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Abstract

We have demonstrated the direct substitution of 9H-xanthen-9-ol with different nucleophilic reagents such as thiazoles,

triazoles, tetrazoles, hydrazines and hydrazinecarboxamides in good to high yields. This reaction catalyzed by ferric hydro-

gensulfate as a heterogeneous acid catalyst in ethanol through SN1 type reaction of pyrylium with a nucleophilic reagent afforded

the heterocycle- and aromatic-N-substituted xanthene derivatives as simple marked molecules in short reaction times.
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9H-Xanthen-9-ol falls in the group of non-specific reagents since it reacts with various natural products, urea,

amino acids, ribonuclease and cytochrome [1], 9H-xanthen-9-ol and numerous derivatives are being intensively

investigated as chemotherapeutic agents, insecticides, pesticides [2,3], photodynamic therapy [4], anti-inflammatory

effects [5], and anti viral activity [6]. Several sulfa drugs were tried with 9H-xanthen-9-ol and were found to give

suitable derivatives [7].

Recently, the reactions of 9H-xanthen-9-ol with nucleophilic reagents such as thiol [8], imide [9], indoles [10,11], and

thiophene [12] promoted by acids or BF3�Et2O [11] have been reported. The reaction of xanthene derivatives with indoles

and pyrrole catalyzed by CAN through SN1 reaction of pyrillium with a nucleophilic reagent afforded the corresponding

indole- and pyrrole-substituted xanthene derivatives [13]. We have previously reported that Fe(HSO4)3 as an efficient and

recyclable catalyst for the one-pot synthesis of 14-aryl- or alkyl-14H-dibenzo[a,j]-xanthene derivatives and 1,3-diaryl-

3H-benzo[f]chromenes [14,15]. This catalyst has emerged as a promising solid acid catalyst for acid catalyzed reactions,

such as Friedel–Crafts acylation [16,17], Schmidt reaction [18], Mannich reaction [19], and functional group protections

[20,21]. Herein, we report that Fe(HSO4)3, effectively catalyzes the reactions of 9H-xanthen-9-ol 1 with different

nucleophilic reagents 2a–j in ethanol to give 9H-xanthen-9-yl derivatives in good to high yields (Scheme 1).

We decided to explore the regioselectivity of heterocyclic systems with different nucleophilic centers (such as 2g)

using a simple marker, 9H-xanthen-9-ol 1. The results of this investigation which lead to the synthesis of N-marked

product 3g in the presence of ferric hydrogensulfate catalyst in ethanol reflux conditions. N-Alkylation is more

favorable than S-alkylation of nucleophile or O-alkylation of solvent (Scheme 2).
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Scheme 1. The reactions of 9H-xanthen-9-ol 1 with different nucleophilic reagents 2a–j.

Table 1

Reaction of nucleophilic reagents 2a–j with 9H-xanthen-9-ol 1 catalyzed by Fe(HSO4)3 in ethanol.
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Scheme 2. The reactions of 9H-xanthen-9-ol 1 with imidazolidine-2-thione 2g.
The solvent (EtOH) does not compete with nucleophile in this condition. Various nucleophilic reagents 2a–j

employed in this reaction. Fe(HSO4)3, effectively catalyzes the reactions of 9H-xanthen-9-ol 1 with different

nucleophilic reagents 2a–j in ethanol to give 9H-xanthen-9-yl derivatives which exclusively N-alkylated in good to

high yields. The results are listed in Table 1. Primary amines are reacted efficiently over secondary or strickted amines.

The structures of compounds 3a–j were characterized by 1H NMR and IR spectrometry [22]. The 1H NMR spectrum

of 3a showed signals for NH group (d 4.85 ppm) and methine (d 5.45, 6.85 and 7.24 ppm), together with multiplet for

the aromatic region (6.90–7.36 ppm) protons. IR spectra of compound 3a show strong absorption bands at 3273 cm�1

for the NH group and 3097, 1624, 1515, 1478, 1259, 761, 750 moieties. As a suggested mechanism, Fe(HSO4)3

promoted the cleavage of the hydroxyl group in compound 1 to give the intermediate pyrylium species it was then

attacked by the nucleophilic reagents 2a–j regioselectively to give the desired product, in competition with

nucleophilic solvent without any side products. The pyrylium cation is a conjugated polyaromatic system with one

carbon atom replaced by a positively charged oxygen atom. These high nucleophilic selectivities are due to stability of

pyrylium cation and new C–N bond formation.

Melting points were determined in open capillary tubes in an Electrothermal IA 9000 melting point apparatus. IR

spectra were recorded on an Avatar 370 FT-IR Thermo Nicolet Infrared spectrophotometer. 1H NMR spectra were

recorded on a Bruker-100 MHz instrument using tetramethylsilane (TMS) as an internal standard. Elemental analyses

were obtained on a Thermo Finnigan Flash EA microanalyzer. Ferric hydrogensulfate was prepared according to

previously reported procedure [18].

In conclusion, the present protocol provides a novel, convenient method and highly efficient procedure for the

synthesis of novel 9H-xanthen-9-yl derivatives of nitrogen contain heterocyclic nucleophiles, through the Fe(HSO4)3

mediated SN1 reaction. The simplicity, together with the use of inexpensive, recyclable and environmentally benign

nature of catalyst, is other remarkable features of the procedure.
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