
Tandem C–C coupling – intramolecular acetylenic Schmidt reaction
under Pd/C–Cu catalysis{{

Venkateswara Rao Batchu,a Deepak Kumar Barange,a Dinesh Kumar,a Bukkapattanam R. Sreekanth,a

K. Vyas,a E. Amarender Reddyb and Manojit Pal*a

Received (in Cambridge, UK) 6th December 2006, Accepted 7th February 2007

First published as an Advance Article on the web 19th February 2007

DOI: 10.1039/b617823e

A new one-pot reaction for the regioselective construction of a

six-membered fused N-heterocyclic ring leading to isoquino-

lones under Pd/C–Cu catalysis is described.

Transition metal mediated synthesis of nitrogen containing

heterocycles via addition of an N–H bond across the C–C triple

bond has been one of the frontier areas in organic chemistry.1 This

is exemplified by the synthesis of a large variety of structurally

diverse N-heterocycles and palladium is by far the most utilized

metal in these catalytic processes. While the Pd-mediated synthesis

of a number of N-heterocycles, especially indoles,2 has been

studied extensively, only a few have been reported for the synthesis

of 1(2H)-isoquinolones.3 Nevertheless, this heterocycle is one of

the basic units found in a wide variety of plant alkaloids, bioactive

compounds and drugs.4 For example, 6-amino-7-chloro-

2-(5-methyl-3H-imidazol-4-ylmethyl)-2H-isoquinolone has been

identified as a novel orally active 5-HT3 antagonist4a and

2-{4-[(1-oxo-1,2-dihydroisoquinolin-7-ylmethyl)-prop-2-ynylamino]-

benzoylamino}succinic acid showed promising thymidylate

synthase (TS) inhibitory activity.4b Since TS inhibitors could

play a role as potential anticancer agents, we decided to

explore the synthesis and anticancer activities of a library of

small molecules based on an isoquinolone scaffold.

Recently, the union of terminal alkynes and organic azides5 in

the presence of transition metal catalysts to give 1,4-disubstituted

1,2,3-triazoles has shown remarkable applications in organic

synthesis.6 An intramolecular version of this [3 + 2] cycloaddition

afforded isoindoline fused with triazoles successfully under

appropriate reaction conditions.6d On the other hand the reactivity

of alkyl azides as nucleophiles toward gold(I)-activated alkynes in

an intramolecular cyclization process (acetylenic Schmidt reaction)

leading to pyrroles has been studied recently.7a The present

communication addresses several challenging issues related to the

use of acyl azides7b (Scheme 1) e.g. (i) their reactivity towards

transition metal-activated alkynes, (ii) regioselectivity and (iii) the

optimal catalyst system. We envisaged that the acyl group of acyl

azide might influence the reactivity pattern of azide favouring

expulsion of dinitrogen as the reaction proceeds (path a, Scheme 1).

To this end, we have observed that treatment of 2-iodobenzoyl

azide (1a) with 2-methylbut-3-yn-2-ol (2a) in the presence of a

palladium catalyst, CuI and E3N produced the corresponding

3-substituted-1(2H)-isoquinolone (3a) as a major product

(entries 1–4, Table 1). Among the catalysts we examined, 10%

Pd/C–PPh3 in EtOH gave better results (entry 3, Table 1) although

the use of (PPh3)2PdCl2 or (PPh3)4Pd afforded 3a, albeit in low

yields. When the reaction was performed in the absence of CuI no

product was formed, indicating that the Cu-catalyst is needed for

the reaction to proceed. On the other hand the reaction gave

mainly five-membered ring product (4a) in the absence of Pd-

catalyst (entry 6, Table 1). Compound 4a was also isolated as the

only product when other solvents were used (entries 7–11, Table 1).

Isoquinolone 3a was distinguished from the isoindolinone 4a on

the basis of their IR spectra. The carbonyl absorption band
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Scheme 1

Table 1 Pd-mediated coupling of 1a with terminal alkyne (2a)a

Entry Pd-catalyst Solvent

% Yieldb

3a 4a

1 Pd(PPh3)4 EtOH 63 20
2 Pd(PPh3)2Cl2 EtOH 58 40
3 10% Pd/C–PPh3 EtOH 82 —
4 10% Pd/C EtOH 42 20
5c 10% Pd/C–PPh3 EtOH — —
6 PPh3 EtOH trace 40
7 10% Pd/C–PPh3 1,4-dioxane nd 60
8 10% Pd/C–PPh3 THF nd 27
9 10% Pd/C–PPh3 CH3CN nd 36
10 10% Pd/C–PPh3 Toluene nd 48
11 10% Pd/C–PPh3 DMF nd 60
a Reaction conditions: 1a (1.0 equiv.), 2a (1.0 equiv.), 10% Pd/C or
other Pd-catalyst (0.03 equiv.), PPh3 (0.12 equiv.), CuI (0.06 equiv.),
Et3N (2 equiv.) at 80 uC for 12 h under N2. b Isolated yield. c The
reaction was carried out without CuI. nd 5 not detected.
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appeared at 1736 cm21 for six-membered ring product 3a and at

1786 cm21 for five-membered ring product 4a.

We were pleased to find that tandem C–C coupling–

Schmidt reaction under Pd/C–Cu catalysis provided isoquinolones

with a variety of substitution patterns (Table 2). The reaction

proceeded well with a variety of terminal alkynes to give

3-substituted-1(2H)-isoquinolone 3 in good yields and isomeric

products such as isoindolinones were not detected (entries 1–12,

Table 2). The preparation of 3a is representative: A mixture of

2-iodobenzoyl azide (0.3 g, 1.09 mmol), 10% Pd/C (0.034 g, 0.033

mmol), PPh3 (0.034 g, 0.13 mmol), CuI (0.013 g, 0.065 mmol) and

triethylamine (0.22 g, 0.3 mL, 2.17 mmol) in ethanol (10 mL) was

stirred at 25 uC for 30 min under nitrogen. To this mixture was

added 2-methylbut-3-yn-2-ol (0.092 g, 1.09 mmol) slowly with

stirring. The reaction mixture was then stirred at 80 uC for 12 h,

cooled to room temperature, diluted with EtOAc (50 mL) and

filtered through Celite. The filtrate was collected and concentrated

under vacuum. The residue was purified by column chromato-

graphy (petroleum ether–EtOAc) to afford 3a in 82% yield. The

use of aryl alkynes afforded the desired products in low yield along

with other side products (entries 13–14, Table 2). Notably,

dimerization (homocoupling)8 of the terminal alkynes was

observed as a side reaction in a few cases especially when

arylalkynes were used (entries 13–14, Table 2). Perhaps this was

facilitated in the presence of Pd(II)8d generated in situ (see later for

mechanistic discussion). All the isoquinolones synthesized were

characterized by spectral9 and analytical data and this was

supported by the molecular structure of 3j being confirmed by

X-ray analysis (Fig. 1).§10

A possible mechanism involving in situ generation of o-alkynyl

azido benzene A via Pd/C-mediated Sonogashira coupling

followed by intramolecular acetylenic Schmidt reaction is shown

in Scheme 2. Presumably, Pd(II) generated11a from Pd(0) activates

the C–C triple bond11b which undergoes nucleophilic addition by

the proximal nitrogen of the azide. Subsequent loss of dinitrogen

Fig. 1 X-ray crystal structure of 3j (ORTEP diagram). Displacement

ellipsoids are drawn at 50% probability level for non-hydrogen atoms.

Scheme 2 Possible mechanism for the formation of isoquinolone.

Table 2 Pd/C-mediated synthesis of 1(2H)-isoquinolonesa

Entry Haloenone Alkyne Product % Yieldb

1

1a
2a

3a 82

2 1a

2b

3b 85

3 1a

2c

3c 60

4 1a
2d

3d 82

5 1a

2e

3e 55

6 1a

2f

3f 44

7 1a

2g

3g 73

8 1a

2h

3h 56

9

1b

2d 3i 78

10 1b 2g 3j 65

11 1b 2f 3k 85

12 1b 2b 3l 84

13 1a

2i

3m 43c

14 1a

2j

3n 40d

a Reaction conditions: 1 (1.0 equiv.), 2 (1.0 equiv.), 10% Pd/C
(0.03 equiv.), PPh3 (0.12 equiv.), CuI (0.06 equiv.), Et3N (2 equiv.)
in EtOH at 80 uC for 12 h under N2. b Isolated yield. c 3-Phenyl-4-
phenylethynyl-2H-isoquinolin-1-one was isolated as a side product.
d 3-p-Tolyl-4-tolylethynyl-2H-isoquinolin-1-one was isolated as a side
product.
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produces the cationic intermediate B7a (stabilized by the electron

donation from palladium), which as a result of hydride shift

followed by the regeneration of Pd(0) finally affords the

isoquinolone 3. A mechanism involving generation of a nitrene-

like intermediate,7b although it cannot be fully ruled out, would

lead to the formation of a related product as a result of Curtius

rearrangement.11c Also the observation that o-alkynyl benzamide

is unreactive under the conditions studied (i.e. Pd/C–PPh3–CuI or

PPh3–CuI at 80 uC for 24 h) disfavours the intermediacy of this

amide that may be generated in situ. Nevertheless, a pathway

similar to that shown in Scheme 2 can also be proposed for the

formation of isoindolinone where nucleophilic addition of the

azide to the C–C triple bond followed by the loss of dinitrogen

produces the cationic intermediate corresponding to the five-

membered ring product.12

In summary, we have developed a simple method to afford

3-substituted 1(2H)-isoquinolones that are not easily available

from the previously known methodologies. The use of Pd/C–Cu

catalysis is the key of this new transformation. This mild process

was found to be general and highly regioselective, affording an

array of compounds of potential biological significance.13,14
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