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Abstract: Herein, the application of zinc oxide supported on sintered
calcium phosphate (SCaP) as a catalyst in acylation reaction is described.
This catalyst was found to be highly effective in solvent free acylation of
various phenols, alcohols and amines. Reaction at room temperature, with
very less quantity of the catalyst, high yield in shorter reaction time, easy
separation of the catalyst and isolation of the desired product in good purity
are the merits of this reaction. In addition, the recovered catalyst could be
reused for four successive runs without significant deterioration in catalytic
activity.
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INTRODUCTION

Organic esters and amides are important and attractive molecules possessing medicinal
[1, 2] and synthetic importance [3, 4] due to their wide applications. Acylation reactions
employed for the synthesis of esters and amides under basic or acidic conditions
generally involve anhydride / acid chloride as the acylating agent [5 — 13]. Lewis acid
catalyzed Friedel-Crafts acylation, especially for the acylation of alcohols, phenols,
amines and amino acids with acyl chlorides [9] though extensively studied, still receives
good attention [14 — 16]. As chemical reactions that are economically viable and free
from toxic waste and by products is much needed for a safe environment, there is a
continuous urge on evolving ecofriendly acylation methods. In this context, solvent-free
organic synthesis [17] and microwave assisted Friedel-Crafts acylation, [18 — 20] draw
wide attention owing to their experimental simplicity and effectiveness. Reports on
acylation through cross dehydrogenative coupling with or without metal catalysts [21,
22] and on acylation involving catalysts such as zeolite [23], clays [24], MgCl, [25],
LiClO4 [26] Mg(ClOy4), [27], Boron catalyst [28, 29], InCl; [30], ZrCly [31],
ZrOCl,-8H,0 [13], RuCl; [32], alumina [33], DMAP [34], AgOTf [35], CuSO4-5H,0O
[36], CoCl, [37] and TaCls [38] indicates a positive move towards eco-friendly
approach. It is remarkable to mention here that generally, reactions on the solid
surfaces [39, 8] or catalyst particles dispersed on organic [10] / inorganic support
materials (silica, alumina, zeolites, clay, etc.) where there is no significant interaction
between the catalyst and the support, are highly useful in organic synthesis. This is
because, reactions involving the supported catalysts require lesser quantity of the
catalyst, shorter reaction time and at the same time results in high yield of the product
[40, 20]. Though zinc oxide mediated acylation has been well studied, reports on
supported zinc oxide catalysts are very less. In continuation of our work on acylation
reactions using zinc oxide supported on alumina [40], we wished to study the effect of
sintered calcium phosphate (SCaP) as catalyst support. SCaP, being quite acidic
compared to alumina, a higher catalytic activity of zinc oxide was expected. Hence, we
investigated the hitherto unreported, catalytic activity of supported zinc oxide
[ZnO/SCaP] for the acetylation and benzoylation of alcohols, phenols and amines.

MATERIALS AND METHODS

All the chemicals used in this study such as zinc nitrate, ammonia, calcium carbonate,
ortho phosphoric acid, fly ash, starch, quartz, phenols, alcohols and amines were
indigenous materials, purchased from local suppliers and used as such. The solvents
and reagents such as benzoyl chloride and acetyl chloride were of laboratory grade /
synthesis grade and they were used without any purification unless otherwise required.
Progress of the reactions was monitored by using Thin Layer Chromatography using
Aluminium TLC plate, silica gel coated with fluorescent indicator F254. 10 % Ethyl
acetate-hexane mixture for esters and 50 % ethyl acetate-hexane mixture for amides
were employed as eluent. Melting points reported for the compounds are uncorrected.
All the products synthesized in this work are well-known compounds and reported in
literature. Hence, 'H NMR spectra for selected samples were recorded on a Jeol FX200
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spectrometer using TMS as internal standard and CDCIl; as solvent. ZnO/SCaP was
prepared in two-steps as shown below by the procedure reported in literature [41, 42].

(I) Preparation of sintered calcium phosphate (SCaP)

To 50 grams of calcium carbonate (99 % precipitated) taken in a 2 L beaker, 1 L of
distilled water was added and stirred using a mechanical stirrer. To this, 105 grams of
ortho phosphoric acid was added slowly in drops to form a fine paste. After completion
of addition, stirring was continued for 30 minutes. The white pasty mass was
transferred to alumina crucible. Drying at 150 °C for 8 hours in hot air oven followed
by calcination in muffle furnace at 750 °C for 30 mins afforded the white solid. This
was ground into fine powder in a mortar and pestle and then sieved through 325 mesh.
The sieved powder was used as support material for the catalyst ZnO [41].

(IT) Preparation of ZnO ON SCaP (For 25 % ZnO)

To 200 mL of distilled water taken in a 1 L beaker, 7.5 grams of sintered calcium
phosphate (SCaP) was added and stirred for 40 minutes. To this mixture, 9.166 grams
of zinc nitrate hexahydrate was added and stirred for 30 minutes. Simultaneously,
4.2 mL of 25 % ammonia solution in 20 mL of distilled water was prepared. This
solution was added dropwise in 45 minutes, to the above mixture containing zinc nitrate
and sintered calcium phosphate. The pH was maintained between 8-9 and the contents
were stirred for 1 hour. Then the stirring was stopped, and the contents were allowed to
stand for 1 hour to enable the precipitate settle down. The precipitate was filtered under
suction through Buchner funnel using Whatman No. 1 filter paper. The wet white solid
mass obtained was dried in hot air over at 150 °C for 2 hours and calcined in muffle
furnace at 400 °C for 30 minutes to get ZnO/SCaP (Yield 90 %). The catalyst,
ZnO/SCaP calcined at 400 °C was analyzed by SEM, XRD and UV spectroscopy [42].
Zn0O (25 % loading) on other support materials such as Fly ash, Starch, Quartz and
sintered Calcium phosphate were also prepared using the above-mentioned procedure
[42]. ZnO/Fly Ash, ZnO/Quartz and ZnO/SCaP were calcined at 400 °C whereas
ZnO/Starch was calcined at temperatures below 300 °C.

Preliminary studies on catalytic activity

Benzoylation of phenol with benzoyl chloride was chosen as the standard reaction for
the assessment of catalytic activity. In our initial studies, we observed that stirring of the
mere reaction mixture for 8 hours / stirring of the reactants in presence of any of the
support material did not lead to any fruitful reaction. Also, stirring of the reaction
mixture for 1 hour in presence of 0.00123 moles (0.05 equiv) of ZnO/Fly ash,
ZnO/Starch, ZnO/Quartz led to the formation of phenyl benzoate in 15-20 %. In
benzoylation of phenol with benzoyl chloride in presence of nano ZnO/SCaP calcined at
400 °C, the completion of reaction was observed in 30 minutes. Reaction carried out in
presence of unsupported ZnO under the above conditions, required a higher amount of
the catalyst (0.0123 mol) for completion of reaction. This clearly demonstrated the
effective role of SCaP as a support and in improving the catalytic efficiency of ZnO.
Our further studies were aimed at determining the quantity of ZnO loading on the SCaP
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support, required for optimum conversion under solvent free conditions. In this
connection, the catalyst, nano ZnO/SCaP containing ZnO in various proportions (5 %,
10 %, 15 %, 25 %) were prepared by chemical method reported earlier [42] and all were
calcined at 400 °C. Further, to decide on the influence of calcination temperature on the
reaction yield, we again, prepared nano ZnO/SCaP containing 25 % ZnO and calcined
at 400 °C and 750 °C. In the trial runs on benzoylation of phenol performed with nano
ZnO/SCaP with varying ZnO contents and different levels of calcination, we observed
that the supported catalyst containing 25 % ZnO and calcined at 400 °C led to efficient
conversion. This catalyst labelled as ZnO/ SCaP (400) was characterized by SEM, XRD
and UV spectroscopy and it has an average pore diameter of 20 - 30 nm [42].

RESULTS AND DISCUSSION

In the optimization studies on catalyst quantity, it was observed that for the
benzoylation of phenol with benzoyl chloride, 0.01 equivalents of ZnO/SCaP (400), was
sufficient to give maximum yield of the product. The general procedure employed for
the first cycle of ZnO/SCaP catalysed acylation is illustrated below. Phenol (2.4 g,
0.0255 mol) is placed in 100 mL round bottomed flask and benzoyl chloride (3.6 g,
0.0256 mol) was added drop-wise and the contents were stirred at room temperature
using a mechanical stirrer. To this reaction mixture, ZnO/SCaP (20 mg, 0.00025 mol)
was added in lots with continuous stirring. TLC analysis (10 % Ethyl acetate -Hexane)
indicated completion of the reaction in 30 minutes. The reaction mixture, was diluted
with CH,Cl, (20 mL) and filtered to recover the catalyst. (This recovered catalyst for
used for further studies on recycle and reuse). Then, CH,Cl, solution was washed with
10 mL of 10 % aqueous sodium hydroxide to remove any unreacted phenol and dried
over anhydrous sodium sulphate. The solvent was evaporated to isolate the crude
product, phenyl benzoate as a white solid (4.8 g, 95 % yield, m.p. 68-69 °C; lit. m. p.
68-70 °C). The crude product was pure by TLC and it was recrystallized from ethanol.
The "H NMR spectrum showed the signals corresponding to phenyl benzoate protons.
'"H NMR (300MHz, CDCl3): 6: 8.19-8.22 (m, 2H, aromatic), 7.61-7.65 (m, 1H,
aromatic), 7.48-7.53 (m, 2H, aromatic), 7.40-7.46 (m, 2H, aromatic), 7.20-7.29 (m, 3H,
aromatic) [43].

The above-mentioned procedure was followed for the acylation of rest of the phenols,
alcohols and amines with benzoyl chloride / acetyl chloride (Figure 1). All the esters
and amides prepared as solids / liquids in this work are simple, known compounds,
reported in literature [44]. The following discussion helps in understanding the
significance of this method. Benzoylation of phenol when performed in presence of 100
mg (0.00123 mol) of bulk ZnO / unsupported nano ZnO, afforded only 50% yield in 30
minutes. It is remarkable to mention here that in the earlier report [16], for acylation of
one equivalent of phenol / alcohol / amine under solvent free conditions, one equivalent
of unsupported zinc oxide was employed. Whereas, acetylation of phenol / alcohol /
amine catalyzed by magnesium chloride (0.1 mol %) under solvent free conditions,
though afforded a good yield of the product, the process has the limitation on the
recovery and reuse of the catalyst [25]. In ZrOCIl, catalyzed acylation of phenol /
alcohol / amine, the recovery of the catalyst involved tedious process [13]. In our earlier
work on the above reaction catalyzed by zinc oxide supported on alumina, 0.05
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equivalents of the catalyst were required for 95 % conversion in 30 minutes and the
catalyst could be reused only up to three times [40]. In our present study on the
supported nano zinc oxide, only 0.01 equivalent of the catalyst was required for
complete conversion of phenols / alcohols / amines to the corresponding esters/amides.
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Figure 1. ZnO/SCaP in Green synthesis of Esters and Amides
Effect of solvent and reuse of catalyst

ZnO/SCaP (400) catalyst separated by filtration from the first cycle was washed with
methylene chloride and dried at room temperature for 3 hours. It was observed that in
the recycle studies on conversion of phenol to phenyl benzoate, the recovered catalyst,
was active up to four runs and furnished the product in 89-95 % yield (Figure 2).
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Figure 2. Recycling the catalyst and reaction yield
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Subsequent use of the recovered catalyst, though was useful, resulted in reduced yield,
and required a longer reaction time. The catalyst was also recovered in good quantity in
each cycle (Figure 3).
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Figure 3. Recovery and recycling of catalyst

Table 1. Application of ZnO/SCaP (400) for the acylation of phenols

Benzoates Acetates
Entry Substrate Time Yield Time Yield
[min] [%] [min] [%]
1. Phenol 30 97 35 94
2. 4-Methylphenol 40 86 40 84
3. 4-Methoxyphenol 40 85 40 82
4, 4-Bromophenol 40 90 40 80
5. 4-chlorophenol 40 90 40 85
6. 2-Naphthol 40 90 40 85
7. 1,3-dihydroxybenzene * 45 85 45 80
8. 2-Nitrophenol 40 86 50 79
9. 4-Nitrophenol 50 80 45 83
10. | 2-Hydroxybenzoic acid 50 80 60 82
11. | 2,4,6-Trinitrophenol 120 88 90 85
12. | 4-Hydroxy-3-methoxy
benzaldehyde >0 80 >0 s
13. | Methanol 30 85 30 80
14. | Ethanol 30 86 30 80
15. | 1-Propanol 40 87 30 85
16. | 2-Propanol 40 87 30 82
17. | 2-Butanol 40 85 30 80
18. | t-Butyl alcohol 40 82 30 80
19. | Benzyl alcohol 20 86 30 85
20. | Allyl alcohol 30 85 40 80
21. | Cinnamyl alcohol 60 80 50 75
22. | a-D-Glucose** 80 75 90 70
23. | Phenol + Benzyl alcohol 20 86 - -

* Dibenzoate and diacetate; **pentabenzoate and pentaacetate
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While the above reaction under solvent-free conditions afforded the product in excellent
yield, benzoylation of phenol in solvent medium (THF, MDC, Toluene and
Acetonitrile) in presence of ZnO/SCaP at room temperature, required longer reaction
time (60 min - 120 min) and the product was obtained only in moderate yield
(45-50 %). This might be probably due to the instability of benzoyl chloride associated
with the deactivation of the catalyst. Based on these results, this catalyst was used for
the solvent-free acylation reactions using acetyl chloride and benzoyl chloride, on other
phenols and alcohols (Figure 1, Table 1) and amines (Figure 1, Table 2). Melting point
of the esters of various substituted phenols obtained was compared with the authentic
samples prepared by Schotten Baumann reaction.

Table 2. Application of ZnO/SCaP (400) for the acylation of amines

N- (Alkyl / aryl) N- (Alkyl / aryl)

Entry Substrate Tinl::nmml\(flieeld Timicetaml(:;ield
[min] [%] [min] [%]

1. | Methyl amine 30 80 40 82
2. | Butyl amine 30 85 35 60
3. | Diethyl amine 35 65 30 60
4. | Aniline 30 75 35 79
5. | 4-Chloroaniline 40 80 40 75
6. | 3-Methylaniline 40 70 45 74
7. | 4-Methylaniline 40 80 45 82

8. | 2,5-Dimethylaniline

oyl ding 50 70 50 74

9. | 2-Methoxyaniline 50 75 50 79
10. | 3-Methoxyaniline 45 74 45 70
11.| 2-Aminophenol 60 69 60 70
12.| 4-Aminophenol 50 70 50 72
13.| 4-Nitroaniline 40 80 45 84
14.| N-Methyl aniline 45 80 45 75
15.| N-Ethyl aniline 50 80 50 80
16. | Diphenyl amine 50 80 50 75
17.| Glycine 60 82 - -
18. | L-alanine 60 80 - -
19. | DL-alanine 90 79 - -
20. | L-Tryptophan 60 76 - -

Salient features of acylation of phenols / alcohols are as follows.
(i) The yield in benzoylation of phenols/alcohols is slightly higher than
corresponding acetylation.
(i) Even with less nucleophilic phenols (entry 8-12), the benzoates and acetates are
obtained in good yield.
(i11) A comparison of the reaction time and reaction conversion for the unsupported
zinc oxide catalyzed benzoylation of tert butyl alcohol (90 min; 67 %) and allyl
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alcohol (15 min, 73 %) [16] with the present study, clearly demonstrate the
catalytic efficiency of the supported zinc oxide.

(iv) Among benzyl alcohol, allyl alcohol and cinnamyl alcohol, cinnamyl alcohol
required a longer reaction time due to less nucleophilicity of the alcohol.

(v) In a mixture of phenol and benzyl alcohol, benzyl alcohol gets preferentially
acylated and this is in accordance with the earlier report [16].

Table 2 illustrates the details on ZnO/SCaP (400) catalyzed acylation of amines using
acetyl chloride and benzoyl chloride. Comparing to the benzoylation phenols and
alcohols, the benzoylation of amines in general, proceed slowly and also the yield of
benzamides obtained are comparatively lower. Here, primary amines react faster than
secondary amines. This catalyst is also helpful in the N-benzoylation of alpha amino
acids. With aminophenol, the reaction occurs at both the sites. The secondary amines
are easily converted to the corresponding benzoates. We also found that this catalyst is
effective in converting 1-adamantylamine to the corresponding benzoate in 76 % yield.
It is important to note that benzamide derivatives are highly useful in treating CNS
disorders [45].

CONCLUSIONS

Nano ZnO supported on sintered calcium phosphate is a highly active catalyst for the
synthesis of esters (alkyl/aryl acetates and benzoates) and substituted amides
(acetanilides and benzanilides) in good yields. The general application of the catalyst
was demonstrated by benzoylation of substituted phenols, amines, alcohols, a-D-
glucose and amino acids. Phenols/amines with poor nucleophilicity react slowly. In
acylation of a mixture containing phenol and alcohol, only alcohol is acylated.
Secondary and tertiary alcohols under acylation conditions, readily furnish esters
without any side products. This catalyst was also useful in the acylation of allyl alcohol
and cinnamyl alcohol. The merits of this ZnO/SCaP catalyzed acylation reaction
includes environmentally benign and safe protocol with a simple reaction set up,
requirement of less quantity of the catalyst comparing to unsupported nano zinc oxide,
reaction under solvent free conditions at room temperature with a shorter reaction time,
high product yields and reusability of the catalyst. It is more likely that the above
reaction might be possible on industrial scale using mechanochemical method.

ACKNOWLEDGEMENTS

The author acknowledges with thanks Dr. P.S. Raghavan for the preparation of the
catalyst. The authors are grateful to the organization (HITS), for the financial help and
moral support.

214 St. Cerc. St. CICBIA 2020 21 (2)



Zn0/SCaP CATALYZED ACYLATION

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Niraimathi, V., Sudhakar, K.: Evaluation of Anti-Tubercular Activity of Some 2-Phenyl Oxazoline
Derivatives, European Journal of Pharmaceutical and Medical Research, 2016, 3, 392-393;

Orn, A., Magali, B.H., Peterson, M.L., Zaworotko, M.J., Moulton, B., Nair, R.H.: Pharmaceutical
co-crystal compositions, U.S. Patent 7,927,613, 2011,

Indulkar, U.U., Kale, S.R., Gawande, M.B., Jayaram, R.V.: Ecofriendly and facile Nano ZnO
catalyzed solvent-free enamination of 1,3-dicarbonyls, Tetrahedron Letters, 2012, 53, 3857-3860;
Loupy, A., Petit, A., Hamelin, J., Texier-Boullet, F., Jacquault, P., Mathé, D.: New Solvent-Free
Organic Synthesis Using Focused Microwaves, Synthesis, 1998, 9, 1213-1234;

Lu, N., Chang, W.H., Tu, W.H., Li, C.K.: A Salt Made of 4-N,N-Dimethyl amino pyridine (DMAP)
and Saccharin as an Efficient Recyclable Acylation Catalyst: A New Bridge Between
Heterogeneous and Homogeneous Catalysis, Chemical Communication, 2011, 47, 7227-7229;
Mojtahedi, M., Samadian, S.: Efficient and Rapid Solvent-Free Acetylation of Alcohols, Phenols,
and Thiols Using Catalytic Amounts of Sodium Acetate Trihydrate, Journal of Chemistry, 2013,
2013, Article ID 642479, 7 pages;

Ishihara, K., Kubota, M., Kurihara, H., Yamamoto, H.: Scandium trifluoromethane sulfonate as an
extremely active Lewis acid catalyst in acylation of alcohols with acid anhydrides and mixed
anhydrides, Journal of Organic Chemistry 1996, 61, 4560-4567;

Paul, S., Nanda, P., Gupta, R.: PhCOCI-Py / Basic alumina as a versatile reagent for benzoylation in
solvent-free conditions, Molecules, 2003, 8, 374-380;

Zarei, A., Hajipour, R., Khazdooz, L.: P,Os/Al,0; as an Efficient heterogeneous catalyst for the
acetylation of alcohols, phenols, thiols, and amines under solvent-free conditions, Synthetic.
Communications, 2011, 41,1772-1785;

Yoon, H.-J., Lee, S.-M., Kim, J.-H., Cho, H.-J., Choi, J.-W., Lee, S.-H., Lee, Y.-S.: Polymer-
supported Gadolinium triflate as a convenient and efficient Lewis acid catalyst for acetylation of
alcohols and phenols, Tetrahedron Letters, 2008, 49, 3165-3171;

Mulla, S.A.R., Inamdar, S.M., Pathan, M.Y., Chavan, S.S.: Highly efficient Cobalt (II) catalyzed O-
acylation of alcohols and phenols under solvent-free conditions, Open Journal of Synthesis Theory
and Applications, 2012, 1, 31-35;

Sarvari, M.H. ZnO/CH;COCI: A new and highly efficient catalyst for dehydration of aldoximes into
nitriles under solvent-free condition, Synthesis, 2005, 5, 787-790.;

Ghosh, R., Maiti, S., Chakraborty, A.: Facile catalyzed acylation of alcohols, phenols, amines and
thiols based on ZrOCl,.8H,0 and acetyl chloride in solution and in solvent-free conditions,
Tetrahedron Letters, 2005, 46, 147-151;

Chakraborti, A.K., Shivani, R.G.: Copper (II) tetrafluoroborate-catalyzed acetylation of phenols,
thiols, alcohols, and amines, Synthesis, 2004,1, 111-115;

Rueping, M., Nachtsheim, B.J.: A review of new developments in the Friedel-Crafts alkylation —
From green chemistry to asymmetric catalysis, Beilstein Journal of Organic Chemistry, 2010, 6 (6);
Sarvari M.H., Sharghi, H.: Zinc oxide (ZnO) as a new, highly efficient, and reusable catalyst for
acylation of alcohols, phenols and amines under solvent free conditions, Tetrahedron, 2005, 61,
10903-10907,

Tanaka, K. Solvent-free organic synthesis, Wiley-VCH, Weinheim, 2003;

Dallinger, D., Kappe, C.O.: Microwave-assisted synthesis in water as solvent, Chemical Reviews,
2007, 107, 2563-2591;

(a) Paul, S., Gupta, V., Gupta, R., Loupy, A.: Microwave-induced selective synthesis of a-bromo
and a,0-dibromoalkanones using dioxane—dibromide and silica gel under solvent-free conditions,
Tetrahedron Letters, 2003, 44, 439-442;

Varma, R.S.: Solvent-free organic syntheses using supported reagents and microwave irradiation,
Green Chemistry, 1999, 1, 43-55;

Agar, S., Gunkara, O.: The latest advancements in the acylation reactions via cross-dehydrogenative
coupling and/or metal catalysts. Journal of Turkish Chemical Society, A, 2018, 5, 247-268;
Buchspies, J., Szostak, M.: Recent advances in acyl Suzuki cross -coupling, Catalysts, 2019, 9,
1-23;

Ballini, R., Bosica, G., Carloni, S., Ciaralli, L., Maggi, R., Sartori, G.: Zeolite HSZ-360 as a new
reusable catalyst for the direct acetylation of alcohols and phenols under solvent less conditions,
Tetrahedron Letters, 1998, 39, 6049-6052;

St. Cerc. St. CICBIA 2020 21 (2) 215



SUMATHI and SAIKISHORE KUMAR

24. Bhaskar, P.M., Loganathan, D.: Per-O-acetylation of sugars catalysed by Montmorillonite K-10.
Tetrahedron Letters, 1998, 39, 2215-2218;

25. Patil, V.D., Sutar, N.R., Patil, K.P., Gidh, P.V.: Chemoselective acylation of amines, alcohols and
phenols using magnesium chloride under solvent free condition, International Journal of Chemical
Science, 2015, 13, 450-458;

26. Nakae, Y., Kusaki, I., Sato, T.: Lithium perchlorate catalyzed acetylation of alcohols under mild
reaction conditions, Synlett, 2001, 1584-1586;

27. Bartoli, G.; Bosco, M.; Dalpozzo, R.; Marcantoni, E.; Massaccesi, M.; Rinaldi, S.; Sambri, L.
Mg(ClOy), as a powerful catalyst for the acylation of alcohols under solvent-free conditions,
Synlett, 2003, 1, 39-42;

28. Sawant, D.N., Bagal, D.B., Ogawa, S., Selvam, K., Saito, S.: Diboron-catalyzed dehydrative
amidation of aromatic carboxylic acids with amines, Organic Letters, 2018, 20, 4397-4400;

29. Chakraborti, A.K., Gulhane, R.: Fluoroboric acid adsorbed on silica gel as a new and efficient
catalyst for acylation of phenols, thiols, alcohols, and amines, Tetrahedron Letters, 2003, 44,
3521-3525;

30. Choudhary, V.R., Patil, K.Y, Jana, S.K.: Acylation of aromatic alcohols and phenols over InCl;/
montmorillonite K-10 catalysts. Journal of Chemical Sciences, 2004, 116, 175-177;

31. Chakraborti, A.K., Gulhan, R.: Zirconium(IV) chloride as a new, highly efficient, and reusable
catalyst for acetylation of phenols, thiols, amines, and alcohols under solvent-free conditions.
Synlett, 2004, 627-630;

32. De, S.K.: Ruthenium(III) chloride catalyzed acylation of alcohols, phenols, thiols, and amines,
Tetrahedron Letters, 2004, 45,2919-2922;

33. Yadav, V.K., Babu, K.G.: Reactions on a Solid Surface. A simple, economical, and efficient
acylation of alcohols and amines over Al,Os, Journal of Organic Chemistry, 2004, 69, 577-580;

34. Steglich, W., Hofle, G.: N, N-Dimethyl-4-pyridinamine, a very effective acylation catalyst,
Angewandte Chemie International Edition, (English). 1969, 8, 981;

35. Das, R., Chakraborty, D.: Silver triflate catalyzed acetylation of alcohols, thiols, phenols, and
amines, Synthesis, 2011, 1621-1625;

36. Mali, S.M., Bhaisare, R.D., Gopi, H.N.: Thioacids mediated selective and mild N-acylation of
amines, Journal of Organic Chemistry, 2013, 78, 5550-5555;

37. Igbal, J., Srivastava, R.R.: Cobalt (II) chloride catalyzed acylation of alcohols with acetic anhydride:
scope and mechanism, Journal of Organic Chemistry, 1992, 57, 2001-2007;

38. Chandrasekhar, S., Ramachander, T., Takhi, M.: Acylation of alcohols with acetic anhydride
catalyzed by TaCls: Some implications in kinetic resolution, Tetrahedron Letters, 1998, 39,
3263-32606;

39. Sharghi, H., Sarvari, M.H.: Titanium oxide (TiO,) catalysed one-step Beckmann rearrangement of
aldehydes and ketones in solvent free conditions, Journal of Chemical Research, 2003, 3, 176-178;

40. Saikishore Kumar, B.R., Sumathi, S., Raghavan, P.S.: Studies on Acylation Reactions with ZnO
supported on Alumina [ZnO/Al,0s], International Journal of Innovative Research in Science &
Engineering, 2015, 2 (1), 123-129;

41. Saikishore Kumar, B.R., Sumathi, S., Raghavan, P.S.: Synthesis, characterization and catalytic
activity studies of nano ZnO deposited on sintered calcium phosphate (ZnO/SCaP), International
Journal of Scientific and Engineering Research, 2015, 6 (2), 89-91;

42. Induja, S., Raghavan, P.S.: Catalytic efficiency of copper oxide in degradation of phenol using
sintered calcium phosphate (SCaP) as catalyst support, Catalysis Communications, 2013, 33, 7-10;

43. Fujihara, T., Hosoki, T., Katafuchi, Y., Iwai, T., Terao, J., Tsuji, Y.: Palladium-catalyzed
esterification of aryl halides using aryl formates without the use of external carbon monoxide,
Chemical Communications, 2012, 48, 8012-8014;

44. Vogel’s Text Book of Practical Organic Chemistry, 5™ edition, Longman Group UK, 1989;

45. Guido, G., Katrin, G.Z., Roger, N., Henri, S.: Benzamide derivatives and their use for treating CNS
disorders, U.S. Patent 20090036420, 2009.

216 St. Cerc. St. CICBIA 2020 21 (2)



