GDCh
A -

Photochemistry

Research Article

W) Check for updates

Angewandte
imermationalediiony Cermie
www.angewandte.org

How to cite: Angew. Chem. Int. Ed. 2025, €202513552
doi.org/10.1002/anie.202513552

Photo-Induced Catalytic Dearomative Coupling of N-Heteroarenes

Fan Lin, Ting-Ting Song,* Yan Liu, Xiao-Yu Wang, Shi-Yu Guo, Yaguang Sun,*

and Qing-An Chen*

crossed products that were previously inaccessible.

Abstract: Naturally occurring dimeric products have attracted considerable attention from both chemists and pharma-
cologists. The construction of pseudo-dimers often requires elaborate synthetic effort with low efficiency. Dearomatization
reactions represent an ideal method to transform planar aromatics into 3D skeletons, which has attracted increasing interest
in medicinal chemistry and total synthesis. Herein, we present a dearomative dimerization of N-heteroarenes under mild
photochemical conditions. Through additive regulation, the catalytic dearomative cross-coupling of two distinct quinolines
could also be achieved. With aromatic compounds as coupling partners, this strategy provides a straightforward avenue to
pseudo-dimers of N-heteroarenes. Combined experimental and computational mechanistic studies reveal the intertwined
EnT/SET nature and offered guidelines for synthesizing novel bridged polycycles. In addition, this strategy provides an
effective approach for constructing functional polymers with high atom economy and environmental benefits via metal-
free, one-pot polymerization. Furthermore, the synthetic transformations offer a complementary route to access formal

J

Introduction

Dimeric natural products comprise a class of metabolites with
diverse structures and bioactivities, attracting growing interest
from synthetic and biological researchers.'>] Over the past
few decades, numerous dimers derived from common natural
product families have been identified, such as the dimers
of alkaloids,!°] xanthanolide,l”] and terpenoids.®! Current
synthetic methods for dimeric natural products primarily
involve conjugate additions, radical reactions, esterifica-
tions, (cross) coupling reactions, and cycloaddition/oxidative
cyclization.[®!”] However, the synthesis of unsymmetrical
dimeric products typically demands more elaborate strategies
compared to their symmetrical counterparts. Thus, developing
a mild and simple method for constructing unsymmetrical
dimers is highly desirable.

Aromatic molecules constitute one of the most funda-
mental and abundant classes of organic compounds, which
are widely used in various fields of molecular science. Not
surprisingly, the chemistry of these molecules is a vibrant
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field characterized by their unique reactivity patterns and
inherent stability. High electronic stabilization renders the
aromatic ring inert to many common chemical transforma-
tions, which can be divided into two categories by whether
the aromaticity is destroyed or not (Figure 1a). The aromatic
substitution reaction, including ipso substitution""*l and
non-ipso substitution (C—H functionalization)">""1 is one of
the most widely applied reaction classes in pharmaceutical
and chemical research, providing a broadly useful platform
for the modification of aromatic ring scaffolds. The dehydro-
genative dimerization is an efficient method to deliver the
biphenyl dimerization moiety.[?*??] In contrast to direct func-
tionalization, dearomatization reactions generate reactive
intermediates to enable rapid access to structurally complex,
value-added, and synthetically versatile 3D molecules from
arene feedstocks.[?>?°! Besides classical hydrogenation-based
strategies,[**!] only a limited range of reagents are capable
of initiating dearomatization through nucleophilic addition
(typically reduction) or photo-induced radical addition.l?>!

In this context, photo-induced energy transfer strategies
can enable impressive reactivity modes.’*>*! Among them,
as efficient chemical processes, dearomative cycloadditions
demonstrate stereospecificity, atom economy, and the ability
to achieve molecular complexity in one step.[*’2*#1 Glorius
et al. have successfully developed photocatalytic dearomati-
zation using a series of nonaromatic partners (such as alkenes
and bicyclo[1.1.0]butanes) to construct various attractive
polycyclic compounds (Figure 1b).[4'**] Due to the unique
reactivity and inherent stability of aromatic compounds,
dearomatization reactions using aromatic partners remain
highly challenging. Only photodimerization of anthracenes
under high-energy ultraviolet irradiation were reported.[*>-#¢]
Taking advantage of intramolecular reaction manner, You
and other groups have developed photo-induced intramolec-
ular double dearomative cycloaddition of indole derivatives

© 2025 Wiley-VCH GmbH
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Figure 1. Divergent transformations of N-heteroarenes. a) Representative reactions of aromatic molecules. b) Dearomative cycloaddition of
N-heteroarenes. c) Dearomative dimerization of N-heteroarenes. d) Dearomative dimerization of N-heteroarenes and their skeletal rearrangement.
e) This work: Photo-induced catalytic dearomative coupling of N-heteroarenes.

bearing a pendant aromatic ring.[*>>’l Although the pio-
neering work on iridium-based photocatalytic intermolecular
unsymmetrical coupling of 2-methyl quinolines was reported
by Sharma et al. (Figure 1c), use of expensive Ir catalyst
and stoichiometric amount of B,pin,, narrow substrate scope
with 2-position blocked, and obscure mechanism hampered
the development of this method.’!! During the revision of
this manuscript, Pratt and Chiba et al. demonstrated the
reductant-regulated divergent transformations of quinolines
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using polysulfide anions as photocatalysts (Figure 1d).[>?!
However, limitations in substrate scope and stereoselectivity
issues continue to restrict the broader utility of this approach.
Moreover, more challenging dearomative cross-coupling of
two different quinolines could not be achieved in the above
two protocols.

Inspired by these precedents and based on our research
interests in olefin functionalizations>>** and photocatalytic
dearomatization,>* !l we herein present a photo-induced
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dearomative coupling of simple quinolines to construct
pyridine-fused polycyclic rings in one step under metal-
free conditions (Figure 1e).[°?] Particularly, the cross-coupling
reactions of two different quinolines could be achieved
through additive regulation. Combined experimental and
computational mechanistic studies revealed the intertwined
EnT/SET process and offered guidelines for designing new
bridged polycyclic molecules. Of particular note, multi-
functional polymers and formal crossed products could be
accessed directly or via simple transformations.

Reaction Optimization

We commenced our studies using 8-methoxy quinoline 1a
as the model substrate to optimize the reaction (Figure 2).
First, as state-of-the-art energy transfer-mediated dearoma-
tive photocycloaddition of N-heteroarenes, Glorius’ elegant
protocols!*#] were applied to this substrate. All results
demonstrated that no detectable pseudo-dimeric product 2
was formed under Glorius’ conditions (entries 1-3). The
combination of PC-II and B,Pin,[>! gave 2 in a low yield
(entry 4). As shown in the bar charts at the top of
Figure 2, a range of reaction conditions were investigated.
TFA was found to be the superior additive through the
evaluation of different Lewis and Brgnsted acids. In addition,
the solvent has a significant effect on the dearomatization
reaction. No reaction occurred in trifluoroethanol (TFE)
or dichloromethane (DCM). And N,N-dimethylacetamide
(DMACc) emerged as the optimal solvent. The loading effect
investigation suggested 1.5 equiv of TFA was the best. These
screening studies revealed that product 2 could be regioselec-
tively prepared in good yield by catalysis with thioxanthone
as photocatalyst (5 mol%), TFA as additive in DMAc (entry
5). Photosensitizer [Ir(dF(CF;)ppy).(dtbbpy)]|PFs (PC-II)
proved to be less efficient (entry 6). Interestingly, the desired
product 2 was obtained with 21% yield with TFA alone
(entry 7). However, no product formation was observed in
the absence of acid or light (entries 8 and 9). The thermal
conditions (70 °C) did not promote the reaction (entry
10). A low yield was obtained under air conditions (entry
11). For methyl 8-quinoline carboxylate (1f), photosensitizer
5CzBN (PC-III) was identified as the optimal photocatalyst,
providing 7 in 95% yield (Table S6, entry 4). Both the acid
and solvent systems demonstrated significant influence on the
formation of 7 (Tables S7 and S8). TFA and DMSO were
found to be the superior additive and solvent. An additive-
based screening(®*! was subsequently performed to assess the
functional group tolerance, displaying a good tolerance for
unprotected alcohols, halides, and diverse heterocyclic com-
pounds. Conversely, basic amine functionalities and alkenes
seemed to inhibit product formation (Table S19).

Substrate Scope Investigation

With optimal conditions established, we then moved to
investigate the scope of N-heteroarenes bearing diverse
functional groups such as aryl, alkyl, alkenyl, heterocyclic, and
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ester groups. Pleasingly, a variety of functional groups were
well tolerated, thus highlighting the accessibility to a broad
library of pyridine-fused polycyclic products (Figure 3). First,
variations of the electron-rich substituents (—Me, —OMe,
and —Ph) at the 8-position of the quinoline ring were
examined. The corresponding pseudo-dimers (2—4) could be
obtained in decent yields. The structure of 3 has been further
confirmed by single crystal X-ray crystallography (CCDC:
2344938).14] Gratifyingly, thiophenyl and furanyl groups at
the 8-position of the quinoline ring were also compatible to
give corresponding products 5 and 6. Then, the applicability of
N-heteroarenes bearing various electron-withdrawing groups
(—CO,R, —COR, —CN, and —X) at the 8-position was
further investigated. Aromatic substrates with diverse ester
substituents, including those containing alkyl (1f, 1h, and 1i),
alkenyl (1g), and fluoroalkyl (1k) moieties, all performed
well under the optimized conditions, delivering polycyclic
products 7-13 in 41%-81% yields. The structure of 7 has
been further confirmed by single crystal X-ray crystallography
(CCDC:2344939).2 To our delight, 14 and 15 bearing —COMe
and —CN substituents could also be obtained in reasonable
yields. Substrates bearing halogen groups (—F, —Cl, and
—Br) proved effective substrates, affording the desired dimers
16-18 in decent yields (71%-74%). Moreover, 7-quinoline
carboxylate (1r) and 7-chloroquinoline (1s) proved amenable
to this dearomative coupling reaction (19 and 20). Substrate
1t bearing electron-rich substituent (—Me) at the 7-position
of the quinoline could also be tolerated. Notably, —Me and
—Cl substituents at the 6-position of the quinoline were also
applicable in this protocol, affording the desired products
(22 and 23). Furthermore, 2-substituted quinolines performed
well to deliver bridged products (24-27) in 38%—-62% yields.
Simple quinoline and o-phenanthroline also worked smoothly
thus providing polycyclized products 28 and 29. The structure
of 29 has been further confirmed by single crystal X-
ray crystallography (CCDC: 2344946).1°4] Some unsuccessful
substrates, such as pyridines, isoquinolines, and indoles, are
shown in Figure S3.

Various monomers bearing two quinolines with different
linkers were prepared and applied to this protocol to con-
struct functional polymers (Figure 4). The electron-deficient
monomers were able to react smoothly, producing polymers
P1-P3 with satisfactory Mys (up to 48.9 kg mol!) and
relatively low dispersities (M,,/M,, = 1.14-1.55) in good yields.
In addition, P1-P3 showed good solubilities in common polar
organic solvents such as DMF, DMSO, DMAc, DCM, and
tetrahydrofuran (THF). It is worth noting that the polymer
P4 could also be obtained from the electron-rich monomer
containing the alkoxy group in comparable yield with decent
M,, (0.96 kg mol~1) and low dispersity index (M/M, = 1.27).
Of note, P4 exhibited slightly poor solubility in THF, probably
due to the rigid structure of the connected benzene ring. This
dearomatization strategy therefore proved to be a powerful
tool for constructing ring-fused heterocyclic polymers.

Thermal Stability. The thermal stability of P1-P4 was
evaluated by thermogravimetric analysis (TGA). As shown
in Figure 41, the decomposition temperatures (7gs) of P1-
P4 at 5 wt% weight loss under nitrogen were 203-300 °C,
suggesting their high thermal resistance. The glass transition
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1 PC-ll (2 mol%), HFIP['42] 0

2 PC-Il (1 mol%), BF3-Et,0 (1.25 eq.), DCM!'4al 0

3 PC-Il (2 mol%), HCI (2.0 eq.), HFIPL4] 0

4 PC-Il (1 mol%), Bopin, (1.0 eq.), 1,4-Dioxanel'”] 9

5 None 68

6 PC-ll instead of PC-I 42

7 Without PC-I 21

8 Without TFA 0

9 Without light 0

10 Qil bath at 70 °C in the dark 0

11 Air instead of N, 23

Figure 2. Optimization of the reaction conditions. Standard conditions: 1
LEDs, RT, 24 h. ?Yields were determined by GC-FID using mesitylene as

temperatures (7,s) of the polymers were also measured by
differential scanning calorimetry, and the Ts of P1-P4 were
found to be 61, 150, 152, and 59 °C, respectively (Figures
S33D-36D). Therefore, the good thermal stability of these
polymers with different morphologies endows them with
application potential as carbon materials.

Photophysical Properties. Figure 4II shows the UV
absorption spectra of synthesized polyquinolines in THF. The
spectra of P1-P3 exhibited a strong absorption in the range of
330-405 nm with a maximum peak at 381, 374, and 370 nm,
respectively. No obvious absorption peak was observed in
the range of 330-405 nm for P4, while only at 298 nm. The
photoluminescence (PL) spectra of polyquinolines in THF are
shown in Figure 4III. Upon photoexcitation, polymers P1-

Angew. Chem. Int. Ed. 2025, €202513552 (4 of 12)

a (0.10 mmol), TFA (1.5 equiv), TXT (5 mol%), DMAc (1.0 mL), 390 nm
the internal standard.

P4 exhibited emission peaks centered at 480, 470, 476, and
484 nm, respectively.

Optimization and Substrate Scope for Cross-Coupling

After realizing homo coupling of quinolines, we investigated
whether this catalytic protocol is suitable for dearomative
cross-coupling between different quinolines (Figure 5a). First,
we investigated the homo coupling of substrate 1b and lag
under different acidic conditions, respectively (Tables S11 and
S12). The results showed that TFA promoted the dimerization
of 1b but suppressed that of lag. Instead, substrate lag
exhibited higher reactivity under weaker acidic conditions

© 2025 Wiley-VCH GmbH
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Figure 3. Substrate scope of the dimerization illustrated with various N-heteroarenes. Reaction conditions: 1 (0.40 mmol), TFA (1.5 equiv), TXT (5
mol%), DMAc (2.0 mL), 390 nm LEDs, RT, 24-36 h. 2 5CzBN (1 mol%) was used instead of TXT, and DMSO was used as solvent. ®) HOAc was used
instead of TFA.
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Figure 4. Substrate scope. Multifunctional polymers. () Thermogravimetry. (1) UV-vis absorption analysis. (1) Normalized PL spectra. Conditions:
1 (0.40 mmol), TFA (1.5 equiv), 5CzBN (1 mol%), DMSO (2.0 mL), 390 nm LEDs, RT, 24-36 h. 3 TXT (5 mol%) was used instead of 5CzBN, DMAc
was used as solvent. ®) Determined by GPC in THF using a linear polystyrene as calibration standard.

(HOAC). Furthermore, a screening of acid was subsequently
performed to evaluate the cross-coupling studies between
8-methylquinoline (1b) and 2-methylquinoline (lag) (Table
S13). In the presence of SCzBN and TFA, the reaction gave
the target products 30 and 30’ in 5% and 5% yields, respec-
tively (entry 1). Encouragingly, when weaker acid HCO,H
or HOAc was added, the yield of 30 was increased to 36%
or 53% (entries 2 and 3). However, Lewis acid (BF;-Et,0)
failed to effectively promote this transformation (entry 4).
5CzBN was found to be optimal through the evaluation of
different photocatalysts (Table S14). The polysulfide anion
photocatalyst developed by Chiba and coworkers was also
investigated.[®?! However, no (crossed) dimerization product
formation was observed (entry 6). Given the observation
of the self-polymerization byproducts during the reaction
process, the ratio of the starting materials was adjusted
(entries 7 and 8). When the ratio of 1b/lag was changed to
1:3, a higher yield (74%) was obtained (entry 8). A slightly

Angew. Chem. Int. Ed. 2025, €202513552 (6 of 12)

increased yield was achieved when the catalyst loading was
increased to 4 mol% (entry 9). Notably, this transformation
did not proceed in the absence of acidic conditions (entry 10).

With the optimized conditions in hand, the substrate scope
for cross-coupling reactions between different quinoline
molecules was explored (Figure 5b). First, model product
30 was obtained in 82% isolated yield, whose structure
was verified by single crystal X-ray crystallography (CCDC:
2415017).11 When using 8-methyl quinoline (1b) as aromatic
coupling partner, quinolines bearing various functionalities
at the C6, C7, and C8 positions could be converted into
the corresponding dearomative cross-coupling products 30—
36 in good yields. In addition to 8-Me quinoline, quinolines
with different substituents (—OMe, —Cl, and —Me) were
also applied to this transformation as coupling partners to
undergo dearomatizative cross-coupling of 2-methyl quino-
line, delivering polycyclic products 37-40 in 65%-74% yields.
Upon activation of PhCO,H, the quinoline with an ester
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9 1.0 3.0 5CzBN (4) HOAc (1.5) 83 3
10 1.0 3.0 5CzBN (4) - 0 0

Reactions were performed on a 0.10 mmol scale. Yields were determined by GC-FID using mesitylene as the internal standard.
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Figure 5. Catalytic dearomative cross-coupling of quinolines. a) Optimization for dearomative cross-coupling of quinolines; b) Substrate scope for
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Figure 6. Mechanistic studies. a) Light on/off experiments. b) Radical inhibition and capture experiments. c) UV-vis absorption analysis. d)
Stern—Volmer quenching studies. ) Comparison of various triplet photocatalysts. f) Kinetic profile. g—i) Deuterium-labeling experiments.

group could also act as an aromatic coupling partner in cross-
coupling to afford products 41 and 42 in reasonable yields.
When investigating the 1:1 ratio of substrates, we observed
reduced cross-product yields, highlighting the importance of
reactant stoichiometry. The yields of the corresponding homo
dimers were included in Figure S12, while the applicability
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of this cross-coupling reaction was summarized in Figure
S13. In conclusion, under weakly acidic conditions, quinolines
substituted at the 6-, 7-, or 8-position more readily serve
as aromatic coupling partners to disrupt the aromaticity
of quinoline substrates bearing weakly electron-donating
substituents.
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Figure 7. Calculated energy diagram for photo-induced dearomative coupling of N-heteroarenes.

Mechanistic Investigation

To shed light on our mechanistic hypothesis, a series of
mechanistic experiments were conducted (Figure 6). First,
light on/off experiments showed that the transformation
was interrupted in the absence of light, thus suggesting the
crucial role of light irradiation and ruling out a long radical
chain process (Figure 6a). Second, the dearomative process
was suppressed when adding radical inhibitor TEMPO or
BHT (Figure 6b, entries 1-3), which hints the radical nature
of the reaction. On the other hand, the standard reaction
was significantly inhibited in the presence of known triplet
quenchers, such as O;, 2,5-dimethylhexa-2,4-diene, or 1,1-
diphenylethylene (Figure 6b, entries 4-6). It suggests the
involvement of excited triplet-state intermediates in this
dearomative coupling process. Next, the photocatalyst thiox-
anthone (TXT) was found to be the only light-absorbing
species in the reaction near the excitation wavelength (Ayax
= 390 nm) from ultraviolet-visible (UV-vis) absorption
spectroscopy (Figure 6c). Then, a Stern—Volmer analysis
revealed that the luminescence emission of thioxanthone was
quenched efficiently by [la + TFA] mixture, whereas no
quenching was observed with 1a, which indicates that an
interaction between thioxanthone and [1la + TFA] existed in

Angew. Chem. Int. Ed. 2025, €202513552 (9 of 12)

the reaction medium (Figure 6d). To understand the nature of
their interaction, the comparison of a series of photocatalysts
with different properties was conducted (Figure 6e). As a
result, no obvious linear correlation between the yield of 2
and the triplet energy was observed. Moreover, the kinetic
profile of a standard reaction mixture of 1a (1f) with TFA
showed that the reaction proceeded very fast and did not have
obvious induction periods, with the majority of the product
formed within 6 h (Figure 6f). Meanwhile, substrate 1f showed
higher reactivity than 1a.

A series of deuterium-labeling experiments were
performed using deuterated quinoline or deuterated reagents
under standard conditions (Figures 6g—i). When using
deuterated quinoline at the 4 position (1b-D) as the starting
material, the deuterium atom at a position was retained,
and no deuterium incorporation onto other positions of the
obtained deuterated product 3-D was observed (Figure 6g).
Next, several deuterated reagents (ds-DMSO, d;-DMF, d,-
TFA) were used under standard conditions, and no deuterium
incorporation was observed in product 7 (Figure 6h). These
results implied that N-centered radical 2D~ is more likely
to be the intermediate participating in the HAT process,
rather than radical 2D€ (see the DFT in Figure 7). When
an additional 10 equiv deuterium water was added into the

© 2025 Wiley-VCH GmbH
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reaction system of substrate 1b, and obvious deuterations
of both b bridge-position (12% D and 52% D) were
incorporated in the obtained product 3D’ (Figure 6i). To rule
out the possibility of the formation of 3D’ from 1b-D’, a series
of control experiments were carried out. No product (3D’ or
1b-D’) was observed in the absence of TFA or light (entries
2-4), which indicated that a fast proton exchange might be
involved during the formation of some key intermediates.
For the cross-coupling reaction (Figure 5), the addition
of acids significantly influenced both the reaction efficiency
and selectivity, underscoring their pivotal role. Based on this
observation, we hypothesized that the acid additives were
binding to the quinolines through acid-base interactions, as
previously reported.[*'=#] To probe the interaction between
the excited photosensitizer (SCzBN*) and protonated quino-
lines, Stern—Volmer luminescence quenching experiments
were conducted (Figures S27 and S28). The results showed
that protonated quinolines (1b and 1ag, treated with TFA or
HOAC) effectively quenched the excited state of 5SCzBN*.
However, no consistent positive correlation was observed
between the quenching efficiency and the reaction yield. This
discrepancy suggests that the photosensitizer plays multiple
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H)s (15 mol%), Hantzsch Ester (3 eq.), DCE (1.0 mL), 60 °C, 16 h; h) 3 (0.10 mmol), AgF (3 eq.), MeCN (1.0 mL), RT, 8 h.

roles in the reaction system—instead, a more intricate
mechanism involving an intertwined EnT/SET pathway may
be involved. Furthermore, the kinetic profiles of the 1b/lag
cross-coupling reaction revealed distinct product distributions
under different acid conditions (Figure S27). TFA promoted
preferential formation of the homo dimer 3, while HOAc
converted the selectivity toward the cross-coupling product
30, despite inevitable formation of homo dimer 43.

Based on the aforementioned mechanistic studies and
further DFT calculations, a plausible mechanism is proposed
as outlined (Figure 7). Visible light excitation of the pho-
tocatalyst yields an excited state complex which sensitizes
the protonated quinoline 'A via an EnT process. Given the
computed spin densities on C2, C3, and C4 of 'A are 0.259,
0.037, and 0.483, respectively, the resulting triplet quinoline
species *A favors the addition onto C4 with protonated
quinoline 'A (Figure S58). Through transition state 3TS1,**
diradical 3A attacks protonated quinoline 'A to produce
a 1,4-triplet diradical *B.*#* DFT calculations also predict
that kinetically unfavorable 3,2'-radical addition between 'A
and 3A needs to overcome a higher free energy barrier,
32.0 kcal mol~! (via 3TS13?) compared to 4,4'-radical addition

© 2025 Wiley-VCH GmbH
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with 23.2 kcal mol~! (via 3TS1**). The photoexcited species
3TXT undergoes a single-electron oxidation by the resulting
diradical *B** to deliver radical cation *TXT and radical
intermediate 2C**N. During this process, rapid isomerization
occurs between 2C**N and 2C**C. Then, 2C**N undergoes
intramolecular radical addition to deliver N-centered radical
2DN via transition state 2TS2**N with an activation free
energy of 12.8 kcal mol~!. This process determines the
stereoselectivity. However, the other two pathways (via
278232 or 2TS24+C) will need to overcome the higher free
energy barriers (>30 kcal mol™!) to give carbon-centered
radical 2DC. Then, TFA engages in hydrogen atom abstraction
(HAA)I®] through transition state 2TS3 to give radical
intermediate 2E. A second HA A occurs subsequently to form
a benzyl radical 2F. Further dissociation of TFA produces
radical intermediate 2G, which can be oxidized by *TXT to
form corresponding cation 'H and simultaneously regenerates
the photocatalyst. Finally, a deprotonative aromatization of
'H delivers the thermodynamically favorable product 1.

Synthetic Transformations

To further demonstrate the synthetic potential of this proto-
col, scale-up reactions and further synthetic transformations
have been performed. As shown in Figure 8, pyridine-fused
polycyclic rings 3 (0.71 g) and 7 (1.17 g) have been prepared
in scale-up experiments with 62% and 78 % yield, respectively.
Basic hydrolysis of 7 afforded carboxylic acid 46 in good yield.
Based on the addition of amounts of Grignard reagents, com-
pound 7 reacted with 3.0 equiv or 6.0 equiv of MeMgl, afford-
ing 47 or 48 with one or two sterically encumbered tertiary
alcohols in 91% and 67% yield, respectively. The structure of
47 was further confirmed by single crystal X-ray crystallog-
raphy (CCDC: 2344947).1°] In addition, the allyl-protected
tertiary amine 49 was obtained from secondary amine 3 in
excellent yield. Moreover, compound 3 could be further selec-
tively brominated by NBS to deliver brominated product 50 in
excellent yield, which provides a supplement for the synthesis
of formal crossed products that were previously inaccessible.
Noteworthy, by treating 3 with mCPBA, a dearomatized
cyclohexadienone imide N-oxide 51 was isolated in decent
yield instead of a simple N-oxide. Furthermore, product 7
could be selectively hydrogenated in the presence of Hantzsch
ester to give hydrogenated product 52 in high yield.l! The
structures of 49-53 have been further confirmed by single
crystal X-ray crystallography (CCDC: 2344948-2344952).164]
Interestingly, an oxidative coupling of 3 in MeCN promoted
by AgF gave smooth entry into benzidine 53 bearing a four-
quinoline-linked skeleton in excellent yield, which enables
the leap from dimerization to tetramerization. Overall, this
dearomative coupling strategy could provide direct and
efficient access to various functionalized bridged polycycles.

Conclusion

In conclusion, we have developed a visible-light-induced
dearomative dimerization of N-heteroarenes via an inter-
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twined EnT/SET pathway, which allowed the facile synthesis
of highly pyridine-fused bridged polycyclic scaffolds. By
the regulation of additives, the catalytic dearomative cross-
coupling of two different quinolines could also be realized.
This strategy provides a straightforward avenue to pseudo-
dimers of N-heteroarenes using both aromatic compounds
as coupling partners. Furthermore, the construction of func-
tional polymers with unique architectures by this metal-free
visible light-mediated photocatalysis unlocks a novel synthetic
route to polyquinolines. We anticipate this work will find
substantial application in accelerating the development of
ring-fused heterocyclic compounds and polymer materials in
future research.
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