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Abstract:

A simple and efficient procedure for the synthesis of 12-aryl- or 12-alkyl-8,9,10,12-
tetrahydrobenzo[a]xanthen-11-one derivatives has been developed via one-pot three-component
reaction of 2-naphthol, aldehydes and dimedone in the presence of ammonium oxalate as a mild
and inexpensive catalyst under solvent-free conditions. The present method is operationally
simple and offers several advantages such as high vyields, short reaction time, economic

availability of the catalyst and simple workup.
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Introduction

The synthesis of xanthenes, especially benzoxanthenes has gained considerable attention in
organic synthesis due to their wide range of biological and pharmaceutical properties such as
antibacterial [1], antiviral [2], anti-inflammatory activities [3] and sensitizers in photodynamic
therapy for destroying the tumor cells [4]. Further, these compounds have found wide usage such
as leuco-dyes, in laser technologies, and as pH-sensitive fluorescent materials for visualization of

biomolecules [5, 6].

Xanthenes and benzoxanthenes are prepared by different methods involving trapping of
benzynes by phenols [7], cyclocondensation reaction between 2-hydroxyaromatic aldehydes and
2-tetralone [8], the reaction of aldehydes with 2-naphthol [9], intramolecular phenyl carbonyl
coupling reactions of benzaldehydes and acetophenones [10] and reaction of 2-naphthol with 2-
naphthol-1-methanol [11]. Recently, the synthesis of benzoxanthenes has been achieved by the
condensation of aldehydes, 2-naphthol and cyclic 1,3-dicarbonyl compounds by
cyclodehydration in the presence of various catalysts such as NaHSO,4-SiO; [12], Sr(OTf), [13],
para-toluenesulfonic acid (p-TSA) [14], ceric ammonium nitrate (CAN) [15], InCl; [16],
H3PW 1,040 [17], NH4CI [18] and sulfamic acid [19]. However, these methods show varying
degrees of success as well as limitations such as prolonged reaction times, low vyields, use of
toxic solvents, requirement of excess of reagents/catalysts, laborious work-up procedures, the
requirement of special apparatus, or harsh reaction conditions. Thus, the development of milder

and clean procedures is highly demanding for the synthesis of benzoxanthenes.
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Results and Discussion
As a continuation of our recent studies, devoted to the development of practical, safe and
environmentally friendly procedures for some important transformations [18, 20, 21], we wish to
report an efficient, convenient and facile procedure for the condensation of aldehydes, dimedone,
and 2-naphthols to the corresponding benzoxanthenes in the presence of inexpensively available
ammonium oxalate under solvent-free conditions in good to excellent yields without any by-
products (Scheme 1).

Scheme 1.
First, to evaluate the synthetic potential of the proposed procedure and to optimize the reaction
conditions, the reaction of 3-nitrobenzaldehyde, dimedone and 2-naphthol in the presence of
ammonium oxalate was examined in different solvent and solvent-free conditions. As can be
seen from Table 1, the best result was obtained under solvent-free conditions at 110 °C. Next, to
evaluate the effect of catalyst concentration, the model reaction was carried out in the presence
of different amounts of catalyst at 110 °C. The result showed that for the model reaction 10
mol% of catalyst was sufficient to achieve a fairly high yield (Table 1). A slight excess of the
dimedone was found to be advantageous, and hence the molar ratio of 2-naphthol to dimedone
was kept as 1:1.1.

Table 1.

With the optimized conditions in hand, to explore the generality of the reaction, we extended our
study using ammonium oxalate as catalyst under solvent-free conditions with different aromatic

aldehydes bearing electron withdrawing groups and electron-releasing groups to prepare a series
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of tetrahydrobenzo [a]xanthen-11-one derivatives in good to excellent yields (Table 2). On the
basis of the results listed in Table 2, this reaction is affected by electronic and steric factors.
However, with aromatic aldehydes with electron-withdrawing groups as substrates, the reaction
time is shorter than those with electrondonating groups. Ortho-substituted aromatic aldehydes
(such as 2-chlorobenzadehyde) gave lower yields because of the steric effects.

Table 2.
On the other hand, aliphatic aldehydes such as propionaldehyde and heterocyclic aldehydes such
as indol-3-carbaldehyde were also examined under the same conditions, and the corresponding
products were obtained successfully. The reactions with aliphatic and heterocyclic aldehydes
provided somewhat lower yields than those with aromatic aldehydes (Table 2), probably due to
less stability of o-quinonemethide intermediate (0-QMS).
The results obtained from the condensation reaction of benzaldehyde, 2-naphthol and dimedone
under optimized conditions were compared to the best ones published so far for this reaction
using different catalysts, the data listed in Table 3. In this study it was found that ammonium
oxalate is a more efficient and superior catalyst (Entry 1) over other catalysts with respect to
reaction time and yield of the desired xanthene.

Table 3.
Experimental
All products were characterized by a comparison of their spectral data or by comparison of their
physical and spectroscopic data with those reported in the literature. IR spectra were recorded as
KBr disc on a galaxy series FT-IR 5000 spectrometer. NMR spectra were recorded on a brucker

spectrometer (300 MHz) in CDCl; with TMS as an internal standard.
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General procedure for tetrahydrobenzo[a]xanthen-11-one derivatives

A mixture of aldehyde (1 mmol), 2-naphthol (1 mmol), dimedone (1.1 mmol), and ammonium
oxalate (0.1 mmol) was stirred magnetically at 110 °C for the appropriate time as shown in Table
2. The reaction progress was followed by TLC. When the reaction was completed, the mixture
was cooled to room temperature and a mixture of EtOH-H,O (10 mL, 1:1) was added, and the
mixture was stirred for 15 min. The obtained solid product was filtered and recrystallized from

ethanol to yield pure xanthene derivatives.

Representative Spectral Data

Table 2, Entry 6

IR (KBr): vinax = 3530, 3182, 1661, 1595, 1512, 1372, 1228, 1175, 837, 820 cm™; *H NMR (300
MHz, CDCls): 8= 9.30 (s, 1H), 7.81 (d, J = 9.0 Hz, 2H), 7.71 (d, J = 8.1 Hz, 1H), 7.44-7-36 (m,
3H), 7.05 (t, J = 6.1 Hz, 2H), 6.66 (t, J = 7.5 Hz, 2H), 5.81 (s, 1H), 2.64 (s, 2H), 2.45 and 2.38
(AB system, J = 16.0 Hz, 2H), 1.18 (s, 3H), 1.02 (s, 3H); *C NMR (75 MHz, CDCls): 5= 201.0,
167.3, 153.3, 148.3, 133.2, 132.0, 131.6, 129.6, 129.2, 128.7, 128.3, 127.9, 125.7, 123.9, 122.0,
119.3,117.9, 117.0, 114.4, 50.7, 42.0, 32.8, 29.5, 28.5, 27.7.

Table 2, Entry 9

IR (KBr): vimax = 3210, 3059, 2960, 1643, 1595, 1516, 1377, 1226, 1175, 1095, 815, 739 cm™; 'H
NMR (300 MHz, CDCls): = 8.03 (d, J = 8.5 Hz, 1H), 7.80 (t, J = 9.2 Hz, 2H), 7.46-7.35 (m,
3H), 7.01 (s, 1H), 6.79 (d, J = 7.3 Hz, 1H), 6.68 (d, J = 7.1 Hz, 1H), 5.71 (s, 1H), 3.84 (s, 3H),

3.78 (s, 3H), 2.59 (s, 2H), 2.35 and 2.29 (AB system, J = 15.4 Hz, 2H), 1.15 (s, 3H), 1.01 (s,
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3H); **C NMR (75 MHz, CDCls): 8= 197.4, 164.2, 149.0, 148.2, 147.7, 138.0, 131.9, 129.2,
128.8, 127.4, 125.3, 124.1, 120.9, 118.2, 117.4, 114.8, 112.4, 111.3, 56.3, 56.1, 41.9, 34.5, 32.7,
29.8, 27.5.

Table 2, Entry 10

IR (KBr): vimax = 3007, 2953, 1653, 1591, 1502, 1375, 1323, 1222, 1122, 1008, 817, 760 cm™; 'H
NMR (300 MHz, CDCls): 8= 8.04 (d, J = 8.6 Hz, 1H), 7.81 (t, J = 8.9 Hz, 2H), 7.51-730 (m,
3H), 6.58 (s, 2H), 5.70 (s, 1H), 3.77 (s, 6H), 3.76 (s, 3H), 2.60 (s, 2H), 2.33 (s, 2H), 1.15 (s, 3H),
1.04 (s, 3H); *C NMR (75 MHz, CDCls): 8= 197.4, 164.4, 153.3, 148.2, 140.9, 136.8, 131.9,
129.3, 128.8, 124.4, 125.4, 124.1, 118.0, 117.4, 114.7, 106.2, 61.1, 56.5, 51.3, 41.9, 35.1, 32.7,
29.7, 27.6.

Table 2, Entry 13

IR (KBr): vmax = 3045, 2973, 1649, 1593, 1512, 1372, 1229, 1132, 814 cm™; *H NMR (300
MHz, CDCls): 8= 8.08 (d, J = 8.8 Hz, 1H), 7.79 (t, J = 8.6 Hz, 2H), 7.48-7.21 (m, 5H), 6.58 (d, J
= 9.1 Hz, 2H), 5.66 (s, 1H), 2.86 (s, 6H), 2.60 (s, 2H), 2.34 and 2.28 (AB system, J = 14.7 Hz,
2H), 1.15 (s, 3H), 1.03 (s, 3H); *C NMR (75 MHz, CDCls): 6= 197.4, 163.8, 149.3, 148.1,
133.7, 132.0, 129.4, 128.9, 128.7, 127.3, 125.2, 124.3, 118.8, 117.5, 115.1, 112.8, 51.4, 41.9,
41.0, 43.0, 32.7, 29.7, 27.9.

Table 2, Entry 14

IR (KBr): vmax = 3047, 2980, 2935, 1653, 1597, 1518, 1373, 1222, 1170, 1018, 797 cm™; 'H
NMR (300 MHz, CDCls): 8= 8.25 (d, J = 8.5 Hz, 1H), 7.83 (d, J = 8.4 Hz, 1H), 7.78 (d, J = 8.6
Hz, 1H), 7.55 (t, J = 9.2 Hz, 1H), 7.46 (t, J = 9.0 Hz, 1H), 7.30 (t, J = 8.9 Hz, 1H), 5.96 (d, J=

1.8 Hz, 1H), 5.82 (s, 1H), 5.76 (d, J= 1.6 Hz, 1H), 2.63 (s, 2H), 2.39 (s, 2H), 2.13 (s, 3H),), 1.19
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(s, 3H), 1.16 (s, 3H); °C NMR (75 MHz, CDCls): 8= 197.1, 165.6, 154.6, 151.0, 148.2, 132.0,
131.8, 129.2, 128.8, 127.3, 125.4, 124.0, 117.6, 116.1, 111.6, 107.2, 106.6, 51.3, 41.9, 32.7, 29.9,
28.7, 27.5.

Table 2, Entry 15

IR (KBr): vmax = 3055, 2953, 2928, 1647, 1593, 1514, 1377, 1223, 1143, 1028, 810 cm™; *H
NMR (300 MHz, CDCls): 8= 8.16 (d, J = 8.3 Hz, 1H), 7.77 (d, J = 6.0 Hz, 2H), 7.58 (d, J = 8.5
Hz, 1H), 7.40-7.23 (m, 5H), 7.20 (s, 1H), 7.07 (s, 1H), 6.06 (s, 1H), 2.66 and 2.60 (AB system, J
=16.7 Hz, 2H), 2.33 and 2.24 (AB system, J = 18.8 Hz, 2H) 1.14 (s, 3H), 0.94 (s, 3H); *C NMR
(75 MHz, CDCls): 5= 197.9, 164.3, 147.9, 136.8, 132.2, 131.9, 129.0, 128.7, 127.1, 125.1, 124.1,
123.9, 121.9, 119.8, 119.6, 119.7, 117.8, 117.4, 113.8, 111.6, 100.4, 51.4, 41.8, 32.7, 29.5, 27.9,

27.0

Conclusion

In conclusion, we have developed a simple and efficient methodology for the synthesis of
tetrahydrobenzo[a]xanthene-11-one derivatives in the presence of ammonium oxalate under
solvent-free conditions. The advantages of this method over other existing methods are reduced
reaction times, higher yields, mild reaction condition, easy purification and economic viability of

the catalyst.
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Entry Solvent Catalyst Conditions Time (min)  Yield
(mol%) (%)?
1 n-hexane 10 Reflux 150 41
2 CH.Cl, 10 Reflux 150 55
3 THF 10 Reflux 150 63
4 EtOH 10 Reflux 150 60
5 CH3;CN 10 Reflux 150 35
6 Solvent-free 10 RT 150 0
7 Solvent-free 10 80 °C 90 67
8 Solvent-free 10 110 °C 15 85
9 Solvent-free 5 110 °C 30 71
10 Solvent-free 20 110 °C 15 85

% Isolated yields

Table 2. Synthesis of tetrahydrobenzo[a]xanthene-11-one derivatives

Downloaded by [University of Tennessee, Knoxville] at 06:26 20 February 2013

Entry R Time/min Yield/%?® Found Mp (OCF)erorted i
1 CeHs 18 88 149-150 151-153 [
2 2-CICgH. 20 70 180-181 179-180 9
3 4-CICgH4 15 90 187-188 180-182 119
4 3-NO,CgH. 15 85 170-171 168-170 19
5 4-NO,CgH. 12 91 173-174 180-181 9
6 2-OHCgH4 25 66 226-227 -

7 3-OHCgH. 20 74 241-242 240-241 19
8 4-MeOCgH, 20 75 206-207 204-205 1
9  3,4-diMeOCgHs5 20 70 157-158 -
10 tr"\fé‘g%‘GHz 20 76 197-198 i
11 4-Me CgHa 15 78 191-193 196-198 11
12 4-FCgHa 12 80 183-185 185-186 2%
13 4-N(Me),CeHa 20 85 196-197 -
14 5-Mefurfural 30 50 175-176 -
15 Car'gsl‘é'eﬁy e 30 45 141-143 ;
16 Propanal 25 58 Liquid Liquid 18!

% Isolated yields
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Table 3. Comparison of different catalysts for reaction of benzaldehyde, dimedone and 2-

naphthol

Entry Catalyst Conditions Time/min OYA)Leld/
1 (NH2)2C204 c)Sc(:)Ivent-free /110 18 88

5 SHOT, %CHZCHZCI /60 300 g5 [16]
3 0-TSA c)Sc(:)Ivent-free /120 45 ggl 171
4 CAN c)Sc(:)Ivent-free /120 30 94 18]
5 InCl, c)Sc(:)Ivent-free /120 30 84 119]
6 NH.CI c)Sc(:)Ivent-free /120 15 g6 [2U
; HaPW 1,040 fglvent-free /60 70 g6 (201

% Isolated yields.

(NH4)20204
+ RCHO +
Solvent free,

110°C

Scheme 1. Synthetic pathway for synthesis of tetrahydrobenzo [«]xanthen-11-one derivatives
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