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I. INTRODUCTION 

Marine natural products have attracted the attention of biologists and chemists the world over for the past five 

decades. As a result of the potential for new drug discovery, marine natural products have attracted scientists 

from different disciplines, such as organic chemistry, bioorganic chemistry, pharmacology, biology and ecology. 

This interest has led to the discovery of thousands of marine natural products to date and many of the 

compounds have shown very promising biological activity. The ocean is now considered to be a great source of 

potential drugs. 

Marine natural products are small- to medium- molecular weight compounds produced by marine plants, 

invertebrates and microbes that have stimulated interdisciplinary studies by chemists and biologists. From 

marine toxins that impact public health concerns to the search for new drugs from the sea, the study of 

biologically active marine natural products. Although elegant synthetic methodologies for most of these 

alkaloids have been developed and total synthesis of many of these natural  products have been achieved, such 

alkaloids are still continuing to be the focus of many synthetic groups
3, 4

. 

One of the most interesting groups of compounds of marine origin is the family of polycyclic aromatic alkaloids 

derived from the pyrido[kl]acridine skeleton. They have been normally isolated from sponges or tunicates, 

although they have been assumed to derive from associated microorganisms because of the wide diversity of 

their natural sources. These compounds exhibit very interesting biological properties, including excellent 

antitumor activities but they are normally isolated in minute amounts and their natural sources are not readily 

available. Since these factors have precluded their systematic study, there is a clear need for synthetic routes to 

the natural products themselves and to their analogues in order to define the structural requirements for their 

biological properties. 

 

II. RESULTS AND DISCUSSION 

The synthesis of this important pyridoacridines intermediate (LX)(Figure-1) has been achieved in 7 steps with 

overall 76% yield. Our synthesis stared with the condensation of commercially available benzoylacetic ethyl 

ester (XLV) and 2- methoxy -5-nitrobenzenamine (XLIV) which led to the formation of the amide (XLVI) in 

81% yield. Such a condensation reaction is carried out by heating for longer time in a Dean stark apparatus. 

Hence, we have to carry out in a microwave oven to decrease the time required for condensation.The cyclization 

of the corresponding product (XLVI) with 80% H2SO4,which smoothly yielded the quinolinone (XLVIII) in 

49% yield. After constructing the quinolinone ring successfully, we concentrated on building the last ring, 

utilizing the intramolecular nitrene insertion methodology. Conversion of (LI)to the corresponding azide (LV) 

was then carried out by the classical nitrous acid followed by sodium azide combination of reactions. The next 

step in the synthesis was the key intramolecular nitrene insertion reaction. The synthesis of the  

tetracycliccompound (LXII) constitutes achievement of one of the major objectives, namely the synthesis of an 

advanced tetracyclic intermediate in which the B ring is functionalized. Analogues of natural products 

containing pyridoacridine units could be available from it by manipulation of the quinolinone ring. The key 

compound (LX) was then easily prepared from (LIX) by conversion to the chloroquinoline  in 83% yield 

Abstract: Many polycyclic fused-ring alkaloids containing pyrido(2,3,4-kl)acridine (1) skeleton
1 
have been 

isolated from a variety of marine sources such as sponges, molluscs, andtunicates, most of which have been 

reported to have cytotoxic ,antitumor, and antiviral activities 
2 

This is due to their interesting biological activities and challenging structures. It seems that any 

contribution towards the synthesis of pyridoacridine units is worthwhile since most of the strategies involve 

the synthesis of such units. The route we present here involves two important key steps, cyclization to form 

the quinolinone moiety and intramolecular nitrene insertion to build a tetracyclic system. 

 

Keywords: marine alkaloids, quinolinone, nitrene insertion, pyrido(2,3,4-kl)acridine. 
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MATERIALS AND METHODS 

The melting points were determined using capillary tube and are uncorrected. The FTIR spectra were recorded 

on Spectrum One Perkin Elmer (US). The 1H NMR spectra were recorded on a Bruker AVANCE (300 MHz) 

spectrometer (with TMS as internal reference). 13C NMR spectra were recorded on Bruker AVANCE (75MHz) 

spectrometer. Mass spectra were recorded on API-3000 MD-series (US). Elemental analyses were carried out in 

EA 3000, Euro Vector, Italy. The purity of the compounds was checked by TLC on pre-coated SiO2 gel 

(200mesh).  

EXPERIMENTAL SECTION 

2- Methoxy -5-nitrobenzenamine (XLIV) was prepared as per procedure reported in literature
5
. 

 

Preparation of 2- methoxy -5-nitrobenzenamine(XLIV):  
 

2- Methoxy -5-nitrobenzenamine was prepared from 2-methoxy aniline (o- anisidine) (0.01 mol) (XLI), sulfuric 

acid (85%, 15ml)(XLII) and guanidinium nitrate(0.01 mol) (XLIII) as described in experimental section in 70% 

yield as an orange coloured solid of 2-methoxy-5-nitrobenzenamine (XLIV) m.p.1180C, (lit.
5
).  

The IR, 1 H-NMR spectral data of this compound was also in agreement with the reported data
5
. 

Now having 2- methoxy -5-nitrobenzenamine (XLIV) and commercially available benzoylacetic ethyl ester 

(XLV) in hand we carried out condensation reaction in microwave. 

 

Solvent free microwave enhanced condensation of 2- methoxy -5-nitrobenzenamine (XLIV) and 

benzoylacetic ethyl ester (XLV) : Formation of N-(2-methoxy-5-nitrophenyl)-3-oxo-3-

phenylpropanamide (XLVI):  
 

A mixture of 2-methoxy-5-nitroaniline (XLIV) (0.009 mol) and benzoylacetic ethyl ester (XLV) (0.009 mol) 

was irradiated in a microwave oven. The reaction on work up as described in experimental section  gave  light 

yellow crystals of  N-(2-methoxy-5-nitrophenyl)-3-oxo-3-phenylpropanamide (XLVI) in 81% yield, m. p. 

183-185°C (lit.
6
). 

8-methoxy-5-nitro-4-phenylquinolin-2(1H)-one (XLVIII) was prepared as per procedure reported in 

literature
7
. 

Cyclization of N-(2-methoxy-5-nitrophenyl)-3-oxo-3-phenylpropanamide (XLVI) in 80% H2SO4: 

Formation of 8-methoxy-5-nitro-4-phenylquinolin-2(1H)-one(XLVIII): 

N-(2-Methoxy-5-nitrophenyl)-3-oxo-3-phenylpropanamide (XLVI) (0.014mol) was stirred in H2SO4 (80%, 100 

ml) (XLVII) as described in experimental section to give an orange coloured crystalline solid of 8-methoxy-5-

nitro-4-phenylquinolin-2(1H)-one (XLVIII), (yield: 49%), m.p. 155-158
0
C. 

Elemental analysis of this compound agreed with the molecular formula C16H12N2O4 required for 8-methoxy-5-

nitro-4-phenylquinolin-2(1H)-one (XLVIII). 

Mass spectrum showed M+ at m/z 296, thus confirming the formation of cyclization product (Scheme-10). 

The spectral data for the above compound 

UV Spectrum:    236.0 (3.76),275.5(3.62)                                           

IR Spectrum :     3370(ν amide N-H),1624.93 (ν amide C=O),1605.65 (ν Ar C=C),1326.99 and 1514.48  (ν –

NO2),1017.07 (ν C-O). 
1
H-NMR Spectrum :9.853(s, 1H; H-1) ,7.643-7.692(m, 5H; Ar H- 2',3',4',5',6'),7.518-7.548(d,1H ; H-6), (J = 9 

Hz),6.982 -6.952(d, 1H; H-7), (J = 9 Hz), 5.728 (s, 1H; H-3), 3.982 (s, 3H; -OCH3).  
13

C-NMR Spectrum      :    159.9(C-2, C=O), 158.8 (C-8), 139.7 (C-5),  139.0 (C-7), 137.1 (C-6),129.5 (C-4), 

128.4(C-8a),128.2 (C-4a), 127.5 (C-3),127.3 (C-1'), 125.2(C-2'),123.4 (C-3'), 120.7 (C-5'),115.6 (C-6'),111.4 

(C-4'),56.2(-OCH3). 

Thus the above pmr data suggests the formation of the product having the structure as (XLVIII) 

Mass Spectrum:  m/z   296 (M+), 281(91), 267(48),250(35), 225(48), 207(100),191(25) 

8-methoxy-5-nitro-4-phenylquinolin-2(1H)-one   (XLVIII) was then subjected to reduction by using Zn dust and 

formic acid as reducing agent
8
. 

 

Reduction of 8-methoxy-5-nitro-4-phenylquinolin-2(1H)-one (XLVIII) with Zn dust (XLIX) 

/HCOOH) (L): Formation of 5- amino-8-methoxy-4-phenylquinolin-2(1H)-one (LI): 

 

5- Amino-8-methoxy-4-phenylquinolin-2(1H)-one (LI) was prepared from 8-methoxy-5-nitro-4-

phenylquinolin-2(1H)-one   (XLVIII) (0.005mol) , Zn dust (0.006 mol) (XLIX) in methanol (5ml) and 

90% HCOOH (2.5ml)(L) as described in experimental section  as the yellow crystalline solid, (yield: 78%) 

m.p. 216-218°C (lit.
6
).  
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Elemental analysis of this compound also agreed with the molecular formula C16H14N2O2 calculated for 5- 

amino-8-methoxy-4-phenylquinolin-2(1H)-one (LI).  

The IR,
 1 

H-NMR and mass spectral data of this compound was also in agreement with the reported data
6
.     
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Figure 1 

 

 

Diazotization of 5- amino-8-methoxy-4-phenylquinolin-2(1H)-one (LI) with sodium nitrite –

Conc.H2SO4 followed by reaction with sodium azide: Formation of 5-azido-8-methoxy-4-

phenylquinolin-2(1H)-one (LV): 

 

5-azido-8-methoxy-4-phenylquinolin-2(1H)-one (LV) was prepared from 5-amino-8-methoxy-4-

phenylquinolin-2(1H)-one (LI) (0.007 mol), concentrated H2SO4 (1.72 ml) (LI), sodium nitrite 
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(0.001mol) (LIII) and sodium azide (0.001mol)(LIV) as described in experimental section as yellow 

crystalline solid
11

,(yield: 90%),m.p.261
0
C. 

 

Elemental analysis of this compound also agreed with the molecular formula C16H12N4O2 calculated for 5-azido-

8-methoxy-4-phenylquinolin-2(1H)-one (LV).  

 

The IR,
 1 

H-NMR and mass spectral data of this compound was also in agreement with the reported data
6
.  

 

 Conversion of 5-azido-8-methoxy-4-phenylquinolin-2(1H)-one (LV) into 4-methoxy -3H-pyrido 

[2,3,4-kl]acridin-2(7H)-one(LVII)by refluxing in xylene 
 

5-Azido-8-methoxy-4-phenylquinolin-2(1H)-one (LV) (2 mmol) was refluxed in xylene (LVI) for 1.5 

hours. The reaction on work up as described in experimental section gave a brown crystalline solid of 4-

methoxy -3H-pyrido [2,3,4-kl]acridin-2(7H)-one (LVII),(yield: 75%), m. p. 270 °C (lit
6
. m.p.270°C). 

The IR,
 1 

H-NMR and mass spectral data of this compound was also in agreement with the reported data
6
. 

 

Reaction  of 4-methoxy -3H-pyrido[2,3,4-kl]acridin-2(7H)-one(LVII ) with POCl3: Formation of  2-

chloro-4-methoxy -7H-pyrido[2,3,4-kl]acridine (LIX)  

 

4-Methoxy -3-H-pyrido [2,3,4-kl]acridin-2(7H)-one (LVII) ( 0.75mmol) was refluxed in POCl3 (30 

ml)(LVIII) for 1 hour. The reaction on work up as described in experimental section to give a crystalline 

solid of 2-chloro-4-methoxy -7H-pyrido [2,3,4-kl]acridine (LIX),(yield: 83%),m.p.202°C (lit
6
. m.p.202°C). 

  

The IR,
 1 

H-NMR and mass spectral data of this compound was also in agreement with the reported data
6
. 

 

Reductive dechlorination is usually carried out by Pd-C/H2 in presence of triethylamine. We thought of 

carrying out this reaction by Zn dust and formic acid.             

 

 Reaction of 2-chloro-4-methoxy -7H-pyrido [2, 3,4-kl]acridine (LIX) with Zn dust (XLIX) and 

formic acid(L) : Formation of 4-methoxy -7H-pyrido [2,3,4-kl] acridine (LX) 

 

A suspension of 2-chloro-4-methoxy -7H-pyrido [2,3,4-kl]acridine (LIX) (0.002mol) , Zn dust (0.006 

mol)(XLIX) in methanol (5ml) was stirred with 90% HCOOH (2.5ml)(L) at  room temperature. The 

mixture was work up as described in experimental section to give a red crystalline product of 4-methoxy 

-7H-pyrido [2,3,4-kl] acridine    (LX),( yield: 76%), m.p. 224°C  (lit.
6
). 

 

Elemental analysis of this compound also agreed with the molecular formula C16H12N2O calculated for 4-

methoxy -7H-pyrido [2,3,4-kl] acridine (LX). 

 

The IR,
 1 

H-NMR and mass spectral data of this compound was also in agreement with the reported data
6
.  

Synthesis of 4-methoxy -7H-pyrido [2,3,4-kl] acridine (LX) has been carried out in  7 steps for first time. Both 

these method involves nitrene insertion as the key steps for generating pyridoacridine framework. 
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