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ABSTRACT  

A green and convenient méthode for the synthesis of  a variety of xanthene derivatives by condensation reaction between 
aldehydes and β-naphthol or dimedone in an micellar solution of sodium dodecylphosphonate is described. This method offers 
several advantages, such as using of a cheap and environmentally benign reaction media, low loadings of sodium 
dodecylphosphonate as catalyst and easy work-up. 
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1. Introduction 

Since that heterocyclic compounds are widely used in 
various fields of sciences and technology, the 
preparation of these compounds, especially xanthene's 
derivatives is an important part of synthetic organic 
chemistry. These compounds can be used as dyes [1], 
in laser technologies [2], fluorescent spectroscopy [3] 
and peptide synthesis [4]. In addition, xanthenes are 
reported as important antibacterial [5],

 
antiviral [6] and 

anti-inflammatory agents [7]. Many synthetic methods 
exist for the synthesis of 14-aryl-14H-
dibenzoxanthenes, including the cyclocondensation 
reaction of 2-hydroxyaromatic aldehydes and 2-
tetralone [8], the reaction of benzaldehyde and 
acetophenone [9], and the condensation of β-naphthol 
with alkyl or aryl aldehydes. The xanthene synthesis by 
the later method is promoted by many acidic catalysts 
such as; H2SO4/Ac2O [10], p-toluenesulfonic acid [11], 
sulfamic acid [12],

 
Montmorillonite K10 [13], 

Amberlyst-15 [14], K5CoW12O40·3H2O [15], cellulose 
[MIMPS]HSO4 [16], iodine [17], cyanuric chloride 
[18], LiBr [19], HClO4·SiO2 [20], KAl(SO4)2·12H2O 
[21], silica sulfuric acid [22], dodecyl phosphonic acid 
[23], Yb(OTf)3 [24], PEG-OSO3H [25], H5PW10V2O40 

[26] and saccharin sulfonic acid [27]. 
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Despite the widely applications of acidic catalysts in 

synthesis of xanthene's derivatives, alkaline catalysts 

have not been considered. Only one alkaline catalyst 

has been reported which is sodium lauryl sulphate [28]. 

The best procedure for the synthesis of 1,8-dioxo-

octahydroxanthenes is the condensation of dimedone 

with aldehydes. This reaction is catalyzed by silica 

chloride [29], ferric hydroger sulfate [30],
 

Vanadatesulfuric acid nanorod particles [31], PPA-

SiO2 [32], DABCO [33], TMSCl [34], silica-supported 

H14[NaP5W30O110] nanoparticles [35], SbCl3/SiO2 [36] 

and ZrO(OTf)2 [37]. However, reported procedures 

have considerable drawbacks for example low yields, 

long reaction times, difficulties in work-up, use of an 

excess of reagents/ catalysts, harsh reaction conditions, 

and use of toxic organic solvents. Therefore, 

development of more efficient route for the synthesis 

of xanthenes is still needed. Recently, the use of water 

as reaction media has recieved much attention in 

organic synthesis. Because water is the cheapest, most 

plentiful and non-toxic chemical in environment. On 

the other hand, surfactants among the most important 

materials used in almost every chemical industry, 

including detergents, paints, dyestuffs, cosmetics, 

pharmaceuticals, agrochemicals, fibers and plastics 

[38]. These compounds have bifunctional chemical 

structure. Therefore, they can cause the organic 
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Scheme 1. The structure of Sodium dodecylphosphonate. 

reactions to be performed in aqueous media at the 

critical micelle concentrations point (CMC). Sodium 

dodecylphosphonate (Na2DP) is a solid alkaline 

surfactant (Scheme 1). Here in, we have used it as a 

efficient micellar and basic catalyst for the synthesis of 

xanthene derivatives from aldehydes and β-naphthol or 

dimedone in aqueous media. 

2. Experimental 

NMR spectra were recorded on a Bruker (
1
HNMR 400 

MHz and 
13

CNMR 100 MHz). IR spectra were 
obtained using a Vertex 70 Bruker FT-IR 8300 
spectrophotometer. Melting points were determined in 
open capillary tubes in a Büchi-545 circulating oil 
melting point apparatus and for the conductivity 
measurements of the sodium dodecylphosphonate and 
determination of CMC, a Metrohm Model 721 
conductivity meter was used. Material purchased from 
Fluka, Aldrich and Merck Chemical Companies. 

2.1. Preparation of benzoxanthenes and 1,8-dioxo-
octahydroxanthenes in the presence of sodium 
dodecylphosphonate 

A mixture of the aldehyde (1 mmol), β-naphtol (2 
mmol) or dimedone (2 mmol) and sodium 
dodecylphosphonate (3.2 mg) was added to 5 ml of 
water. The reaction mixture was refluxed at 100 

°
C for 

the appropriate time (Table 2 and 3). With progress of 
the reaction, the corresponding product was 
precipitated in reaction vessel. Completion of the 
reaction was determined by TLC. Then the mixture 
was centrifuged and filtrated. The solid product was 
isolated without any more purification. 

Selected spectral data: 

1- ((2- hydroxynaphthalen-1-yl) (phenyl) methyl) 
naphthalen-2-ol (Table 2, Entry 6): 

Oil; IR (KBr):  ̅   3214, 3083, 1417, 1111, 760;
 

1
HNMR (400 MHz, CDCl3): δ = 5.50 (s, 1H, CH), 6.61 

(s, 2H, OH), 6.99-8.60 (m, 17H, ArH); 
13

CNMR (100 
MHz, CDCl3): δ= 29.7, 117.3, 118.0, 122.7, 124.2, 
126.4, 126.8, 128.2, 128.4, 128.8, 128.8, 131.0, 131.4, 
145.0, 148.8, 151.1, 151.4.

 

4- (bis(2- hydroxynaphthalen-1-yl) methyl) benzonitrile 
(Table 2, Entry 7): 

White solid: m.p.= 225-227
°
C, IR (KBr):  ̅   3206, 

2237, 1622, 1602, 1514, 1258, 1210, 1140, 814, 743, 
552;

 1
HNMR (400 MHz, CDCl3): δ = 5.31 (s, 1H, CH), 

6.86 (s, 2H, OH), 7.05-7.29 (m, 5H, ArH), 7.35-7.48 
(m, 7H, ArH), 7.51-7.92 (m, 4H, ArH) ; 

13
CNMR (100 

MHz, CDCl3): δ= 29.7, 110.3, 117.3, 118.0, 122.7, 
124.2, 126.4, 126.8, 128.2, 128.5, 128.8, 128.8, 131.0, 
131.4, 135.0, 148.7, 151.1, 151.4. 

9-(2,4-dichlorophenyl-3,4,6,7-tetrahydro-3,3,6,6-
tetramethyl-2H-xanthene-1,8 (5H,9H) –dione (Table 3, 
Entry 4):

 

White solid; m.p.= 254
°
C; IR (KBr):  ̅   2967, 1706, 

1590, 1493, 1376, 1314, 1213, 1048, 761, 699;
 

1
HNMR (400 MHz, DMSO-d6): δ = 0.93 (s, 6H, 

2CH3), 1.08 (s, 6H, 2CH3), 2.05-2.14 (m, 4H, 2CH2 ), 
2.15-2.50 (m, 4H, 2CH2 ), 4.50 (s, 1H, CH), 7.00-7.46 
(m, 3H, ArH); 

13
CNMR (100 MHz, DMSO-d6): 

δ=27.9, 29.6, 32.7, 33.8, 34.3, 43.8, 48.9, 50.2, 110.3, 
129.4, 129.8, 132.2, 134.0, 134.5, 141.7, 169.8, 198.3. 

3. Results and Discussion 

The current paper describes a green and easy method 
for the synthesis of xanthene derivatives. At the 
beginning, to optimize the reaction conditions, the 
critical micelle concentrations (CMC) of sodium 
dodecylphosphonate (Na2DP) in pure water were 
determined by conductometry method.  In Fig. 1 the 
conductivity vs. concentration of Na2DP are presented 
in water at room temperature. In order to estimate the 
values of CMC, we fit the linear fragments, above and 
below the breaks and we treat the concentration at 
which intersection of these lines occurs as the CMC. 
The CMC was obtained 1.6 mM. 

Then, we studied the reaction of 4-nitrobenzaldehyde 

(1 mmol) and β-naphthol (2 mmol) in different 

amounts of sodium dodecylphosphonate in water at 

reflux conditions (Fig. 2). The best result was obtained 

in 1.4 CMC (3.2 mgr) of Na2DP (Table 1, Entry 2) and 

use of higher amount of the catalyst did not show 

further increase in the conversion or shorter reaction 

time. 

After that, the generality of this method was tested by 

 

Fig. 1. Conductivity of Na2DP in water at room temperature. 
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Table 1. Effect of various amounts of Na2DP on xanthenes 

synthesis. 

Entry Na2DP Time (h) Isolated Yield (%) 

1 1CMC 24 80 

2 1.4CMC 6:40 98 

3 2CMC 24 50 

4 2.5CMC 24 50 

various aromatic aldehydes and β-naphthol under the 
optimized reaction conditions (Table 2). 

According to the obtained results, which have been 
shown in Table 2, aromatic aldehydes bearing electron-
withdrawing groups are reacted in high yields. 
However aldehydes with electron-donating groups 
(Entries 8 and 9, Table 2) are not reacted in the same 
conditions. Benzaldehyde and 4-cyanobenzaldehyde 
(Entries 6 and 7, Table 2) converted to the 
corresponding diol. 

A probable mechanism was reported in Fig. 2.  

In line with our studies, we decided to examine 
reactivity of sodium dodecylphosphonate in the syn-
thesis of 1,8-dioxo-octahydroxanthenes. In optimized 
conditions for the preparation of benzoxanthenes, we 
studied the behavior of a range of aldehydes in the 
reaction with dimedone. The obtained results from this 
study were shown in Table 3. 

As it is shown in Table 3, aromatic aldehydes 
including electron-withdrawing and electron-donating 
groups created the corresponding 1,8-dioxo-
octahydroxanthenes in high yields. This can be 
probably related partially to the more acidity strength 
of α-hydrogen in dimedone vs 2-naphtol. While the 
cyano- and nitro- derivatives of aldehydes were 
converted to corresponding diols. 

A comparison among this catalyst (Na2DP) and sodium 
lauryl sulphate for the synthesis of benzoxanthenes 
shows clearly that Na2DP promote the reaction more 
efficiently than sodium lauryl sulphate [28]. 

Table 2. Synthesis of Xanthene Derivatives in the Presence of Na2DP in water. 

 

 

Entry R- Time (h) Product Isolated Yield (%) 
m.p. (

°
C) 

Found Reported Ref. 

1 4-Cl 2:40 3a 95 291
 

289-291
 

[27] 

2 4-Br 6 3b 95 297
 

298-300
 

[27] 

3 4-F 7 3c 93 238
 

236-238
 

[16] 

4 4-NO2 6:40 3d 96 315 310-311 [27] 

5 2,4-di-Cl 48 3e 96 255 253-255 [40] 

6 H- 24 4a 92 Oil - - 

7 4-CN 46 4b 95 225-227 - - 

8 4-Me 48 - - - - - 

9 4-MeO 48 - - - - - 
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Fig. 2. Proposed mechanism for the reaction. 

Table 3. Synthesis of 1,8-dioxo-octahydroxanthenes by Na2DP in water. 

CHO

R

H2O, reflux

O

O

O

1

Na2DP
O

O
2

5

R

6

or

O O

R

OHOH
7  

Entry R- Time (h) Product Isolated Yield (%) 
m.p. (

°
C) 

Found Reported Ref. 

1 4-Cl 24 6a 98 230
 

229-231
 

[31] 

2 4-Br 24 6b 90 239-241
 

240-242
 

[35] 

3 4-F 24 6c 77 232
 

232-233
 

[31] 

4 2,4-di –Cl 48 6d 91 254 251-253 [32] 

5 H- 24 6e 98 204
 

202-205
 

[31] 

6 4-Me 24 6f 73 210-211
 

216-218
 

[31] 

7 4-MeO 24 6g 82 202 201-202 [31] 

8 4-NO2 24 7a 92 183-186 - - 

9 4-CN 48 7b 91 165-166 - - 
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4. Conclusions 

In this paper, an efficient, green and safe methodology 
for the preparation of 14-aryl-14H-dibenzoxanthenes 
and 1,8-dioxo-octahydroxanthenes was reported. On 
the other hand, acyclic intermediates that are produced 
in current reaction (Table 2, Entries 6 and 7, Table 3, 
Entries 8 and 9) are important ligands for the synthesis 
of organometalic compounds [39]. Furthermore, this 
method offer several additional advantages such as 
high conversion, employ of green media, clean reaction 
profiles, simple experimental and work up procedures. 
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