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ABSTRACT:

The current work reports an efficient and green methodology to the synthesis of 1,8-dioxo-
octahydroxanthene derivatives catalysed by CozO4 nanoparticles in water as green solvent.
Stabilized Co3z04 nanoparticles were prepared by using Co(NO3z )2.6H20 as a metal precursor
and anionic surfactant sodium dodecylbenzene sulfonate (NaDBS). The nanoparticles thus
formed were characterised by powder Fourier transform infrared spectra, X-ray
diffraction(XRD), scanning electron microscopy, energy-dispersive X-ray spectroscopy and
transmission electron microscopy. Further we verified the catalytic activity of the pure phase
Co304 nanoparticles for the synthesis of 1,8-dioxo-octahydroxanthene derivatives.
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INTRODUCTION:

Catalysis is the core of large scale organic transformations involved in existing chemical and
Pharmaceutical industries. Transition metal oxides at nanoscale have developed as the
exceptional substitutes to conventional catalysis. Transition metal oxides shows a broad
structural variety like unique morphology with controlled size and large surface area include
densely occupied active sites'.

Transition metal oxide, Coz04 is prominent heterogeneous catalyst for chemical synthesis and
surface reactions". They also retain excellent properties such as antiferromagnetic, p-type
semiconductor, gas-sensing, catalytic and electrochemical ones. By reason of these assets,
Co304 nanoparticles have been exploited in field of research and industry¥"". Thus many
successful efforts have been taken in the current years to fabricate and investigation of
properties of Coz04 nanostructures. A lot of techniques have been practiced for the designing
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of cobalt oxide nanoparticles. Out of those, in latest research gives emphasis on wet chemical
methods such as sol-gel™, hydrothermal®, co-precipitation®, polyol, combustion®, spray-
pyrolysis™, micro emulsion® and mechanochemical methods™.Out of them surfactant-
mediated sol gel method was exhibited as a finest route to get the CozO4 nanostructures .The
measures of this method provides better homogeneity, phase purity as well as sintering at low
temperature*V'>™,

Recently Xanthene derivatives are found as active moiety within Pharmaceutical, chemical and
biological approaches™™, Hence, a variety of reports regarding synthetic studies on xanthene
derivatives has been documented. Lewis acid catalysed xanthene Synthesis have not been
entirely satisfactory as it encounters harsh experimental conditions such as anhydrous
condition, high temperature, prolonged reaction time, expensive, harmful and difficult to
handle reagents, low yield, difficult work up®™™. Now there is need to develop
environmentally friendly procedures which provides effectual and competent means to
synthesize xanthene. With this concern, the usage of nanocatalyst has been encouraged in
recent times. There are effective tries of xanthenes synthesis using CuO™i, ZnO*¥Il and
ZnAl,04*V" nanocatalyst. Though, in such cases amount of catalyst as well as time required
was more to produce xanthenes. Therefore, to sidestep these limitations, the introduction of a
novel and efficient process for the synthesis of 1,8-dioxo-octahydroxanthene derivatives in
green aqueous media will be a leading exploration.

This research work endeavour to synthesize the cobalt oxide nanoparticles with cobalt nitrate
as metal precursor and sodium dodecylbenzene sulfonate (NaDBS) surfactant via the sol-gel
method. Developed knowledge is utilized in the synthesis of Xanthene derivatives aided with
catalyst cobalt oxide nanoparticles.

EXPERIMENT:

Materials

Cobalt nitrate (Co(NO3)2.6H20) , citric acid (CsHgO7) and sodium dodecylbenzene sulfonate
(NaDBS), 5,5 dimethyl 1,3 cyclohexanedione, aromatic aldehydes, were analytical grade and
all were purchased from Sigma-Aldrich.

Preparation of Co3O4 Nanoparticles

In typical synthesis of Co3O4 nanoparticles, Cobalt nitrate Co(NO3)2.6H20 (1M) used as metal
precursor and as sodium dodecylbenzene sulfonate (NaDBS) surfactant was dissolved in 100
ml double distilled water. After stirring continuously for 30 minute solution became clear pink
in colour. The citric acid (1M) was slowly added to the above reaction mixture in drop wise
way under continuous stirring until light pink coloured precipitates of cobalt hydroxide was
formed. The precipitate was then treated in a stainless steel autoclave with teflon lining at 120
°C for 24 hours in oven and then endorsed to cool naturally at room temperature. The resulting
gel was filtered and washed repeatedly by ethanol. Subsequently, dried the precipitate at 90 °C
for 24 h. Finally, precipitate was calcined in the muffle furnace at 550°C for 4 hours. Black
color Co304 nanoparticles were obtained. Further the synthesized Co304 nanoparticles were
characterized by FT-IR, XRD, SEM and TEM.

General procedure for preparation of 1, 8 dioxo-octahydroxanthene

In a round-bottom flask, a mixture of 5,5 dimethyl 1,3 cyclohexanedione (2 mmol), aromatic
aldehyde (1 mmol) and catalyst Co3O4 nanoparticles (0.2 mol) along with 10ml water was
added. Then the flask was connected with water condenser. The reaction mixture was stirred
and reflux for appropriate time in an oil-bath. The Progress of the reaction was qualitatively
checked by TLC. After completion of reaction, the mixture was filtered and the catalyst was
separated out. The resulting filtrate was cool to room temperature and solid obtained was
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filtered by suction. The crude product was subjected to crystallization with ethanol to get the
desired compound in pure form (Scheme.1)

The structure of all products was confirmed by using physical and spectroscopic data such as
1IHNMR, 13CNMR and Mass spectra.

3 mol % Coz04nps

Reflux / water

Scheme 1: Synthesis of 1, 8 dioxo-octahydroxanthene

RESULT AND DISCUSSION:

Fig. 1. FT-IR spectrum of pure Co304 nanoparticles displays two characteristic absorption band
at 524 cm™ and 648 cm™ which assigned Co-O stretching vibration mode and bridging
vibration of O- Co-O respectively.

~J

(3]
L1 1
775.%

| T -

50 /"fo
i 7 L
1 \—*I’“mh_/ﬂl b =
5 & 5
-~ 3 ] e
] 2 = 2@
i & =+

381.91
|351.0

524,64

648.081—

| -

-25

LI LI B I LI I B S B B L B B B Bt B B B B B B

L L e e e e L e
4500 4000 3500 3000 2500 2000 1750 1500 1250 1000 750 500

cm?
Figure 1. FT-IR spectrum of Coz04 nanoparticles.
Phase purity and crystallinity of the pure CosO4 where investigated through XRD in
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Fig.2. The patterns of the produced nanoparticles predict that sample is crystalline as sharp
peaks are detected. XRD pattern also results that cobalt oxide has cubic phase structure. The
peak positions 20 =18.93°, 31.33°, 36.93°, 38.66°, 44.93°, 55.79, 59.39° and 65.33°.The
relative intensity values matches accurately with typical JCPDS card No: 74-2120
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Figure 2. XRD pattern of CozO4 nanoparticles.

Morphology of pure Co3z0O4 nanoparticles studied by SEM image analysis (Fig. 3a). It was
suggested that nanoparticles are agglomerated and evenly sized with spherical shape. Fig. 3b
shows EDX spectrum confirm composition and purity of cobalt oxide nanoparticles. The
details of atomic and weight % of Co and O elements are showed in Table 1.

i 1 2 3 4 5 6 7 8

Figure 3. a) SEM image of Co304 nanoparticles b) EDX of CosO4 nanoparticles.

Table 1. The compositions generated from EDX
Element Weight% Atomic%

CK 9.87 22.77
OK 27.90 47.94
CoK 61.50 28.76
CuK 0.16 0.29
Zn K 0.27 0.24
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Fig.4 shows TEM image predicted that average size of Co3O4 nanoparticles is 20nm with
spherical morphology. SAED pattern shows numerous discrete spots line up and forming rings
that indicates polycrystalline nature of nanoparticles.

Figure 4. TEM image and SAED of Co304 nanoparticles

To assess the catalytic performance of Co304 nanoparticles, we have attempted model test
reaction, condensation of 5,5 dimethyl 1,3 cyclohexanedione and 4-chlorobenzaledheyde
(Scheme 2).

In order to get maximum conversion and yield of the product, we examined reaction parameters
such as the reaction temperature, reaction time, amount of catalyst and effect of solvent.

e N

3 mol % Co304nps

Reflux / water

Scheme 2: Model reaction

The result summarized in Table 2 clearly shows that with respect to yield and reaction time
Co030;4 is an effective catalyst for this two component reaction. The reaction was incomplete in
absence of catalyst .The moderate yield were obtained with long time when we used P>Os and
PCls as a catalyst . Water was proven as finest solvent among all tried solvents for reaction.

Further we have optimized parameters like mol % of catalyst and temperature to get maximum
yield in short time. 3 mol% of catalyst is sufficient to produce excellent yield of the product
Further the same reaction was carried out at various temperature and it was found that at reflux
condition provides improvement in reaction with respect to yield and time. Thus Co304 was
found effective catalyst as it leads to high yield (about 96%) in less time (at 15 min) (entry 10).
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Table 2. Optimization of the reaction conditions
Entry Catalyst Mol (%) Solvent Temparature(°®C) Time Yield (%0)

of (Min)
Catalyst
1 Without - Ethanol 60 180 Reaction
catalyst incomplete
2 P20s 0.5 Ethanol 60 90 45
3 PCls 0.5 Ethanol 60 180 40
4 Co304nps 0.5 Ethanol 60 60 62
5 Co30snps 0.5 THF 70 55 59
6 Co3O4nps 0.5 Methanol 80 30 60
7 Co304nps 0.5 water Reflux 30 78
8 Co3O4nps 1 water Reflux 30 80
9 Co304nps 2 water Reflux 35 84
10 Co304nps 3 water Reflux 15 96

Table 3.Synthesis of different 9-phenyl 1, 8 dioxo-octahydroxanthene derivatives
catalysed by C0304 nps.

Entry R group Time Yield MP (°C)
(min) (%0) (Observed)
3a H 20 88 204-206
3b 4-Cl 15 96 225-227
3c 4-F 10 94 226-227
3d 4-Br 10 92 241-243
3e 4-OH 15 95 247-248
3f 4Me 20 92 194-196
39 4-OMe 15 93 240-242
3h 2,5-OMe 10 95 201-202
3i 2-NO2 05 94 214-216
3j 2-OH 20 90 238-240

After optimizing the reaction conditions, we investigated applicability of this reaction with a
range of aromatic aldehyde including electron-donating or electron-withdrawing groups. Then
we analysed series of reaction of 5,5 dimethyl 1,3 cyclohexanedione(2mmol) with wide range
of structurally diverse aromatic aldehydes (1mmol) in presence of Cos04nanoparticles catalyst
under similar reaction conditions (Table 3). The synthesis with structurally diverse aldehyde
results excellent yields of 1, 8 dioxo-octahydroxanthene derivatives but the outcome related to
time showed a marginal impact on of the reaction rate. It is observed that aromatic aldehyde
substituted with electron withdrawing group gives product more rapidly than those with
electron-donating groups.

To investigate the reusability of the catalyst CozO4 nanoparticles, After completion of the
reaction catalyst was recovered by filtration ,washed with alcohol and dried in the oven at
120°C for 4h.This regenerated and activated catalyst used in next reaction cycle under similar
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reaction condition showed similar catalytic activity till 4" reaction cycle which indicate
effectiveness of fabricated catalyst Fig.5.
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Figure 5. Reusability of catalyst in synthesis of 1, 8 dioxo-octahydroxanthene

CONCLUSION:

The cobalt oxide (Co304) nanoparticles were prepared by using sol-gel technique assisted with
anionic surfactant sodium dodecylbenzene sulfonate. CosO4 nanoparticles were characterized
by using FT-IR, XRD, SEM, EDX and TEM .The characterization confirm the uniform and
spherical crystal structure of the Coz04 nanoparticles with an average size of 20 nm. The
present catalytic synthesis method of 1, 8 dioxo-octahydroxanthene derivatives can be
commercially advantageous for large scale industrial fabrication of CosO4 nanoparticles.
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SPECTRAL DATA OF PREPARED COMPOUND

3,3,6,6 Tetramethyl-9 phenyl 1,8 dioxo-octahydroxanthene 3a

'HNMR CDCl3400MHz 8(ppm) 1.26(s,6H) 2.31-2.51(m,8H) 5.57(s,1H) 7.13-7.27(m,5H) 13C
NMR (100 MHz, CDCI13); 6C (ppm): 27.37,29.33,31.82, 32.19, 40.93, 50.75, 115.76, 126.39,
128.04, 128.38, 144.04, 162.01, 195.96 HRMS (m/z):350.458

3,3,6,6 Tetramethyl-9(4-chlorophenyl)1,8dioxo-octahydroxanthene 3b

'HNMR CDCls 400MHz &(ppm)0.98 (s,6H) 1.10(s,6H) 2.14-2.25 (m,8H) 4.71(s,1H) 7.16-
7.26(m,4H) °C NMR (100 MHz, CDCls); 3C (ppm): 27.41,29.60, 31.42,32.21, 32.40, 46.42,
47.04, 115.33, 128.19, 129.77, 131.58, 136.69,189.44 HRMS (m/z):385.1568

3,3,6,6 Tetramethyl-9(2-nitrophenyl) 1,8dioxo-octahydroxanthene 3i

'HNMR CDCIl3400MHz §(ppm) 1.25 (s,12H) 2.19-2.57(s,8H) 6.03(s,1H) 7.23-7.55 (m,4H)
13C NMR (100 MHz, CDCls); 8C (ppm):27.41, 29.42, 32.30, 40.99, 50.61, 114.75,123.44,
129.39, 146.71, 151.23,162.45, 195.43 HRMS (m/z):396.1797
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