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Ruthenium(II) catalysed synthesis of pyrrole and indole fused isocoumarins via  

C-H bond activation in DMF and water† 

 Keisham S. Singh*,a Sneha G. Sawanta, Pierre H. Dixneuf*,b 

 
Abstract: Pyrrole and indole fused isocoumarins constitute an 
important structure unit in natural products and 
pharmacophores, although direct selective 
bifunctionalisations of pyrrole and indole remain a challenge. 
Here we report a one pot synthesis of pyrrole and indole 
fused isocoumarins from simple 1-methyl pyrrole-2-
carboxylic acid and 1-methylindole-3-carboxylic acid via 
annulation with alkyne in the presence ruthenium(II) catalyst 
based on [RuCl2(p-cymene)]2 and Cu(OAc)2.H2O as oxidant 
in DMF. This ruthenium(II) catalysed transformation is shown 
to be profitably performed in water as solvent. The reaction 
which involves the carboxylate coordination, activation of 
heterocycle sp2 C-H bond and insertion of alkyne is 
regioselective, leading to good yields of isocoumarins. 

Isocoumarins and their derivatives constitute a class of  

bioactive compounds and are found in many natural products. 

They exhibit significant biological activities such as 

antiallergenic, antimicrobial,[1] antifungal,[2] anti-

inflammatory,[3] antimalarial,[4] and anti-HIV[5]. Owing to their 

wide biological properties, isocoumarins constitute an 

important synthetic target and several reports have explored 

their synthesis,[6,7] however, a straightforward synthesis of 

these valuable compounds is still a challenging task. Among 

several synthetic methods developed in recent years, 

transition metal catalysed syntheses of isocoumarins are the 

most attractive and environmentally benign.[6] Recently, 

catalyst derivatives of Cu,[8] Pd,[9] Ru[6c,d,10] and Rh[11] have 

been employed for the synthesis of isocoumarin derivatives 

through annulation reaction involving initial functionalization 

of arene sp2 C-H bonds. It is noteworthy that regioselective 

functionalisations promoted by metal catalysed sp2-C-H bond 

activation offer efficient routes for a fast access to various 

functional molecules.[12] Initially palladium catalysts were 

used for the direct C-H functionalization of heterocycles,[13,14]  

however tremendous progress has been made, in terms of 

synthesis efficiency,atom economy and process cost, with 

the less expensive ruthenium(0)[15]  and especially the more 

stable, even in water, ruthenium(II)catalysts[16--17]for cross C-

C bond formation fromsp2C-H bonds.A wide range of N-

containing heterocycles[18]   and even weakly coordinating 

functional groups such as carboxylic acids[19],  ketones,[20] or 

amides [21] can now direct regioselective ruthenium(II)-

catalysed C-H bond functionalisations.[18-22]  

Recently, ruthenium(II)-catalysed annulations involving 

C-H/N-H and C-H/O-H bond cleavage leading to 

isocoumarins have been reported by several groups.[6c,d, 23] 

Especially Jeganmohan[6c] and Ackermann[23b] have 

performed ruthenium(II)-catalyzed annulations of aromatic 

carboxylic acids with alkynes involving the activation of arene 

sp2 C-H bonds in the presence of copper(II) as oxidant but 

with an additive such as AgSbF6 or KPF6. An efficient 

ruthenium(II) catalysed annulation of aromatic carboxylic 

acids with alkyne, using molecular oxygen as sole oxidant, 

has just been reported.[24] 

Herein, we wish to report an efficient and regioselective 

annulation of N-methylpyrrole-2-carboxylic acid and N-

methylindole-3-carboxylic acid with substituted alkynes, and 

the direct synthesis of isocoumarin derivatives, promoted by 

the simple ruthenium(II) catalyst [RuCl2(p-cymene)]2  with 

Cu(OAc)2.H2O as oxidant in DMF,  without  the use of other 

additive and in one step with atom economy.It will be shown 

that this catalytic annulation can be successfully performed 

in water. 

Results and Discussion 
The annulation reaction of N-methylpyrrole-2-carboxylic 

acid 2 with disubstituted alkynes was attempted with the 

catalyst [RuCl2(p-cymene)]2 1 in the presence of 

Cu(OAc)2.H2O in DMF and then in water. In order to select 

optimized conditions, the reaction was first carried out using 

[RuCl2(p-cymene)]2 (5 mol%), KOAc (10 mol%), substrate 

(0.5 mmol), diphenylacetylene (1.2 equiv.), and 
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Cu(OAc)2.H2O (1.5 equiv.) in DMF under air, at only 80 °C, 

and it afforded the annulation product, 1-methyl-4,5-

diphenylpyrano[3,4-b]pyrrol-7(1H)-one 4a  in 87% isolated 

yield (Table 1, entry 1). When the reaction was carried out 

under nitrogen atmosphere, 4a was obtained in almost 

identical yield. The isolated yield was surprisingly further 

increased to 91% when the reaction was carried out without 

KOAc which was shown before to accelerate the C-H bond 

cleavage by deprotonation of functional arenes[25] (Table 1, 

entry 2).  This observation indicates that the required 

carboxylate partner of the Ru(II) catalyst arises from 

Cu(OAc)2. However, decreasing catalyst loading to 2.5 mol% 

gave only 30% of 4a (Table 1, entry 3).[26] The reaction of 2 

with diphenylacetylene and 20 mol% of KOAc in the 

presence of oxygen and without Cu(OAc)2.H2O at 80°C, 

under conditions closely related to those of the annulation of 

aromatic carboxylic acids,[24] led to the isolation of  only 18% 

of 4a, thus showing that for the heterocycle 2 the action of 

Cu(II) is required for efficient annulation. 

It was shown that water allowed the ruthenium(II)-

catalysed C-H bond functionalisation, sometimes with 

improved catalyst activity[17b,,27] and that ruthenium(II) 

catalysed alkenylation could also be performed in 

water.[19b,27c] We have thus explored the catalytic efficiency of 

[RuCl2(p-cymene)]2 1 catalyst in water for annulation of 

heterocycle 2.  First the annulation reaction was carried out 

using the catalyst 1 (5 mol%), pyrrole-2-carboxylic acid 2 (0.5 

mmol), alkyne (1.2 equiv.), Cu(OAc)2.H2O (2 equiv.) in water 

(2 mL) under air for 20 h and the desired product 4a was 

isolated only in 53% yield (Table 1, entry 4).  Employing 

additive such as PivOH, KOPiv or KPF6 (20 mol%) did not 

give any significant change in the product yield, but 

performing reaction under nitrogen atmosphere led to slight 

improvement (Table 1, entry 5-9). However, the use of 2 

equiv. of alkyne leads to a strong increase of the desired 

product 4a isolated yield, up to 82%, (Table 1, entry 10-11)), 

thus showing that this catalytic annulation can be profitably 

performed in water. 

Employing 10 mol% of catalyst under nitrogen could even  

further enhanced  the yield to 90% (entry 12). Limited 

examples of ruthenium(II)-catalysed annulations of 

heterocycles can take place in water, as from aromatic 

carboxylic acids[23a] or enamines.[23l] By contrast, an efficient 

ruthenium-catalysed isoquinolone synthesis by annulation in 

water of benzamides was performed in the presence of 

KO2CMes additive.[28] 

 

With these optimized reaction conditions, we have 

evaluated the ruthenium(II)-catalysed annulation of N-

methylpyrrole-2-carboxylic acid 2 (Scheme 1) and of N-

methylindole-3-carboxylic acid 5 (Scheme 2) with various 

alkynes first in DMF (Table 2) then in water (Table 3). 

 
Table 1. Optimization of ruthenium(II)-catalysed annulation of 
heteroaromatic acid 2 with diphenylacetylene in DMF and 
water[a] 

 
 
 

Entry Ruthenium Catalyst 

 

Additive 
(20 
mol%) 

Solvent Yield 

(%)[b]  

[1] [RuCl2(p-cymene)]2 (1) KOAc DMF 87 

[2] [RuCl2(p-cymene)]2 (1) ⎯ DMF 91 

[3]c [RuCl2(p-cymene)]2 (1) ⎯ DMF 30 

[4] [RuCl2(p-cymene)]2(1) ⎯ H2O 53 

[5] [RuCl2(p-cymene)]2(1) PivOH H2O 54 

[6]d [RuCl2(p-cymene)]2(1) KOPiv H2O 59 

[7]d [RuCl2(p-cymene)]2(1) ⎯ H2O 60 

[8]d [RuCl2(p-cymene)]2 (1) KPF6 H2O 69 

[9]d,e [RuCl2(p-cymene)]2 (1) KOAc H2O 18 

[10]d,f [RuCl2(p-cymene)]2 (1) ⎯ H2O 55 

[11]d,g [RuCl2(p-cymene)]2 (1) ⎯ H2O 82 

[12]d,h [RuCl2(p-cymene)]2 (1) ⎯ H2O 90 

[a]Reaction conditions: Substrate 2 (0.5 mmol), catalyst1 
(0.025 mmol), diphenylacetylene (0.65 mmol, 1.2 equiv.), 
Cu(OAc)2.H2O (1.5 or 2.0 equiv.), Additive (0.1 mmol), 
Solvent (2 mL), Temp. 80°C/16 h (DMF) and 100°C/20 h 
(water), under air. [b]Isolated yield after column 
chromatography.[c]Reaction performed using 2.5 mol% of 
catalyst 1. [d]Reaction performed under N2 atmosphere, 
[e]Reaction performed with 2 equiv. of diphenylacetylene but 
without Cu(OAc)2.H2O; [f] 0.5 equiv. of Cu(OAc)2.H2O was 
used; [g] 2 equiv. of diphenylacetylene was used; [h] Reaction 
performed with 10 mol% catalyst. 
 
 



 
 
 
 

 

 

Scheme 1. Annulation of 2 with substituted alkynes into 
isocoumarins 4a-e. 

Scheme 2. Annulation of 1-Methylindole-3-carboxylic acid 5 with 

alkynes. 

 

The annulation of N-methylpyrrole-2-carboxylic acid 2 

with 4-octyne, 3-hexyne and 2-butyne, performed in DMF 

with catalyst 1 as for diphenylacetylene (Table 2, entry 1), 

gave the desired products 4c, 4d  and 4e isolated in 62%, 

78%  and 57% respectively (entries 4-6). The reaction of 2 

with 1-phenylpropyne is highly regioselective as it leads to 

4b as the only product in 84% isolated yield Scheme 3, 
(Table 2, entry 2).The use of additional 20 mol% of KOAc 

has beneficial influence as the isolated yield of 4b was 

obtained up to 90 % with catalyst 1 (Table 2,entries 2, 3).  

 

 
Table 2. Ruthenium(II) catalyzed annulations of N-methyl-2-

Pyrrolecarboxylic acid 2 and N-Methylindole-3-carboxylic 

acid 5 in DMF[a] 

 

 

 

 

 

 

 

 

 

Entry Substrates 
2 and 5 

Alkynes Products 
 

Isolated 
Yield 
(%)[b] 

  

 
2 

 
 

 
 

     3a-3e 
4a-e 

 

 
  1 

 
2 

 
 

 

 
R1 = R2 = 
Ph (4a) 

 
91 
 
 

 
2 

 
2 

 
 

 
R1 = Me; R2 
= Ph (4b) 

 
84 
 

 
3[c] 

 
2 

 
 

 
R1 = Me; R2 
= Ph (4b) 

 
90 
 

 
4 

 
2 

 

 
 

 
R1 = R2 = 
(CH2)2CH3 
(4c) 

 
62 

 
5 
 

 
2 

 

 

 
R1 = R2 = 
CH2CH3 
(4d) 

 
78 

 
6 
 

 
2 

 

 

 
R1 = R2 =  
CH3 (4e) 

 
57 

 
 

 

 
5 
 

 
 

 
3a-3e 

 

6a-e 

 

 
7 
 

 
5 

 
 

 
R1 = R2 = 
Ph (6a) 

 
77 
 
 

 
8 
 

 
5 

 
 

 
R1 = Me; R2 
= Ph (6ba) 
 
R1 = Ph, R2 
= Me (6bb) 

 
42 
 
8 

 
9[c] 

 
5 
 

 
 

 
R1 = Me; R2 
= Ph (6ba) 
 
R1 = Ph, R2 
= Me (6bb) 

 
61 
 
13 

 
10 
 

 
5 

 

 

 
R1 = R2 = 
(CH2)2CH3 
(6c) 

 
64 

11 5 
 

 

 
 

R1 = R2 = 
CH2CH3 
(6d) 

70 

 
12 
 

 
5 

 
 

 
R1 = R2 = Me 

(6e) 

 
25 

[a]Reaction conditions: Substrate (0.5 mmol), Catalyst 1 (0.025 
mmol), alkynes (0.65 mmol, 1.2 equiv.), Cu(OAc)2.H2O (1.5 equiv.), 
DMF (2 mL), Temp. 80 °C, Time 16h; [b]Isolated yield after column 
chromatography; [c]Reaction performed in the presence of KOAc (20 
mol%). 

 



 
 
 
 

The annulation of 1-methylindole-3-carboxylic acid 5 with 

diphenylacetylene has been carried out with catalyst 1 

(5mol%) alkyne (1.2 mmol) in DMF in the presence of 1.5 

equiv Cu(OAc)2.H2O (Table 2). It led to the annulation 

product 6a in 77% yield (Table 2, entry 7). Analogously, the 

annulation of 5 with 4-octyne, 3-hexyne and 2-butyne led  to 

isocoumarins 6c, 6d and 6e in 64%, 70% and 25%, 

respectively (Table 2, entries 10, 11, 12). Unlike for 2, the 

annulation of 5 with 1-phenylpropyne, under similar 

conditions, afforded two products 6ba and 6bb in 42% and 

8% (Table 2, entry 8). However, for this particular alkyne, the 

addition of KOAc (20 mol%) is benificial, affording the 

products 6ba and 6bb in 61% and 13% isolated yields, 

respectively (Scheme 4, Table 2, entry 9).[29] 

Ruthenium(II) catalysts often tolerate water and water as 

solvent can increase the Ru(II) catalyst activity in the 

presence of carboxylate as cocatalyst.[17b,27] Thus the 

annulation of heterocycle 2 was attempted with Ru(II) 

catalyst 1 in water (Table 3). The annulation reaction of 2 in 

water performed with 10 mol% of catalyst using 2 

equivalents of alkyne and of Cu(OAc)2.H2O was found to 

give the best results. Thus, annulation of 2 with 

diphenylacetylene could lead to the formation of 90% of 

isocoumarin 4a after 20 h at 100 °C (Table 3, entries 1-3).  

Annulation reaction of 2 with 4-octyne led to the isolation of 

4c in 52% yield. These results show that the annulation of 2 

is not quite as productive as in DMF.The annulation reaction 

of 2 with the unsymmetrical alkyne, 1-phenylpropyne was 

carried out in water. This reaction is highly regioselective 

giving a good yield of the desired product 4b in 69% or 75% 

yield with 5 or 10 mol% of catalyst 1  (Table 3, entries 4, 5). 

The annulation of 2 with 1-phenylpropyne gave only a single 

isomer irrespective of the solvent used either DMF or water 

with compatible yields (Scheme 3). 

 

Scheme 4. Annulation of 1-methyl indole-3-carboxylic acid 5 with 1-

phenylpropyne 

 

The annulation reaction of 5 in water was also 

carried out employing three alkynes: diphenylacetylene, 1-

phenylpropyne and octyne.  The reaction of 5 with 

diphenylacetylene using 5 mol% of [RuCl2(p-cymene)]2 leads 

to 42% of 6a (Table 3, entry  7).  
 
Table 3. Ruthenium(II) Catalysed annulations of N-methyl-2-
Pyrrole carboxylic acid 2 and N-Methylindole-3-carboxylic 
acid 5 in water[a] 
 

Entry Substrates 
2&5 

Alkynes Products 
 

Isolated 
Yield 
(%)[b] 

  

 
2 

 
 

 
3a-c 

 

 
4a-c 

 

 
1[c] 
 

 
2 
 

 
 

 

 
R1 = R2 = Ph 

(4a) 
 

 
59 
 

2[d]

 
2  

 
R1 = R2 = Ph 

(4a) 
 

82 
 

3 2  R1 = R2 = Ph 
(4a) 

90 

 
4[d] 

 
2 

 

 
 
R1 = Me; R2 = 

Ph (4b) 

 
69 
 

 
5 

 
2 

 

 

 
R1= Me; R2 = 

Ph (4b) 

 
75 

 
6 

 
2 

 

 
 

 
R1 = R2 =  

(CH2)2CH3 (4c) 

 
52 

 
 

 

 
 

5 
 

 
 
 

 
 

3a-c 

 

 
6a-c 

 

 

 
7[c] 
 

 
5 
 

 
 

 

 
R1 = R2 = Ph 

(6a) 
 

 
42 
 

 
8 

 

 
5 

 
 

 
R1 = R2 = Ph 

(6a) 

 
77 

 
9 
 

 
5 

 
 

 

 
R1 = Me, R2 = 

Ph (6ba) 
 

R1 = Ph, R2 = 
Me (6bb) 

 

 
35 
 

30 

 
10[e] 
 

 
5 

 

 

 
R1 = R2 = 

(CH2)2CH3 (6d) 

 
87 

 
[a]Reaction conditions: Substrate 2, 5 (0.5 mmol), catalyst [RuCl2(p-cymene)]21 
(0.05 mmol), alkynes (1 mmol, 2 equiv.),   Cu(OAc)2.H2O (2 equiv.), Water (2 
mL), under N2 atmosphere, Temp. 100 °C, Time 20h; [b]Isolated yield after 
column chromatography; [c] 0.025 mmol of catalyst 1 and alkyne (1.2 equiv.) 
were used; [d] 0.025 mmol of catalyst 1 and 2 equiv. of alkyne were used. [e]10 
mol% of 1. 



 
 
 
 

 
 

However, using 10 mol% of catalyst and 2 equiv. of 

diphenylacetylene the isolated yield of the desired product 

was increased to 77% (Table 3, entry 8). The annulation of 5 

with 1-phenylpropyne in water also gave two products 6ba 

and 6bb in 35% and 30% respectively, indicating that the 

reaction of 5 with 1-phenylpropyne afforded two products 

irrespective of solvent water or DMF (Table 3, entry 9). 

Among the alkynes evaluated, 4-octyne reacted with 5 and 

could lead to 6d with excellent yields of 87% in water (entry 

10).  

The annulation reaction is expected to proceed first 

by coordination of the carboxylate to the ruthenium(II) site, 

followed by activation of the ortho C-H bond via C-H 

deprotonation with acetate arising from Cu(OAc)2.H2O[25] to 

form the cyclometallate A. The coordinative insertion of the 

alkyne into the Ru(II)-C bond of A should  give the 

intermediate B followed by reductive elimination leading to 

derivatives 4 and 6. The second role of Cu(OAc)2.H2O is 

then to reoxidize the produced ruthenium(0) species into the 

active ruthenium(II)catalyst (Scheme 5). 

 

 
Scheme 5. Proposed mechanism for the formation of 4 or 6 

 

In conclusion, an efficient catalytic annulation of pyrrole-2-

carboxylic acid and indole-3-carboxylic acid with alkynes into 

isocoumarins promoted by the ruthenium(II) catalyst 

[RuCl2(p-cymene)]2 without other additive than the provider 

of acetate and the oxidant Cu(OAc)2.H2O has been 

performed. The reaction was carried out in DMF giving  good 

to excellent yields of the theisocoumarins 4 and 6 depending 

on the alkyne. The catalytic annulation easily proceeds in 

water as safe and renewable solvent. it is less effective than 

in DMF, but it is competitive for several alkynes such as 

diphenylacetylene, 1-phenylpropyne and 4-octyne. The 

reaction is highly regioselective only for the annulation of 2
with1-phenylpropyne which forms exclusively 4b irrespective 

of solvent. 
 

Experimental Section 

General procedure for ruthenium(II) catalysed annulation 
of pyrrole and indole carboxylic acid in DMF   

A dried Schlenck tube was loaded with [RuCl2(p-cymene)]2 

(0.0153g, 0.025 mmol, 5 mol%), heterocylic acid (2 or 5) (0.5 

mmol), alkyne (0.65 mmol), Cu(OAc)2H2O (0.149g, 0.75 

mmol) and DMF (2 ml). The reaction mixture was stirred in 

DMF at 80°C for 16 h under air. After which the solvent was 

evaporated. The residue was purified via filtration over silica 

gel column using petroleum ether and ethyl acetate as 

eluants,to eliminate excess of alkyne and ruthenium residue, 

to give the compounds 4 and 6. 

General procedure for ruthenium(II) catalysed annulation 
of pyrrole and indole carboxylic acid in water 

A dried Schlenck tube was loaded with [RuCl2(p-cymene)]2 

(0.03 g, 0.05 mmol), heterocylic acid 2 or 5 (0.5 mmol), 

alkyne (1 mmol), Cu(OAc)2H2O (0.199g, 1.0 mmol). The 

reaction mixture was stirred in water (2 ml) at 100°C for 20 h 

under nitrogen. The reaction mixture was extracted with ethyl 

acetate (2x20 mL). The solution was dried with sodium 

sulphate and evaporated.  The residue was purified via 

filtration over silica gel column using petroleum ether and 

ethyl acetate as eluants to give the compounds 4 and 6. 

Acknowledgements  

Financial support received from the Department of 

Science and Technology (grant No.SR/FT/CS-001/2010) and 

the Council of Scientific and Industrial Research (OLP1206), 

India are gratefully acknowledged (KSS).  

 

Keywords: Indole, pyrrole, Bioactive natural product, 

Annulation reaction, Ruthenium(II) catalyst, C-H bond 

activation, Isocoumarin synthesis. 

Supporting Information: Experimental procedures for the 

preparation and spectroscopic characterization of 4a-e and  



 
 
 
 

 6a-e (1H, 13C & ESI-MS). Copies of 1H and 13C NMR spectra of 4a-e and 6a-e. 

References 

[1] (a) H. Matsuda, H. Shimoda, M. Yoshikawa, Bioorg. 
Med. Chem.1999, 7, 1445-1450; (b) M. Yoshikawa, 
E. Harada, Y. Naitoh, K. Inoue, H. Matsuda, H. 
Shimoda, J. Yamahara, N. Murakami, Chem. 
Pharm. Bull. 1994, 42, 2225-2230. 

[2] K. Nozawa, M. Yamada, Y. Tsuda, K. Kawai, S. 
Nakajima, Chem. Pharm. Bull. 1981, 29, 2689-2691. 

[3] (a) T. Furuta, Y. Fukuyama, Y. Asakawa, 
Phytochemistry 1986, 25, 517-520; (b) C. A. 
Kontogiorgis, K. Savvoglou, D. J. Hadjipavlou-Litina, 
J. Enzym. Inhib. Med. Chem. 2006, 21, 21-29. 

[4] M. Chinworungsee, P. Kittakoop, M. Isaka, R. 
Chanphen, M. Tanticharoen, Y. J.  Thebtaranonth, J. 
Chem. Soc. Perkin Trans. 1 2002, 34, 2473-2476. 

[5] D. L. Yu, M. Suzuki, L. Xie, S.L. Morris-Natschke, 
K.H. Lee,  Med. Res. Rev.2003, 23, 322-345. 

[6] (a)A. F. Littke, G. C. Fu, Angew Chem., 1998, 37, 
3387-3388; (b) B. Gong, J. Shi, X. Wang, Y. Yan, Q. 
Li, Y. Meng, H. E. Xu, W. Yi, Adv. Synth. Catal. 
2014, 356, 137-143; (c) R. K. Chinnagolla, M. 
Jeganmohan, Chem. Commun. 2012, 48, 2030-
2032; (d) L. Wang, L. Ackermann, Org. Lett., 2013, 
15, 176-179; (e) E.  
M. Beck, M. J. Gaunt, Top. Curr. Chem., 2010, 292, 
85-121. 

 [7] (a) E.M. Phillips, M. Wadamoto, H.S. Roth, A.W. Ott, 
K.A. Scheidt, Org. Lett. 2009, 11, 105-108; (b) D. 
Du, Z.W. Wang, Eur. J. Org. Chem. 2008, 4949-
4954; (c) M.A. Kinder, P. Margaretha, Org. Lett. 
2000, 2, 4253-4255; (d) V. Nair, C.R. Sinu, R. 
Rejithamol, K.C.S. Lakshmi, E. Suresh, Org. Biomol. 
Chem.2011, 9, 5511-5514.  

 [8] (a) X.-X. Guo, J. Org. Chem. 2013, 78, 1660-1664; 
(b) V. Kavala, C.-C. Wang, D. K. Barange, C.-W. 
Kuo, P.-M. Lei, C.-F. Yao, J. Org. Chem. 2012, 77, 
5022-5029. 

[9] (a) P. Zhao, D. Chen, G. Song, K. Han, X. Li, J. Org. 
Chem. 2012, 77, 1579-1584; (b) G. Zeni, R. C. 
Larock, Chem. Rev. 2004, 104, 2285-2310; (c) R. C. 
Larock, M. J. Doty, X. Han, J. Org. Chem. 1999, 64, 
8770-8779. 

[10] Fanzhi Yang and Lutz Ackermann, J. Org. Chem, 
2014, 79, 12070-12082. 

[11] (a) M. Shimizu, K. Hirano, T. Satoh, M. Miura, J. 
Org. Chem. 2009, 74, 3478-3483; (b) T. Ueura, T. 
Satoh, M. Miura, Org. Lett. 2007, 9, 1407-1409; (c) 
K. Ueura, T. Satoh, M. Miura, J. Org. Chem. 2007, 
72, 5362-5367; (d) Q. Li, Y. Yan, X. Wang, B. Gong, 
X. Tang, J. J. Shi, H. E. Xu, W. Yi, RSC Adv. 2013, 
3, 23402-23408. 

[12]  For selected reviews on C-H bond catalytic 
functionalization: (a) C. Jia, T. Kitamura, Y.  
Fujiwara Acc. Chem. Res., 2001,34, 633-639; (b) D. 
Alberico, M. E. Scott, M. Lautens, Chem, Rev., 
2007, 107, 174-238; (c) J. C. Lewis, R. G. Bergman, 
J. A. Ellman, Acc. Chem. Res., 2008, 41, 1013-

1025; (d) I. V. Seregin, V. Gevorgyan, Chem. Soc. 
Rev., 2007, 36, 1173-1193; (e) I. A. I. Mkhalid, J. H. 
Barnard, T. B. Marder, J. M. Murphy, J.F. Hartwig, 
Chem. Rev., 2010, 110, 890-931; (f) E. M. Beck, M. 
J. Gaunt, Top. Curr. Chem., 2010,292, 85-121; (g) 
K. M. Engle, T. S. Mei, M. Wasa, J. Q. Yu, Acc. 
Chem. Res., 2011, 45, 788-802. 

[13] (a) Y. Fujiwara, I. Moritani, S. Danno, R. Asano, S. 
Teranishi, J. Am. Chem. Soc.1969, 91, 7166-7169; 
(b) C. Jia, W. Lu, T. Kitamura, Y. Fujiwara, Org. 
Lett., 1999, 1, 2097-2100; (c) K. L. Hull, E. L. Lanni, 
M. S. Sanford, J. Am. Chem. Soc. 2006, 128, 
14047-14049; (d) E. M. Beck, N. P.  Grimster, R. 
Hatley, M. J. Gaunt, J. Am. Chem. Soc., 2006, 128, 
2528-2529; (e) M. Takahashi, K. Masui, H. 
Sekiguchi, N. Kobayashi,  A. Mori, M.  Funahashi, N. 
Tamaoki, J. Am. Chem. Soc., 2006, 128, 10930-
10933.  

[14] (a) J. Roger, A. L. Gottumukkala, H. Doucet, 
ChemCatChem2010, 2, 20-40 ; (b) T. Yan, L. Chen, 
C. Bruneau, P. H. Dixneuf, H. Doucet, J. Org. Chem. 
2013, 78, 4177-4183; (c) L. Zhao, C. Bruneau, H. 
Doucet, ChemCatChem., 2013, 5, 255-262. 

[15] For ruthenium(0) catalysis see : (a) S. Murai, F. 
Kakiuchi, S. Sekine, Y. Tanaka, A. Kamatani, M. 
Sonoda, N. Chatani,  Nature, 1993, 366, 529-531; 
(b) F. Kakiuchi, S .Murai,  Acc. Chem. Res.2002, 35, 
826-834. 

[16]  For ruthenium(II) catalysis see : (a) L. Ackerman, 
Chem. Rev.,2011, 111, 1315-1345; (b) S. I. 
Kozhushkov, L. Ackermann, Chem. Sci., 2013, 4, 
886-896. 

[17]  For ruthenium(II) catalysis see : (a)P. B. Arockiam, 
C. Bruneau, P. H. Dixneuf, Chem. Rev., 2012, 112, 
5879-5918; (b) B. Li, P. H. Dixneuf, Chem. Soc. 
Rev., 2013, 42, 5744-5767. 

[18] (a) S.  Oi, S. Fukita, N. Hirata, N. Watanuki, S. 
Miyano, Y. Inoue,  Org Lett., 2001,3, 2579-2581; (b) 
S. Oi, Y. Ogino, S. Fukita, Y. Inoue, Org. Lett.,  
2002, 4, 1783-1785; (c) I. Özdemir, S. Demir, B. 
Cetinkaya, C. Gourlaouen, F. Maseras, C. Bruneau, 
P. H. Dixneuf, J. Am. Chem. Soc., 2008, 130, 1156-
1157. 

[19] (a) T. Ueyama, S. Mochida, T. Fukutani, K. Hirano, 
T. Satoh, M. Miura, Org. Lett.,2011, 13, 706-708; 
(b) L.Ackermann, J. Pospech,  Org Lett., 2011,13, 
4153-4155. 

[20] (a) K. Padala, M.  Jeganmohan, Org. Lett., 2011, 13, 
6144-6147; (b) K. S. Singh, P. H. Dixneuf, 
Organometallics, 2012, 31, 7320-7323. 

[21] (a) Y. Hashimoto, T. Ortloff, K. Hirano, T. Satoh, C. 
Bolm. M. Miura, Chem. Lett., 2012, 41, 151-153; (b) 
L. Ackermann, L. Wang, R. Wolfram, A. V. Lygin, 
Org. Lett.,2012, 14, 728-731. 

[22] For Selected ruthenium(II) catalyzed C-H 
functionalization see: (a) P. B. Arockiam, C. 
Fischmeister, C. Bruneau, P. H. Dixneuf,Green 



 
 
 
 

Chem.,2011, 13, 3075-3078; (b) F. Pozgan and P. 
H. Dixneuf, Adv. Synth. Catal.,2009, 351, 1737-
1743; (c)P. Arockiam, V. Poirier, C. Fischmeister, C. 
Bruneau and P. H. Dixneuf,Green Chem.,2009, 11, 
1871-1875; (d) B. Li, C. B. Bheeter, C. Darcel, P. H. 
Dixneuf, ACS Catal. 2011, 1, 1221-1224; (e) L. 
Ackermann, A. V. Lygin, N. Hofmann, Angew. 
Chem. 2011, 50, 6379-6382; (f) L. Ackermann, J. 
Pospech,  H. K. Potukuchi, Org. Lett., 2012, 14, 
2146-2149; (g) K. Padala, M. Jeganmohan, Chem. 
Eur. J.,2014, 20, 4092-4097; (h) R. K. Chinnagolla, 
M. Jeganmohan, Org. Lett., 2012, 14, 5246-5249; 
(j) K. Padala, M. Jeganmohan, Org. Lett., 2011, 13, 
6144-6147. 

[23] For selected references on ruthenium catalysed 
annulation reactions see: (a) L. Ackermann, A. V. 
Lygin, N. Hofmann, Org. Lett., 2011, 13, 3278-3281;  
(b) L. Ackermann, J. Pospech, K. Graczyk, K. 
Rauch, Org. Lett., 2012, 14, 930-933; (c) W. Ma, K. 
Gracyzyk, L. Ackermann, Org. Lett., 2012, 14, 
6318-6321: (d) S. Gupta,J. Han,Y. Kim,S. W. Lee,Y. 
H. Rhee, J. Park, J. Org. Chem.,2014, 79, 9094-
9103;(e) C.-H. Hung, P. Gandeepan, C.-H. Cheng, 
ChemCatChem.,2014, 6, 2692-2697; (f) F. Yang,  L. 
Ackermann, J. Org. Chem., 2014, 79, 12070-12082; 
(g) L. Ackermann, Acc. Chem. Res.,2014, 47, 281-
295. (h) Jiang, Y. Huang, Org. Lett.,2014, 16, 5976-
5979; (i) P. Villuendas, E. P. Urriolabeitia, J. Org. 
Chem.,2013, 78, 5254-5263; (k) L. Ackermann, A. V. 
Lygin, N. Hofmann, Angew. Chem. Int. Ed., 2011, 
50, 6379-6382.(l) L. Wang, L. Ackermann, Org. Lett., 
2013, 15, 176-179. 

[24] S. Warratz, C. Kornhaaß, A. Cajaraville, B. 
Niepçtter, D. Stalke, L. Ackermann, Angew. Chem. 
Int. Ed., 2015, 54, 5513-5517.  

[25]  (a) E. F. Flegeau, C. Bruneau, P. H. Dixneuf, A. 
Jutand,  J. Am. Chem. Soc., 2011, 133, 10161-10170. 
(b) I. Fabre, N. von Wolff, G. Le Duc, E. Ferrer-
Flegeau, C. Bruneau, P. H. Dixneuf, A. Jutand, 
Chem. Eur. J.,2013,19, 7595. 

[26] The addition of KPF6 (20 mol%) additive  in DMF 
with led to only a slight increase from 30% (Table 1, 
entry 3) to 33 %.2.5 mol % of 1  

[27] a) P. B. Arockiam, C. Fischmeister, C. Bruneau, P. 
H. Dixneuf, Angew. Chem. Int. Ed.,2010, 122, 6779-
6782; (b) K. S. Singh, P. H. Dixneuf, 
ChemCatChem.,2013, 5, 1313-1316; (c) P. B. 
Arockiam, C. Fischmeister, C. Bruneau, Pierre H. 
Dixneuf, Green Chem.2013, 15, 67-71. 

[28] L. Ackermann, S. Fenner, Org. Lett., 2011, 13, 
6548-6551. 

[29] Two isocoumarin derivatives of 5  were also 
obtained in 65-83% yields in t-AmOH, via 
ruthenium(II) catalysis with both Cu(OAc)2.H2O and 
KPF6 additive [6d]. 



 
 
 
 

Entry for the Table of Contents 
 

 
 

1-methylpyrrole-2-carboxylic acid and 1-methylindole-3-carboxylic acid are efficiently annulated with 
alkynes, by non expensive and stable to water ruthenium(II) catalyst [RuCl2(p-cymene)]2 and with 
acetate provider and oxidant Cu(OAc)2.H2O, via C-H and O-H bond activation, to give their respective 
pyrrole and indole fused isocoumarin derivatives. These catalytic reactions can be performed in DMF 
and competively in water. 
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