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Abstract. Silica chloride nano particle (nano SiO,—Cl), has been found to be heterogeneous catalyst for fa-
cile and simple condensation of dimedone with aromatic aldehydes into 2,2'-(arylmethylene)bis(5,5-
dimethylcyclohexane-1,3-dione) derivatives in dry CH,Cly. (doi: 10.5562/ccal721)
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INTRODUCTION

Knoevenagel condensation is one of the elemental reac-
tions in organic chemistry. Treatment of aromatic alde-
hydes with 5,5-dimethyl-1,3-cyclohexanedione (1) un-
der the same reaction conditions Knoevenagel conden-
sation and Michael addition have taken place 2,2'-(aryl-
methylene)bis(5,5-dimethylcyclohexane-1,3-dione) (3)
are obtained in good yield. 2,2 -(arylmethylene)bis(5,5-
dimethylcyclohexane-1,3-dione) derivatives are impor-
tant substances for synthesis of xanthenes that display
biological and therapeutic role such as antibacterial and
antiviral activities' and also are used in laser technolo-
gy.? There are several methods reported for the synthe-
sis of 2,2 -(arylmethylene)bis(5,5-dimethylcyclohexane-
1,3-dione).>® These reactions have been reported at
catalyzed conditions for example SDS,® molecular
iodine,* HC10,~SiO, and PPA-SiO, (Ref. 3) in water or
acetonitrile at reflux condition, solvent free conditions
at 50-100 °C, (Ref. 5) ultrasonic’ and microwave.® The
above mentioned methods for the production of 2,2 -
(arylmet-hylene)bis(5,5-dimethylcyclohexane-1,3-dione),
most are not general or use unconventional reagents and
conditions which are not desirable for industrial purpos-
es, however, suffer from some disadvantages involving
long reaction time, harsh reaction conditions, alternative
energy source like ultrasonic and microwave, unsatis-
factory yields and use of organic solvents and catalysts.
Therefore it was thought worthwhile to develop a new

and mild methodology that overcomes the drawbacks
of previous methods. But in our procedure this reac-
tion was done with nano silica chloride in excellent
yield.

The use of heterogeneous catalysts provides a per-
fect solution to overcome the above limitations. In re-
cent years, the use of reagents and catalysts on solid
supports has received significant attention.” Nano Silica
gel is one of the extensively used surface material sup-
ports for different chemical transformations in organic
chemistry. One such modified nano silica is nano silica
chloride (nano SiO,—Cl) that at the first time we re-
ported to be an efficient catalyst for the synthesis of
many organic compounds such as the amorphous silica
chloride.

We wish to report an efficient method for one pot
Knoevenagel condensation and Michael addition of
dimedone with aromatic aldehydes catalyzed by nano
silica chloride (nano SiO,—Cl) as a simple and highly
effective heterogeneous catalyst. Nano Silica gel was
surface-modified by using thionyl chloride according to
a know procedure, which acts as a mild and efficient
catalyst, can be a useful and cheap catalyst for the syn-
thesis of 2,2 -(arylmethylene)bis(5,5-dimethylcyclohex-
ane-1,3-dione). Our studies have shown that thionyl
chloride is a satisfactory chlorinating agent for silica, if
used undiluted. The extent of reaction with thionyl chlo-
ride gives values for active silanols per unit area of
silica surface, comparable to other method, for deter-
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mining available activities. Nano silica chloride was
prepared by the readily available material and can also
be easily removed from the reaction mixture.

EXPERIMENTAL SECTION

Preparation of Nano Silica Chloride

To an oven-dried (120 °C) Silica gel nanoparticle (aver-
age size® 20 nm) (5 g) in a round bottomed flask
(250 mL) equipped with a condenser and a drying tube,
was added thionyl chloride (100 mL) and refluxed for
one week. The excess thionyl chloride was distilled off.
The resulting white-grayish powder was flame-dried
and stored in a tightly capped bottle.

Typical Experimental Procedure

To a mixture of dimedone (2 mmol) and aromatic alde-
hyde (1 mmol) in CH,Cl, (5§ mL) was added nano silica
chloride (10 mg) at 40 °C. The mixture was stirred for
a specified period (Table 1). The progress of the reac-
tion was monitored by TLC. After complete conversion
of the starting material, as indicated by TLC, the reac-
tion mixture was diluted with warm methylenedichlo-
ride (25 mL) filtered and concentrated under reduced
pressure to obtain the crude solid, the crude solid
was purified by recrystallization from 99% EtOH to
give 2,2 -(arylmethylene)bis(5,5-dimethylcyclohexane-
1,3-dione) derivatives (Entry a—m). Product were cha-
racterized according to their data of 'H NMR and "*C
NMR, mass spectra and melting point.

The representative spectral (‘H NMR and "C
NMR) data 2,2 -(arylmethylene)bis(5,5-dimethylcyclo-
hexane-1,3-dione) derivatives 3a—m are given below.

Compound 3a: '"H NMR (250 MHz, DMSO-dg): 0.98
(s, 6H), 1.10 (s, 6H), 2.28-2.50 (m, 8H), 6.07 (s, 1H),
6.96, 7.39 (m, 5H), 8.78 (brs, 2H). *C NMR (63 MHz,
DMSO-dg): 18.42, 21.65, 31.43, 32.57, 46.01, 47.44,
115.00, 119.86, 123.10, 124.29, 127.58, 182.22, 195.33.

Compound 3b: 'H NMR (250 MHz, DMSO-d,): 1.00
(s, 6H), 1.18 (s, 6H), 2.31-2.51 (m, 8H), 6.18 (s, 1H),
7.01-7.41 (m, 4H), 9.12 (brs, 2H). *C NMR (63 MHz,
DMSO-dg): 27.42, 29.60, 31.43, 32.47, 46.42, 47.04,
115.26, 117.12, 117.21 119.65, 121.60, 125.29, 129.28,
189.41, 190.65.

Compound 3c: '"H NMR (250 MHz, DMSO-d): 0.99
(s, 6H), 1.08 (s, 6H), 2.33-2.48 (m, 8H), 3.51 (s, 3H),
6.09 (s, 1H), 7.39 (m, 4H), 9.51 (brs, 2H). *C NMR (63
MHz, DMSO-dq): 22.42, 27.61, 31.41, 32.41, 48.48,
49.04, 74.02, 113.26, 122.15, 128.69, 130.30, 135.22,
184.01, 189.63.

Compound 3d: "H NMR (250 MHz, DMSO-d): 1.11
(s, 6H), 1.18 (s, 6H), 2.40-2.57 (m, 8H), 6.00 (s, 1H),
7.21-7.38 (m, 4H), 10.02 (brs, 2H). *C NMR (63 MHz,
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DMSO-dg): 27.42, 29.60, 31.43, 32.47, 46.42, 47.04,
115.26, 119.65, 121.60, 125.29, 145.28, 189.41, 190.65.

Compound 3e: '"H NMR (250 MHz, DMSO-d): 0.97
(s, 6H), 1.05 (s, 6H), 2.11-2.50 (m, 8H), 6.11 (s, 1H),
7.39-7.88 (m, 4H), 11.12 (brs, 2H). *C NMR (63 MHz,
DMSO-dg): 18.90, 28.17, 30.94, 32.47, 46.42, 47.35,
115.26, 119.65, 121.14, 121.49, 141.58, 189.41, 191.88.

Compound 3f: "H NMR (250 MHz, DMSO-dy): 1.11
(s, 6H), 1.12 (s, 6H), 2.18-2.27 (m, 8H), 6.18 (s, 1H),
7.01 (d, 2H), 7.39 (d, 2H), 11.58 (brs, 2H). *C NMR
(63 MHz, DMSO-dy): 27.45, 29.25, 32.43, 33.47, 46.82,
47.44, 119.36, 118.65, 138.60, 131.29, 148.28, 190.41,
198.65.

Compound 3g: 'H NMR (250 MHz, DMSO-d): 1.11
(s, 6H), 1.14 (s, 6H), 2.17-2.59 (m, 8H), 6.08 (s, 1H),
6.71 (d, 2H), 7.35 (d, 2H), 10.58 (brs, 2H). *C NMR
(63 MHz, DMSO-dy): 18.44, 20.68, 31.35, 32.47, 46.42,
47.04, 113.16, 115.22, 116.60, 120.05, 133.29, 159.28,
171.51, 185.41, 190.85.

Compound 3h: '"H NMR (250 MHz, DMSO-de): 1.01
(s, 6H), 1.14 (s, 6H), 2.19-2.57 (m, 8H), 6.02 (s, 1H),
6.96 (d, 2H), 7.35 (d, 2H), 11.58 (brs, 2H). *C NMR
(63 MHz, DMSO-dy): 17.14, 21.68, 31.35, 32.47, 46.42,
47.04, 113.16, 121.65, 128.60, 135.29, 139.28, 189.41,
192.85.

Compound 3i: '"H NMR (250 MHz, DMSO-dy): 1.01
(s, 6H), 1.12 (s, 6H), 2.25-2.51 (m, 8H), 6.21 (s, 1H),
6.96 (d, 2H), 7.35 (d, 2H), 11.58 (brs, 2H). *C NMR
(63 MHz, DMSO-dy): 19.42, 22.60, 30.51, 32.53, 45.25,
46.24, 113.26, 121.65, 128.60, 135.29, 139.80, 189.41,
192.65.

Compound 3j: '"H NMR (250 MHz, DMSO-dy): 0.99
(s, 6H), 1.01 (s, 6H), 2.23-2.51 (m, 8H), 2.35 (s, 3H),
6.15 (s, 1H), 7.12 (d, 2H), 7.39 (d, 2H), 11.58 (brs, 2H).
BC NMR (63 MHz, DMSO-dg): 27.42, 23.20, 31.43,
32.47, 44.12, 46.42, 47.04, 119.21, 119.65, 128.60,
131.29, 137.28, 185.24, 192.22.

Compound 3k: 'H NMR (250 MHz, DMSO-d,): 1.12
(s, 6H), 1.18 (s, 6H), 2.28-2.50 (m, 8H), 2.33 (s, 6H),
5.96 (s, 1H), 6.96 (d, 2H), 7.39 (d, 2H), 10.38 (brs, 2H).
BC NMR (63 MHz, DMSO-de): 25.32, 27.21, 31.31,
31.57, 46.36, 47.84, 52.31, 119.56, 121.21, 127.89,
13231, 137.31, 189.45, 192.33.

Compound 31: '"H NMR (250 MHz, DMSO-dg): 1.10
(s, 6H), 1.25 (s, 6H), 2.29-2.45 (m, 8H), 3.51 (s, 3H),
5.86 (s, 1H), 6.99 (d, 2H), 7.39 (d, 2H), 11.58 (brs, 2H).
BC NMR (63 MHz, DMSO-de): 25.52, 29.22, 31.31,
32.57, 46.49, 47.24, 74.14, 113.16, 118.62, 125.62,
127.20, 132.28, 190.41, 192.65.

Compound 3m: '"H NMR (250 MHz, DMSO-dy):
1.11 (s, 6H), 1.22 (s, 6H), 2.28-2.50 (m, 8H), 3.46 (s,
3H), 3.59(s, 3H), 5.85 (s, 1H), 6.96-r7.39 (m, 3H),
10.18 (brs, 2H). *C NMR (63 MHz, DMSO-d,): 27.42,
29.60, 31.43, 32.47, 46.42, 47.04, 73.5, 74, 116.26,
119.65, 128.60, 131.29, 137.28, 189.11, 190.22.
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Table 1. Comparison of results for the synthesis of 2,2'-(4-nit-
rophenylmethylene)bis(5,5-dimethylcyclohexane-1,3-dione)  cata-
lyzed by some of the silicon catalysts at the same conditions

Entry Catalyst Time /h Yield / %
1 Amorphous SiO, 24 71
2 Nano SiO, 6.25 97
3 Amorphous SiO,-Cl 3 95
4 Nano Si0,-Cl 1.10 98
RESULTS AND DISCUSSION

In this paper, a much more simple and effective catalytic
route for the synthesis of 2,2 -(arylmethylene)bis(5,5-
dimethylcyclohexane-1,3-dione) under aerobic conditions
is described. 10 mg of amorphous silicon dioxide, nano
silicon dioxide, amorphous silica chloride and nano silica
chloride, catalyzed synthesis of '2,2 -(arylmethylene)-
bis(5,5-dimethylcyclohexane-1,3-dione). In order to show
the applicability and efficiency of this method, our results
have been compared with some of the same catalysts on
the synthesis of 2,2 -(arylmethylene)bis(5,5-dimethyl-
cyclohexane-1,3-dione). As you can see in Table 1, nano
silica chloride is superior to the other catalysts.

The reaction of dimedone with an aromatic aldehyde
in the presence of nano silica chloride as catalyst, leads to
the formation of the corresponding’ 2,2 -(arylmethyl-
ene)bis(5,5-dimethylcyclohexane-1,3-dione) (3) (Sche-
me 1).

We investigated the Knoevenagel condensation

113

products of 5,5-dimethyl-1,3-cyclohexanedione (dime-
done) with aromatic aldehydes, but we was obtained
Michael addition product. Thus it is elucidated that dime-
done is not a Knoevenagel reagent but it reacts further to
electron poor alkenes. Benzylidene which is formed by
nucleophilic addition of dimedone to the aromatic alde-
hyde followed by dehydration, in the Michael addition
type to give 2,2’-(arylmethylene)bis(5,5-dimethylcyclo-
hexane-1,3-dione) 3 (Scheme 1). We found that conden-
sation of dimedone and aromatic aldehydes gave
only 2,2’-(arylmethylene)bis(5,5-dimethylcyclohexane-
1,3-dione) 3 as single product, even in 1:1 (alde-
hyde:dimedone) experiments. Xanthene as a cyclized
product was not obtained. The results of our detailed
investigations into this reaction are presented here and
report, a very simple and highly efficient method for the
synthesis of 2,2’-(arylmethylene)bis(5,5-dimethylcyclo-
hexane-1,3-dione) 3 by condensation between dimedone
and various aromatic aldehydes in CH,Cl, at 40 °C with
stirring (Scheme 1). When all the reactions were com-
pleted giving excellent yields of the product 3.

The effect of electron and the nature of substituents
on the aromatic ring did not show strongly obvious ef-
fects in terms of yields under the reaction condition. Ben-
zaldehyde and other aromatic aldehydes containing elec-
tron withdrawing groups (such as nitro group, halide) or
electron-donating groups (such as N,N-dimethyle amino
group, methoxy group) were employed and reacted well
to give the corresponding 2,2’-(arylmethylene)bis(5,5-
dimethylcyclohexane-1,3-dione) derivatives in good to

OH Ar (0]
nano SiO»C1(10 m
+ ArCHO 2 (o g)=
5 5 CH,Cl,, 40 °C
OHO
1 3

Scheme 1. Nano silica chloride catalyzed synthesis of 2,2’-(arylmethylene)bis(5,5-dimethylcyclohexane-1,3-dione).

Table 2. Silica chloride catalyzed synthesis of 2,2’-(arylmethylene)bis(5,5-dimethylcyclohexane-1,3-dione)

Yield™® / %

Entry ArCHO Time/h m.p.
a PhCHO 1.35 83 190-192
b 2-C1 PhCHO 2.45 70 197-199
c 2-MeO PhCHO 2.50 92 120-125
d 2-NO, PhCHO 1.00 92 182-184
e 3-NO, PhCHO 1.10 97 125-127
f 4-NO, PhCHO 1.00 97 190-192
g 4-F PhCHO 2.00 96 190-192
h 4-C1 PhCHO 2.00 96 146-148
i 4-Br PhCHO 1.50 98 161-163
j 4-Me PhCHO 2.00 83 132-134
k 4-NMe, PhCHO 1.00 88 186-188
1 4-MeO PhCHO 3.50 95 140-142
m 3,4-di MeO PhCHO 4.20 92 186-189

@ Yields refer to crude product (isolated product).

® All products were identified by comparison of their physical and spectral data with those of authentic samples.
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Ar o O A OH
o ijl\éb
—_—
o
00 OH O

1 2

Scheme 2. Mechanism of synthesis 2,2’-(arylmethylene)bis(5,5-dimethylcyclohexane-1,3-dione).

excellent yields.

The formation of compound 3 can be explained by
the mechanism that presented in Scheme 2. The reaction
sequence is one-pot Knoevenagel condensation, Mi-
chael addition and tautomerization. Dimedone adds
easily to electron-poor alkenes in the Michael addition
fashion. Thus, cascade reactions'® of addition, elimina-
tion and addition could be achieved, but the interme-
diate alkenes 2 were not available even in 1:1 experi-
ments according to the present reaction conditions.'
The electron-poor alkenes 2 are useful intermediates for
Michael additions.

These are frequently performed in solution under
base catalysis,12 but even solvent free versions at base, "
acid,' or Lewis acid," catalysis were never quantitative
and required chromatographic purification techniques.
This poor situation did not change when dry solid sup-
ports and microwave heating were applied.

Inspection of the SEM and TEM images of a sam-
ple catalyst from this reaction indicates the involvement
of silica chloride nanoparticles with a size distribution
of 15-35 nm (averagez 20 nm), (Fig s. 1 and 2). A
number of different solvents such as THF, Et,O, n-
hexane, toluene, CH;CN and CH,Cl, were also investi-
gated and it turned out that CH,Cl, was better suited as
solvent for this purpose. The work up of the reaction
was performed using simple centrifuged, filtration and
the recovered nano silica chloride was readily used in 7
subsequent reactions and exhibited consistent catalytic
activity for the synthesis of 2,2 -(arylmethylene)bis(5,5-
dimethylcyclohexane-1,3-dione) with out further purifi-
cation. However, owing to extensive agglomeration, the
activity of the catalyst dramatically decreased after the
seven run.

Croat. Chem. Acta 84 (2011) 111.
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Figure 1. SEM image of silica chloride nano particle.

Figure 2. TEM image of silica chloride nano particle.



R. Karimian et al., Synthesis of 2,2'-(arylmethylene)bis(S, 5-dimethylcyclohexane-1,3-dione) Derivatives 115

CONCLUSION

In conclusion, a mild, efficient and simple method for
the one pot synthesis 2,2’-(arylmethylene)bis(5,5-
dimethylcyclohexane-1,3-dione) derivatives has been
described using nano silica chloride as a heterogeneous
catalyst. The main advantage of this method is that it
requires mild reaction conditions with operational sim-
plicity and with excellent yields.
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