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Abstract 

We herein report an efficient constructive method for synthesis of structurally important Pyrroloisoquinoline-

2,3-dione from dihydroisoquinoline through oxidative cyclisation. Process is optimised to give best efficiency 

at gram scale and laborious purification techniques such as column chromatography or recrystallisation were 

avoided in all steps further featuring uniqueness of this method as compared to the available literature. 
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Introduction 

 

Multiannular heterocycles are frequently encountered in several anticancer, antiviral, antibacterial 

compounds and naturally occurring microbial or marine metabolites or phytochemicals.
1-4
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Figure 1. Naturally occurring pyrroloquinoline-1,2-diones and pyrroloisoquinoline-2,3-dione under study. 

 

Pyrroloquinoline-1,2-diones
5-13

 are observed in natural compounds such as telisatin A and B, laurodionine, 

annonbraine, methoxylettowianthine as depicted in Figure 1. 

During our studies towards medicinally important organic heterocycles,
14-16

 we encountered a route for 

synthesis of Pyrroloisoquinoline-2,3-dione
17-19

 which are structurally similar to pyrroloquinoline-1,2-diones.  In 

this paper we describe an efficient, gram scale, purification free method for synthesis of pyrroloisoquinoline-

2,3-dione 1 from dihydroisoquinoline 2 through oxidative cyclisation. 

 

 

Results and Discussion 

 

We began by preparing secondary amide 3 of homoveratric acid and homoveratryl amine by two alternate 

methods
20

 via acid chloride and via DCC coupling as described in scheme 1. 
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Scheme 1. Synthesis of secondary amide 3. 

 

Dihydroisoquinoline 2 was prepared by Bischler-Napieralski reaction
20-25

 (Scheme 2) on amide 3. Ethyl 

bromoacetate with dihydroisoquinoline 2 gave the corresponding salt which was in situ treated with 

triethylamine in aerobic refluxing condition. The overall product obtained was identified to be 

pyrroloisoquinoline-2,3-dione 1. With process optimisation to give best efficiency, (Scheme 3) laborious 

purification techniques such as column chromatography or recrystallisation were avoided in all steps further 

featuring uniqueness of this method as compared to the available literature. 
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Scheme 2. Preparation of dihydroisoquinoline 2. 
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Scheme 3. Preparation of pyrroloisoquinoline-2,3-dione 1. 

 

On successful method development, we also propose herein a probable mechanistic pathway as described 

in scheme 4 for this constructive transformation. Dihydroisoquinoline 2 reacts with ethyl bromoacetate to 
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form the quaternary ammonium salt. Addition of base gives enamine ester which undergoes intramolecular 

cyclisation to give pyrroloisoquinoline. 

Further presence of base gives azomethine which undergoes aerobic oxidation to directly give 

pyrroloisoquinoline-2,3-dione 1. 
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Scheme 4. Probable mechanism for transformation of dihydroisoquinoline to pyrroloisoquinoline-2,3-dione. 

 

 

Conclusions 

 

In conclusion, we have developed an efficient constructive method for synthesis of structurally important 

Pyrroloisoquinoline-2,3-dione from dihydroisoquinoline through oxidative cyclisation at gram scale. Laborious 

purification techniques such as column chromatography or recrystallisation were avoided in all steps further 

featuring uniqueness of this method. 

 

 

Experimental Section 

 

General. Reagents were purchased from Sigma-Aldrich and were used without further purification. IR spectra 

were recorded with Shimadzu FTIR instrument. 
1
H &

13
C NMR spectra were recorded in DMSO-d6 with Bruker 

AVANCE 400 MHz NMR Spectrometer. LCMS were recorded with Shimadzu LCMS instrument. HRMS were 

recorded with a MicroMass ESQTOF. 

 

N-(3,4-Dimethoxyphenethyl)-2-(3,4-dimethoxyphenyl)acetamide (3). (a) SOCl2 method: Homoveratric acid (5 

g, 25.5 mmol) was added to freshly distilled thionyl chloride (15 mL) and refluxed at 100 °C for 3 h. Excess 

thionyl chloride was removed from reaction mixture by distillation and dry CHCl3 (10 mL) was added. This 

solution of acid chloride was added dropwise with stirring to an ice cold solution of homoveratryl amine (4.16 

g, 23.0 mmol) and K2CO3 (5.53 g 40 mmol) in dry CHCl3 (20 mL). This mixture was stirred for 12 h from 0 °C to 
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r.t. Solvent was removed under vacuum and distilled water (50 mL) was added. The solid thus obtained was 

filtered and washed with water (20 mL X 3) and dried under vacuum. Analytically pure product 3 was obtained 

as white amorphous solid in 76% (6.28 g) yield without any further purification. White amorphous solid, mp: 

124-125 °C. [lit. mp 124-125 °C]
20 

IR (KBr): νmax 3325, 2960, 1641, 1589, 1517, 1028 cm
-1

. 
1
H NMR (400 MHz, 

CDCl3): δ 2.60 (t, J 6.8 Hz, 2H), 3.36 (m, 2H), 3.41 (s, 2H), 3.75 (s, 3H), 3.76 (s, 3H), 3.79 (s, 3H), 3.81 (s, 3H), 5.37 

(br s, 1H), 6.45 (dd, J 8.4, 1.6 Hz, 1H), 6.54 (d, J 1.6 Hz, 1H), 6.62 (m, 3H), 6.73 (m, 1H) ppm. 
13

C NMR & DEPT 

(100 MHz, CDCl3): δ 34.97 (CH2), 40.71 (CH2), 43.42 (CH2), 55.81 (CH3), 55.84 (2x CH3), 55.89 (CH3), 111.08 (CH), 

111.39 (CH), 111.64 (CH), 112.36 (CH),  120.56 (CH), 121.59 (CH), 127.14 (Cq), 131.00 (Cq), 147.61 (Cq), 148.27 

(Cq), 148.91 (Cq), 149.22 (Cq), 171.30 (Cq) ppm.  

(b) DCC coupling method: Homoveratric acid (5 g, 25.5 mmol), homoveratryl amine (4.62 g, 25.5 mmol) and 

DMAP (0.05 g) were added in dry CH2Cl2 (25 mL) and cooled to 0 °C. To this mixture, DCC (6.19 g, 30 mmol) 

was added and stirred from 0 °C to r.t. for 24 h. Water (1 mL) and dioxane (2 mL) was added to this and stirred 

for 2 h. Solvent was removed under vacuum, CH2Cl2 (25 mL) was added, cooled to 0 °C and filtered. The filtrate 

was again cooled to 0 °C and filtered. The solvent was removed under vacuum and product 3 was obtained as 

white solid in 81% (7.41 g) yield without any further purification. 

1-(3,4-Dimethoxybenzyl)-6,7-dimethoxy-3,4-dihydroisoquinoline (2). Amide 3 (7.18 g, 20 mmol) was 

dissolved in dry toluene (10 mL) and freshly distilled POCl3 (5 mL) was added slowly and refluxed for 4 h. The 

reaction mixture was then poured in ice and basified by cooled aq. NaOH solution (10 N) until pH 14. 

Dihydroisoquinoline 2 was then extracted in CH2Cl2 (20 mL X 2), dried by passing through anhy. Na2SO4 and 

concentrated under vacuum to give 71% (4.84 g) yield without any further purification. Viscous oil.
20 1

H NMR 

(400 MHz, CDCl3): δ 1.89 (m, 2H), 2.76 (t, J 8.0 Hz, 2H), 3.74 (s, 3H), 3.76 (s, 3H), 3.79 (s, 3H), 3.86 (s, 3H), 4.20 

(s, 2H), 6.64 (s, 1H), 6.69 (d, J 8.4 Hz, 1H), 6.78 (m, 1H), 6.95 (s, 1H) , 7.09 (s, 1H) ppm. 
13

C NMR & DEPT (100 

MHz, CDCl3): δ 24.95 (CH2), 33.20 (CH2), 49.11 (CH2), 55.89 (CH3), 56.04 (CH3), 56.05 (CH3), 56.12 (CH3), 110.02 

(CH), 112.20 (CH), 112.04 (CH), 121.16 (CH), 126.64 (CH), 131.09 (Cq), 133.89 (Cq), 147.66 (Cq), 149.68 (Cq), 

151.71 (Cq), 154.19 (Cq), 156.13 (Cq), 164.69 (Cq) ppm. 

1-(3,4-Dimethoxyphenyl)-8,9-dimethoxy-5,6-dihydropyrrolo[2,1-a]isoquinoline-2,3-dione (1). 

Dihydroisoquinoline 2 (1.1 g, 3.22 mmol) in dry toluene (25 mL) was cooled to 0 °C and Ethyl bromoacetate 

(0.6 g, 3.4 mmol) in dry toluene (5 mL) was added and stirred from 0 °C to r.t. for 6 h. Further mixture was 

cooled to 0 °C and insoluble salt was isolated by decanting. To this salt, triethylamine (10 mL) was added and 

refluxed in air for 12 h. Finally excess triethylamine was removed under vacuum and ice cold distilled water 

(50 mL) was added. The solid product thus obtained was filtered and washed with water (20 mL X 3) and dried 

under vacuum. Analytically pure pyrroloisoquinoline 1 was obtained as wine red solid in 85 % (1.08 g) yield 

without any further purification. Wine red solid, mp: 176-178 °C, IR (KBr): νmax 3021, 1728, 1705, 1624, 1445 

cm
-1

. 
1
H NMR (400 MHz, DMSO-d6): δ 3.06 (t, J 6.0 Hz, 2H), 3.25 (s, 3H), 3.68 (s, 3H), 3.70 (t, J 6.4 Hz, 2H), 3.77 

(s, 3H), 3.86 (s, 3H), 6.83 (m, 1H), 6.85 (s, 1H), 6.92 (s, 1H), 7.03 (d, J = 8.4 Hz, 1H), 7.09 (s, 1H) ppm. 
13

C NMR 

(100 MHz, DMSO-d6): δ 27.55 (CH2), 35.90 (CH2), 54.62 (CH3), 55.53 (CH3), 55.61 (CH3), 55.94 (CH3), 107.24 

(Cq), 111.45 (CH), 112.02 (CH), 112.16 (CH), 113.49 (CH), 115.97 (Cq), 122.56 (CH), 122.94 (Cq), 133.84 (Cq), 

146.98 (Cq), 148.37 (Cq), 148.82 (Cq), 153.14 (Cq), 157.05 (Cq), 158.00 (Cq), 182.85 (Cq) ppm. LCMS (m/z): 

[M+H]
+
 395.9. HRMS (m/z): calculated for C22H21NO6Na [M+Na]

+ 
: 418.1267; found : 418.1289. 
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