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Pyrroloacridines and pyrroloacridones are of particular interest
because they have a variety of interesting biological activities. Sig-
nificantly, members of this family are active in assays for antihel-
mintic,1 antitumor,1,2 antifungal,3 and DNA binding.4–6 These
abilities are specifically important in inhibiting the growth of can-
cerous cells, making these compounds ideal for developing novel
anticancer drugs. To date, the only pyrroloacridines that have been
published from marine sources are plakinidines A–E and alpkini-
dine.1,7–10 Only a few reports11 are available for the synthesis of
pyrroloacridines and therefore the synthetic versatility of these
compounds needs to be explored.

As a result of their significant potential as therapeutics, a con-
siderable synthetic attention has been directed at the development
of efficient methods toward the construction of pyrroloacridine
moiety. So, we became interested in synthesizing pyrroloacridines
which are isomeric analogues of bioactive pyrroloacridines such as
those shown in Figure 1. Our method is based on CuI mediated
N-arylation of 5-amino-2-methylindole with o-halobenzoic acids
by Ullmann–Goldberg condensation12 followed by intramolecular
Friedel–Crafts cyclization13 with POCl3.

As shown in Scheme 1, 5-amino-2-methylindole 1a was sub-
jected to Ullmann–Goldberg condensation with 2-iodobenzoic acid
2a in the presence of CuI (10 mol %) and K2CO3 (1.0 equiv) at 80 �C
in DMSO to give the condensation product14 3a. Due to the activa-
tion of halogens by the ortho-substituted carboxylic group, a facile
condensation occurred. The results, presented in Table 1, indicate
the condensation products are obtained in good yield. 2-Bromo-
benzoic and 2-chlorobenzoic acid required relatively longer reac-
tion time than their iodo analogue due to the order of halogen
displacement I > Br > Cl. Due to the further activation of iodide by
the strong electron-withdrawing nitro group, 2f requires only half
of the reaction time compared to 2c.
ll rights reserved.
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The condensation products 3a–i are subjected to cyclization
with POCl3 which results in the corresponding pyrroloacridones15

and pyrroloacridines15 depending on the reaction temperature.
As shown in Scheme 1, the condensation products 3a–f have pro-
duced the corresponding pyrroloacridones 4a–f after being treated
with an excess of POCl3 in good yields at 60 �C. The results are
summarized in Table 1. The condensation products 3g–i could
not give the corresponding pyrroloacridones at 60 �C. This may
be due to the strong electron-withdrawing nature of phenylsul-
phonyl group.

When the reaction was performed at 120 �C, the condensation
products 3a–i gave the corresponding pyrroloacridines 5a–i. The
absence of two singlets (due to 4th and 7th position protons of in-
dole) in the aromatic region of 1H NMR spectrum, clearly reveals
the exclusive formation of regioisomeric pyrroloacridines 5a–i.
This is further confirmed by the characterization of the structure
of 5g by the single crystal X-ray analysis.16 The ORTEP diagram
of 5g is shown in Figure 2.

In summary, we have developed a simple and efficient two-step
method for the synthesis of pyrroloacridones and pyrroloacridines
via N-arylation of 5-amino-2-methylindole derivatives with 2-
halobenzoic acids by Ullmann–Goldberg condensation followed
by intramolecular Friedel–Crafts cyclization with POCl3. This meth-
od provides a new entry to the synthesis of pyrroloacridone and
pyrroloacridine derivatives of biological importance.
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Figure 1. Representative pyrroloacridines isolated from marine sources.
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Scheme 1. Synthesis of pyrroloacridones and pyrroloacridines.

Table 1
Synthesis of pyrroloacridones and pyrroloacridines

S.No. R R1 X Condensed product Time (h) Yield (%) Cyclized product Time (h) Yield (%)

1 H H I 3a 0.5 86 4a 0.5 75
5a 3.0 76

2 H H Br 3a 2.0 80 4a 0.5 75
5a 3.0 76

3 H OMe Br 3b 2.0 81 4b 0.5 74
5b 3.0 71

3 CH3 H I 3c 0.5 91 4c 0.5 72
5c 3.0 75

4 CH3 H Br 3c 2.0 82 4c 0.5 72
5c 3.0 75

5 CH3 Cl I 3d 0.5 87 4d 0.5 77
5d 3.0 77

6 CH3 Br I 3e 0.5 79 4e 0.5 76
5e 3.0 73

7 CH3 NO2 I 3f 0.25 84 4f 0.5 79
5f 3.0 82

8 SO2Ph H I 3g 0.5 71 5g 3.0 73
9 SO2Ph H Br 3g 2.0 68 5g 3.0 73

10 SO2Ph H Cl 3g 3.0 65 5g 3.0 73
11 SO2Ph Cl I 3h 0.5 75 5h 3.0 72
12 SO2Ph Br I 3i 0.5 77 5i 3.0 75

Figure 2. ORTEP diagram of 5g.
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