
This is an Accepted Manuscript, which has been through the  
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. We will replace this Accepted Manuscript with the edited 
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the 
author guidelines.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the ethical guidelines, outlined 
in our author and reviewer resource centre, still apply. In no 
event shall the Royal Society of Chemistry be held responsible 
for any errors or omissions in this Accepted Manuscript or any 
consequences arising from the use of any information it contains. 

Accepted Manuscript

rsc.li/chemcomm

ChemComm
Chemical Communications
www.rsc.org/chemcomm

ISSN 1359-7345

COMMUNICATION
Marilyn M. Olmstead, Alan L. Balch, Josep M. Poblet, Luis Echegoyen et al. 
Reactivity diff erences of Sc

3
N@C

2n
 (2n = 68 and 80). Synthesis of the 

fi rst methanofullerene derivatives of Sc
3
N@D

5h
-C

80

Volume 52 Number 1 4 January 2016 Pages 1–216

ChemComm
Chemical Communications

View Article Online
View Journal

This article can be cited before page numbers have been issued, to do this please use:  Y. Jaiswal, Y.

Kumar, J. Pal, R. Subramanian and A. Kumar, Chem. Commun., 2018, DOI: 10.1039/C8CC03556C.

http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/
http://dx.doi.org/10.1039/c8cc03556c
http://pubs.rsc.org/en/journals/journal/CC
http://crossmark.crossref.org/dialog/?doi=10.1039/C8CC03556C&domain=pdf&date_stamp=2018-06-05


Journal Name  

COMMUNICATION 

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 1 

Please do not adjust margins 

Please do not adjust margins 

Department of Chemistry, Indian Institute of Technology Patna, Bihta 801106, 

Bihar, India 

*E-mail: amitkt@iitp.ac.in or amitktiitk@gmail.com 

Electronic Supplementary Information (ESI) available: [details of any 

supplementary information available should be included here]. See 

DOI: 10.1039/x0xx00000x 

978 

Received 00th January 20xx, 

Accepted 00th January 20xx 

DOI: 10.1039/x0xx00000x 

www.rsc.org/ 

Rapid Synthesis of Polysubstituted Phenanthridines from Simple 

Aliphatic/Aromatic Nitriles and Iodo Arenes via Pd(II) Catalyzed 

Domino C-C/C-C/C-N Bonds Formation  

Yogesh Jaiswal, Yogesh Kumar, Jagannath Pal, Ranga Subramanian and Amit 
Kumar

*

An efficient and straightforward method has been developed for 

the synthesis of polysubstituted phenanthridines from simple aryl 

iodides and alkyl/aryl nitriles via the palladium-catalyzed 

nucleophilic addition of aryl iodides to nitriles followed by cascade 

formation of C-C and C-N bonds viz in-situ generated imine 

directed sequential two fold C-H activation.   

Carbon-carbon and carbon-nitrogen bonds are ubiquitously 

present in most of the natural and synthetic made organic 

molecules, particularly in heterocyclic frameworks. The 

constructions of these bonds are arguably the most 

challenging and important aspect for organic chemists. Hence, 

the designing of catalytic strategies for multiple bonds (C-C/C-

C/C-N) formation in a one-pot manner viz domino approach 

using an inexpensive substrate with the simple catalytic 

system is a highly desirable and continuous effort in 

contemporary organic synthesis.
1,2 

Functionalized heterocyclic 

compounds, for instance, substituted phenanthridines are the 

key structural motif that found in many natural products and 

biologically relevant compounds (Figure 1).
3,4 

As a 

consequence of their diverse applications, several classical
5
 

and new synthetic methods such as radical mediated 

reaction,
6
 metal catalyzed cross coupling

7
 and photochemical 

approaches
8
 have been developed for the synthesis of 

phenanthridine motifs. Although a number of protocols are 

available for their preparation, a majority of the strategy relies 

on radical mediated chemical or photochemical reactions, 

which essentially requires pre-functionalized starting 

materials. Therefore, decreasing the overall efficacy of the 

developed methods and not satisfying the green and 

sustainability aspect of chemistry. 

With this understanding and our research interest in the 

development of a new synthetic methodology for the  
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Figure 1. Bio-active compounds containing a phenanthridine core. 

construction of important heterocyclic molecules from readily 

available starting materials.
10

 We envisioned that the rapid 

synthesis of biologically relevant phenanthridine derivatives 

could be achieved in a one-pot manner from aryl iodides and 

alkyl/aryl nitriles viz palladium catalyzed nucleophilic addition 

of aryl iodides to nitriles, which would eventually generate 

imine in-situ followed by cascade formation of C-C and C-N 

bonds via imine directed sequential two fold C-H activation 

(Scheme 1). To the best of our knowledge, this is the first 

report in describing the synthesis of polysubstituted 

phenanthridines involving the Pd-catalyzed insertion of nitrile 

with dual C-H functionalization. 

NR1 NHR1

R1 CN +

I
R2

R2 R2
C-C/C-N C-C

R2

 

Scheme 1: Working Hypothesis  

Nitriles represent an important class of organic molecules 

which have been extensively utilized for the synthesis of 

nitrogen-containing heterocyclic frameworks
11

 and have a 

broad range of applications in polymer chemistry and 

pharmaceutical industry owing to their diverse variations.
12 

Transition metal- catalyzed nucleophilic addition on nitriles 

was elegantly demonstrated by Larock et al. for the synthesis 

of acyclic aryl ketone products.
13

 Since then, a remarkable 

advance in this field has been achieved. In 2013, Hsieh and co-
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workers reported a method for the synthesis of fluorenones 

from aryl iodides and aryl nitriles under palladium catalyzed 

conditions with limited substrate scope.
14 

Considering these 

facts and for validating our hypothesis, we began our 

investigation by selecting 2-phenylacetonitrile 1a and 

phenyliodide 2a as model substrates. In a general procedure, 

1a and 2a were treated with Pd(OAc)2 (10 mol%), AgBF4 (3.0 

equiv.) and TFA (20 mol%) in toluene at 130 
o
C for 48 h 

afforded the phenanthridine 3a, in 17% yield. However, the 

outcome of this results was quite opposite from the previously 

described method.
14 

We further optimized the reaction for this 

particular substrate by carrying out extensive screening of 

solvent, oxidant, ligand, time and temperature to obtain the 

optimum yield (for detailed optimization studies, see 

Supporting Information, Table S1-S5). After judicious 

optimization, we concluded that reaction of 1a with 

iodobenzene 2a in presence of Pd(OAc)2 (10 mol%), AgBF4 (3.0 

equiv.), JohnPhos (20 mol%), in DCE at 130 
o
C for 48 h afforded 

the product 3a in 80% yield (Scheme 2). Surprisingly, under the 

optimized reaction conditions, there was no evidence of α-

arylation, which was some concern due to the presence of 

active C-H bond adjacent to nitrile group.
15  

Scheme 2. Synthesis of phananthridiene from 1a and 2a 

Having obtained optimal reaction conditions, we set out to 

explore the scope of this unique approach with different 

aliphatic nitriles with respect to iodobenzene and the results 

are listed in Table 1. Initially, aryl-acetonitriles 1a-e bearing 

electron donating groups at different positions (ortho, meta, 

and para) were tested under optimized reaction conditions 

and furnished the desired product 3a-e in good yields(53-80%). 

Furthermore, when moderate electron withdrawing groups 

such as bromine, chlorine, fluorine were introduced at para-

position of an aryl ring, expected products 3f-h also procured 

in moderate to good yields (45-60%).  

Pleasingly, aryl nitriles carrying strong electron withdrawing 

group on phenyl ring such as -NO2 and -CF3, afforded the 

phenanthridine derivatives 3i-j in a reasonably good yields (61-

65%). Similarly, the presence of ester group at the para 

position does not affect the overall outcome of the 

transformation (3m, 61%) and there was no evidence of ortho- 

arylated product formation, which was a primary concern as 

ester group might act as a directing group. The reaction 

condition is also tolerant with sterically hindered nitriles such 

as diphenylacetonitrile 1o and α-methyl phenylacetonitrile 1p 

to produce the corresponding phenanthridines (65-68%, 3o-p). 

Similarly, phenylsulphonylacetonitirle was also compatible 

under the optimized reaction condition, affording 

sulfonylatedphenanthridine 3q albeit in moderate yield (50%), 

which is otherwise difficult to synthesize in one step. Next, 

linear chain aliphatic nitriles such as methyl, iso-butyl, propyl 

and pentyl nitriles were reacted well with iodobenzene under 

standard conditions to afford the corresponding products in 

moderate to good yields (3r-u, 45-62%). It is worthy to note 

that in case of short-chain aliphatic nitriles 1r-1u, further 

arylation occurred at the 4
th 

position of the phenanthridine 

ring and providing 4/6- substituted phenanthridine derivatives 

in low yields (3rr-uu, 15-20%).  

Table 1. Scope of Aliphatic Nitriles for the Synthesis of 

Phenanthridiene Derivatives
a 

 

a
Reaction Conditions: 1 (0.25 mmol), 2a (0.75 mmol), Pd(OAc)2 (10 mol%), AgBF4 

(0.75 mmol), JohnPhos (20 mol%) in 2.5 mL of DCE at 130 
o
C for 48 h. 

b
72 h.

 

We next examined the generality and limitation of this tandem 

approach for the synthesis of 6-aryl substituted 

phenanthridines by employing arylnitriles 4 with aryliodides 2 

as the coupling partner. To our delight, when arylnitriles 4a-g 

containing the electron donating groups such as methyl, 

methoxy, and 3,4-dioxy at various positions of the aromatic 

ring were subjected under similar reaction conditions, the 

desired products 5a-g isolated in a good yields (65-75%) with 

control of regioselectivity. The ambiguity of structure was 

eventually confirmed by the single-crystal X-ray diffraction 

analysis of 5c (CCDC no. and other details, see SI)
16 

in addition 

to the spectroscopic evidence. This high-level selectivity is an 

attractive feature of this reaction. Fortunately, when the 

reaction was carried out with 4 mmol of benzonitrile 4a under 

standard reaction conditions, the desired phenanthridine 5a 

was isolated in 56% yield along with some uncharacterized 

compounds and starting materials (15%). Reaction condition is 

also tolerant towards various halo functional groups at meta 

and para positions in the aryl nitriles component (5h-k, 58-

66%). Remarkably, the presence of strong electron-

withdrawing group such as trifluoromethyl at the para position 

did not hamper the overall efficiency of the product yield (5l, 

72%). To further diversify the scope of this transformation, 

another reaction partner, aryliodides containing either 
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electron-donating or electron withdrawing groups were also 

tested under similar conditions. Aryiodide containing an 

electron donating group (2n-o) at para position reacted well to 

afford desired product in good yields (5n-o, 60-73%). The 

reaction of meta-substituted aryl iodides 2p-q containing two 

possible sites for C-H bond activation proceeded with high 

regioselectivity to give the less-hindered regioisomeric 

products (5p-q, 50-63%).  

Table 2. Scope of Arylnitriles with Aryliodide for the Synthesis of 

Phenanthridine Derivatives.
a
 

 
a
Reaction Conditions: 4 (0.25 mmol), 2 (0.75 mmol), Pd(OAc)2 (10 mol%), 

AgBF4 (0.75 mmol), JohnPhos (20 mol%) in 2.5 mL of DCE at 130 
o
C for 48 h. 

b
72 h. 

d
Reaction was carried out at 4.0 mmol scale. 

 

Scheme 3. Control Experiments. 

Importantly, we observed that electron-rich aryl iodides were 

more reactive and gave better yields than those possessing 

electron withdrawing groups. Moreover, the reaction was 

unsuccessful with aryl iodides containing strong electron 

withdrawing groups such as ester and nitro groups. Of note, 

moderate electron withdrawing group survived well under 

reaction conditions. Further, tri-substituted phenanthridine 

derivatives were synthesized in good yield (5s-u, 55-70%).  

In order to understand the mechanistic aspect of this 

unprecedented transformation, some control experiments 

were performed (Scheme 3). Based on the outcome of this 

transformation, we believe that imine (in-situ generated) 

might be the potential reaction intermediate.
13,14

 To confirm 

our hypothesis imine 6 was treated with iodobenzene 2a 

under optimized conditions (Scheme 3a), and the desired 

product 5a was isolated in 55% yield. These results justify our 

hypothesis and in-situ generated pallada-imine species 

eventually direct the sequential formation of C-C and C-N 

bonds in a one-pot manner.  Similarly, we proceeded the 

reaction with a short period (12 h) and at a lower temperature 

(80 
o
C) and found that the desired product formed in meager 

yield (Scheme 3b and c) and rest starting materials was 

recovered. 

 

Scheme 4. The catalytic cycle of phenanthridine synthesis. 

Guided with these supporting evidence and literature 

reports,
17

 a plausible reaction mechanism of this 

transformation is outlined in Scheme 4. First, aryl palladium 

species intI is generated by oxidative addition with phenyl 

iodide 2a. Subsequently, nitrile 4a coordinate with the vacant 

site of Pd and further undergoes for halide exchange in the 

presence of AgBF4 to form intermediate intII and followed by 

intramolecular 1,3 migration of the aryl group from the Pd 

center to carbon to form pallada-imine species intIII. 

Subsequently, in-situ generated pallada-imine species intIII 

form a five-membered Pd complex intIV via an agostic C-H 

interaction (TS-I). Then, species intIV undergoes oxidative 

addition/reductive elimination to deliver the intermediate 

intVI. Further, intermediate intVI form seven-membered 

cyclometalated species intVII via ortho C-H bond activation 

through base assisted concerted palladation/deprotonation 

(TS-II). Finally, a reductive elimination leads to the desired 

phenanthridine 5a and regenerate palladium which goes on to 

the catalytic cycle.   
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In summary, we have developed an efficient and 

unprecedented route for the direct synthesis of valuable 

phenanthridine derivatives from simple and readily available 

starting materials. The overall reaction proceeds via palladium-

catalyzed nucleophilic addition reaction followed by cascade 

formation of carbon-carbon (ortho-arylation) and carbon- 

nitrogen bonds through sequential two fold C-H activation. 

Some of the noteworthy features of the present study are: a) 

use of commercial and nontoxic starting materials, b) 

straightforward and practical reaction conditions, c) atom and 

step economical, d) highly regioselective, d) cascade formation 

of C-C/C-C and C-N bonds, e) broad substrate scope, and f) 

gram scale synthesis. The developed synthetic methods hold 

great potential and will stimulate further research in the 

synthesis of diverse heterocycles. 
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