previously observed.** Reducing the amount of the oxi-
dizing agent PIDA to 2.5 equiv. allowed us to produce the

(a)

(b)

Fig. 1 Monocrystalline solid-state structures of 1 (a) and 2 (b). H atoms
are omitted for clarity. Ellipsoids drawn at the 50% probability level.
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chiral ketone 1 with better selectivity, with 30% yield for 1 and
11% yield for 2 (entry 3). Using 1.1 equiv. of PIDA increased
the selectivity for 1, isolated in 48% yield (entry 4). In a separ-
ate experiment, it was attempted to convert the chiral ketone 1
into the achiral ketone 2 using 1.1 equiv. of PIDA in HFIP for
12 h, which resulted in only 10% yield of 2 with poor conver-
sion (89% of 1 recovered). This experiment indicates that 1 can
convert into 2 under the reaction conditions, but with low
efficiency. It is plausible that several competing pathways are
involved in the formation of 2 from D;-HBTP.

When examining the reactivity of C,-HBTP under identical
conditions, the outcome was found to be dramatically
different. Using 5 equiv. of PIDA produced 8% of the chiral
ketone 1 (entry 5) together with a complex mixture of un-
identified products containing no trace of the achiral ketone 2
or the initially targeted (poly)acyloxylated products of type
HBTP(OACc),,. Decreasing the amount of PIDA to 2.5 equiv. and
1.1 equiv. did not allow the enhancement of the yield of 1 as
for D;-HBTP, but instead a new product C,-3 was formed pre-
dominantly, in 28% and 19% yields depending on the con-
ditions (entries 6 and 7). Remarkably, the reactivity of HBTP
with PIDA dramatically depends on the relative stereo-
chemistry of the multihelicene substrate: the chiral ketone 1
could form from both diastereomers of HBTP, albeit with
different efficiency, while the formation of ketone 2 could only
be evidenced from D;-HBTP and the formation of the double
helicene C,-3 could only be evidenced from C,-HBTP. This
illustrates for the first time that pristine multihelicene hydro-
carbons are amenable for chemical transformations, and
importantly their reactivity is a function of their stereochemi-
cal arrangement.

Mechanistically, the formation of the chiral ketone 1 from
D;-HBTP is supposed to be initiated by the formation of an
electron donor-acceptor complex between the arene and elec-
tron-deficient PIDA, followed by a one-electron oxidation to
produce the corresponding aryl radical cation and an acetate

View Article Online
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anion (Scheme 2).** Nucleophilic addition of the acetate anion
to the core ring of the aryl radical cation would produce a
neutral radical amenable for a strain-releasing ring rearrange-
ment to form the spirofluorene moiety. The resulting radical
would eliminate an acyl radical to form the carbonyl group in
1. The formation of ketone 2 is more complex as it involves the
additional fragmentation of the core six-membered ring, fol-
lowed by a cyclization step to forge the ketone-containing six-
membered ring in 2. As indicated by the experimental obser-
vations, there are possibly several competing pathways leading
to the formation of 2 from D;-HBTP, involving or not involving
ketone 1 as an intermediate and/or a carbenoid-like intermedi-
ate. Finally, the formation of C,-3 from C,-HBTP can be
inferred by the C-C bond formation at a fjord region from the
radical cation formed by the one-electron oxidation of C,-
HBTP (Scholl-type reaction). The shorter C-C distance between
the reactive atoms in C,-HBTP, 2.91 A for the [5]helicene unit
aligned with the C, axis vs. 3.02 A for D;-HBTP, may explain
why C,-3 was not formed from D;-HBTP.

The conformational behaviours of both the chiral ketone 1
and the chiral double [5]helicene C,-3 were examined in silico
by DFT methods (Fig. 2). The barrier to enantiomerization of
ketone 1 was computed at 132.1 k] mol ™", enough to consider
this compound as configurationally stable at 298 K. However,
despite some efforts, the separation of both enantiomers by
preparative chiral HPLC has not yet been successful to date.
The enantiomerization of the chiral diastereomer of C,-3 was
found to be a two-step process through the thermodynamically
disfavored (by 12.0 k] mol™") meso-diastereomer, with a barrier
computed at 91.2 k] mol™". Because this barrier is relatively
low, smaller than the barrier to the enantiomerization of pris-
tine carbo[5]helicene,*” the resolution of the enantiomers of
C,-3 was not attempted.

The optical properties of products 1, 2 and C,-3 were exam-
ined (Fig. 3). While 1 and 2 have a single absorbance
maximum at 253 nm and 249 nm, respectively, C,-3 shows two

electron donor-acceptor
complex

Scheme 2 Mechanistic hypotheses.
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spectra in CH,Cl, (ca. 1 x 107> M, Agx = 355 nm) at 298 K.

maxima at 239 nm and 357 nm. Ketones 1 and 2 are not fluo-
rescent. However, C,-3 is, with a maximum fluorescence at
471 nm, which is slightly blue-shifted in comparison with D;-
HBTP (483 nm),*® and the photoluminescence quantum yield
was determined at ca. 0.04, typically in the range observed for
pristine mutlihelicenes.”®

The effect of the partial planarization in C,-3 relative to Ds-
HBTP on zn-electron delocalization was evaluated using 3D iso-
tropic magnetic shielding (IMS) maps*” and electron density
of delocalized bond (EDDB(r)) analyses*®*® (Fig. 4). A compara-

This journal is © the Partner Organisations 2023
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DyHBTP
Isotropic Magnetic Shielding (ppm)
55 1.0 16.5

DyHBTP Cr3
EDDBy(r) = 37.54 |e| EDDBy(r) = 38.68 |e|
(0.89 |e| / atom) (0.92 |e| / atom)

Fig. 4 3D IMS maps (a) and EDDB(r) analyses (b) of Ds-HBTP and C,-
3. EDDB(r) isovalue = 0.025.

tive analysis of the 3D IMS maps indicates that electron deloca-
lization is more intense in C,-3 relative to D;-HBTP, as visual-
ized from the larger dark blue areas in the map of C,-3,
especially at the central six-membered ring. Because of the
chiral nature of C,-3 and D;-HBTP, both faces of each ring
must be considered for a complete analysis. The interactive 3D
IMS maps of C,-3 and D;-HBTP are available for the best
appreciation of this (for vtk files, see the ESIT). The EDDBy(7)
analyses provided comparable outputs for D;-HBTP and C,-3,
with however a slightly better ring-to-ring delocalization in C,-
3 visualized by smaller discontinuities of its EDDB(r) isosur-
face. Accordingly, the fraction of delocalized electrons |e| is
computed and found to be greater in C,-3 relative to D;-HBTP.

Conclusions

It is demonstrated that under oxidative conditions, using
phenyliodine diacetate (PIDA) and hexafluoroisopropanol
(HFIP), the two diastereomers of hexabenzotriphenylene
(HBTP) reacted differently: the Dj;-symmetric diastereomer
afforded oxidized rearranged ketone products, while the
C,-symmetric diastereomer afforded predominantly a cyclode-
hydrogenation product. From these results, stereochemistry is
considered a critical factor in the reactivity of pristine non-
planar polycyclic aromatic hydrocarbons (PAH), something
that has not been realized until now.
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