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Cascade intramolecular imidoylation and C−H activation/annulat-
ion of benzimidoyl chlorides with alkynes: one-pot synthesis of 7H-
dibenzo[de,h]quinoline analogues
Jiao Liu, Hao Fang, Rui Cheng, Zhishuo Wang, Yudong Yang,* and Jingsong You* 

Reported herein is a cascade Lewis acid-promoted intramolecular 
Friedel–Crafts-type imidoylation and Rh(III)-catalyzed C–H 
activation/annulation of benzimidoyl chlorides and alkynes, 
providing a general and concise one-pot approach to 7H-
dibenzo[de,h]quinoline analogues. This divergent approach is 
based on a convergent retrosynthetic disconnection strategy.

The 7H-dibenzo[de,h]quinoline analogues, such as 
chromeno[2,3,4-ij]isoquinolines, 7-methyl-7H-pyrido[4,3,2-
kl]acridines and 7H-dibenzo[de,h]quinolin-7-ones 
(oxoisoaporphines), widely exist in natural products and 
pharmaceuticals. Molecules containing these motifs often exhibit a 
broad spectrum of biological activities such as antiplasmodial, 
antifungal, antitumor and DNA binding activities (Scheme 1).1 
Conventional approaches to 7H-dibenzo[de,h]quinoline analogues
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Scheme 1. Selected examples of 7H-dibenzo[de,h]quinoline 
derivatives and their heteroanalogues

mainly depend on sequential Suzuki cross-coupling/nucleophilic 
aromatic substitution/anionic cascade ring-closing reaction (for C7-
heteroanalogues of 7H-dibenzo[de,h]quinolines, Scheme 2a),2 and 
successive thermal cyclization of phthalimide derivatives at an 
extremely high temperature (for 7H-dibenzo[de,h]quinolin-7-ones, 
Scheme 2b).1g,1j,3 Despite the significance of these methods, they 
typically suffer from tedious synthetic routes, low atom-/step- 
economy, poor functional group tolerance and harsh reaction
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conditions. Therefore, the development of a more general, concise 
and efficient method for the synthesis of 7H-dibenzo[de,h]quinoline 
analogues is still in high demand.

In the past decade, transition metal-catalyzed annulation of 
aromatic compounds with alkynes through chelation-assisted C–H 
activation has emerged as one of the most straightforward and 
efficient methods to construct polycyclic (hetero)aromatic 
compounds.4,5 In particular, the redox-neutral C–H 
activation/annulation reaction is highly attractive owing to the 
obviation of external metal oxidants.6 Moreover, this strategy may 
provide a completely different retrosynthetic opportunity for the 
synthesis of complex molecules. Indeed, the retrosynthetic analysis 
of 7H-dibenzo[de,h]quinoline derivatives and their C7-aza/-oxa 
analogues suggests that the pyridyl ring (ring A) could be constructed 
by the annulation of an oxime with an alkyne component. The ring B 
could be accessed via an intramolecular Friedel–Crafts-type 
imidoylation (Scheme 2c). Based on this convergent retrosynthetic 
logic, herein we disclose a cascade Lewis acid-promoted 
intramolecular Friedel–Crafts-type imidoylation and Rh(III)-catalyzed 
C–H activation/annulation using benzimidoyl chlorides and alkynes 
as the starting materials, providing a divergent synthetic short-cut to 
7H-dibenzo[de,h]quinoline deriv-atives and their C7-aza/-oxa 
analogues. This reaction features a broad substrate scope, excellent 
functional group tolerance, good regioselectivity and high step-
economy. Notably, the directing group in this reaction plays triple 
roles as a chelation-assisted group, internal oxidant and incorporated 
moiety in the final product.

With the retroanalysis in mind, N-hydroxy-2-phenoxybenzimidoyl 
chloride 1a was initially synthesized and selected as the model 
substrate (Table S1). Reaction of 1a (0.10 mmol) with 
diphenylacetylene 2a (0.15 mmol) gave rise to chromeno[2,3,4-
ij]isoquinoline 3a in 35% yield in the presence of [Cp*RhCl2]2 (5 
mol %), AgSbF6(20 mol %), PivOH (2.0 equiv) and Zn(OAc)2·2H2O (1.0 
equiv) in DCE at 140 °C under nitrogen atmosphere for 24 h (Table 
S1, entry 1). Other Lewis acids such as Zn(OTf)2, Mn(OAc)2, 
Ni(OAc)2·4H2O, Mg(OAc)2·2H2O and bases such as LiOAc and CsOAc 
were proven to be less efficient in this transformation (Table S1, 
entries 2-7). Lowering the reaction temperature to 120 °C could 
slightly improve the yield to 40% (Table S1, entry 8). Further lowering 
the temperature led to a diminished yield (Table S1, entries 9 and 10). 
An improved yield of 67% was observed in the absence of PivOH, 
indicating the detrimental effect of PivOH to this reaction (Table S1, 
entry 11). Adjusting the stoichiometric ratio of 1a:2a to 1.5:1 led to 
87% yield (Table S1, entry 13). In addition, no desired product was 
detected in the absence of either [Cp*RhCl2]2 or AgSbF6, suggesting 
the essential role of these two additives (Table S1, entries 14 and 15).  
Only trace amounts of the desired product was detected when 
[Cp*Co(CO)I2]2 was employed as the catalyst (Table S1, entry 17). 
Finally, the optimal reaction conditions were assigned as follow: 
[Cp*RhCl2]2 (5 mol %), AgSbF6 (20 mol %), and Zn(OAc)2 (1.0 equiv) in 
DCE at 120 °C under N2 for 24 h.

With the optimized reaction conditions in hand, we investigated 
the scope of substrates (Table 1). A variety of N-hydroxy-2-
aryloxybenzimidoyl chlorides 1 could smoothly react with diphenyl 
alkyne 2a under the standard condition (3a-3e). Common functional 
groups including -COOMe, -Br, -Me and -OMe were tolerated (3b-3e). 
Typically, the substrates with the electron-donating group on the 

phenyl ring gave higher yields than their analogues with the electron-
withdrawing group (3b and 3c vs 3d and 3e). Notably, the electronic 
nature of substituents on phenyl ring had a significant influence on 
the regioselectivity of C−H activation. The relatively more electronic-
rich aryl ring typically preferred to undergo the annulation with an 
alkyne, implying that an electrophilic aromatic substitution (SEAr) 
process might be involved in the C−H rhodation step (3b, 3c and 3e).7 

However, an exception was found in the case of product 3d, probably 
owing to the large steric effect of -Me. The Aryl alkyl, dialkyl and 
diaryl acetylenes with various electronically different substituents 
were also suitable substrates (3f-3o). When aryl alkyl alkynes were 
subjected to the reaction, the C−N bond formation tended to take 
place at the acetylene carbon neighboring to the aryl substituent (3f 
and 3g). In addition, the X-ray single crystal diffraction of 3b, 3d, 3e 
and 3f further confirmed the product structures. It is worth noting 
that only H2O and HCl were produced as the by-products in this 
reaction. Notably, N-acetoxy-2-phenoxybenzimidoyl chloride 1f was 
also proved to be an effective substrate, giving the desired product 
3a in 49% yield. However, the attempt with a N-methoxy-analogue 
(1g) was failed. Additionally, the reaction of 1a and phenylacetylene 
failed to deliver the desired product.
Table 1. Scope of N-hydroxy-2-phenoxybenzimidoyl chlorides 
and alkynesa
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3j, R1 = R2 = 4-t-BuC6H4, 76%
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a Reaction condition A: 1 (0.15 mmol), 2 (0.10 mmol), [Cp*RhCl2]2 (5 
mol %), AgSbF6 (20 mol %), Zn(OAc)2 (1.0 equiv) and DCE (2 mL) at 
120 °C under N2 for 24 h. Isolated yield. DCE = 1,2-dichloroethane.
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Table 2. Scope of N-methoxy-2-(methyl(phenyl)amino)benzimidoyl 
chlorides and alkynesa

N

F N

Ph
Ph

Me
R2

R1

5a, R1 = R2 = H, 89%, (87%)b

5b, R1 = Cl, R2 = H, 40%
5c, R1 = H, R2 = Cl, 35%
5d, R1 = Br, R2 = H, 38%
5e, R1 = H, R2 = Me, 44%
5f, R1 = R2 = OMe, 73%

N

F N

R
R

Me

5i, R = naphthalene-2-yl, 85%
5j, R = 4-MeC6H4, 97%
5k, R = 3-MeC6H4, 99%
5l, R = 4-OMeC6H4, 80%
5m, R = 3-OMeC6H4, 99%
5n, R = 4-FC6H4,94%
5o, R = CH2OEt, 66%
5p, R = Et, 97%

N

F N

Ph
Ph

Et
5g, 95%

N

F N

Ph
Ph

5h, 56%

[Rh]/AgSbF6
Zn(OAc)2• 2H2O, PivOH

DCE, 140 oC, N2

24 5
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F N

R
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Me
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Cl
Me

N
OMe
F R1

R2
R1

R2

a Reaction condition B: 4 (0.15 mmol), 2 (0.1 mmol), [Cp*RhCl2]2 (5 
mol %), AgSbF6 (20 mol %), Zn(OAc)2·2H2O (0.1 mmol), PivOH (0.2 
mmol) and DCE (2 mL) at 140 °C under N2 for 12 h. Isolated yield. b 1 
mmol scale. DCE = 1,2-dichloroethane.

Encouraged by these results, the cascade reaction for the 
synthesis of pyrido[4,3,2-kl]acridine derivatives was carried out 
(Table 2). Under a slightly modified reaction condition, N-
methoxy benzimidoyl chlorines 4 could smoothly react with 
acetylenes 2, giving the desired products 5 in moderate to 
excellent yields. This reaction exhibited a broad substrate scope 
for both N-methoxy benzimidoyl chlorines and acetylenes (5a-
5p). Similarly, the electron-donating substituents on the phenyl 
ring of 4 showed a positive effect on the yield (5f vs 5b-5e). 
However, terminal alkynes did not work in this reaction, as 
exemplified by the reaction of 4a with phenylacetylene.
Table 3. Scope of 2-benzyl-N-methoxybenzimidoyl chloride and 
alkynesa

7a, R = Ph, 83%
7b, R = 4-t-BuC6H4, 75%
7c, R = 3-MeC6H4, 76%

N

O

R
R N

O

R
R

7d, R = 4-BrC6H4, 95%

NNCl
OMe

+

R

R
O

26 7

[Rh]/AgSbF6
Cu(OAc)2, PivOH
TFE, 120 oC, O2

R
R

a Reaction condition C: 2 (0.1 mmol), 6 (0.15 mmol), [Cp*RhCl2]2 (5 
mol %), AgSbF6 (20 mol %), Cu(OAc)2 (0.3 mmol), PivOH (0.2 mmol) 
and TFE (2 mL) at 120 °C under O2 for 24 h. Isolated yield. TFE = 2,2,2-
trifluoroethanol.

The reaction of 2-benzoyl-N-methoxybenzimidoyl chloride and 
diphenyl acetylene under the reaction conditions A and B were 
conducted for the synthesis of oxoisoaporphine derivative. However, 
no desired product was detected perhaps because the strong 
electron-withdrawing effect of the carbonyl group inhibits the 
intramolecular Friedel–Crafts-type ring closure. To our delight, the 
cascade annulation of 2-benzyl-N-methoxybenzimidoyl chloride 6 
and alkynes 2 could furnish the oxoisoaporphine derivatives 7 in 
good to excellent yields in the presence of a Cu(OAc)2/O2 oxidative 
system (Table 3). 
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Scheme 3. Mechanistic investigation

To gain some insights into the reaction mechanism, several control 
experiments were conducted. First, the reaction of benzimidoyl 
chloride 4a in the absence of acetylene under the standard condition 
B gave 8 in 51% yield. Further reaction of 8 and diphenyl acetylene 
1a could deliver 5a in 92% yield (Scheme 3a). These results suggested 
an intramolecular Friedel–Crafts imidoylation/C–H 
activation/annulatuion sequence for this cascade reaction. In 
addition, the imidoylation could proceed well in the absence of 
[Cp*RhCl2]2 and AgSbF6 (Scheme 3b). However, only trace amounts 
of the desired product 8 was detected in the absence of 
Zn(OAc)2·2H2O (Scheme 3b). These results indicated that the 
Friedel–Crafts imidoylation was mainly mediated by Zn(OAc)2 rather 
than rhodium or silver species. Additionally, treatment of oxime 9 
with diphenyl alkyne 2a under the condition C provided the 
corresponding annulated product 7a in 77% yield (Scheme 3c). This 
observation implied that oxime 9 might be an intermediate in the 
cascade annulation of 6 and alkynes 2. Considering that 2-benzoyl-N-
methoxybenzimidoyl chloride is not an effective substrate in this 
cascade reaction, the oxidation of the methylene group might take 
place after the intramolecular imidoylation but before the 
annulation with alkynes. Finally, in the reaction mixture of 4a with 
stoichiometric amounts of [Cp*RhCl2]2 (condition B, 120 °C), a 
cationic rhodacycle complex was detected by ESI-HRMS ([M]+ calcd. 
493.1157, found 493.1157), suggesting a C−H activation process was 
involved (Scheme 3d).
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Based on the above observations and previous reports8, a 
tentative reaction mechanism is proposed (Scheme 4). First, a 
cationic rhodium species is produced by chloride abstraction with 
AgSbF6. Then, an oxime-directed ortho C−H rhodation of 8, which is 
generated by Zn(OAc)2-mediated intramolecular Friedel–Crafts-type 
imidoylation of N-methoxy benzimidoyl chlorines 4a, delivers a five-
membered rhodacycle species IM1. Following migratory insertion of 
the alkyne 2a delivers rhodacycle IM3, which then undergoes a 
redox-neutral process to furnish the desired product 5a with the re-
lease of rhodium catalyst for the next catalytic cycle.

[Cp*RhCl2]2

Cp*Rh(SbF6)2

AgSbF6

N

N Rh
Cp*

MeO

IM1Me

F

N

N Rh
Cp*

MeO

IM2

Ph

Ph

Me

F

N

N
Rh

Ph

PhCp*

MeO

IM3 Me

F

8

intramolecular
Friedel-Crafts
imidoylation

N

N
OMe

HF

Me

4a

Zn(OAc)2•2H2O

PhPh

migratory
insertion

H

5a MeOH

H

+

SbF6

SbF6

SbF6

AgCl

Scheme 4. Plausible mechanistic pathway.

In summary, we have developed a general, concise and efficient 
protocol for the synthesis of 7H-dibenzo[de,h]quinoline analogues 
via a cascade Lewis acid-promoted intramolecular Friedel–Crafts-
type imidoylation and Rh(III)-catalyzed C–H activation/annulation of 
benzimidoyl chlorides with alkynes. This reaction features a broad 
substrate scope, good functional group tolerance and excellent 
regioselectivity, and could enable rapid scaffold diversification. A 
variety of chromeno[2,3,4-ij]isoquinoline, 7-methyl-7H-pyrido[4,3,2-
kl]acridine and 7H-dibenzo[de,h]quinolin-7-one could be obtained in 
this cascade reaction. Studies on the application of this reaction to 
the exploitation of bioactive molecules are ongoing in our laboratory.
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