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It is important to achieve diverse functionalization of tertiary 

anilines due to its importance in biological molecules, 

pharmaceutical, function materials, ligands. A straightforward 

Pd/Cu-catalyzed oxidative C-H bond activation/N-dealkylative 

carbonylation of tertiary [1, 1'-biphenyl]-2-anilines towards the 

synthesis of various biologically important phenanthridin-6(5H)-

ones has been developed. A wide range of functional groups are 

well tolerated in this transformation. Moreover, O2 is utilized as 

the terminal oxidant to promote the oxidative carbonylation 

process. 

Tertiary anilines represent not only core structures in biological 

molecules, pharmaceutical, function materials and ligands,1 but also 

readily accessible starting materials and important building blocks in 

organic synthesis.2 Recently, C-N bond activation3 has attracted 

more attention and become a hot research topic which provide us a 

novel tool to achieve the modification of tertiary anilines. To the best 

of our knowledge, most C-N bond activation of anilines focused on 

the cross-coupling of Csp2-N bond with organometallic reagents, and 

electrophilic cyclization.4 It still remains a great challenge to achieve 

diverse functionalization of tertiary anilines. According to our 
previous work,5 it is reliable and efficient to combine the C-N bond 

activation with C-H oxidative carbonylation to construct important 

amide derivatives. As a new protocol on the rise, the C-H 

carbonylation is now widely recognized as a very important and 

potential tool in organic chemistry, which meets the requirement of 

“atom economy” and “green chemistry”.6 We envisage that 

phenanthridinone scaffold could be readily constructed starting from 

o-arylanilines via Pd/Cu-catalyzed aerobic oxidative aromatic C-H 

bond activation/N-dealkylative carbonylation. 

Phenanthridinone is an important scaffold found in many natural 

products and synthetic compounds with various biological activities 
(Scheme 1).7 Consequently, considerable efforts have been made to 

develop efficient methods for the synthesis of phenanthridinone 

derivatives. However, most of these methods involve multistep 

procedures under harsh reaction conditions.8 Through our protocol, 

phenanthridinones could be constructed in one step from easily 

prepared tertiary o-arylanilines and CO. 
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Our experiment study was initiated by treating N, N-dimethyl-[1, 

1'-biphenyl]-2-anilines (1a) in the presence of 1 atm CO/O2 gas 

mixture (Table 1). By optimizing various reaction parameters, we 

found the best results with the combination of a catalytic amount of 

PdCl2, Cu(OAc)2•H2O, AcOH in a mixed solvent of toluene and 

DMA using O2 as the terminal oxidant at 110 oC. Under the 

optimized conditions, a 80% yield of N-methylphenanthridin-6(5H)-

one (2a) was obtained after 24 h. No product was detected without 

the assistance of copper or palladium catalysts (Table 1, entries 2 

and 3). Replacing PdCl2 with PdCl2(PPh3)2 or Pd(OAc)2 diminished 
the reaction yield (Table 1, entries 4 and 5). Additionally, anhydrous 

Cu(OAc)2 and Cu(OPiv)2 showed lower efficiency as well (Table 1, 

entries 6 and 7). The use of CO/air instead of CO/O2 afforded much 

less desired carbonylation product (Table 1, entry 8). When DMA 

was removed, only trace amount of the desired product could be 
detected (Table 1, entry 9). The variation of the mixed solvent also 

led to lower yields (Table 1, entries 10 and 11). Inferior result was 

acquired with a decreased reaction temperature (Table 1, entry 12). 

Without AcOH, only 42% yield of N-methylphenanthridin-6(5H)-

one was obtained (Table 1, entry 13). 

Table 1. Palladium / copper-catalyzed oxidative intramolecular N-
dealkylative carbonylation of 1a: effects of reaction parameters 

 
Entry Variation from "standard conditions" Yield%[a] 
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1 none 80(75) 

2 No Cu(OAc)2 •H2O 0 

3 No PdCl2 0 

4 Pd(OAc)2 instead of PdCl2 17 

5 PdCl2(PPh3)2 instead of PdCl2 69 

6 Cu(OAc)2 instead of Cu(OAc)2 •H2O 70 

7 Cu(OPiv)2 instead of Cu(OAc)2 •H2O 69 

8 CO/air = 3/ 1 40 

9 1.0 mL toluene instead of mixed solvent 0 

10 0.2 mL DMSO instead of DMA 68 

11 0.2 mL DMF instead of DMA 57 

12 90 oC instead of 110 oC 52 

13 No AcOH 42 

[a] Standard reaction conditions : 1a (0.2 mmol), PdCl2 (10 mol%), Cu(OAc)2 •H2O 

(30 mol%), AcOH (40 mol%), CO/O2 =2/1, toluene/DMA =1.0/0.2, 110 
o
C, 24 h. 

The yields were determined by GC, and were calibrated using biphenyl as the 

internal standard. 

Scheme 2. Palladium/copper-catalyzed intramolecular oxidative N-
dealkylative carbonylation of tertiary biphenyl-2-anilines 1. 

 
1 (0.2 mmol), PdCl2 (10 mol%), Cu(OAc)2 •H2O (30 mol%), AcOH (40 mol%), CO/O2 =2/1, 

toluene/DMA =1.0/0.2, 110 
o
C, 24 h. Isolated yield.  

With the optimized conditions in hand, the carbonylation of a 

variety of tertiary [1, 1'-biphenyl]-2-anilines was tested (Scheme 2). 

In general, electron-donating substituents on aniline ring of 

biphenyl-2-amine derivatives were well tolerated under the current 

conditions (2b, 2c and 2d). The site of methyl has less influence on 

the yield. On the other hand, strong electron-withdrawing groups 

lowered the yield (2e and 2f). Substrate substituted with halogens 

including Cl and Br furnished the corresponding carbonylation 
products in good yields (2g, 2h and 2i), which can provide useful 

handles for further synthetic transformations. 

Scheme 3. Palladium/copper-catalyzed intramolecular oxidative N-
dealkylative carbonylation of biphenyl-2-amine derivatives 1. 

 
1 (0.2 mmol), PdCl2 (10 mol%), Cu(OAc)2 •H2O (30 mol%), AcOH (40 mol%), CO/O2 = 

2/1, toluene/DMA =1.0/0.2, 110 
o
C, 24 h. Isolated yield. 

a
 N, N-diethyl-[1, 1'-biphenyl]-

2-amine as the substrate. 
b
 N-methyl-N-ethyl-[1, 1'-biphenyl]-2-amine as the substrate. 

c
 N, N-dibenzyl-[1, 1'-biphenyl]-2-amine as the substrate. 

Furthermore, this protocol could also be applied to tertiary 

biphenyl-2-anilines with substitutes on the other benzene ring 

(Scheme 3). Halogens like -F, -Cl are well tolerated, which provided 

the opportunities of further functionalization (2j and 2k). The 

reaction underwent smoothly to give the corresponding lactams in 

high yields with electron-rich groups (2m and 2n). When electron 
deficient N, N-dimethyl-4'-(trifluoromethyl)biphenyl-2-amine was 

used, 40% yield of desired product was obtained (2l). The position 

of the substituted groups have little influence on this reaction (2o 

and 2p). In addition, the carbonylation product was attained in 

moderate to good yield by utilizing N, N-dimethyl-2-(naphthalen-1-

yl)aniline (2q). 

Scheme 4 Application of palladium/copper-catalyzed intramolecular 
oxidative N-dealkylative carbonylation 

 

When N, N-diethyl-[1, 1'-biphenyl]-2-amine 1r was utilized as the 

substrate, the desired product could be obtained in 72% yield 

(Scheme 3). While the standard reaction of tertiary [1, 1'-biphenyl]-

2-anilines 1s gave the mixture of 2r/2a(1.15/1) which indicated that 
methyl group was easier to remove. On the other hand, when we 

used N, N-dibenzyl-[1, 1'-biphenyl]-2-amine 1t as the substrate, only 

35% desired product was obtained. At the meantime, we got 65% 

benzaldehyde as the by-product which showed that the alkyl group 

was transferred to aldehyde after C-N bond activation. After testing 

different heteroaryl substituted tertiary anilines N, N-dimethyl-2-
(thiophen-2-yl)aniline and 2-(furan-2-yl)-N, N-dimethylaniline, we 

get 35% and 47% yields respectively. 
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To demonstrate the utility of this new protocol, we also developed 

a short route toward N-methylcrinasiadine, one of the important 

alkaloids derived from amaryllidaceae which might have 

cytotoxicities. According to the previous works, multistep 

procedures under harsh reaction conditions or complex substrates 

were involved.9 Through our protocol, we could achieve this product 

in 70% yield form easy-prepared corresponding tertiary aniline 
(Scheme 4).  

Based on the above observations and previous reports, we 

proposed the following catalytic cycle for this intramolecular 

oxidative C-H bond activation/N-dealkylative carbonylation reaction 

(Scheme 5). Taking the reaction of 1a as an example, the Pd-
catalyzed aerobic C-N bond activation of 1a slowly releases the 

intermediate I(SI). Then, Pd(II) complex I undergoes sequential CO 

insertion to generate the key intermediate II, followed by oriented C-

H bond activation to achieve seven-membered palladacycle III. 

Finally, reductive elimination occurs to form the product 2a, and 

releases the Pd(0) species, which is re-oxidized by O2 with the 

assistance of the copper co-catalyst to regenerate Pd(II) complex. 

Scheme 5 Proposed mechanism 

 

Conclusions 

In conclusion, we have developed a novel palladium/copper-

catalyzed intramolecular aerobic oxidative C-H bond activation/N-

dealkylative carbonylation reaction of tertiary biphenyl-2-amines. 
This transformation provides an effective and straightforward 

protocol towards the synthesis of biologically and synthetically 

useful phenanthridinones from widely available substrates. Moderate 

to good yields were obtained and a variety of functional groups were 

tolerated as well. Therefore, we anticipate that this work will 

contribute substantially to the development of next generation 

carbonylation of amines. 
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