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 A robust route to a diverse set of 6-aminophenanthridines via 

palladium-catalyzed C–H activation of N-sulfonyl-2-

aminobiaryls and isocyanides insertion is reported. This 

transformation could also provide an important approach for 10 

building core framework of conjugated organic polymer 

materials. 

The phenanthridine core is an important structural unit present 

in a variety of natural products with wide-ranging biological 

activities and pharmacological properties.1 Moreover, they are 15 

also important frameworks in materials science because of their 

optoelectronic properties.2 In view of this, numerous methods 

used for the preparation of phenanthridines have been 

developed.3-5 Despite numerous processes reported to construct 

these molecular scaffolds, the preparation of 6-20 

aminophenanthridines (6APs) bearing diverse substituents at 

specific positions remains an attractive research area. 

Unfortunately, only a few examples were developed for 

constructing 6-aminophenanthridines.6 Meanwhile, they are 

widely known effective inhibitors of yeast prions and 25 

successfully used as drugs against mammalian prions.7 Thus, the 

development of new methodologies for the synthesis of 6-

aminophenanthridines is highly desirable. 

Isocyanides are powerful synthons in the formation of structur- 

ally appealing heteroarenes due to their amphoteric property.8 30 

Very recently, Studer and Yu et al. exploited a novel strategy to 

prepare 6-substituted phenanthridines via C-radical addition to 2-

isocyanobiphenyls.9 While  we were preparing this manuscript, 

Ji's group reported a Co(acac)2-catalyzed isocyanide insertion 

with 2-aryl anilines via homolytic aromatic substitution (HAS) 35 

type to 6-amino phenanthridine derivatives.9h In addition, the 

reactions of transition metal-catalyzed one-pot cyclization 

combined with isocyanides for the construction of various 

heterocycles have also become very attractive in modern organic 

synthesis.10 Our group has also discovered that 6-40 

aminophenanthridines could be prepared from 2'-bromo-[1,1'-

biphenyl]-2-amine and isocyanides (Scheme 1).11 However, the 

major limitation of this method is that the starting material should 

be prefunctionalized as ortho-halogenated anilines. In contrast, 

the C–H functionalization approach is more economical and 45 

environmental. And palladium-catalyzed functionalization of C–

H bonds to prepare useful N-containing heterocyclics is valuable 

and more applicable to industrial catalysis.12 Thus, we decided to 

investigate the synthesis of 6-aminophenanthridines (6APs) via 

Pd-catalyzed intramolecular C–H activation and isocyanide 50 

insertion (Scheme 1). 

. Scheme 1. The reaction hypothesis. 

With the standard condition in hand (see ESI for details), 

various N-sulfonyl-2-aminobiaryls and isocyanides were 

employed to explore this method’s functional group compatibility 55 

(Table 1). Substituent effect of the aniline moiety of 2-

phenylanilines was first evaluated under the optimized 

conditions. It was shown that both electron-donating groups  

Table 1. Substrate Scope of 6-Aminophenanthridines a  

 60 

NH2

N
H

Pd(0)

Pd(II)
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a Reaction conditions: All reactions were performed with 1a (0.1 mmol), 

2a (0.15 mmol), Pd(OAc)2 (10 mol %), NaHCO3 (0.2 mmol), Cu(OAc)2 

(0.2 mmol), and H2O (0.4 mmol) in DCE (2.0 mL ) at 120 oC for 12 h  

and electron-withdrawing groups on aryl rings reacted 

smoothly to afford the corresponding phenanthridinones 3aa-5 

3ha in good to excellent yields (53-90 %). At the same time, 

3ia, 3ja and 3ka were generated as the only product at the less 

hindered site when substrates bearing a meta substituent.
13

 In 

addition to 3ja, the yields of 3ia-3ma were satisfying. It was 

the same with 3la in good yield. When it came to the 10 

substituent effect of the 2-aryl moiety in N-sulfonyl-2-

aminobiaryls, the process bore a diverse array of substituents 

on ortho, meta and para positions, including alkyl, aryl, 

halogen, ester, nitrile, and trifluoromethyl groups, which 

worked well and gave the desired products in good yields 15 

(3na-3ua). As expected, it is also applicable to heteroaromatic 

system such as benzothiophene, giving 3wa in good yield. In 

terms of various isocyanides investigated, isocyanides 

(isocyanocyclohexane, 2-isocyano-2,4,4-trimethylpentane, 1-

isocyanobutane) were found to successfully undergo insertion 20 

and cyclization,  and 3ad was obtained without the cleavage 

of Ts group. 

 
Scheme 2. Kinetic isotope experiments 

In order to gain insight into this reaction, we have 25 

developed an intermolecular kinetic isotope experiment by the 

employment of equivalent N-sulfonyl-2-aminobiaryl (1a) and 

its deuterated analogues 1a–d
5
 under the standard condition 

except the reaction time was reduced to 2 h (Scheme 2). 

Through the kinetic isotope effect of 1.5, the C–H activation 30 

mechanism was supported in our reaction. 

 
Scheme 3. Study of the intermediate C 

A plausible mechanism for the synthesis of 6-

aminophenanthridines is depicted in Scheme 4. The reaction 35 

is initiated by the reaction of Pd
II
 with 1 to form the 

palladacycle intermediate A,
14

 followed by the migratory 

insertion of 2 into A to provide intermediate B.
15

 Subsequent 

reductive elimination of intermediate B forms Pd
0
 and 

intermediate C.  And we were delightly to synthesize our 40 

intermediate C (Schem 3). Then with the aid of H2O and base, 

Ts group is easily cleaved out of C to afford the desired 

product 3. Finally, the active Pd
II
 species is regenerated by 

oxidation of Cu
II
 salts and finished  the catalytic cycle.  

 45 

Scheme 4. Possible Catalytic Cycle. 

It is noteworthy that 6-aminophenanthridines which the 

nitrogen are substituented can be further transformed to free 

amine product (4) from the deprotection of TFA.
16

 Moreover, 

the pyridin-2-amine skeleton derived from 6-50 

aminophenanthridine is an important and reactive class of 

compound that it can enables rapid formation of the extended 

conjugated molecules (5) (Scheme 5).
17

 And in addition, 

compound 5 was an important core framework of conjugated 

organic polymer materials.
18

 55 

 
Scheme 5. Reaction with 6-aminophenanthridine 

In summary, a novel C–H activation and isocyanide 

insertion of N-sulfonyl-2-aminobiaryls for the synthesis of the 

corresponding functionalized 6-aminophenanthridines has 60 

been developed. From a synthetic point of view, this protocol 

represents a simple, efficient and practical way to construct 6-

aminophenanthridines with diverse functional groups in good 

yields with high regioselectivity. The application of this 

method to the synthesis of 6-aminophenanthridine derivatives 65 

and other heterocyclic compounds is ongoing in our 

laboratory. 
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