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Abstract 
Diisopropyl ethyl ammonium Acetate (DIPEAc)-promoted Knoevenagel condensation followed by cyclization 
protocol has been developed for the first time by a successive reaction of aldehydes and dimedone to afford 
xanthene derivatives in high to excellent yields under microwave irradiation (MW = 240 W) to accelerate the 
chemical transformation. The ionic liquid provided the capability to allow a variability of functional groups, short 
reaction times, easy workup, high yields, recyclability of the catalyst and solvent-free conditions. This 
methodology avoids toxic, volatile organic solvents, minimizes reaction times through microwave assistance, and 
provides economic and environmental advantages, representing a sustainable approach to synthesizing 
biologically important xanthene scaffolds. 
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Graphical Abstract 
1. INTRODUCTION 
Xanthene’s derivatives have been investigated for a 
wide range of pharmacologic indications such as 
potent antimicrobial,1 analgesic,2 antimalarial,3 
antiinflammatory,4 antiviral,5 antioxidant,6 
antiproliferative activity,7 anticancer,8 urease 
activity,9 trypanothione reductase (TryR) inhibition3, 
BMP-2 targeted osteogenic agents,10 selective 
positive allosteric modulators of the δ-opioid 
receptor11 and selective estrogen receptor 
modulators.12 Additionally, some of the xanthene 
derivatives are used as antagonists for paralyzing the 
action of oxalamine,13 dyes,14 in laser technology,15 

as bactericides in agriculture,16 and number of 
natural products accommodate the xanthenes 
nucleus.17 The structures of representative 
compounds are shown in Fig. 1.  

 
Fig. 1. Xanthenes incorporated bioactive 
molecules 
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Ionic liquids (ILs) have taken the attention of the 
chemical community all over the globe as a green 
alternative option to traditional ecofriendly media 
for catalysis, synthesis, separation, and other several 
chemical tasks.18-23 ILs include numerous exclusive 
properties, such as extensive liquid range, 
nonvolatility, low toxicity, high thermal stability, 
noncombustible, excellent solubility, and 
recyclability.24 ILs act as “neoteric solvents” for a 
wide range of industrial and chemical processes. In 
recent times, ILs have been originating to be 
valuable as environmentally friendly media for 
countless organic revolutions.25-26 Thus, the 
introduction of a dynamic, inexpensive, mild, and 
environmentally friendly catalyst for significant 
cyclization reaction superior to analogues of 
pharmaceutical and biological prominence is in 
demand. In this paper, we have validated DIPEAc as 
ionic liquid catalyzed the efficient synthesis of 
3,3,6,6-tetramethyl-9-phenyl-3,4,5,6,7,9-
hexahydro-1H-xanthene-1,8(2H)-dione derivatives 
under ecofriendly reaction conditions (Schemes 1 
and 2). 

 
Scheme 1. Synthesis of 3,3,6,6-tetramethyl-9-
phenyl-3,4,5,6,7,9-hexahydro-1H xanthene-
1,8(2H)-dione (3a) by using DIPEAc as ILs.  

 
Scheme 2. Synthesis of 
Diisopropylethylammonium Acetate (DIPEAc) 
The use of microwave irradiation in combination 
with ILs, which has very high heat capacity, high 
polarity and no vapor pressure, and their high 
potentiality to absorb microwaves and convert them 
into heat energy, may accelerate the reaction very 
quickly. The synergy of microwave and ionic liquid 
in catalyst-free methodologies for the synthesis of 
heterocyclic compounds has attracted much interest 
because of the shorter reaction time, milder 
conditions, reduced energy consumption and higher 
product selectivity and yields.27 

Thus, the extension of synthetic strategies for the 
construction of this molecule using an economical, 
reusable, mild, and nontoxic catalyst is of massive 
importance from the 
industrial and academic points of view. Even though 
various modes have been reported in the literature, 
these reactions can be accomplished under a 
variability of tentative conditions, and several 
improvements have been reported in recent years, 
such as sulfuric acid or hydrochloric acid,28 silica 
sulfuric acid,29 sulfamic acid,30 p-
dodecylbenzenesulfonic acid,31 boric acid,32 
pTSA,33 NaHSO4-SiO2,34 TiO2-SO42-,35 molecular 

iodine,36 amberlyst-15,37 cyanuric chloride,38 
core/shell Fe3O4@GA@isinglass,36 Feþ3 
montmorillonite,39 FeCl3/[bmim][BF4],40 
[Hmim]Tfa,41 SmCl3,42 trimethylsilyl chloride 
(TMSCl),43 acyclic acidic ionic liquids44 and 
InCl3/ionic liquid.45 

However, numerous of these testified methods 
become infected with several disadvantages such as 
strong acidic conditions, use of hazardous or costly 
reagents, long reaction times, low yields of products, 
and sophisticated treatment. Moreover, many of 
these schemes utilize organic solvents as the reaction 
medium. Hence, the further innovation toward 
contemporary reaction with easy isolation of 
product, reusability of catalyst, perhaps with 
minimal or no waste is highly attractive. As per our 
investigation, the objective of this work is to begin a 
rapid and efficient synthetic protocol for obtaining 
xanthene derivatives under eco-friendly conditions. 
As an extension of emerging economic and efficient 
strategy to develop pharmaceutically and 
biologically significant molecules, herein, we 
reported synthesis of library of xanthene derivatives 
promoted by synergistic effect of ionic liquid and 
microwave irradiation without any added catalyst in 
good to excellent yields. 
1.1. Rationale of Design 
Due to the broader significance of xanthene 
derivatives and scope for the development of new 
methods, we have introduced a diisopropyl ethyl 
ammonium acetate (DIPEAc)-promoted 
Knoevenagel condensation followed by cyclization 
protocol, developed for the first time, for the 
successive reaction of aldehydes and dimedone to 
afford xanthene derivatives in high to excellent 
yields under microwave irradiation. The synergic 
couple of microwave and ionic liquid provided the 
capability to allow a variability of functional groups, 
short reaction times, easy workup, high yields, 
recyclability of the catalyst, and solvent-free 
conditions, thus providing economic and 
environmental advantages. 
2.  RESULT AND DISCUSSION 
2.1. Chemistry 
To achieve optimised conditions, we developed a 
protocol using benzaldehyde (1a, 1 mmol) and 
dimedone (2, 2 mmol) as model substrates. We 
evaluated different catalysts, temperatures, and 
solvents, and the results of this study are 
summarised in Table 1. It was found that when the 
reaction was carried out in ethanol in the absence of 
the catalyst, a lower yield of product was obtained 
after 30 min (Table 1, entry 1). To obtain the 
preferred product (3a), we tested the reaction using 
different catalysts such as p-TSA, SDS, ChCl:2urea, 
ChCl:2ZnCl2, PEG-400 and DIPEAc (Table 1, 
entries 2-7). Thus, room-temperature DIPEAc as the 
pre-eminent catalyst was tested for this reaction. In 
the presence of DIPEAc, compound 3a was isolated 
in 93% yield after only 7 min under microwave 
irradiation. The model reaction in water using phase 
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transfer catalysts is found to be sluggish and forms 
the desired 3a in lower yields. Therefore, it can be 
thought that DIPEAc is green and a superior solvent 
and catalyst compared to the others shown in Table 
1. 
Table 1. Efficiency Comparison of Various 
Catalysts for the Synthesis of Xanthene 
derivatives (3a).a 

entr
y catalyst medium 

Tim
e 

(mi
n) 

Yieldb 
(%)/ti
me (h) 

1 - EtOH 30 42 
2 p-TSA H2O 30 71 
3 SDS H2O 20 62 

4 ChCl:2ure
a 

ChCl:2ure
a 20 80 

5 
ChCl:2Zn

Cl2 
ChCl:2Zn

Cl2 20 79 

6 PEG-400 PEG-400 20 82 
7 DIPEAc DIPEAc 7 93 

aReaction conditions: aldehyde 1a (1 mmol), 
dimedone 2 (2 mmol), DIPEAc (20 mol%) stirred 
under microwave irradiation (MW = 240 W). 
bIsolated yields. Bold values are for highlighting 
the good result. 

In the next step we examine the efficiency of ionic 
liquid DIPEAc for the synthesis of xanthene 
derivatives. A change in the concentration of 
DIPEAc in the model reaction suggests a much 
greater effect on the yield of the final product. The 
catalyst loading study suggest that 20 mol% of 
DIPEAc catalyst is best for the synthesis of final 
product in 93% yields (Table 2, entry 4).  
Table 2. Effect of catalyst concentrationa 

Entry 
Catalyst 

(mol %) 

Time 

(min) 

Yieldb 

(%) 

1 5 20 62 

2 10 15 72 

3 15 12 82 

4 20 7 93 

5 25 7 93 
aReaction conditions: 1a (1 mmol), 2 (2 mmol) 

and DIPEAc (20 mol%) under microwave 

irradiation. bIsolated yield. 

Furthermore, we studied the power level of the 
microwave effect on the model reaction; according 
to this study, the desired product showed better 
results when the reaction was carried out at 240 W 
(Table 3, entry 3). Detailed reaction conditions are 
shown in Table 3. 

Table 3. Optimization of reaction condition for 
the synthesis of 3a under microwave set upa 

Entry 
Power 

levels in 
Watt 

Timeb 

(min) 
Yieldc 

1 140 12 68 

2 210 10 85 

3 240 7 93 

4 280 7 93 
aReaction conditions: 1a (1 mmol) and 2 (2 

mmol) in the presence of DIPEAc (20 mol%) 

under microwave irradiation. bReaction progress 

monitored by TLC. cIsolated yield. 

An extremely superlative method to economic and 
greener preparation is recovery and recyclability of 
an ionic liquid. Therefore, we have to check the 
efficiency of the catalyst after recovering it from the 
reaction media during the work-up procedure. When 
the reaction is completed, the reaction mass was 
poured into ice-cold water to obtain fine crystals of 
the final xanthene derivatives. In the last step, 
removal H2O from filtrate using reduced pressure 
gave viscous liquid, which on cooling gave a pure 
ionic liquid. Recovered catalysts were reused for the 
next four repeated cycles without considerable loss 
in catalytic efficiency (Table 4). 
Table 4. Reusability of DIPEAc ionic liquid for 
model reaction 

Entry Run 
Timea 

(min) 
Yieldb 

1 fresh 7 93 

2 2 7 93 

3 3 7 85 

4 4 7 82 

5 5 7 80 

aReaction progress monitered by TLC. bIsolated 

yield. 

2.2 Comparison of DIPEAc (IL) catalyst with the 
previously reported protocol  
 We have conducted a comparative study of DIPEAc 
with other reported catalysts for the preparation of a 
xanthene derivative. The comparison results proved 
that DIPEAc is better catalyst in terms of excellent 
yield and reusability with less reaction time (Table 
5, entry 10). In conclusion DIPEAc is found to be a 
facile and environmentally benign protocol for the 
synthesis of xanthene derivatives. 
Table 5. Comparative catalytic performance of 
the DIPEAc (IL) with other previously reported 
catalysts 
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E
nt
ry 

Catalyst 

Am
ou
nt 
of 
cat
aly
st 

Ti
m
e 
(
m
in
) 

Yi
el
d 
(

%
) 

solvent
/conditi

on 

Re

f. 

1 β-CD (1 
mmol) 

1 
mm
ol 

10 
h 96 EtOH/6

0 °C 
46 

2 SBSSA 30 
mg 

10 
h 98 EtOH/r

eflux 
47 

3 
FeCl3.6

H2O 
(10 

mol%) 

10 
mol
% 

6 
h 92 

[bmim]
[BF4] 
80 °C 

48 

4 Amberly
st-15 

200 
mg 

5 
h 92 CH3CN

/Reflux 
49 

5 
Cellulos

e 
sulfonic 

acid 

50 
mg 

5 
h 94 

Solvent 
free/ 

110 °C 
50 

6 
[bmim][
HSO4] 

(42 
mol%) 

42 
mol
% 

3 
h 85 

Solvent 
free 

100 °C 
36 

7 
Fe3+mon
tmorillo

nite 

85 
mg 

6 
h 94 EtOH/r

eflux 
51 

8 Zr(DP)2 
10 

mol 
% 

24 
h 98 EtOH/8

0 °C 
52 

9 
ZnO-

CH3CO
Cl 

30 
mol 
% 

5 
h 86 CH3CN

/reflux 
53 

10 DIPEAc 
20 
mo
l % 

7 
m
in 

93 

DIPEA
c acts 
as an 
ionic 

solvent 

Pr
ese
nt 
wo
rk 

The structure of the titled product 3a was confirmed 
by 1H NMR and 13C NMR. The 1H NMR spectra of 
compound 3a exhibit two singlet bands for two 
methyl groups at δ 1.24 and 1.11 ppm. The -CH2-
C=O protons observed at δ 2.49 ppm, and the CH2 
proton observed at δ 2.30 ppm suggest the presence 
of dimedone ring in the final compound. The 
aliphatic CH proton was shown at δ 5.56 ppm, and a 
multiplet at δ 7.11-7.29 ppm suggests that a phenyl 
ring is present in the compound. 
In the 13C NMR spectrum of compound 3a, distinct 
-C=O carbonyl group observed at δ 196.65 ppm. The 
CH, CH2 and CH3 peaks observed at δ 50.45, 42.23, 
32.45, 31.34, 29.56 and 29.33 ppm confirmed the 
formation of compound 3a. In conclusion, the model 
reaction was most effective and exhibited shorter 
reaction time at 240 W, using 20 mol% DIPEAc as a 
catalyst under microwave conditions. With excellent 

reaction conditions in hand, the adaptableness of this 
approach was employing the synthesis xanthene 
analogues (3a-l). Various substituents on aryl 
aldehyde, including methoxy, methyl, nitro, halogen 
(-Cl,-Br, -I), and hydroxyl groups were used. 
Synthesis of compounds (3a-l) using optimised 
reaction conditions and results are shown in Scheme 
3. The result clearly suggests that the condensation 
reactions using DIPEAc catalyst shows excellent 
and remarkable performance irrespective to the 
electron withdrawing/donating groups present on 
the aryl aldehydes and hence this method is facile, 
efficient and general for the synthesis of xanthene 
analogues. All the synthesized final compounds 3a-
l was well characterized by 1H NMR and 13C NMR 
spectroscopic techniques. 

 

 
aReaction conditions: aldehydes (1a-l) (1 mmol) 

and dimedone (2) (2 mmol) in DIPEAc (20 

mol%) stirred under microwave irradiations at 

240 W; bisolated yields, cmelting points are in 

good contact with those reported in the 

literature.46 

Scheme 3. Synthesis of Xanthene derivatives (3a-
l) 
2.3 Plausible Reaction Mechanism 
We have proposed a reaction-mechanism cycle for 
the preparation of xanthene analogues using 
DIPEAc as a catalyst. In the first step, benzaldehyde 
is activated by DIPEAc and further reacted with enol 
form of dimedone I to give intermediate II. The 
DIPEAc-assisted enolization and subsequent 
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dehydration of II afford intermediate III and IV, 
respectively. Next, I nucleophilically attacks IV to 
yield intermediate V, which upon enolization 
produces VI. The DIPEAc-catalyzed intramolecular 
cyclization of VI gives intermediate VII. In the last 
step, elimination of H2O from VII using DIPEAc 
results in the formation of the titled xanthene 
analogue 3a along with regeneration of the catalyst. 
The detailed reaction mechanism is presented in 
Scheme 4.  

 
Scheme 4. Reaction mechanism cycle for the 
preparation of compound 3a. 
3. EXPERIMENTAL SECTION 
3.1 Materials and Methods  
All of the reagents used were of laboratory grade. 
Melting points of all of the synthesized analogues 
were resolute in an open capillary tube and are 
uncorrected. The progress of the reaction was 
monitored by thin-layer chromatography on Merck’s 
silica plates, and imagining was accomplished by 
iodine/ultraviolet light. NMR spectra were recorded 
with a Bruker AvIII HD-400 MHz spectrometer 
operating at 400 MHz for 1H-NMR and 100 MHz for 
13C-NMR for 1 using CDCl3. Chemical shifts (δ) are 
reported in parts per million using TMS as an 
internal standard. The splitting pattern abbreviations 
are designed as singlet (s); doublet (d); double 
doublet (dd); bs (broad singlet), triplet (t); quartet 
(q); and multiplets (m). 
3.2 General Procedure for the Synthesis of 
Diisopropylethylammonium Acetate (DIPEAc): 
A mixture of anhydrous N, N-diisopropylethylamine 
(1 mmol) and acetic acid (1 mmol) was stirred at 0 
°C for 20 min. The viscous liquid, 
Diisopropylethylammonium acetate, was obtained. 
3.3 General Procedure for Synthesis of 2-Amino-
4H-pyrans Derivatives 
 A mixture of aldehyde (1a, 1 mmol) and dimedone 
(2, 2 mmol) in DIPEAc (20 mol%) was stirred under 
microwave irradiation at 240 W. The progress of the 
reaction was monitored by thin-layer 
chromatography [ethyl acetate/n-hexane (3:7)] as 

the mobile phase. Then the reaction mixture was 
cooled for 15 min and poured onto crushed ice. 
Thus, acquired solid was filtered, dried, and purified 
by crystallization using ethanol as a solvent. The 
synthesis compound is confirmed by MP, 1H NMR 
and 13C NMR spectra. 
3.4 Spectral Data 
3,3,6,6-tetramethyl-9-phenyl-3,4,5,6,7,9-
hexahydro-1H-xanthene-1,8(2H)-dione (3a) 
The compound 3a was synthesized from 
condensation reaction 1a and 2 as white solid; 
Mp: 205-206 οC; Yield: 93%; 1H NMR (400 MHz, 
CDCl3) δ 7.11-7.29 (m, 5H), 7.21-7.09 (m, 3H), 5.56 
(s, 1H), 2.30-2.49 (m, 8H), 1.24 (s, 6H), 1.11 (s, 6H); 
13C NMR (100 MHz, CDCl3) δ 195.65, 164.07, 
143.16, 135.05, 129.49, 127.51, 119.84, 50.45, 
42.23, 32.45, 31.34, 29.56 and 29.33. 
3,3,6,6-tetramethyl-9-(m-tolyl)-3,4,5,6,7,9-
hexahydro-1H-xanthene-1,8(2H)-dione (3b) 
The compound 3b was synthesized from 
condensation reaction 1b and 2 as white solid; 
Mp: 208-210 οC; Yield: 86%; 1H NMR (400 MHz, 
CDCl3) δ 7.13-6.95 (m, 3H), 6.86 (d, J = 6.8 Hz, 
1H), 4.68 (s, 1H), 2.44 (s, 4H), 2.24 (s, 3H), 2.13 (d, 
J = 13.8 Hz, 4H), 1.05 (s, 6H), 0.95 (s, 6H); 13C 
NMR (100 MHz, CDCl3) δ 196.31, 162.23, 144.01, 
137.26, 129.38, 127.84, 127.13, 125.21, 115.67, 
50.76, 40.84, 32.17, 31.68, 29.24, 27.30 and 21.48. 
3,3,6,6-tetramethyl-9-(p-tolyl)-3,4,5,6,7,9-
hexahydro-1H-xanthene-1,8(2H)-dione (3c)  
The compound 3c was synthesized from 
condensation reaction 1c and 2 as yellow solid; 
Mp: 222-224 οC; Yield: 90%; 1H NMR (400 MHz, 
CDCl3) δ 7.14 (d, J = 7.8 Hz, 2H), 6.98 (d, J = 7.5 
Hz, 2H), 4.68 (s, 1H), 2.43 (s, 4H), 2.20 (s, 3H), 
2.17-2.07 (m, 4H), 1.06 (s, 6H), 0.95 (s, 6H); 13C 
NMR (100 MHz, CDCl3) δ 196.36, 162.17, 141.21, 
135.61, 128.71, 128.20, 115.67, 77.33, 76.85, 50.75, 
40.81, 32.13, 31.40, 29.23, 27.31 and 21.02. 
9-(3-methoxyphenyl)-3,3,6,6-tetramethyl-
3,4,5,6,7,9-hexahydro-1H-xanthene-1,8(2H)-
dione (3d) 
The compound 3d was synthesized from 
condensation reaction 1d and 2 as yellow solid; 
Mp: 162-164 οC; Yield: 84%; 1H NMR (400 MHz, 
CDCl3) δ 7.03 (t, J = 8.1 Hz, 1H), 6.79 (d, J = 6.9 
Hz, 2H), 6.56 (d, J = 7.0 Hz, 1H), 4.66 (s, 1H), 3.66 
(s, 3H), 2.40 (s, 4H), 2.11 (d, J = 16.2 Hz, 4H), 1.01 
(s, 6H), 0.91 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 
196.26, 162.35, 159.26, 145.68, 128.77, 120.72, 
115.42, 114.26, 111.78, 55.01, 50.70, 40.75, 32.09, 
31.73, 29.18, 27.29. 
9-(4-methoxyphenyl)-3,3,6,6-tetramethyl-
3,4,5,6,7,9-hexahydro-1H-xanthene-1,8(2H)-
dione (3e)  
The compound 3e was synthesized from 
condensation reaction 1e and 2 as yellow solid; 
Mp: 248-250 οC; Yield: 90%; 1H NMR (400 MHz, 
CDCl3) δ 7.23 (d, J = 7.8 Hz, 2H), 6.70 (d, J = 7.8 
Hz, 2H), 4.65 (s, 1H), 3.68 (d, J = 4.9 Hz, 3H), 2.42 
(s, 4H), 2.23 – 2.08 (m, 4H), 1.05 (s, 6H), 0.94 (s, 
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6H); 13C NMR (100 MHz, CDCl3) δ 196.40, 162.05, 
157.90, 136.47, 129.25, 115.72, 113.41, 55.05, 
50.74, 40.81, 32.14, 30.92, 29.23 and 27.29. 
9-(3,4-dimethoxyphenyl)-3,3,6,6-tetramethyl-
3,4,5,6,7,9-hexahydro-1H-xanthene-1,8(2H)-
dione (3f)  
The compound 3f was synthesized from 
condensation reaction 1f and 2 as yellow solid; 
Mp: 200-202 οC; Yield: 89%; 1H NMR (400 MHz, 
CDCl3) δ 6.88 (d, J = 8.2Hz, 1H), 6.84 (dd, J = 8.2, 
2.3 Hz, 1H), 6.79 (dd, J = 2.3 Hz, 1H), 4.68 (s, 1H), 
3.83 (s, 3H), 3.77 (s, 3H), 2.44 (s, 4H), 2.27 – 2.09 
(m, 4H), 1.08 (s, 6H), 0.98 (s, 6H); 13C NMR (100 
MHz, CDCl3) δ190.85, 168.53, 154.64, 152.87, 
141.68, 132.62, 127.24, 126.61, 120.80, 55.48, 
54.61, 50.16, 42.13, 32.87, 30.96, 29.29 and 27.13. 
3,3,6,6-tetramethyl-9-(3-nitrophenyl)-3,4,5,6,7,9-
hexahydro-1H-xanthene-1,8(2H)-dione (3g) 
The compound 3g was synthesized from 
condensation reaction 1g and 2 as red solid; 
Mp: 172-174 οC; Yield: 82%; 1H NMR (400 MHz, 
CDCl3) δ 8.06 – 7.90 (m, 2H), 7.78 (m, 1H), 7.39 (t, 
J = 7.8 Hz, 1H), 4.81 (s, 1H), 2.49 (s, 4H), 2.18 (d, 
J = 16.3 Hz, 4H), 1.09 (s, 6H), 0.97 (s, 6H), 13C 
NMR (100 MHz, CDCl3) δ 197.42, 167.96, 147.56, 
141.40, 131.53, 128.54, 127.28, 125.82, 120.68, 
51.94, 41.60, 32.97, 31.25, 29.51 and 27.14. 
9-(3-iodophenyl)-3,3,6,6-tetramethyl-3,4,5,6,7,9-
hexahydro-1H-xanthene-1,8(2H)-dione (3h) 
The compound 3h was synthesized from 
condensation reaction 1h and 2 as pale yellow solid; 
Mp: 276-278 οC; Yield: 84%; 1H NMR (400 MHz, 
CDCl3) δ 7.53 (m, 1H), 7.41 (m, 1H), 7.31 (m, 1H), 
6.94 (t, J = 2.3 Hz, 1H), 4.65 (s, 1H), 2.45 (s, 4H), 
2.29-2.09 (m, 4H), 1.08 (s, 6H), 0.99 (s, 6H); 13C 
NMR (100 MHz, CDCl3) δ 191.01, 165.83, 140.46, 
132.57, 129.02, 127.61, 127.36, 123.87, 112.49, 
50.45, 41.59, 33.01, 30.96, 29.20 and 27.42. 
9-(4-bromophenyl)-3,3,6,6-tetramethyl-3,4,5,6,7,9-
hexahydro-1H-xanthene-1,8(2H)-dione (3i) 
The compound 3i was synthesized from 
condensation reaction 1i and 2 as red solid; 
Mp: 238-240 οC; Yield: 86%; 1H NMR (400 MHz, 
CDCl3) δ 7.33 (d, J = 6.9 Hz, 2H), 7.17 (d, J = 6.9 
Hz, 2H), 4.69 (s, 1H), 2.46 (s, 4H), 2.20 (d, J = 16.4 
Hz, 4H), 1.10 (s, 6H), 0.98 (s, 6H). 13C NMR (100 
MHz, CDCl3) δ 196.26, 162.41, 143.18, 131.09, 
130.13, 120.18, 115.14, 77.32, 77.00, 76.68, 50.65, 
40.81, 32.15, 31.52, 29.21 and 27.26. 
9-(4-chlorophenyl)-3,3,6,6-tetramethyl-
3,4,5,6,7,9-hexahydro-1H-xanthene-1,8(2H)-
dione (3j)  
The compound 3j was synthesized from 
condensation reaction 1 and 2j as yellow solid; 
Mp: 238-240 οC; Yield: 90%; 1H NMR (400 MHz, 
CDCl3) δ 7.24 (d, J = 8.4 Hz, 2H), 7.18 (d, J = 8.4 
Hz, 2H), 4.71 (s, 1H), 2.47 (s, 4H), 2.19 (d, J = 16.3 
Hz, 4H), 1.10 (s, 6H), 0.98 (s, 6H). 13C NMR (100 
MHz, CDCl3) δ 196.28, 162.44, 142.70, 131.93, 
129.74, 128.13, 115.18, 77.37, 77.05, 76.73, 50.66, 
40.79, 32.14, 31.43, 29.21 and 27.24. 

9-(4-hydroxyphenyl)-3,3,6,6-tetramethyl-
3,4,5,6,7,9-hexahydro-1H-xanthene-1,8(2H)-
dione (3k) 
The compound 3k was synthesized from 
condensation reaction 1k and 2 as red solid; 
Mp: 248-250 οC; Yield: 83%; 1H NMR (400 MHz, 
CDCl3) δ 7.06 (d, J = 7.8 Hz, 2H), 6.54 (d, J = 7.8 
Hz, 2H), 4.66 (s, 1H), 2.46 (s, 4H), 2.21 (d, J = 16.4 
Hz, 4H), 1.08 (s, 6H), 0.99 (s, 6H). 13C NMR (100 
MHz, CDCl3) δ 197.30, 162.45, 154.70, 135.47, 
129.29, 115.85, 115.23, 50.72, 40.81, 32.23, 30.93, 
29.11 and 27.35. 
9-cyclohexyl-3,3,6,6-tetramethyl-3,4,5,6,7,9-
hexahydro-1H-xanthene-1,8(2H)-dione (3l) 
The compound 3l was synthesized from 
condensation reaction 1l and 2 as white solid; 
Mp: 176-178 οC; Yield: 82%; 1H NMR (400 MHz, 
CDCl3) δ 2.71 (s, 1H), 2.50 (s, 4H), 2.23 (s, 4H), 
1.61 (m, 2 H), 1.53 (m, 2H), 1.46 (m, 1H), 1.49 (m, 
1H), 1.43 (m, 2H), 1.42 (m, 1H), 1.35 (m, 2 H), 1.22 
(s, 6H), 1.03 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 
193.30, 165.54, 111.77, 50.43, 40.71, 34.51, 33.01, 
31.25, 29.20, 27.42, 25.93, 24.52, 23.21, 23.15 and 
23.07. 
NMR Spectra  

 
1H NMR spectrum of compound 3a 

 
13C NMR spectrum of compound 3a 
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1H NMR spectrum of compound 3b 

 
13C NMR spectrum of compound 3b 
4. CONCLUSION 

In conclusion, an environmentally and highly 
efficient green methodology has been established for 
the synthesis of functionalized xanthene derivatives 
using an inexpensive and recoverable DIPEAc 
catalytic solvent-free under microwave irradiation. 
This reaction scheme offers several advantages, 
including uniqueness, high atom economy, mild 
reaction conditions, clean reaction profiles, easy 
workup, and eco-friendliness. Furthermore, the 
prevention of hazardous organic solvents during the 
entire procedure (synthesis, ionic liquid preparation, 
and workup procedure) makes it a convenient and 
attractive method for the synthesis of these 
biologically significant xanthene compounds.  
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