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Abstract 

A series of new phenylphenanthridin dyes have been synthesized in the yields of 52~75% by a mild strategy 

in one-pot reaction. This is the first successful attempt to perform efficient soft acid-free reaction for 

phenanthridine ring construction. A large substrate scope was well demonstrated.  
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1. Introduction 

 

The phenanthridine family is widely found in medicinal chemistry and material science 

because of the biological activity and the presence in a variety of significant natural products and 

synthetic dye-stuffs [1]. So far, various synthetic strategies have been developed such as 

Bischler–Napieralski cyclization and Heck cyclization for the robust synthesis of phenanthridines 

[2]. However, the reported approaches remain the extreme difficulties including the multi-step 

routes, the limited substrate scopes, the use of metal catalysts or the weak generalities/limited 

diversities [3-5]. Therefore, there is a great demand to develop a simple, convenient protocol for 

expeditious synthesis of phenanthridine derivatives.  

Phenanthridine could be accessed by Pictet-Spengler reaction under various reaction 

conditions such as Lewis acids [6], Bronsted acids [7], tandem threefold reaction condition [8]. In 

2009, Youn and the coworker found the trifluoroacetic acid (TFA)-mediated coupling reaction of 
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2-arylanilines with arylaldehydes for the synthesis of phenanthridines [9]. Some efforts were 

devoted to improve the reaction conditions [10], however, strong acid catalysis was still required.  

In this letter, we describe a new entry for the efficient synthesis of phenylphenanthridine dyes 

by an acid-free one-pot reaction at room temperature under air atmosphere. In this way, 

2'-amino-1,1'-biphenyl-3-ol reacts with different benzaldehydes to yield the target 

phenylphenanthridine dyes. To the best of our knowledge, this is the first successful attempt to 

perform one-pot reaction at mild acid-free conditions for synthesis of phenanthridine dyes. 

 

2. Results and discussion  

 

The substrate 1 (shown in Scheme 1) was obtained by directly condensing 

3-hydroxyphenylboronic acid and 2-bromo aniline via Suzuki reaction without protecting amino 

group in 90% isolated yield, which was used to undergo the reaction with benzaldehydes at room 

temperature under air atmosphere. The isolated major products and the yields of the above 

reactions are listed in Table 1. It is shown that phenanthridine dyes 2 are the major products with 

the yields from 52% to 75% produced by various benzaldehydes, while the condensed products 3 

could be isolated as the minor products (~ 10%) only in some reactions, such as 

2'-amino-1,1'-biphenyl-3-ol reacted with the 2-methoxybenzaldehyde (Scheme 1(a)). 

 

Insert Scheme 1 

 

Figure 1(a) gives the representative 1H-NMR spectra of the phenanthridine dye P1. There 

are two separated peaks at 8.615 ppm of 1H-NMR chemical shift, suggesting the absence of imino 
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group. The 1H-NMR spectral integration area ratio of different hydrogen atoms is consistent with 

that of the numbers of hydrogen atoms. 

 

Insert Figure 1 

 

The molecular structures of the yielded phenanthridine dyes were further confirmed by single 

crystals obtained by the vapor diffusion of n-hexane into the solution in dichloromethane. The 

typical X-ray single crystal diffraction of P1 shows the presence of phenanthridine ring, which is 

defined by the small torsion angle of C6-C7-C8-C13 (1.06°). Hence, the fused three aromatic 

rings (A, B, C) are almost in a plane. In addition, we notice a dihedral angle of 58.95° between the 

fused three aromatic rings (A, B, C) and aromatic ring D (Figure 2(a)). 

 

Insert Figure 2 

 

Table 1 shows that the main target phenanthridine dyes and the yields are not greatly varied 

by different electron-rich or -deficient benzaldehydes. The unhydrogenated phenanthridines are 

the major products while the aromatic aldehydes are substituted by electron-donating groups. In 

addition, the substituted positions of the groups in the benzaldehydes caused negligible effects on 

the reaction (Table 1, P2, P3, P10). 

It is noticed that the hydrogenated phenanthridines become the predominant products as the 

benzaldehydes carry the strong electron-withdrawing groups such as nitro and cyano groups, 

while the unhydrogenated phenanthridines are the minor products (Scheme 1(b), Table 1). On the 

other hand, the hydrogenated phenanthridines can be converted into unhydrogenated 
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phenanthridines as the temperature was raised (under reflux), which indicates the presence of a 

large reaction energy barrier.  

 

Insert Table 1 

 

The chemical structures of the hydrogenated phenanthridines were identified by 1H & 

13C-NMR spectra. As shown in Figure 1(b), the 1H-NMR chemical shifts of 5.565 ppm and 6.712 

ppm in P11 can be assigned to -NH- and its adjacent -CH- groups, respectively. X-ray single 

crystal diffraction of P11 further confirms the structures of hydrogenated phenanthridines (Figure 

2(b)). 

It is found that the phenanthridine dyes could be produced by this reaction in a variety of 

organic solvents. However, a much longer reaction time (75 hr) was required in aprotic solvents 

such as benzene, tetrahydrofuran and acetonitrile, which only produced a dramatic low yields of 

phenanthridines (< 10%), and a higher yields of the main condensed products (60~75%). 

As discussed, a shorter time (18 hr) and a higher yield of the reaction were found in alcoholic 

solvents, particularly in methanol and ethanol solvents. However, the phenanthridine dyes were 

obtained in lower yields in n-propanol and n-butyl alcohol solvents (30~40%). Furthermore, the 

yields of phenanthridine dyes reached ~30% as the reaction was performed in mixed solvents of 

methanol or ethanol and tetrahydrofuran (1:1, v:v) with a longer time (46 hr).  

In addition, the reaction time could be reduced by the increase of the reaction temperature, 

while the yields of the phenanthridine dyes were not increased remarkably. It is further observed 

that the same reaction occurred under oxygen or argon atmosphere in ethanol or methanol. It is 

also found that the target phenanthridine dyes were produced as well in toluene containing 
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trifluoroacetic acid under the reflux for 2 hr. 

 

Insert Scheme 2 

 

In light of these experimental results, we propose a tentative mechanism for an acid free 

one-pot reaction using 3-hydroxybiphenyl-2-amine as the substrate (Scheme 2). Firstly, the amine 

and the aldehyde are easily condensed to yield the imine product, followed by the attack of the 

double bond to the protonated imine, and rearrangement occurred, towards cyclization leading to 

dihydrophenanthridines, which is followed by deprotonation and oxidation to yield the final 

phenanthridine dyes. It is worthy pointing out that the cyclization may also go through the 

different mechanisms, for instance, 6pi-electrocyclization with subsequent oxidation.  

 

3. Conclusions 

 

To be closing, we present an acid free one-pot reaction under the mild conditions for the 

efficient synthesis of a variety of phenanthridines. The molecular structures of the yielded 

phenanthridines were characterized by 1H & 13C NMR spectroscopy, MS, IR spectra as well as 

X-ray diffraction analyses. Further work is being performed in our laboratory to investigate the 

new interesting intriguing biological and optical activities of these dye molecules and will be 

reported in due course. 

 

Supplementary date  
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The synthesis and characterization of the major products including NMR spectral data, IR 

spectral data, elementary analysis as well as high resolution mass spectral data 

(HRMS) of the products (P1~P13) are provide in the Supplementary date, and the 

document is available free of charge from the website of this journal.  

The supplementary crystallographic data for this work are contained in file numbered by 

1472575-1472576, which are free available http://www.ccdc.cam.ac.uk/conts/retrieving.html or 

from the Cambridge crystallographic data center, 12, Union Road, Cambridge CB2 1EZ, UK; fax: 

44-1223-336033.  The crystallographic data are also provided in the Supplementary date.  

 

Acknowledgements 

The authors greatly appreciate Chongqing Natural Science Foundation CSTC2012jjB50007 

and CSTC2010BB0216. H. Li is grateful to the Postdoctoral Science Foundation of China for 

financial supporting (Grant No. 22012T50762 & 2011M501388). This work was also supported 

by the Graduate Student Innovation Foundation of Chongqing University (CDJX11131146). 

 

References  

[1] (a) Atwell GJ, Baguley BC, Denny WA. Potential antitumor agents. 55. 

6-Phenylphenanthridine-4-carboxamides: a new class of DNA-intercalating antitumor agents. J 

Med Chem 1988;31: 774-9; (b) Zimmermann HW. Physicochemical and cytochemical 

investigations on the binding of ethidium and acridine dyes to DNA and to organelles in living 

cells. Angew Chem, Int Ed Engl 1986;25: 115-96. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

[2] (a) Mamalis P, Petrow V. Some heterocyclic N-oxides. J Chem Soc 1950; 703-11; (b) Buu-Hoï 

NP, Jaquignon P, Long CT. Carcinogenic nitrogen compounds. Part XXI. New alkyl homologues 

of phenanthridine, benzacridines, and related nuclei. J Chem Soc 1957; 505-9; (c) Donaldson LR, 

Haigh D, Hulme AN. A study of Heck cyclization reactions to form phenanthridine ring systems. 

Tetrahedron 2008;64: 4468-77. 

[3] Luo Y, Mei Y, Zhang J, Lua W, Tanga J. A concise synthesis of nornitidine via nickel-or 

palladium-catalyzed annulation. Tetrahedron 2006;62: 9131-4. 

[4] (a) Budén M E, Rossi RA. Syntheses of phenanthridines and benzophenanthridines by 

intramolecular ortho-arylation of aryl amide ions with aryl halides via SRN1 reactions. Tetrahedron 

Lett 2007;48: 8739-42. (b)  Shabashov D, Daugulis O. Palladium-catalyzed anilide 

ortho-arylation and subsequent one-pot cyclization to phenanthridines. J Org Chem 2007;72: 

7720-5. 

[5] Shou WG, Yang YY, Wang YG. Cascade approach to substituted 6-aryl-phenanthridines from 

aromatic aldehydes, anilines, and benzenediazonium-2-carboxylate. J Org Chem 2006;71: 9241-3. 

[6] Augustine JK, Bombrun A, Alagarsamy P, Jothi A. Selective synthesis of 5, 

6-dihydrophenanthridines, 5, 6-dihydrobenzo[c][1,8]naphthyridines and their fully aromatized 

analogues via the Pictet–Spengler reaction mediated by peptide coupling agent propylphosphonic 

anhydride (T3P). Tetrahedron Lett 2012;53: 6280-7. 

[7] Zhang X, Xu XF, Yu LT, Zhao Q. Bronsted acid-mediated reactions of aldehydes with 

2-vinylaniline and biphenyl-2-amine. Tetrahedron Lett 2014;55(14): 2280-2. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

[8] Wei JF, Han B, Guo Q, Shi XY, Wang WL, Wei N. 1,5,9-Triazacoronenes: A Family of 

Polycyclic Heteroarenes Synthesized by a Threefold Pictet–Spengler Reaction. Angew Chem Int 

Ed 2010;49:, 8209-13.  

[9] Youn SW, Bihn JH. Trifluoroacetic acid-mediated facile construction of 6-substituted 

phenanthridines. Tetrahedron Lett 2009;50: 4598-601. 

[10] (a) Mandadapu AK, Saifuddin M, Agarwal PK, Kundu B. A new entry to phenanthridine ring 

systems via sequential application of Suzuki and the modified Pictet–Spengler reactions. Org 

Biomol Chem 2009;7: 2796-803. (b) Handy S, Wright M. An acid-free Pictet–Spengler reaction 

using deep eutectic solvents (DES). Tetrahedron Lett 2014;55: 3440-2. 

 

 

 

 

 

 

 

 

 

 

 

 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

The captions of Figures 1~2 

 

Figure 1 1H-NMR spectra of P1 and P11 

Figure 2 An ORTEP (30% thermalellipsoids) plot of P1 and P11 with the numbering 

 

The captions of Schemes 1~2 

 

Scheme 1 Synthesis of phenanthridine dyes with different electron donating or accepting substrates by one-pot 

reaction 

Scheme 2 Postulated mechanism of a mild acid-free one-pot reaction 

 

The caption of Table 1 

 

Table 1 The one-pot synthesis results of phenanthridine dyes.a 
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Figures 

Figure 1 

   

 

Figure 2 
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Schemes 

Scheme 1  
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Tables 

Table 1  

Entry Aldehyde Product Yield(%) Entry Aldehyde Product Yield(%) 

P1 PhCHO 

N

HO

 

75% P8 4-FC6H4CHO 

N

HO F

 

54% 

P2 4-MeOC6H4CHO 

N

HO OCH3

 

70% P9 4-ClC6H4CHO 

N

HO Cl

 

52% 

P3 3-MeOC6H4CHO 

N

HO

OCH3

 

68% P10 2-MeOC6H4CHO 

N

HO

OCH3

 

65% 

P4 2,3- 

MeOC6H4CHO 

N

HO

OCH3

OCH3

 

67% P11 4-NO2C6H4CHO 

NH

HO NO2

 

68% 

P5 3,4- 

MeOC6H4CHO 

N

HO OCH3

OCH3

 

72% P12 4-CNC6H4CHO 

NH

HO CN

 

55% 

P6 4- 

(Me)2NC6H4CHO 

N

HO N

 

63% P13 3-NO2C6H4CHO 

NH

HO

NO2

 

60% 

P7 4-(Et)2NC6H4CHO 

N

HO N

 

62%     

[a] Performed under the experimental conditions: 1 (1 equiv.), aromatic aldehyde (1.05 equiv.) in ethanol at 25°C, 

18 hr under air atmosphere. 
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Highlights 

� The mild acid-free one-pot reaction strategy for efficient synthesis of phenanthridines dyes 

� A large scope of the substrates well used for this approach 

� The chemical structures of the yielded phenanthridines well identified by various 

characterizations  

� The roles of alcoholic solvents well demonstrated by the experiments  

 


