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Abstract. Reported herein, for the first time, is the copper-
promoted intramolecular [4+2]-cycloaddition cascade to access
ionic N-doped ionic polycyclic aromatic hydrocarbons (PAHs) with
tunable emission wavelengths. It is showed that the reaction can
be made catalytic with respect to Cu(OTf), when external oxidant,
Selectfluor, was used.

Polycyclic aromatic hydrocarbons (PAHs) with annulated
aromatic rings have attracted considerable attention due to their
fascinating structural features and wide application in organic,
optical and electronic material." It is known that the incorporation
of heteroatoms in the aromatic framework of PAHs can modulate
their physical, chemical and supramolecular properties.Z As a subset
of these compounds, nitrogen-doped PAHs represent an important
class of molecules that have interesting applications in the field
optoelectronics, light emitting-diodes, supercapacitors and bio-
imaging.3 Recently, it was shown that ionic N-doped PAHs exhibit
interesting optical and aggregation behavior properties.4 Therefore,
it is not surprising why several research group across the globe are
engaged in the design and development of novel ionic N-doped
PAHs (Figure 1a, Type A-D).5 However, most of the approaches to
access N-doped ionic PAHs are based on Rh/Ru catalyzed C-H
activation between arenes/heteroarenes and aIkynes.6

During the last decades, Rh and Co-catalyzed reactions between
alkynes and azadienes, involving C-H activation, have emerged as an
important tool for accessing heterocyclic quaternary ammonium
salts (Scheme 1a). For instance, the groups of Jones,7 Cheng,8
Huang,9 You'® and Jun'! showed the utility of Rh-complexes for such
reactions. Recently, Pérez-Temprano,12 Cheng13 and Wang,14 in
their independent reports, successfully demonstrated the use of
Co-catalysts for the analogues transformations. Herein, we report
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the design and development of new class of ionic N-doped PAHs i.e.
Type E (Figure 1b) via Cu-mediated alkyne/azadiene [4+2]-
cycloaddition cascades (Scheme 1b). The reaction was proposed to
proceed via initial amino-cupration followed by C-H activation/
reductive elimination sequence to produce ionic N-doped PAHs
(Scheme 1b).

Figure 1. N-Doped ionic PAHs: known and present design
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Scheme 1. Concepts for accessing heterocyclic quaternary
ammonium salts via formal [4+2]-cycloadditions: Known and
present work

Based on our previous report on gold-catalyzed oxidative
. . . . 15
intramolecular 1,2-amino-oxygenation reaction of alkynes,™” we
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envisioned that substrate of type 1 would undergo intramolecular
[4+2]-cycloaddition reactions to produce ionic N-doped PAHs.
Towards this end, several metal catalysts/oxidants were screened.™®
Our systematic optimization studies revealed that refluxing 1a (Ar' =
4-OMe-CgH,; R = Ph) in CH3CN in the presence of stoichiometric
amounts of Cu(OTf), is the best the condition to achieve the desired
PAH (2a) in 78% yield. Interestingly, Cu(OTf), exhibits dual role by
mediating the cascade transformation as well as providing counter
ion. Be noted that the Cu-catalyzed reactions of alkenes, involving
the simultaneous formation of C-C and C-N bonds, are known in the
literature."’ However, to the best of our knowledge, the analogous
reactions of alkynes have never been reported.

Table 1. Substrate scope with Ar*”?

1.0 equiv OTf
Cu(OTf)2 O = N
MeO CH CN  MeO
80°C,12h R 23-233

2i, R = 2-OMe, 57%

2j, R = 3-OMe, 62%

2k, R = 3-Cl, 72%

21, R = 3,5 di-OMe, 78%
2m, R = 3-Cl, 4-Me, 76%
2n, R = 2-Cl, 5-OMe, 63%

2a R=H, 78%

2b, R = Me,76%

2¢, R = "CsHyq, 74%

2d, R = OMe, 48% S

2e, R = NMey, ~%° ¢
2f R=F, 78% 2a; CCDC 1824190
2g,R=Cl, 75%
2h, R= COC4He, 81%
o MeO
lo, oTf
N

O _ O 2t Ry = Me, RyRy= H, 70%

MeO 2u, Ry = F, RyR3= H, 62%
R 2v, Ry = Cl, RyRs= H, 65%

20, R = 1-Np,80% 2w, RyR3 = H, Ry= Me, 60%
2p, R = 1-Pyrenyl, 85% 2x, RiR3 = H, Ry= Cl, 64%
2q, R = °Hex, 72% 2y, R,Ry = F, Ry= H, 68%
2r, R = "Bu, 74% 2z, R{R3 = Me, Ry= H, 62%
2s, R = 1-Cyclohexenyl, 58% 2aa, Ry R3 = OMe, Ry =H, 74%

“Reaction conditions: 0.13 mmol 1, 1.0 equiv Cu(OTf),, CH;CN (2
mL), 80 °C, 12 h. blsolated yield. ‘Complex reaction mixture was
obtained.

With the optimized reaction conditions in hand, we sought to
explore the substrate scope for this reaction. The results are
presented in Table 1. In general, substrates with variation in aryl
ring at alkyne-terminus with varying functional groups, such as alkyl
and -OMe were well tolerated (2b-2d). However, stronger electron
donating group such as -NMe, was found to be unsuitable for the
reaction. The reaction smoothly tolerated to varying substitution
pattern (ortho, meta, para) on the aforementioned aryl moiety to
furnish the corresponding PAHs in good vyields (2f-2n). Next,
substrates bearing bulky aromatics or long-chain/cyclic aliphatics at
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the alkyne terminal position of the pyridino alkynes were screened.
For instance, the substrate with sterically demanding 1-Np and
pyrenyl aromatic ring efficiently afforded desired PAHs 20 and 2p in
80 and 85% yields, respectively. Further, in the cases where
aliphatic substituents were placed on the alkyne terminus, the
desired PAHs 2g-2s obtained in good yields. Next, we directed our
attention to examine the tolerance of the substituents on Ar ring.
Pleasingly, the introduction of —Me, —F and —Cl substituents on the
ring resulted in the formation of desired PAHs 2t-2x in 60-70%
yields. Similarly, the reaction tolerates di-substitutions at Ar ring to
offer the products 2y-2aa in moderate yields.

Table 2. Substrate scope with Ar' *°
1.0 equiv
CU(OTf)2

CH3CN
80°C,12h
1ab 1am

2ab, R ='Pr, 74%
OTf 2ac, R = OMe, 78%
2ad, R = Cl, 58%
_Z s s
O e

R |®/

MeO
Ph | 2ae, 78%
®/ OTf
I | ®/ ot O
MeO
Me Ph 2ag, R= H, 60%
2af, 63% 2ah, R = OMe, 84%

2ai, R =H, 65%
2aj, R = OMe, 76%°

P
2ak, 66% 2al, 70% 2am, 65%

“Reaction conditions: 0.13 mmol 1, 1.0 equiv Cu(OTf),, CHsCN (2
mL), 80 °C, 12 h. ®|solated yield. ‘CCDC for 2aj — 1824191.

To understand the tolerance of substituents at Ar' ring,
substrates l1ab-lam were examined under the optimized reaction
conditions (Table 2). It was observed that 1ab-1ah underwent the
smooth reactions to provide desired PAHs 2ab-2ah in good yields
(58-84%). Moreover, 1-Np, 2-Np, 9-phenanthryl groups were well
tolerated under the present reaction conditions to produce desired
PAHs (2ai-2al) in good yields. Even, the benzothiophenyl moiety
was also well tolerated giving PAH 2am in 65% yield. Scalability of
the methods was demonstrated by the large-scale synthesis
employing 1a (2.7 mmol) as a starting material (2a, 76%).16

This journal is © The Royal Society of Chemistry 20xx
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4
SN Cu(0TH),
O O (10 mol%)
- >
R FZ Selectfluor
(1.0 equiv)

CH3CN, 80 °C, 12 h

A

1a; R=0OMe, R'=H R' 2a',75%
1b; R =OMe, R'=Me 2b', 63%
1ag; R,R'=H 2ag’, 65%

Scheme 2. Catalytic reactions with respect to Cu(OTf), in the
presence of external oxidant

Interestingly, we found that the reaction can be made catalytic
with respect to Cu(OTf), when stoichiometric amount oxidant was
used.’® When 1a, 1b and 1ag was treated with 10 mol% Cu(OTf), in
the presence of Selectfluor, reaction proceeded smoothly to
produce 2a’, 2b’ and 2ag’ in 75, 63 and 65 % yields, respectively.

A plausible reaction pathway for the present transformation is
depicted in Scheme 3. At first, activation of the alkyne by the
Cu(OTf), would occur to enable nucleophilic attack by the pyridyl
nitrogen atom in 5-exo-dig fashion to generate vinyl copper
intermediate 1."® This intermediate would activate C-H bond of
proximal aryl ring and subsequently remove TfOH to generate
copper (Il) intermediate 0. Further, reductive elimination would
occur to form product 2a. The fact that the yield of the reaction was
not hampered in the presence of the radical scavenger such as

2,2,6,6-tetra-methylpiperidine-1-oxyl (TEMPO)16 rules out the
possibility of radical mechanism.
= ©
1.0 equiv e [| ot
_CuTh, O N
=
MeO CH4CN MeO Q
80 °C,12 h Ph 2a
u(OTf
)2 Cu(O)
C-H
insertion
-TfOH

Scheme 3. A plausible reaction mechanism.

The synthesised PAHs exhibit intense fluorescence and their
photophysical properties were studied in CH,Cl, solution (Table
Sl).16 The PL range covers the visible region, offering a palette of
colors ranging from violet to orange (Aem: 434-619 nm, Figure 2).
These fluorophores have good photoluminescence capabilities with
Oy values ranging from 0.06 to 0.88. Next, the electrochemical
properties of representative PAHs were investigated by cyclic
voltammetry and the result indicated that these PAHs have high
electron-accepting abilities.™®

Figure 2. Emission spectra of selected ionic PAHs in CH,Cl,

This journal is © The Royal Society of Chemistry 20xx
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In conclusion, Cu(ll)-mediated intramolecular alkynes/azadienes
[4+2]-cycloaddition cascade has been disclosed. The reagent
Cu(OTf), exhibits dual role by mediating the cascade transformation
as well as providing counter ion. Further, it is showed that the
reaction can be made catalytic with respect to Cu(OTf), in the
presence of external oxidant, Selectfluor. The method provided an
efficient access to ionic N-doped PAHs with tunable emission
wavelengths.
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