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regioselective ortho C-acylation of phenolic compounds under solvent-free and

microwave conditions
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ABSTRACT

In this research, the ortho C-acylation of some phenol and naphthol derivatives was catalyzed by
ZnCl,, supported on multi-walled carbon nanotubes as a new nanocomposite Lewis acid catalyst.
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The reaction was performed under solvent-free and microwave conditions. In the presence of

this heterogeneous catalyst, a variety of phenol and naphthol moieties were converted to
C-acylated compounds with full selectivity on the ortho position. Also, this method is an
effective approach for acylation of catechol, resorcinol, hydroquinone and their derivatives. In
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this process, the products were obtained in short reaction times and excellent yields.
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Introduction

The ortho C-acylated phenol and naphthol derivatives
are important structural motifs found in a diversity of bio-
active molecules, especially in the synthesis of natural
compounds. Some examples are shown in Figure 1.
The ortho C-acylated phenols are also important syn-
thons in organic chemistry (7-5). They serve as protect-
ing groups (6), polyfunctional molecules such as
nucleosides, carbohydrates and peptides (7), or modified
peptides such as isoesters (8) and steroids (9-12).

The three existing major synthetic pathways available
for the ortho C-acylation reaction are: (i) the Lewis acid
catalyzed Friedel-Crafts acylation (73, 74), (ii) ortho-acyla-
tion of phenols with aryl aldehydes as precursor and
copper as catalyst (75) and (iii) C-H activation of
ketone moieties using [bis(trifluoroacetoxy)iodo]ben-
zene as an oxidant (76). The known Friedel-Crafts reac-
tion via Lewis acid catalyst suffers from the formation
of undesired p-substituted products, especially when
bulky acyl groups need to be introduced. The synthesis

of some ketones with sulfur and nitrogen as functional
groups is also limited in this method (77, 18). The use
of new hybrid Lewis acid catalysts in achieving clean
reactions with good selectivity and performance under
the better reaction conditions has yet to be investigated.

Since carbon nanotubes (CNTs) were discovered in
1991 (19), they have attracted significant interest due
to their unique structure and properties. Due to the
thermal and chemical stability of multi-walled carbon
nanotubes (MWCNTSs), it was employed in organic syn-
thesis and science of catalyst as support. The chemical
modification of CNTs is a technique for enhancing their
applications (20-22).

It was previously found by our research group that
ZnCl, has excellent catalytic activity in the acylation of
phenolic compounds by carboxylic acids as substrate
(23, 24). Our first efforts to heterogenize the catalyst for
a greener process led to the support of zinc chloride
on the surface of Al,O3 as a solid-phase catalyst (25).
Because the alumina has a hydrophilic surface, the
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Figure 1. Bioactive molecules containing hydroxy acylated
groups.

stability of the zinc chloride on the surface of this support
suffered from faster deactivation. The benefit of MWCNTSs
as support for zinc chloride is the high surface area and
thereupon high activation of the final catalyst. Also, the
recyclability of the ZnCl,@MWCNTs is a key advantage
of this method. As a continuation of our previous
works on the application of MWCNTSs in organic reactions
(26-28), the ortho-acylation of hydroxyaryl compounds
such as phenol and naphthol derivatives was investigated
in the presence of carboxylic acids and MWCNTs@ZnCl,
as a new nanocomposite heterogeneous catalyst. The
object of the present study is to provide a novel and
improved process for the acylation reaction without
disadvantages such as low yield, long reaction time,
homogeneous catalyst and tedious workup.

Experimental
Materials and methods

The phenol derivatives were purchased from the Merck
chemical company with 97-99% purity. The a-naphthol
and quinizarin were purchased from the Fluka Chemical
Company at 99% purity. The acetic acid and the solvents
used in this work were purchased from the Sigma
Company at analytical grade with 99% purity. MWCNTs
were purchased from Shenzhen Nanotechnology Co.,
Ltd. (China). The purity of the MWCNTs was 92-95%
and their diameters and lengths ranges were between
20-40 nm and 5-15 pm, respectively. The microwave-
assisted procedures were carried out in a microwave
oven (Milestone LAVIS-1000 MultiQUANT Basic Micro-
wave) operated at 450 W. IR spectra were recorded
with a KBr pellet on a Perkin-Elmer 781 Spectropho-
tometer and an Impact 400 Nicolet FT-IR Spectropho-
tometer. The 'H NMR and '>C NMR spectra were
provided in CDCl; as a solvent with 400 MHz Bruker
Spectrometer. The reactions were carried out in
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microwave oven specially designed for the organic syn-
thesis (Milestone LAVIS 1000 Basic Microwave). Melting
points were recorded with a Yanagimoto micro melting
point apparatus. The purity of the substrates and reac-
tion progression were determined by thin-layer chrom-
atography (TLC) on silicagel Polygram SILG/UV 254
plates.

Catalyst preparation

In a typical experiment, a mixture of MWCNTSs (1 g) in
tetrahydrofuran (THF) (50 mL) was sonicated for
30 min. After dispersion was completed, the solid zinc
chloride (0.25 g) was added to the reaction vessel and
stirred at room temperature for 24 h. After this time,
the reaction mixture was filtered, washed with THF
(3x20 mL), dried in vacuum and the resulted nano-
composite was used as the catalyst for the acylation
reaction.

Typical procedure for the acylation reaction by
ZnCl,@MWCNTs nanocomposite

In a typical reaction, in a reaction vessel, hydroquinone
(0.1 g, 0.95 mmol), acetic acid (0.05 ml, 1.2 mmol) and
0.02g of ZnC,@MWCNTs as catalyst (3.0 mol% of
ZnCl,) were combined together and reacted for 70 s
under microwave irradiation (450 W). In all of the reac-
tions, during microwave irradiation, the temperature of
the reaction mixture reached about 40°C. After cooling
the reaction mixture to room temperature, ethyl
acetate (15 ml) was added. The catalyst was filtered off
and thoroughly washed with ethyl acetate (3 x 10 mL),
then dried under vacuum. The organic solvent was
washed with aqueous NaHCOs; (20 mL), dried over
MgSO,, filtered, and the solvent evaporated to give
desired product. The product was purified by column
chromatography on silicagel. The products were
characterized by spectroscopic and physical techniques
by being consistent with previously reported data
(29-32).

Results and discussions

In the present study, the performance and regioselectiv-
ity of ZnCl,@MWCNTs nanocomposite as a catalyst was
evaluated in the acylation reaction. Reactions were
carried out in the absence of solvent, to afford the corre-
sponding ortho-acylated hydroxyaryl compounds, in
excellent yields. The purpose of these acylation reactions
is to (i) improve CNTs interaction with dispersion; (ii)
allow the grafting of nanoparticles; (i) use the high
adsorption properties of CNTs and (iv) perform chemical
treatments on nanotubes.
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Figure 2. Preparation of the ZnCl,@MWCNTs nanocomposite.

Description of the catalyst

CNTs have been used as a support for anchoring some
substances in order to give them additional functional
properties, such as activity and surface area (33). Inter-
layer distance in MWCNT is close to interplant graphite
distance 3.4 A and varies in the range of +0.2 A (34-37).
Thus, two-atomic molecules cannot penetrate into the
MWCNTs wall and adsorption takes place at the external
surface of MWCNTs.

Zinc (I) complexation of MWCNTs, which involves
constructive rehybridization of the external m-system
with the vacant zinc d, orbitals, leads to the formation
of advanced nanomaterial based on the catalytic effect
of zinc and high surface area of MWCNTs. This m-bond
mode of bonding is quite distinct from the modification
by conventional covalent o-bond with a creation of sp*
carbon centers on the surface of CNTs (Figure 2) (38-47).

The ZnCl,@MWCNTs nanocomposite was examined
by powder X-ray diffraction (XRD) and Fourier transform
infrared spectrometer (FT-IR), and indicated successful
bonding of ZnCl, onto the internal surface of MWCNTs
and has the capability for use as a Lewis acid catalyst.

In Figure 3, the FT-IR spectra for MWCNTs and
ZnClL,@MWCNTs are shown as (a) and (b), respectively.
Comparison between the FT-IR spectra of the target
catalyst with that of the bare MWCNTs reveals the
adsorption of zinc dichloride on the surface of the
MWCNTs. According to this figure, three bands at 517,
734 and 982 cm™' were resulted from Zn-Cl and Zn-C
bonds that are not included in the spectra of crude
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Figure 3. FT-IR spectra of the MWCNTSs (a) and ZnCL,@MWCNTs (b).

600

400 i
(b)

200

Intensity (cps)

30 40 50 60
Position [°2Theta]

Figure 4. XRD pattern of MWCNTSs (a) and ZnCl,@MWCNTs (b).

MWCNTs. A broad and weak band at 3200-3500 cm™'
was due to the negligible moisture of KBr that included
in both of spectra in this figure.

The XRD pattern of both crude MWCNTs and
ZnCl, supported on it, demonstrated typical reflections
of 260=25° and 43°. After zinc chloride anchored on
MWCNTs, the diffraction peak intensity of modified
CNTs was decreased (Figure 4). Because ZnCl, dispersed
on the surfaces of the MWCNTs, there were no signals in
the XRD pattern related to the zinc chloride.

Using salt of ZnCl, as a catalyst in this reaction has
some disadvantages such as aggregation and deacti-
vation of zinc chloride, poisoning of the products
with zinc, difficult reaction workup and finally, the cat-
alyst is not recyclable from the reaction media (23). To
alleviate the aforementioned problems, Al,Os; was
used as a solid and inactive support by our research
group (25). The ZnCl,@Al,0; as a resulted hetero-
geneous catalyst, kept the zinc chloride from aggrega-
tion, and thereupon deactivation of catalyst did not
occur.

The SEM image of MWCNTSs after the ZnCl, treatment
is shown in Figure 5. This image illustrates that the

EHT = 15.00 kV Signal A= SE2 Date:15 June
WD= 8.1mm Mag= 10.00KX  User Name = SYSTEM

Figure 5. The SEM image of ZnCl,@MWCNTs.
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Figure 6. The C-acylation of phenol and naphthol derivatives
with acetic acid under microwave irradiation.

MWCNTSs were covered by a layer of external matter (zinc
chloride), resulting in thickened MWCNTs bundles and a
denser network of nanotubes.

The BET analysis for the ZnCl,@MWCNTs was carried
out and the obtained result was 262 m?/g for the
surface area of catalyst. Moreover, the surface of the het-
erogeneous catalyst is larger than the crude ones (about
36 mz/g) and indicates the zinc chloride anchored on the
surface of the nanotubes.

It is clear that the activity of the resulted hetero-
geneous catalyst depends on the value of specific
surface area of solid support. Therefore, the MWCNTSs
was used as chemically inactive support having high
surface area and being a lipophilic material. In this way,
the ZnCl,@MWCNTs catalyst can be easily separated
without poisoning of the products and also, the
amounts of loaded heterogeneous catalyst can be lower
than the amounts in the previously reported method.

Catalytic studies

In this research, we investigated the reactivity of
ZnCl,@MWCNTs as a novel catalyst for direct ortho-acy-
lation of hydroquinone (as a phenol derivative) and
1-naphthol as a naphthol derivative with acetic acid
under microwave irradiation (Figure 6).
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In order to show the advantage of this study, the
obtained results were compared with the recently
reported results in Table 1. The comparison of our
results with others was carried out on the basis of reac-
tion conditions, reaction time and the obtained yields
percentage. Furthermore, in order to understand the
effect of MWCNTs as a support, the reaction was
occurred in the presence of same amount of ZnCl, salt
(3 mol%), as a solid catalyst in the optimum reaction con-
ditions. The result of this test is provided in Table 1, entry
6, and indicated that the yield of the reaction only
reached 32% after 12 min.

In continuation of this work, ZnCl,@MWCNTs was
applied as catalyst for ortho-acylation of various phenol
and naphthol derivatives in the presence of acetic acid
under microwave conditions (Figure 6). The obtained
results are summarized in Table 2.

As shown in Table 2, in some of the reported works,
the para-acylated products are also available as a side
reaction, while we obtained only the ortho C-acylated
product and no para-acylated was obtained. We have
now found that, by using lipophilic MWCNTs, deactiva-
tion of the catalyst is canceled as expected and the reac-
tion is performed faster than the other-mentioned
catalysts.

With attention to entry 13, Table 2, when two ortho
positions are occupied by methyl groups, no acylated
product is obtained. Also, in entries 8-11, the electron-
withdrawing groups, reduced the reactivity of the sub-
strates and thus, even at the high power of microwave
irradiation, the reaction did not afford any product. In
other entries, ortho-acylated compounds were chemose-
lectively achieved in high yields.

The scope and limitation of the ZnCl,@MWCNTs cata-
lyst in acylation reaction were studied with other organic
acids. The nanocomposite was used as Lewis acid cata-
lyst in the acylation of hydroquinone, by propanoic,

Table 1. Comparison of o-hydroxyacetophenone synthesis by ZnCl,@MWCNTs with literature reported

methods.
Entry Reagent Catalyst/reaction conditions Time (min)/yield (%) (Lit.)
1 Acetyl chloride Zinc/55°C, Mw irradiation 10/73 (29)
AlCI3/120°C 60/80 (42)
AlCl5/Reflux 25/88 (43)
2 Acetic acid BF3:0Et,/Mw irradiation 8/90 (44)
FeCl,/Mw irradiation 5/70 (45)
BF5:0Et,/Reflux 30/65 (46)
ZnCly/Reflux 80/65 (47)
ZnCly/Mw irradiation 8/92 (23)
ZnClL,@Al,05/Mw irradiation 2/88 (25)
3 Anhydride acetic ZnCl,/Reflux, 150°C 20/36 (48)
4 Trichloroethane —/Water, 90°C 75/62 (49)
5 Phenylene diacetate BF5:0Et,/Benzene, Mw irradiation 30/25 (50)
6 Acetic acid ZnCl,, 3 mol%, Mw irradiation 12/34
72 Acetic acid ZnCl,@MWCNTs/40°C, Mw irradiation 1.2/97

Present study.
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Table 2. Acylation of phenol and naphthol derivatives in the presence of ZnCl,@MWCNTSs.?

OH OH
227N < 7 X
Tl + CH,CO,H ZnCL@MWCNTs | CH,
Wy A microwave NGV
R R
Mp °C

Entry Substrate Product Cat. amount (g)/power (W) Time (s)/yieldb (%) Found Reported
1 4-OH 1-(2,5-dihydroxyphenyl)ethan-1-one 0.020/450 70/97 194-196 198-200 (32)
2 2-OH 1-(2,3-dihydroxyphenyl)ethan-1-one 0.020/450 80/97 158-162 156-158 (29)
3 3-OH 1-(2,4-dihydroxyphenyl)ethan-1-one 0.020/450 75/96 142-145 144-146 (32)
4 H 1-(2-hydroxy-3,5-dimethylphenyl)ethan-1-one 0.020/450 90/97 Qil Qil (29)
5 2,4-Me, 1-(2,3-dihydroxyphenyl)ethan-1-one 0.020/600 100/95 96-97 97-99 (30)
6 4-Et 1-(1-hydroxynaphthalen-2-yl)ethan-1-one 0.020/450 100/87 96-98 98-100 (30)
7 4-iPr 1-(2-hydroxy-5-isopropylphenyl)ethan-1-one 0.020/450 90/85 Qil Qil (30
8 4-tBu 1-(5-(tert-butyl)-2-hydroxyphenyl)ethan-1-one 0.020/450 90/87 Qil Qil (30)
9 3-NO, - 0.027/900 180/10
10 2,4-Cl, - 0.027/900 300/0
1 2-Cl - 0.027/900 300/0
12 4-Cl - 0.020/900 300/15
13 2,6-Me, - 0.030/900 180/0
14 4-Me 1-(2-hydroxy-5-methylphenyl)ethan-1-one 0.027/900 180/92 Qil Qil (32)
15 4-Br 1-(5-bromo-2-hydroxyphenyl)ethan-1-one 0.027/900 180/95 117-119 114-117 (31)
16 Quinizarin - 0.027/900 240/0
17 1-naphthol 1-(1-hydroxynaphthalen-2-yl)ethan-1-one 0.020/900 75/94 131-135 130-132 (31)

®Reaction conditions: acylation of 0.95 mmol phenol or naphthol derivatives with 1.2 mmol acetic acid (HOAC) in the presence of CNTs supported-Lewis acid.

Blsolated yield based on the phenol and naphthol substrates.

Table 3. Ortho-acylation of hydroquinone with various organic acids.?

OH OH O
ZnCl, @MWCNT R
+ RCO,H 2@ >
MW (450 w)
OH OH
Mp °C

Entry R Product Time (s)/yield (%)° Found Reported
1 CHs 1-(2,5-Dihydroxyphenyl)propan-1-one 90/91 96-99 93-95 (30)
2 G3H, 1-(2,5-Dihydroxyphenyl)butan-1-one 150/94 Qil Qil (37)
3 C4Ho 1-(2,5-Dihydroxyphenyl)-1-pentan-1-one 180/92 il Qil (30)

?Reaction conditions: ortho-acylation of 0.95 mmol hydroquinone with 1.3 mmol of various organic acids, in the presence of 0.030 g of ZnCl,@MWCNTs (4 mol%).

Plsolated yields.

butanoic and pentanoic acid under modified reaction
conditions. These reactions, as expected, produced
ortho-acylated compounds in high yields and short reac-
tion times. The obtained results were summarized in
Table 3. It is notable that the ZnCl, as the catalytic
active sites on the surface can be deactivated and poi-
soned by a trace of water via coordination with H,0O
and lastly removed from the surface of the support.
However, the resulted water from the reaction process
cannot be adsorbed on lipophilic surface of MWCNTSs.
In order to assess the reliability and validity of this
method, the reaction of hydroquinone and acetic acid
in the presence of ZnCl,@MWCNTSs at optimum reaction
conditions was carried out and repeated 10 times. The
resulted data were used for calculating the average
value and standard deviation where the values of these
parameters were 95.8 and 1.762, respectively.

Regioselectivity is essential strategy for this method
and is achieved in the key step of zinc chelating to both
oxygen moieties from phenol and carboxylic acid sub-
strates and consequently the zinc atom is located at the
nearest position of the phenol moiety. Furthermore,
nucleophilic addition of phenol ring to the carboxylic
acid substrate occurs from the ortho position and
phenol joins to the carbonyl group. Finally, the removal
of a water molecule produces the desired products.

For assessing the possibility of recovering and recycling
of the catalyst, the reaction of hydroquinone and acetic
acid in the presence of ZnCL,@MWCNTs catalyst was
carried out under the optimized reaction conditions.
After completion of the reaction, the mixture was
diluted with EtOAc (5 mL) and the solid catalyst was cen-
trifuged to separate from the reaction media. The solid
catalyst was dried under reduced pressure and reused
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seven times without considerable loss of its catalytic
activity (from 97% to 85% of product yield). The decreas-
ing of the catalyst performance could occur due to inacti-
vation of ZnCl, species as active sites or ZnCl, leakage
from solid MWCNTs support.

Conclusion

Zinc chloride was successfully anchored on the surface of
MWCNTs and the resulted nanocomposite was charac-
terized by FT-IR, XRD, Brunauer-Emmett-Teller (BET)
and scanning electron microscope (SEM) techniques.
The prepared ZnCl,@MWCNTs was used as a catalyst in
the microwave acylation reaction of phenol and
naphthol derivatives toward synthesis of ortho-aryl
alkyl ketones under solvent-free conditions. This pro-
cedure has some advantages in competition with the
previously reported methods, such as high regioselectiv-
ity, high yields of desired products, short reaction times,
and the elimination of solvents and simple workup.
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