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Abstract: The reaction of xanthene derivatives with indoles and
pyrrole catalyzed by CAN in methanol through SN1 reaction of
pyrillium with a nucleophilic reagent afforded the corresponding
indole- and pyrrole-substituted xanthene derivatives in high yields,
respectively.
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The xanthenes and benzoxanthenes are natural or synthet-
ically important compounds, which were used as dyes,
fluorescent materials for visualization of biomolecules
and in laser technologies due to their useful spectroscopic
properties.1 Among these compounds, santalin pigments,
as they are known, have been isolated from a number of
plant species.2 Xanthene-based compounds have also
been investigated for agricultural bactericidal activity,3

photodynamic therapy,4 anti-inflammatory effects,5 anti-
viral activity,6 and for antagonism of the paralyzing action
of zoxazolamine.7 However, few literature procedures are
available concerning the synthesis and reaction of 1-oxo-
13c-alkyloxy-1,13c-dihydrodibenzo[a,kl]-xanthene from
1,1¢-bi-2-naphthol.8

We have previously reported that ceric ammonium nitrate
(CAN) efficiently catalyzes the Michael addition of in-
dole to a,b-unsaturated ketones under ultrasonic irradia-
tion to afford the corresponding adducts in excellent
yields.9 As an extension of this study, we decided to inves-
tigate the Michael addition of indole 2a with a,b-unsatur-
ated compounds like 1a (Scheme 1). These homologues
were expected to provide 1-oxo-(3-indolyl)-13c-methyl-
oxy-1,2,3,13c-dihydrodibenzo[a,kl]-xanthene (3a) as the
target product.10 However, as discussed herein, when
compounds 1a and 2a were mixed together in the
presence of 5 mol% CAN in methanol under ultrasonic
conditions, an unexpected product 1-oxo-13c-(3-indolyl)-
1,13c-dihydrodibenzo[a,kl]-xanthene (4a) was obtained
with high regioselectivity.

First, the reaction of 1-oxo-13c-methoxy-1,13c-dihydro-
dibenzo[a,kl]-xanthene (1a) with 2a (1.0 equiv) was stud-
ied. The reaction was catalyzed by CAN under ultrasonic
irradiation. It was found that reaction of 1a with 2a in
methanol proceeded smoothly under sonic waves to give
the unexpected product 4a in 95% yield after 3 hours
(Table 1, entry 1).11 When the amount of 2a was changed
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from 1.0 to 2.0 equivalents, the reaction still furnished
compound 4a as the sole product in high yield without fur-
ther Michael addition of the indole to the cyclohexenone
(Table 1, entry 2). The structure of compound 4 was con-
firmed by NMR and IR spectroscopy.

When compounds 1b–d were used as the starting materi-
als in the reactions under the identical conditions using
CAN as the catalyst, the same product 4a was obtained in
good yields (Table 1, entries 3–5).

A variety of indoles 2b–j were then tested (Table 2).
Compound 1a reacted smoothly with various substituted
indoles 2b–f in the presence of a catalytic amount of CAN
under sonic waves to afford 1-oxo-13c-(3-indolyl)-1,13c-
dihydrodibenzo[a,kl]-xanthenes 4b–f in high yields
(Table 2, entries 2–6). However, reactions of 1a with
2g–i did not give the desirable products, which might be
due to steric restriction (Table 2, entries 7–9). The less
reactive nitroindole derivate 2j also did not react under the
same reaction conditions (Table 2, entry 10). In addition,
the structure of the product 4e was ascertained by spectro-
scopic methods, and the conclusive proof of the assigned
structure was confirmed by single-crystal X-ray analysis
(Figure 1).12

The reaction occurred predominantly at 2-position of
pyrrole 5, while the regioisomeric 3-substituted adduct
could hardly be detected by NMR analysis of the final
reaction mixture. The reaction of 1a and 5 was examined
to generate the desired product 6 in 90% yield under sonic
conditions (Scheme 2).

A possible mechanism of the reaction was shown in
Scheme 3. First, CAN promoted the cleavage of the
alkoxy group in compound 1 to give the intermediate

Table 1 Reactions of 1a–d with Indole 2aa

Entry R (Subst.) Time (h) Yield (%)b

1 Me 1a 3 95 (88)c

2 Me 1a 3 95d

3 Et 1b 2 95

4 i-Bu 1c 2 82

5 n-Bu 1d 2 82

a The reactions were carried out under sonication conditions.
b Isolated yields.
c The reaction was carried out without ultrasound irridiation.
d 2.0 Equiv of 2a was used under the identical conditions.
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Figure 1 X-ray structure of compound 4e

Table 2 Reactions of 1a with Indoles 2a–k Catalyzed by CANa

Entry Indoles Product Time 
(h)

Yield 
(%)b

1 2a 4a 3 95

2 2b 4b 4 89

3 2c 4c 3 95

4 2d 4d 6 87

5 2e 4e 4 84

6 2f 4f 5 80

7 2g – 5 n.r.

8 2h – 5 n.r.

9 2i – 5 n.r.

10 2j – 5 n.r.

a All reactions were performed under sonication conditions.
b Isolated yields.
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pyrillium species, it was then attacked by the nucleophilic
indole and pyrrole regioselectively to give the desired
product.

Considering the structural similarities between 1a and
9H-xanthen-9-ol (7), we also tried reactions of compound
7 with indole or pyrrole catalyzed by CAN under similar
conditions.13 It was found that the reaction of 7 with in-
dole 2a in the presence of anhydrous MeOH proceeded
smoothly at room temperature, giving 8a in 90% yield
even without ultrasound irradiation (Scheme 4).

As shown in Table 3, xanthen-9-ol 7 reacted well with
various substituted indoles such as 2c, 2d, and 2g, and the
desired 3-(9H-xanthen-9-yl)-1H-indole derivatives were
formed in good yields (Table 3, entries 3, 4, and 7). It was
interesting to note that the reaction of the passivated in-
dole derivate 2f could also be perform under the same
conditions to give the desired product 8f in 90% yield
(Table 3, entry 6). The migration of groups from the 3- to
the 2-position of indole was also observed in the alkyla-
tion of 3-substituted indoles. By analogy, reaction of 7
with indole 2i proceeded smoothly at the 2-position giving
the 3-indolyl-3-(3-methyl-1H-indol-2-yl)indolin-2-one 8i
in 96% yield under identical conditions (Table 3, entry 9).
In all cases, the reactions proceeded smoothly at ambient
temperature to give the desired products in good to excel-
lent yields with high regioselectivity without any side

products. All products were characterized by 1H NMR,
IR, and mass spectrometry and also by comparison with
values reported in literature.14

For pyrrole 5, the alkylation reaction occurred predomi-
nantly at 2-position, while the 3-substituted adduct could
not be detected by NMR analysis of the product mixture.
Hence, the desired product 2-(9H-xanthen-9-yl)-1H-
pyrrole (9) was formed in 88% yield in the presence of
5 mol% CAN (Scheme 5).

In conclusion, we have described a novel and convenient
method for the alkylation of indoles and pyrrole through
the CAN-mediated SN1 reaction. This method offers sev-
eral advantages including high product yields, clean reac-
tion profiles, higher selectivity, and simple experimental/
product isolation procedures, which makes it a useful and
attractive strategy for the synthesis of indoles and pyrroles
bearing xanthen substituents.

Scheme 5 Reaction of 7 with 5 catalyzed by CAN
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Scheme 2 Reaction of 1a with pyrrole 5 catalyzed by CAN

+

1a 5

N
H

5 mol% CAN

MeOH

O

OHN

6

O

O
OMe

)))

Scheme 3 Proposed reaction mechanism

O

O
OMe

O

O MeO-

O

O

HN
CAN CAN

Scheme 4 Reaction of 7 with 2 catalyzed by CAN

N
H

+

O

OH

CAN, MeOH

N
H

O

R

R

27 8

N
H

+

O

OH

CAN/MeOH

88%

0.5 h

57 9

O

NH



LETTER Reaction of Indoles and Pyrrole with Pyrillium 2225

Synlett 2007, No. 14, 2222–2226 © Thieme Stuttgart · New York

Table 3 Reactions of Indoles 2a–k with 7 Catalyzed by CANa

Entry Indoles Productc Time (h) Yield (%)b

1 2a 8a 1 90 (93)d

2 2b 8b 0.5 75

3 2c 8c 0.5 76

4 2d 8d 3 80

5 2e 8e 0.5 91

6 2f 8f 0.5 90

7 2g 8g 0.7 88

8 2h 8h 1 90

9 2i 8i 1 96

10 2j 8j 0.5 95

11 2k 8k 1 76

a All reactions were carried out using a catalytic amount of CAN (5 mol%) at r.t.
b Isolated yields.
c X = 9-xanthenyl.
d The reaction was carried out under sonication conditions.
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