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ABSTRACT

Carbon catalyst consisting of a hybrid structure made up of amorphous carbon and nanographite was prepared from the leaves
of Pinus Roxburghii. The catalyst was prepared through sodium hydroxide and hydrochloric acid treatment of the dried pine
leaves and was further functionalized with sulfuric acid treatment to incorporate the acidic functionalities. The synthesized
catalyst was characterized by FTIR, XRD, TEM and XPS spectroscopic techniques and was used as a heterogeneous catalyst
for C-N coupling reaction leading to pyrrole formation through the nucleophilic attack of nitrogen atom in amines or imines on
the dicarbonyl compounds. The optimized method was explored on various 2,4- and 2,5- dicarbonyl compounds and it was
found to afford the five member pyrrole nucleus is good to excellent yields. The scope of the reaction was demonstrated by
synthesizing thirteen pyrrole derivatives that are well characterized by IR, NMR and mass spectrometry. The mechanism of the
reaction was proposed and acidic sites present on the catalyst surface are believed to be the active sites in the conversion.
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1. Introduction Use of such materials not only provides enhanced
yields and recycling of the catalyst, but also offers easy
handling of the reaction and mild conditions. Pinus
Roxburghi is a widespread plant commonly found in
the Himalaya at an altitude of 400-2,300 m. Its needles
yield oil which is used in soaps, room sprays, and
deodorants. Therefore, the leaves of pines are a source
of huge waste generated in these industries, which
should be utilized further for the development of new
materials.

In the past two decades, carbon has been used as an
efficient heterogeneous catalyst for developing various
synthetic methodologies [1] and the use of nanocarbon
has provided a thrust in the field. Activated carbon,
carbon nanotubes, fullerene, graphene and nano
diamonds have been used in various reactions such as
the catalytic reduction of alkenes, dechlorination of
alkyl halides and dehydrogenation of aromatic alkanes.
Moreover, various hybrid materials involving two or
more forms of carbon have been developed to provide N-containing heterocycles are the very core scaffold of
enhanced activities. Activated carbon, one of the oldest various biologically active compounds, which have
forms of carbon, has also been utilized for the gained a plethora of attention as they constitute part(s)
development of hybrid materials [2]. Different carbon ~ ©of many important organic molecules such as heme,
catalysts can be prepared by the physical as well as chlorophyll, vitamin B, alkaloids and co-enzymes.
chemical activation method. The latter is preferred due They also possess significant cytotoxicity [4] and have
to lower temperature requirement and provides a been employed in drug discovery [5] for the
higher yield in comparison to physical methods. development of antitumor [6] and anti-inflammatory
Sulfonated carbon materials provide another class of ~ agents [7]. They haV.e als.o been SUCCCSSfUIIY used as
solid acidic heterogeneous catalysts that has been herbicides, peptidomimetic, HIV integrase and DNA

explored for various organic reactions [3]. polymerase inhibitors. The importance of pyrroles has

stimulated a great deal of interest for their synthesis
*Corresponding author emails: gupta nrj@yahoo.co.in, involving new methodologies / catalysts. Recently,
neeraj.gupta@shooliniuniversity.com substituted pyrroles have been synthesized by
Tel./Fax: +91 17 9230 8000 palladium [PdCl, Pd(OAc),] [8], magnesium (MgSO4)

171



N. Gupta et al. / Iranian Journal of Catalysis 7(2), 2017, 171-179

[9], iron (FeCls) [10], platinum (PtCly) [11] and zinc
(ZnCly) [12] based catalysts. Although these metals
have the tendency to catalyze the reaction efficiently,
their use is not promoted in terms of attaining
“sustainability”. Therefore, the development of a
milder and more efficient route for the pyrroles
synthesis using sustainable/greener alternative to the
conventional metal catalyst is required. Due to our
ongoing efforts in the catalysis [13] and N-containing
heterocycles [14], we prepared a carbon based catalyst
from the leaves of pine and used it further for the C-N
coupling reaction to synthesize the pyrrole moiety.

2. Experimental
2.1. Materials and methods

The carbon catalyst used in the reaction was prepared
from the leaves of Pinus Roxburghii. Leaves were
collected from Solan (H.P) - India from an altitude of
1502 m. The chemicals used were of analytical grade
and were purchased from Sigma Aldrich, which were
used without further purification. FTIR analysis was
performed on the Agilent Technology FTIR
spectrophotomer, using KBr  palletes.  XPS
measurements were carried out using an ultra-high
vacuum ESCALAB 250 set-up equipped with a
monochromatic Al Ko X-ray source (1486.6 eV) anode
operating at 15 kV and 20 mA. Deconvolution was
performed with XPS peak fit software. Morphology of
the catalyst was investigated using Transmission
Electron Microscopic (TEM) Analysis [Hitachi (H-
7500) model] X-ray maps for the carbon catalyst were
obtained on X-ray Diffractometer using powder
method on Panalytical’s X’Pert Pro model. NMR
('HNMR and '3CNMR) spectra of the synthesized
compounds were recorded on Bruker Advance II 400
MHz spectrophotometer. Mass spectra were obtained
on Q-ToF Micro Waters Spectrometer.

2.2. Preparation of carbon catalyst

Chemical activation followed by thermal treatment was
used to prepare the catalyst from leaves of Pinus
Roxburghii. The leaves were collected, cut down into
small pieces and then dried in sun for 4-5 days. They
were then ground to fine particles and dried in hot air
oven at 60°C for 24 hrs, washed with N/10 NaOH
solution followed by washing with dil HCI (~5M) and
re-drying in hot air oven at 60°C for 6 hrs. The raw
material (1.0 g) was then heated with sulphuric acid
(10mL, 96% w/w) at 100°C for 5 hrs. After cooling the
reaction mixture, it was filtered on sintered flask and
was washed with distilled water until all the washings
were neutral. Finally, the material was dried in hot air
oven at 60°C for 12hrs. Finally, it was ground into a
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fine powder labeled as Cppr (Carbon derived from
Pinus Roxburghii), which is used as such in the
reaction. The acidic sites determined on the catalyst
surface were 0.41 mmol/g.

2.3. Carbon [CDPR] catalyzed C-N coupling

2.3.1. Coupling of 2,4-dicarbonyl compound with
ammonium acetate

In a typical protocol Cppr (25 mg, 5 wt% w.rt
benzoin) was added to the mixture of benzoin (500 mg,
2.3 mmol), 2,4— dicarbonyl compounds (2.3 mmol) and
ammonium acetate (271 mg, 3.5 mmol) in ethanol
(5 mL) and the resulting mixture was refluxed for 70
minutes. Progress of reaction was monitored via the
thin layer chromatographic analysis (TLC) and the
mixture was filtered in the end to remove the catalyst.
The residue was washed with ethanol (2 x 5 mL) and
combined filtrate was evaporated under reduced
pressure to obtain the crude products, which were
finally recrystallized in ethanol to afford pure product.

2.3.2. Coupling of 2,5-dicarbonyl compounds with
primary aliphatic / aromatic amines

Hexane-2,5-dione (973 mg, 8.5 mmol) and primary
amines (17 mmol) were mixed together in ethanol
(5§ mL) and Cppr (5 wWt% w.r.t 2,5-dicarbonyl) was
added to it. The reaction mixture was then refluxed for
70 minutes. The progress of the reaction was
monitored via TLC and after completion of the
reaction, contents were filtered to remove the catalyst.
The residue was washed with ethanol (2 x 5 mL) and
the combined filtrate was evaporated under vacuum to
obtain the substituted pyrroles.

3. Results and Discussion

Carbon catalyst Cppr was prepared from the pine
leaves and the detailed preparation procedure is
outlined in the experimental section. In order to detect
the acidic functional group, FTIR spectrum of the
catalyst was observed. The region between 3500-3000
cm! shows two peaks at 3404 cm’! and 3241 cm’,
which were assigned to hydroxyl functional groups that
may present on the surface. The peak at 1505 and 1488
cm’' may be attributed to the S=O stretching, and the
peak at 1148 ¢cm! for the C-O vibration of the alcoholic
group. Besides, peaks at 1736, 1704, 1687 and 1668
cm’! (Fig. 1) may be assigned to different ~C=0
species present on the catalyst surface. Peak at 1620
cm’! may be assigned to C=C group, which is a part of
conjugated system / aromatic ring. This data revealed
that the surface of the carbon catalyst most probably
has been functionalized with —C=0, S=0, and -COOH
groups [15].
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Fig. 1. FTIR of the carbon catalyst showing peaks in 2700-3550 cm! (a), 900-1700 cm™' (b) and between 1650-1750 cm™ (c).

XRD pattern of carbon catalyst confirms that it is not
completely amorphous (Table S1, Fig. 2,) and
diffraction peaks at 11.73°, 14.84°, 20.81, 25.75°
29.17°, 29.85°, 33.50°, and 49.36° on 20 scale were
observed. The peaks at 11.73°, 14.84°, 20.81°
corresponds to the (111), (220) and (222) reflections of
the carbon [16,17]. The pattern exhibit peaks at 25.75°
similar to intensity (002), signifying high
crystallization carbon structure [18]. The peak at
26.80° 29.17°, 29.85° corresponds to the (100/101)
reflection of the carbon, respectively. The peaks at
33.39°, 49.36° at 20 scale correspond to the graphite
nano-domain, respectively embedded in the matrix of
activated carbon [19]. The peaks observed at 25.75°
and 26.80° corresponding to (002) reflection of carbon
evidenced the formation of carbon catalyst Cppr.

The XPS was recorded further and a percentage of
different elements along with surface functional groups
was derived (Table S2). The analysis revealed that the
catalyst surface was rich in carbon with a low
percentage of nitrogen functional groups and
comparatively very high percentage of oxygenated
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groups. The C-1s spectrum was further deconvoluted
(Fig. 3a) to probe the nature of the carbon. The peak at
284.4 eV confirms that the catalyst is rich in graphitic
carbon content and was in agreement with XRD data.
XPS spectrum also shows that the catalyst possesses
carbon containing —COO- functional group. In order to
further know the nature of these oxygenated functional
groups, the O-1s spectrum was deconvoluted (Fig. 3b).

The peak at 532.6 eV confirms the presence of —COO-
functional groups on the surface including the acidic —
COOH group. Finally, the morphology of the catalyst
was examined by transmission electron microscopic
(TEM) analysis. Fig. 4 shows the TEM images of the
catalyst and very small particles ranging from 6.72 nm
- 19.8 nm were observed (Fig. 4c). TEM images
display the elemental carbon in the form of dispersed
near spherical colloidal particles or aggregates similar
to that of carbon [20]. The particles appeared roughly
in the form of spherical particles (a, b, c¢) or into
randomly branched structures (d) of the spherical
particles, and are considered as nano structure because
of the range in which they fall.
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Fig. 2. XRD spectrum of carbon catalyst. Fig. 3. Deconvoluted C-1s XP-Spectrum (a) and O-1s XP-
Spectrum of the catalyst.

Fig. 4. TEM images of the carbon catalyst.
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The prepared catalyst was applied for the C-N coupling
reaction leading to pyrrole ring formation. Initially, we
tested the pyrrole formation through multicomponent
reaction at room temperature (25°C) by adding 5 wt%
of the catalyst to the equimolar mixture of benzoin,
methyl acetoacetate in ethanol and also by adding
ammonium acetate (1.5 mol Eq.) to it (Scheme 1).
Progress of the reaction was monitored via TLC
analysis and almost complete conversion of reactants
was observed after 18h (Table 1). Temperature and
time optimization was performed further in order to
decrease the reaction time. It was observed that
increased yield can be attained in shorter reaction time

The activity of the catalyst was also compared with the
non-catalytic ~ reaction, which  comparatively
shows very less product yield with longer reaction time
(Table 1). The catalyst was also found to be superior in
comparison to metal containing analogues,
such as ZrOCl,, ZnCl, and MgCl, [21]. It also provides
comparable yields (Table 3) with other heterogeneous
materials such as acidic alumina [22]. The
crude product 2-methyl-4,5-diphenyl-1H-pyrrole-3-
carboxylic acid methyl ester was isolated after
the evaporation of the solvent under reduced
pressure and re-crystallized in ethanol to afford
the pure product, which was characterized by IR,

by refluxing the contents at 78 (£3) °C (Table 2) and ~ 'HNMR, "CNMR and mass spectroscopic
complete conversion was observed after 70 min. analysis.
Table 1. Optimization of reaction temperature.
S. No Temp. (°C) Time (h) Yield (%)
1. 25 18 86
2 35 0.5 25
3 45 0.5 38
4. 55 0.5 50
5 65 0.5 56
6 78 0.5 68
7.% 78 6 24
8.x* 78 1 0

Reaction Condition: all the reactions were carried out using 2.3 mmol of benzoin, 2.3 mmol of methylacetoacetate and 3.5 mmol of
ammonium acetate using 5 wt % of activated carbon catalyst in ethanol and the contents were stirred at reported time and temperature

(Internal reaction temperature is reported in all cases).
“No catalyst was added during the reaction.
**Reaction was performed in presence of aqueous ammonia.

Table 2. Yield of 2-Methyl-4,5-diphenyl-1H-pyrrole-3-carboxylic acid methyl ester at different time intervals.

S.N. Time Yield (%)
1 30 68
2 40 74
3 50 72
4 60 79
5 70 91
6 80 90

Reaction Condition: all the reactions were carried out by refluxing 2.3 mmol of benzoin, 2.3 mmol of methylacetoacetate and 3.5 mmol of

ammonium acetate and 5 wt % of activated carbon catalyst in ethanol.
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Table 3. Comparison of yield during the synthesis of 1-(2-methyl-4,5-diphenyl-1H-pyrrol-3-yl)ethanone [Product shown in

Table 4, S.N. 5].

S. No. Catalyst Yield (%) Solvent/Condition Ref.
1 Corr 89 EtOH / Reflux This work
2 Acidic ALOs3 88 EtOH / Reflux [22]
3 Molybdate sulfuric acid 96 None /80-90 °C [21]
4 MgBr, 85 None / 80-90 °C [21]
5 CuCl 68 None / 80-90 °C [21]

In the FTIR spectrum (Fig. S1) of this compound peak
at 3339 cm™! was assigned to -NH stretching, 1681 cm!
to C=0 stretching, 1439 cm™! to -C=C stretching, 1181
cm! to C-O stretching and 1097 cm™ to C-N bond
formation. Peaks in the region 600-700 cm™ are due to
aromatic rings. 'H NMR spectrum (Fig. S2) further
confirms the formation of pyrrole ring by C-N
coupling. Peak at & 11.2 in the 'HNMR spectrum is
characteristic of NH protons in a cyclic pyrrole ring.
Signal at & 2.5 is characteristic for —CH; protons
attached to the aromatic pyrrole ring and at & 3.5
represents —CHj3 protons attached to —COO- group. The
Pyrrole ring formation was further ascertained by '*C
NMR analysis (Fig. S3). Peaks at 112.2 and 123.4 ppm
arise due to carbon atoms which are a part of the
pyrrole ring and signal at 166.1 ppm confirms the
presence of —C=0 group in the compound. The mass
spectrum (Fig. S4) of this product exhibited a
prominent peak at m/z 260, which is 31 units lesser
than the molecular mass of this solid. All these
analyses confirm the C-N coupling in this
multicomponent reaction that generates the pyrrole
nucleus. Once the catalyst was utilized towards C-N
coupling reaction and the generation of the pyrrole
nucleus was confirmed, the scope of this reaction was
increased by synthesizing related molecules. The
results are compiled in Table 4. The compounds which
were prepared have a variety of substituents at position
2- (R) and 3- (R’) of the pyrrole ring.

Pyrroles with alkyl, aryl or —OR group at position 2-;
and ester, ketonic groups (aliphatic/aromatic) at
position 3- were prepared by the developed
methodology. Therefore, the catalyst is effective to
generate a library of such compounds that can be used
as such or functionalized further for other potential
applications. The catalyst was recovered in the end by
filtration and then stirred in ethanol at room
temperature to remove the residual adsorbed
compounds. The slurry was filtered and the residue
washed twice with ethanol. Recovered Cppr was finally
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dried in the oven at 45-50 °C for 16 hrs and then it was
tested by the optimized conditions for pyrrole synthesis
(via the condensation of benzoin, methylacetoacetate
and ammoniumacetate in ethanol). The recovered
catalyst exhibited good recycling ability for the
consecutive four runs and results are compiled in
Fig. 5.

In order to further increase the substrate scope of the
reaction, the dicarbonyl was changed to 2,5-dione from
2,4-dione. The nitrogen atom source was also changed
from ammonium acetate to primary amines. First, we
tested the coupling of benzylamine with hexane-2,5-
dione in the presence of 5 wt% of the catalyst in
ethanol. The equimolar mixture of both reactants was
mixed in ethanol followed by the addition of the
catalyst and the resulting mixture was refluxed for 70
min (Scheme 2). The product obtained was
characterized by IR and NMR analysis. FTIR spectrum
of 1-benzyl-2,5-dimethyl-1H-pyrrole (Fig. S5) does not
show peak above 3100 cm™! due to the absence of -NH
protons. Multiple peaks in the region between 3100-
3000 cm™! are due to different aromatic protons present
in the molecule. Peak at 1305 cm™! may arise due to
C-N bond and peaks between 1400-1600 cm are
indication of C=C in the molecule. The final proof for
the pyrrole ring formation was obtained by 'H NMR
analysis (Fig. S6). The peak obtained at 6 6.18 is due to
the protons on the pyrrole ring. 3C NMR (Fig. S7)
shows characteristic peaks at 6 12.3, 46.6, 105.4 that
are in accordance with the structure of the pyrrole
product. Mass spectrum (Fig. S8) gives the final proof
for the pyrrole ring formation where the molecular ion
peak is observed at 186.1 m/z corresponding to the
molecular weight of 1-benzyl-2,5-dimethyl-1H-
pyrrole. We have synthesized other derivatives of
pyrroles by this method as listed in Table 5. Pyrroles
with different substituents at N atom, ranging from
alkyl to aryls bearing both the electron releasing or
withdrawing groups were synthesized, in good to
excellent yield.
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Table 4. C-N coupling of ammonium acetate with benzoin and 2,4-dicarbonyl compounds catalyzed by carbon catalyst.

(0]
Rl
(o) Ph fo) fo) Ph

5%wt Catalyst, 70 min I\
> < + RJJ\/U\RJ NH4OAc > Ph R

Ph OH EtOH, reflux ”

R, R' = alkyl, aryl

Ph = Phenyl

Scheme 1.

S.N R R’ Yield (%)

1 -CH; -OCH3 91
2 -CHs -OCyHs 83
3 -CeHs -CH3 90
4 -CeHs -CeHs 80
5 -CH; -CH3 89
6 -CoHs -CoHs 80
7 -OC,H;s -OC,H;s 79

Reaction Condition: 2.3 mmol of benzoin, 2.3 mmol of methylacetoacetate and 3.5 mmol of ammonium acetate and 5 wt % of activated
carbon catalyst were refluxed in ethanol.

Table 5. C-N coupling of primary amines with hexane-2,5-dione catalyzed by carbon catalyst.

0 SHe + rm 5 Wt% Catalyst E

H3°Jj\/\g/ : * EtOH, Reflu, 70 min H3CUCH3

R = Alkyl, Aryl
Scheme 2.
S.N. R Yield (%)
1 -CH,CHs 84
2 -(CH2),CH; 80
3 -(CH,);CH; 78
4 -(4-CH3)CeHa4 89
5 -(4-NO»)CeHs4 87
6 -(4-CI)CeHy 85

Reaction Condition: 8.5 mmol of Hexane-2,5-dione, 17 mmol of primary amine and 5% wt of carbon catalyst were refluxed in ethanol for
70 min.
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Cycles

Fig. 5. Recycling of Cppr during the reaction of benzoin,
methylacetoacetate and ammoniumacetate by the optimized
conditions. Percentage yield of 2-Methyl-4,5-diphenyl-1H-
pyrrole-3-carboxylic acid methyl ester (Table 4, S.N. 1) is
shown.

The acidic functionalities on the surface of the catalyst
are believed to be the active sites in the reaction and
operate in a way analogous to other acidic sites [21].
The acidic sites, most probably, are involved in the
activation of the carbonyl group in the respective
reactants as shown in Fig. 6. In order to check the role
of the acidic sites, they are quenched with ammonia
and then tested for the reaction under identical
conditions. The catalyst (100 mg) was first immersed
in ethanol (5 mL) and then 1 mL aqueous ammonia
solution was added to it. The mixture was stirred for 16

hrs, filtered and dried in the oven at 60 °C for 7 hrs.
The prepared material with quenched acidic sites was
used for the reaction of benzoin with methyl
acetoacetate under identical conditions and the
reactants were not consumed during the reaction under
identical condition. The acidic sites are most probably
quenched with ammonia by proton exchange and,
hence, result in no reaction. To ensure which
component gets adsorbed on the catalyst surface, the
adsorption study (analogous to our earlier report) was
performed [23] in ethanol solution. 100 mg each of
benzoin and methyl acetoacetate were dissolved in
ethanol (5 mL) to make two separate solutions and 100
mg of fresh catalyst was added into each solution. The
contents were filtered under vacuum and the residue
was further washed with 25mL (5%5 mL) ethanol. The
combined filtrate was evaporated under reduced
pressure and then dried at room temperature for 6 hrs.
60% benzoin and 78% methyl acetoacetate were
recovered in the end. It clearly indicates that benzoin
may show more affinity to stay on surface and its
adsorption may start the reaction. The sequence of the
reaction steps is shown in Fig. 6. Protonation of
benzoin may be performed by the acidic functional
groups, which are further attacked by the imine
derivative and finally form the pyrrole ring by
cyclization. In case of 2,5-dicarbonyl, there is only one
carbonyl component, whose activation by acidic group
can lead to pyrrole formation.
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L--H Ar” N Me i 0
AL 0z ozlom
2H,0
0
ArOH
A fl\ e 4 N OH
i SN Me H----0 o ek
£ g HO__O E
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0 i o}
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T Rlo-f-o O OH Mo, o=8-oH
o NH

Me CH,COONH, Me H
ﬁ
Ry 0 Ry

Pyrrole ring formation

through 2,4-dicarbonyl
compound, benzoin and ammonium acetate on
acidic carbon catalyst

Pyrrole ring formation through 2,5-dicarbonyl
compound and primary amine on acidic carbon catalyst

Fig. 6. Probable mechanism for C-N coupling reaction.
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4. Conclusion

We have synthesized a sulfonated carbon catalyst by
chemical activation followed by the thermal treatment
consisting of a hybrid structure containing the
amorphous carbon with nanographite embedded in it. It
was used for the C-N coupling reaction leading to the
pyrrole nucleus formation by two different strategies.
In the first strategy, the multicomponent reaction
between benzoin, 2,4-dione and ammonium acetate
was used for the synthesis of the tetrasubstituted
pyrrole ring in the presence of a carbon catalyst.
Secondly, the reaction between 2,5-dicarbonyl
compound with amines in the presence of the same
catalyst was used for making another series of N-
substituted pyrrole derivatives. The reaction seems to
proceed by the involvement of acidic functional
groups, which probably helps in the activation of
carbonyl moiety.

Acknowledgements

Authors are thankful to Dr. Gaurav Sharma for
assisting in the XRD analysis and Shenyang National
Laboratory (SYNL)-Chinese Academy of Sciences,
Shenyang, P. R. China for providing XPS facility.

References

[1]K.C. Chua, P. Martin, Chem. Eur. J. 21 (2015) 12550-
12562.

[2] D.R. Dreyer, A.D. Todd, C.W. Bielawski, Chem. Soc.
Rev., 43 (2014) 5288-5301.

[3]S. Kang, J. Ye, J. Chang Int. Rev. Chem. Eng. 5 (2013)
133-14.

[4] G. Dannhardt, W. Kiefer, G. Kramer, S. Machrlein, U.
Nowe, B. Fiebich, Eur. J. Med. Chem. 35 (2000) 499-
510.

179

[S]E. Toja, A. Depaoli, G. Tuan, J. Kettenring, Synthesis 3
(1987) 272-274.

[6] K. Krowicki, J. Balzarini, E. D. Clercq, R. A. Newman,
J. W. Lown, J. Med. Chem. 31 (1988) 341-345.

[71 I M. Muchowski, S.H. Unger, J. Ackrell, P. Cheung,
J. Cook, P. Gallegra, J. Med. Chem. 28 (1985) 1037-
1049.

[8]J. Zheng, L. Huang, C. Huang, W. Wu, H. Jiang, J. Org.
Chem. 80 (2015) 1235-1242.

[9] L. Lu, G. Chen, S. Ma, Org. Lett. 8 (2006) 835-838.

[10] S. Maiti, S. Biswas, U. Jana, J. Org. Chem. 75 (2010)
1674-1683.

[11] Y. Nishibayashi, M. Yoshikawa, Y. Inada, M.D.
Milton, M. Hidai, S. Uemura, Angew. Chem. Int. Ed. 42
(2003) 2681-2684.

[12] H. Dong, M. Shen, J.E. Redford, B.J. Stokes,
A.L. Pumphrey, T.G. Driver, Org. Lett. 9 (2007) 5191-
5194,

[13] N. Gupta, Sonu, G.L. Kad, Catal. Commun. 8 (2007)
1323-1328.

[14] N. Gupta, G. L. Kad, V. Singh, J. Singh, Synth.
Commun. 37 (2007) 3421-3428.

[15] Y. Guo, D. A. Rockstraw, Carbon 44 (2006) 1464-
1475.

[16] T. Tsoncheva, S. Vankova, D. Mehandjiev, Fuel 2003,
7, 755-763.

[17] Y. Hong, A. Proctor, J. Shultz, J. Am. Oil Chem. Soc.
77 (2000) 785-790.

[18]J. Zhao, L. Yang, F. Li, R. Yu, C. Jin, Carbon 47 (2009)
744-751.

[19] B.S. Girgsi, Y. M. Temerk, M.M. Gadelrab, 1.D.
Abdullah, Carbon Lett. 8 (2007) 95-100.

[20] A.L. Medalia, F.A. Heckman, Carbon 7 (1969) 567-582.

[21] F. Tamaddon, M. Farahi, B. Karami, J. Mol. Catal. A:
Chem. 356 (2012) 85-89.

[22] K. Niknam, H. Sharghi, M. Khataminejad, J. Iran.
Chem. Soc. 13 (2016) 1953-1961.

[23] N. Gupta, Y. Ding, Z. Feng, D.S. Su, ChemCatChem, 8
(2016) 922-928.





