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Abstract. The rhodium(III)-catalyzed double C–H 
annulation of 3-(acetylamino)coumarins with internal 
arylacetylenes proceeds smoothly accompanied by two C–C 
and two C–N bond formation to produce 8-aryl-6H-
chromeno[4',3':4,5]pyrrolo[2,1-a]isoquinolin-6-ones 
selectively. The reaction provides a straightforward route to 
natural product inspired pentacyclic pyrrolocoumarin 
derivatives from readily available building blocks.  

Keywords: Annulation; C-C coupling; C-H activation; 
Homogeneous catalysis; Rhodium 

 

Introduction 
Coumarin-fused heterocycles have attracted much 
attention in the functional materials field for their 
photo- and electrochemical properties.[1] The fused 
coumarin scaffolds have also been recognized as 
important structures in the medicinal chemistry field 
because of their frequent occurrence in natural and 
synthetic bioactive molcules. In particular, natural 
marine alkaloid lamellarins,[2] containing 
pyrrolocoumarin cores, have been reported to exhibit 
various biological activities as a cytotoxin and 
topoisomerase I inhibitor.[3] The structures of 
representative examples of pentacyclic lamellarin 
alkaloids are shown in Figure 1. In light of these 

 

Figure 1. Representative Lamellarins. 

utilities, a variety of synthetic routes toward them have 
been developed. However, most of them involve 
complicated multi-steps for constructing the fused 
heterocycle cores.[4] 

Meanwhile, the transition-metal-catalyzed C–H 
annulation reactions of aromatic substrates possessing 
a heteroatom-containing directing group with internal 
alkynes have become recognized to be powerful tools 
for constructing fused heterocyclic flameworks in 
terms of step- and atom-economies (Scheme 1a).[5]  

 

Scheme 1. Transition-Metal-Catalyzed C–H Annulation. 

They can provide shortcuts in synthesizing complex 
polycyclic molecules. Chandrasekhar and co-workers 
utilized a ruthenium-catalyzed alkenyl C–H 
annulation of enamines with diarylacetylenes for 
constructing the pyrrole core in the total synthesis of 
lamellarins (Scheme 1b).[6] In the context of our 
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studies on C–H annulation for constructing nitrogen-
containing fused heterocycles,[7] we succeeded in 
finding that treatment of 3-(acetylamino)coumarins 
with internal arylacetylenes under rhodium catalysis 
leads to double C–H annulation to form a pentacyclic 
pyrrolocoumarin system (Scheme 1c).[8,9] This is one 
example for recently developed L-type double 
annulations.[10] Note that 3-(acetylamino)coumarins 
can be easily prepared by the condensation of 
salicylaldehydes with N-acetylglycine.[11] The 
procedure provides a straightforward pathway to 
lamellarin cores from stable, readily available building 
blocks. These new findings are described herein. 

Results and Discussion 
In an initial attempt, 3-(acetylamino)coumarin (1a) 

(0.3 mmol) was treated with diphenylacetylene (2a) 
(0.3 mmol) in the presence of catalytic amounts of 
[Cp*RhCl2]2 (0.0075 mmol; 2.5 mol%) and AgSbF6 
(0.03 mmol; 10 mol%) and Ag2CO3 (0.6 mmol) as an 
oxidant in diglyme (3 mL) under Ar at 130 oC for 20 
h. As a result, unexpected double C–H annulation took 
place accompanied by deacetylation to give 8,9,14-
triphenyl-6H-chromeno[4',3':4,5]pyrrolo[2,1-
a]isoquinolin-6-one (3aa) as a 1:2 coupling product in  

Table 1. Reaction of 3-(Acetylamino)coumarin (1a) with 
Diphenylacetylene (2a)a).  

 

Entry Solvent Time [h] Yield of  
3aa [%]b) 

1c) diglyme 20 19d) 
2 diglyme 5 45 
3 o-C6H4Cl2 5 56 
4e) o-C6H4Cl2 5 56 
5 diglyme / o-C6H4Cl2 

(1:1) 
5 44 

6 diglyme / o-C6H4Cl2 

(2:1) 
5 29 

7f) o-C6H4Cl2 5 66 
a) Reaction conditions: 1a (0.1 mmol), 2a (0.2 mmol), 
[Cp*RhCl2]2 (0.01 mmol), AgSbF6 (0.04 mmol), Ag2CO3 
(0.2 mmol) in solvent (2 mL) under Ar at 130 oC, unless 
otherwise noted. b) Isolated yield based on the amount of 1a 
used. c) 1a (0.3 mmol), 2a (0.3 mmol), [Cp*RhCl2]2 (0.0075 
mmol), AgSbF6 (0.03 mmol), and Ag2CO3 (0.6 mmol) were 
employed in diglyme (3 mL). d) Yield based on the amount 
of 2a used. In this case, a minor amount (6%) of 1:1 
coupling product was also formed. e) Ag2CO3 (0.4 mmol) 
was employed. f) At 110 oC.  

19% yield (entry 1 in Table 1).[12] In the reaction 
mixture, a minor amount (6%) of expected 1:1 
coupling product was also detected. Using 2 
equivalents of 2a and increased amounts of 
[Cp*RhCl2]2 (10 mol%) and AgSbF6 (40 mol%) 
promoted the double annulation. Thus, 3aa was 
obtained in 45% yield within 5 h (entry 2). In this case, 
only a trace amount of 1:1 coupling product was 
formed. The 3aa yield increased to 56% in o-
dichlorobenzene (entry 3). Increasing the amount of 
Ag2CO3 did not affect the reaction efficiency (entry 4). 
The 3aa yield somewhat decreased in mixed solvents 
diglyme / o-dichlorobenzene 1:1 and 2:1 (entries 5 and 
6). Finally, the yield was enhanced up to 66% by 
decreasing the reaction temperature to 110 oC (entry 7). 

Under the conditions in entry 7 of Table 1, we next 
examined the reactions of variously substituted 3-
(acetylamino)coumarins 1 with 2a (Table 2). 8-
Chloro- (1b) and 8-methoxy-3-
(acetylamino)coumarins (1c) underwent the reaction 
smoothly to give 3ba and 3ca in 57 and 70% yields, 
respectively. Substitution at the C7 position of 3-
(acetylamino)coumarins did not affect the reaction 
efficiency significantly. Thus, 3-chloro- (3da) and 3-
methoxychromenopyrroloisoquinolinones (3ea) were 
obtained in 64-66% yields in the reactions of 7-chloro- 
and 7-methoxy-3-(acetylamino)coumarins 1d and 1e 
with 2a. The reactions using various alkynes 2 in place 
of 2a could also be conducted under similar conditions. 
4-Chloro- (2b), 4-fluoro- (2c), 4-methyl- (2c), and 4-
methoxysubstituted diphenylacetylenes (2d) reacted 
with 1a to produce the corresponding tetrasubstituted 
8,9,14-triphenylchromenopyrroloisoquinolinones 
3ab-3ae in moderate yields. Unsymmetrical 
alkylphenylacetylenes such as 1-phenyl-1-pentyne 
(2f) and 1-phenyl-1-hexyne (2g)  coupled with 1a 
regioselectively to afford 9,14-dialkyl-8-
phenylchromenopyrroloisoquinolinones 3af and 3ag 
in 40 and 28% yields. In both cases, no regioisomers 
were detected. Expectedly, dialkylacetylene, 4-octyne 
(2h), underwent the coupling with 1a in a 1:1 manner 
to give 3-acetyl-1,2-dipropylchromeno[3,4-b]pyrrol-
4(3H)-one (4ah) in 63% yield.  

Table 2. Reaction of 3-(Acetylamino)coumarins 1 with 
Alkynes 2a).  
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a) Reaction conditions: 1 (0.1 mmol), 2 (0.2 mmol), 
[Cp*RhCl2]2 (0.01 mmol), AgSbF6 (0.04 mmol), Ag2CO3 
(0.2 mmol) in o-dichlorobenzene (2 mL) under Ar at 110 oC 
for 5 h. b) Isolated yield based on the amount of 1 used.  

A plausible pathway for the reaction of 1a with 2a 
is illustrated in Scheme 2. The first annulation seems 
to proceed as previously proposed for the reaction of 
simple N-acetylanilines with alkynes,[13] through 
coordination of the acetylamino directing group of 1a 
to a cationic Cp*Rh+X species, cyclorhodation at the 
C4-position, alkyne insertion into the formed C–Rh 
bond of intermediate A to form intermediate B, and C–
N reductive elimination to form C and Cp*RhI species. 
The latter may be reoxidized by Ag salts to regenerate 
an active Cp*RhIII species. Formed C may undergo 
deacetylation by a trace amount of water presenting in 
the present system to form D. The N–H of D may next 

act as a directing group to induce the second 
cyclorhodation to give a five-membered rhodacycle 
intermediate E.[7i] Then alkyne insertion to form 
intermediate F and subsequent reductive elimination 
may occur to afford the final product 3aa.  

 

Scheme 2. Plausible Mechanism for the Reaction of 1a with 
2a. 

Conclusion 
We have demonstrated that 3-

(acetylamino)coumarins undergo dehydrogenative 
coupling upon treatment with diarylacetylenes in the 
presence of a rhodium(III) catalyst in a 1:2 manner to 
afford pentacyclic pyrrolocoumarin derivatives. The 
reaction with unsymmetrical alkylphenylacetylenes 
has also been found to occur regioselectively to give 
1:2 coupling products. Work is underway for 
constructing other polycyclic systems.  

Experimental Section 
Experimental Details: To a 20 mL two-necked flask with 
a reflux condenser, a balloon, and a rubber septum were 
added 3-(acetylamino)coumarin 1 (0.1 mmol), alkyne 2 
(0.2 mmol), [Cp*RhCl2]2 (0.01 mmol, 6 mg), AgSbF6 
(0.04 mmol, 14 mg), Ag2CO3 (0.2 mmol, 55 mg), o-
dichlorobenzene (2 mL), and 1-methylnaphthalene (ca. 
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15 mg) as internal standard. The mixture was stirred 
under Ar (1 atm) at 110 °C (bath temperature) for 5 h. 
The reaction mixture was diluted by ethyl acetate (40 
mL). The organic layer was washed by water (40 mL, 
four times) and dried over Na2SO4. After evaporation of 
the solvents under vacuum, product 3 was isolated by 
column chromatography on silica gel using hexane−ethyl 
acetate as eluent. Further purification by GPC (gel 
permeation chromatography) was performed, if needed. 
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