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Highly n-extended hetero-cyclic/aromatic skeletons are of great
importance as they can be utilized in many organic material based
technologies. Therefore, developing efficient, pre-activation-free,
synthetic procedures for the rapid build-up of these complex
structures remains a high priority objective. The herein presented
approach delivers highly fused carbazole skeletons from simple
naphthylamine derivatives.

The quest for higher performance aromatic hetero-cyclic fused
organic materials imposes increasingly long and tough synthetic
routes." Indeed, the desired improved properties often demand ever
more complicated scaffolds and/or m-extended/fused aromaticity
(compounds (I) to (III), Fig. 1).” In this field, the carbazole backbone
is of particular importance, as mentioned in some recent patents on
electroluminescent materials.” The efficient synthesis of these and
related structures is therefore a strategic priority. For example, in a
recent and inspiring work from Ito & Itami, a highly annulated
carbazole structure (2a, Scheme 1) could be accessed from a simple
pyrrole (IV) and a (not so trivial) 2,2/-diiodobiphenyl structure (V).2
This previous synthetic method operates through a tetra-
fold palladium catalyzed Mizoroki-Heck-like reaction.® The
cost associated to the stoichiometric excess of the precious
2,2’-diiodobiphenyl substrate (IV) however, or any other desired
diiodo backbone, significantly limits the applicability and price
of the final carbazole based target material. In contrast, oxida-
tive C-H bond activation and functionalization strategies®
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remain arguably under-appreciated for accessing such highly
fused hetero-cyclic m-extended novel materials, in spite of seminal
oxidation studies in the middle of the 20th century.” Moreover,
inspiring work by Hiroto and Shinokubo showed recently that
primary anthramines such as (VI) could easily undergo oxidation
with DDQ (2,3-dichloro-5,6-dicyano-1,4-benzoquinone) to deliver the
corresponding annulated carbazole skeleton ((VII), Scheme 1).°
Unfortunately, the latter method is limited to very electron rich
primary anthramine starting materials. These alternative C-H func-
tionalization strategies are nevertheless essential in order to make
the future technologies based on these materials as affordable as
possible. We therefore got interested in Ito and Itami’s highly
annulated carbazole 2a (Scheme 1), and attempted a more direct
C-H oxidative functionalization approach. For this purpose, we
inspired ourselves from the historical reports describing the more
challenging direct oxidation of N-phenyl-2-naphthylamine, wherein
the yield of corresponding annulated carbazole 2b does not exceed
25%.” We thus foresaw that the latter process might be improved
by optimizing the oxidizing method, efficiently affording these
valuables hetero-cyclic/aromatic skeletons, without pre-activation,
from trivial building blocks.
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Fig. 1 Some N-aryl-dibenzo-carbazole derived electroluminescent materials.
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Scheme 1 Strategies for accessing fused carbazole skeletons from
naphthylamine derivatives.

While the historical reports focused on potassium perman-
ganate, or peroxides as oxidants, yielding usually only traces of
product 2b,”> we turned our attention to silver oxide. The latter
is a mild, easy to handle, and relatively basic oxidant, and is
therefore well suited for electron-rich and sensitive hetero-
cycles. In addition, silver oxide is one of the cheapest Ag' salt
available. Moreover, in most cases, the reduced silver particles
usually precipitate, leading to an easy recovery of the metal
through simple filtration. It should otherwise be noted that the
reaction does not need any other precious metal catalyst.
Elements of optimization are shown in Table 1. Next, we also
optimized the solvent system and reaction time (see ESIt). We
eventually settled for a mixture of toluene, cumene and acetic
acid (halide-free system), for a reaction time of two hours,
affording product 2b in 54% isolated yield (Table 1, entry 9).
Interestingly, in those conditions two minor side products 2b’
(7%) and 2b” (4%) could be isolated and identified (Table 1).
From these, we assume that this reaction could follow a radical
pathway.Sb Moreover, TEMPO, a classical radical scavenger,
poisons the reaction by either trapping reactive radical inter-
mediates and/or neutralizing the silver oxidant (2b, 0%, entry 5).
It should be noted that changing the acid to PivOH, CF;CO,H, or
a mixture of AcOH and NaOAc, did not improve the reaction.
Moreover, the addition of any other base led to a significant
decrease in conversion towards product 2b (see ESIf). Impor-
tantly, any other silver salt or the addition of cationic silver
sources to Ag,0 did not have a positive influence on the reaction
outcome (see ESIT).

With the optimized conditions in hand, we then explored
the scope of the reaction (Scheme 2). It was possible to form
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Table 1 Reaction optimization®

v ev)

@ 2b, (54%)°

2b" (4%)°

Oxidant
O (with or without catalyst)
N solventA(1mL)
solvent B (0.25 mL), AcOH (0.25 mL)
atm., time

1b (1 mmol)

C0,0
[Eacen n@

#  Catalyst or oxidant [mmol]  Atm. [1 bar] Yield* (%)
1° [Ru(CeMes)Cly], + Cu(OAc), 0.051.10 O, 14

2 Ag,0 0.50 Air 42

3 Ag,0 0.75 Air 44

4 Ag0 1.00 Air 50

5 Ag,0 + 1 equiv. TEMPO 1.00 Air 0

6 Ag0 1.00 0, 47

7  Ag,0 1.00 N, 50

8 Ag,0 1.25 Air 50

97 Ag,0 1.00 Air 56(54)"

“ All reactions were carried out using 1b (1 mmol), oxidant, in C,Cl,
(1 mL), PhCI (0.25 mL), AcOH (0.25 mL), at 60 °C for 24 h. The yield was
determined by "H-NMR analysis of the crude reactlon mixture using
1,2-DCE (1 2- dlchloroethane) as an internal standard. ? Isolated yields in
brackets 150 °C. ¢ C,Cl, and PhCI are replaced by toluene (1 mL) and
cumene (0.25 mL), reaction time is reduced to 2 h (see ESI for details).

several highly n-extended carbazole derivatives in good yields
(for such motifs), and with some functional group tolerance.
Importantly, Ito and Itami’s highly annulated carbazole product
2a was isolated with a 77% yield, significantly increasing the
previous state-of-the-art yield for this motif (Schemes 1 and 2).
Next, we were curious whether we might be able to perform the
highly strained dehydrogenative ring closure of the m-extended
N-aryl-carbazole structure, towards the highly fused indolcarba-
zole skeleton 3 (nomenclature name: indolo[3.2.1-jk|carbazole),
with potentially interesting properties.”® To the best of our
knowledge however, dehydrogenative Scholl/Mallory type ring
closing systems’ have not (yet) been found competent for this
type of scaffold. We therefore adapted a palladium catalysed
oxidative C-H bond activation method by Patureau.® Satisfyingly,
we were able to obtain compound 3b in 62% isolated yield
(Scheme 3), which represents a fairly good yield for this sort of
dehydrogenative synthetic method.® No dehydrogenative cycliza-
tion product with substrate 2a was observed however.
Thereafter, we looked at all these novel molecules using
DFT calculations'® ™ (see ESI) as well as UV and fluorescence
spectroscopy. Importantly, the DFT calculations show a signifi-
cant increase of the planarity from backbone 2b to 3b, by about a
third (torsion angle from —27° to —18°, respectively, see DFT data
in the ESIt). This is due to an enlargement of the gulf between the
two naphthyl moieties in 3b, allowing for a more planar disposi-
tion. The electronic properties of the compounds moreover differ
from scaffold 2 to the fused n-system of scaffold 3. The observed
transitions show a m — n* character. As displayed in the figure
for highly fused product 3b, the LUMO delocalizes over the

This journal is © The Royal Society of Chemistry 2019
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Scheme 2 Reaction scope, isolated yields, all reactions were carried out
using 1 (1.00 mmol), Ag,O (1.00 equiv.), PhMe (1.00 mL), Ph'Pr (0.25 mL),
AcOH (0.25 mL), under air at 60 °C for 2 h.

PA(OAC), (10 mol%) O - O 3b, R' = H, 62% 2
—_—
; : H  Ag,0 (1.2 equiv.) 5N 3¢, R" = Me, 50% *
R1
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2b-e (2a, 2f, or 2g do not yield any cyclisation products,

PivOH 3e,R'=Cl,41%°
180°C,02,3d
2h leads to a complex mixture of products).

Scheme 3 Palladium catalysed strained dehydrogenative ring closure,®
isolated yields. 20.5 mmol scale, PivOH: 1.5 mL. ®0.12 mmol scale.

entire molecule. In contrast, the HOMO seems to be localized
only on the upper carbazole unit (Fig. 2 and 3). The highly fused
product 3b displays a broad absorption band between 250 and
400 nm. Moreover, an emission spectrum (Agx = 270 nm) with a
maximum emission wave at 428 nm was obtained.

Finally, the quantum yield was determined for the two
model systems 2b and 3b (see Table 2). The determined values
are generally between 0.28 and 0.45, depending on the excita-
tion wavelength. A clear deviation of the additionally annulated
system could not be observed. The second cyclization (3b) only
shows a little influence on the quantum yield. Moreover, these
values are somewhat lower compared to other recently appeared
fused heterocycles.??

In summary, we developed an efficient route to synthesize
dibenzocarbazole as well as highly fused m-extended dibenzo-
indolocarbazole derivatives, utilizing only simple oxidative
C-H functionalization conditions. In general, the utilization of

This journal is © The Royal Society of Chemistry 2019
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Fig. 2 Normalized UV/vis absorption and emission spectra of 3b in
dichloromethane.

Fig. 3 Frontier molecular orbitals of 3b (LUMO (3.38 eV), LUMO+1 (4.12 eV)
and +2 (4.75 eV), from left to right, top, and HOMO (0 eV), HOMO+1 (—0.26 eV)
and +2 (—0.83 eV), from left to right, beneath).

Table 2 Quantum yields for model materials 2b and 3b. Equipment and
method are described in the ESI

Entry Substance/wave number Standard  Quantum yield Confidence

1 2b/366 nm POPOP 0.33 +0.03
2 2b/350 nm POPOP 0.45 +0.03
3 2b/280 nm Tryptophan 0.43 +0.03
4 3b/375 nm POPOP 0.43 +0.03
5 3b/330 nm POPOP 0.36 +0.02
6 3b/277 nm Tryptophan 0.28 +0.03

simple oxidative C-H bond functionalization strategies can be
expected to rise in the next few years. The fluorescence quantum
yields are a further aspect for optimization.
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