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ABSTRACT
Calcium oxide and calcium sulphate were mixed with silica at different percentage ranges, 55%
wiw - 80% wi/w to obtain homogenous powdered materials. The powdered materials were
employed as catalysts as well as dehydrating agents in the acetalisation and ketalisation of some
aromatic carbonyl compounds using ethylene glycol. The aromatic carbonyl compounds, calcium
salt-silica mixtures, and ethylene glycol were mixed using pestle and mortar in the absence of
solvent. After simple work up procedure, various yields of the corresponding acetals and ketals
were obtained where calcium sulphate-silica mixture, 75% wi/w provided the optimum condition
for the method. Among the aromatic carbonyl compounds studied, it was found that vanillin
furnished the highest acetal yield (73%). This investigation proved that calcium oxide and
calcium sulphate when mixed with silica can effectively catalysed the acetalisation and
ketalisation of aromatic carbonyl compounds in a solvent-free condition, and with relatively

good yields.

Keywords: Acetalisation, Calcium oxide, Calcium sulphate, Ethylene glycol, Silica,

Ketalisation, Solvent-free.

INTRODUCTION

Acetalisation or ketalisation is the routine method employed for the protection of carbonyl
functional groups in aldehydes or ketones during organic synthesis. The method provides a
convenient way to protect carbonyl compounds from metal hydrides, Grignard reagents,
hydrogenation reagents, and oxidants [1, 2]. Normally, the approach involved the use of alcohol

and a catalytic amount of protic acid with continuous removal of by-product water either
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[3-6], Lewis acids [7-15], and other heterogenous catalysts as mediators [16-21]. However, those
methods suffered from limitations such as poor substrate scope, high reaction temperature, use of
expensive and toxic reagents, long duration, and tedious purification [3-21]. The successful
applications of a mixture of reagents with silica as mediators for various transformations have
been reported. This includes synthesis of bis-(4-hydroxycoumarin-3-yl) methane [22], Diels—
Alder reaction [23], alkylation reaction [24], chemoselective hydrogenation [25], chemoselective
formylation of indoles [26], and direct amination of dodecanol [27]. Here, we reported the use of
the mixture of silica with calcium oxide and calcium sulphate to mediate the acetalisation or

ketalisation of aromatic carbonyl compounds in a simple way.

EXPERIMENTAL

General

FTIR spectra were recorded on Agilent Cary 630. Vanillin, 4-methoxybenzaldehyde, 4-
bromobenzaldehyde, 4-hydroxybenzaldehyde were purchased from Sigma-Aldrich. Other
chemicals were purchased from different manufacturers: 3-nitrobenzaldehyde (JN Chem., India),
Benzophenone (Burgoyne Burbidges, India), ethylene glycol (Park Sci. Ltd, UK), calcium oxide
and calcium sulphate were purchased from Loba Chimie, India. Silica gel, 60-120 mesh was

purchased from Sisco Research Laboratories Pvt. Ltd., India.

General Procedure for Preparation of Salt-Silica Mixture

Typically, calcium oxide-silica mixture (75% w/w) was prepared by grinding calcium oxide
(0.285 g) with silica (0.095 g) using pestle and mortar until a homogenous, free-flowing powder
was obtained. The appropriate ratios were varied to obtain the corresponding 50%, 55%, 60%,

65 %, 70%, 75%, and 80% w/w. This method was also used for the preparation of calcium

sulphate-silica mixtures [28].

General Procedure for Acetalisation/Ketalisation of Aromatic Carbonyl Compounds
Aromatic carbonyl compound (2 mmol), salt-silica powder [(75 % wi/w), 0.3g] were gently

mixed, and ethylene glycol (2.4 mmol) was added. The mixture was ground using pestle and
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mortar in the absence of solvent. After the appropriate reaction time, the mixture was treated
with diethyl ether (10 ml) and filtered. The filtrate was allowed to dry and then washed with
ethanol (10 ml) followed by distilled water (5 ml). After drying, different solid products were
obtained. The FTIR spectra of the acetals and the ketals were then recorded.

RESULTS AND DISCUSSION

As a model reaction, the acetalisation of vanillin (4-hydroxy-3-methoxybenzaldehyde) was
investigated using various percentages of the salt-silica mixture. Thus by varying the
percentages, 55% w/w — 80% wi/w, it was found that the best yield of vanillin acetal was
obtained at 75% w/w (Table 1). However, when the percentage weight was increased to 80%
wi/w, the yield of the acetal depreciated to 61%. This might be as a result of the inefficiency of
the silica to activate the carbonyl group due to the high concentration of the salt. On the other
hand, when the percentage weights were decreased, the yields of the acetals were found to be
low (70% w/w to 55% wi/w). There was a negligible formation of the acetal at 50% w/w. This
might be attributed to the fact that the salts which act as the dehydrating agents to remove the
water by-product were not reasonably available; hence, the reaction tends to move backward in
favour of the formation of the aldehyde. The FTIR spectroscopic analysis of vanillin and the
corresponding acetal was monitored to confirm the successful conversion of the C=0 group to
the corresponding acetal group. It could be seen that the C=0 band at 1663 cm™ (Figure 1) has
clearly disappeared in the FTIR spectrum of the acetal (Figure 2). The C-O band appeared very
strong at 1097 cm™ which signified the contribution of the absorption by the two C-O bonds in
the acetal group (Figure 2).

http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/ 63



http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/

Yusuf Hassan, Abubakar Siddiq Salihu, Idris Abiodun Olasupo, Muhammad Ma’aruf Maiwada,
Ayuba Usman, Usman Sani, Yahaya Liti, Ibrahim Lawal Kofarbai: Facile Method for Acetalisation and
Ketalisation of Aromatic Carbonyl Compounds

Table 1. Acetalisation of Vanillin®

Ethvylene lyvcol (@)
CHO Salt}:silicagn);ixture —C—)>
—
HO HO
OCHs 1S2001: rin:éf:s)ee,rature ©OCHs
Yield (%)b
Salt-Silica
50% w/w 55% w/w 60% w/w 65% w/w  70% w/w  75% w/w  80% w/w
CaO-Silica Traces 12 18 45 47 51 38
CaS0g4- Traces 17 21 27 33 73 61
Silica

2 Reaction mixture ground using pestle and mortar for 5 minutes.
b |solated acetals as confirmed by the disappearance of C=0 band and appearance of C-O band in the FTIR spectra.
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Figure 1: FTIR Spectrum of Vanillin

http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/ 64



http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/

Yusuf Hassan, Abubakar Siddiq Salihu, Idris Abiodun Olasupo, Muhammad Ma’aruf Maiwada,
Ayuba Usman, Usman Sani, Yahaya Liti, Ibrahim Lawal Kofarbai: Facile Method for Acetalisation and

Ketalisation of Aromatic Carbonyl Compounds

(=3 S e AT R eer 100228 |
- . e — ———1
Y P 184 0ol
\'-1 ‘)/,
=1 \ 353 36525
\ peoz; 35202
o -
(5]
c
=
=%
£
w -
=
a
|_T'\--—
=
o
[
e T T T 1 T T T T T T T T T T T T 1 T T T T 1 T T T T T T T
4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm-1)

Figure 2: FTIR Spectrum of Vanillin Acetal

The calcium sulphate-silica mixture (75% w/w) was further investigated at different time

intervals to ascertain the effect of the reaction duration. However, it was found that the yield of

the acetal at longer duration (30 minutes) was not significantly different from the shorter

duration of 5 minutes.

Table 2: Acetalisation of Vanillin using CaSOgs-Silica (75% wi/w) at Different Times

Time (min) Yield (%)?
10 73
15 73
20 73
25 75
30 75

2 |solated acetals as confirmed by the disappearance of C=0 band and appearance of C-O band in the FTIR spectra

To explore the substrate scope, some structurally different aldehydes and one aromatic ketone

were subjected to the reaction condition, and the corresponding products were obtained in

different yields (Table 2).
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Table 3: Acetalisation and Ketalisation of Carbonyl compounds using CaSOs-Silica, 75 % w/w?

SIN Carbonyl Compound Product Yield (%)P
CHO 0\
1 @ Q%o 50
NO, Yo,
2 CHO o\

o /©%o 71
Br Br
3 : _CHO 07\
H;CO 0 CO/©/‘\O “
3

4 CHO O’B
HOO o 69
O

“

& Reaction mixture ground using pestle and mortar for 5 minutes

b Isolated acetals as confirmed by the disappearance of C=0 band and appearance of C-O band in the
FTIR spectra

The yield of the products indicated that 4-bromo benzaldehyde and 4-hydroxy benzaldehyde
formed the corresponding acetals with good vyields, 71% and 69% respectively. This was
followed by 3-nitro benzaldehyde (50%) and benzophenone (43%). The substituted aldehydes
seemed to have exhibited an irregular pattern because 4-bromo benzaldehyde which contained
the less deactivating group (bromine) gave the highest yield (71%), while the 4-methoxy
benzaldehyde containing the strongest activating group (methoxy) gave the lowest yield (41%).
The only ketone considered was benzophenone, and it appeared to be ketalised with a fair yield
(43%).

CONCLUSION
A simple method for the acetalisation and ketalisation of six aromatic carbonyl compounds
mediated by calcium oxide-silica and calcium sulphate-silica mixtures has been explored. The

appropriate acetals and ketals were successfully obtained in various yields with vanillin (4-
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inexpensive dehydrating agents mixed with silica could effectively serve both as catalyst and
dehydrating agent in the acetalisation and ketalisation of carbonyl compounds using ethylene
glycol as the alcohol.

REFERENCES
[1] Dong, J. L., Yu, L. S. H., & Xie, J. W. (2018). A simple and versatile method for the
formation of acetals/ketals using trace conventional acids. ACS omega, 3(5), 4974-4985.
[2] Wuts, P. G. M. (2014). Greene’s Protective Groups in Organic Synthesis, John Wiley &
Sons, Inc., Hoboken, New Jersey, USA.
[3] Krompiec, S., Penkala, M., Szczubiatka, K., & Kowalska, E. (2012). Transition metal
compounds and complexes as catalysts in synthesis of acetals and orthoesters: Theoretical,
mechanistic and practical aspects. Coordination Chemistry Reviews, 256(17-18), 2057-2095.
[4] Zong, Y., Yang, L., Tang, S., Li, L., Wang, W., Yuan, B., & Yang, G. (2018). Highly
efficient acetalization and ketalization catalyzed by cobaloxime under solvent-free
condition. Catalysts, 8(2), 48.
[5] Dhakshinamoorthy, A., Alvaro, M., & Garcia, H. (2010). Metal organic frameworks as solid
acid catalysts for acetalization of aldehydes with methanol. Advanced Synthesis &
Catalysis, 352(17), 3022-3030.
[6] Ferreira, G. K. B., Carvalho, C., & Nakagaki, S. (2019). Studies of the Catalytic Activity of
Iron (111) Porphyrins for the Protection of Carbonyl Groups in Homogeneous
Media. Catalysts, 9(4), 334.
[7] Lyons, D. J. M., Crocker, R. D., Enders, D., & Nguyen, T. V. (2017). Tropylium salts as
efficient organic Lewis acid catalysts for acetalization and transacetalization reactions in
batch and flow. Green Chemistry, 19(17), 3993-3996.
[8] Xing, S., Li, Y., Li, Z., Liu, C., Ren, J., & Wang, Z. (2011). Lewis Acid Catalyzed
Intramolecular [3+ 2] Cross- Cycloaddition of Donor—Acceptor Cyclopropanes with
Carbonyls: A General Strategy for the Construction of Acetal [n. 2.1] Skeletons. Angewandte
Chemie, 123(52), 12813-12817.

http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/ 67



http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/

Yusuf Hassan, Abubakar Siddiq Salihu, Idris Abiodun Olasupo, Muhammad Ma’aruf Maiwada,
Ayuba Usman, Usman Sani, Yahaya Liti, Ibrahim Lawal Kofarbai: Facile Method for Acetalisation and
Ketalisation of Aromatic Carbonyl Compounds

chloride as an efficient catalyst for chemoselective dimethyl acetalization. Synthetic
Communications, 39(4), 590-595.

[10] Smith, B. M. & Graham, A. E. (2011). Indium Triflate Mediated Tandem Acetalisation-
acetal Exchange Reactions under Solvent-free Conditions. Tetrahedron Letters, 52,
6281-6283.

[11] Smith, B. M., Kubczyk, T. M. & Graham, A. E. (2012). Indium(l1l) Triflate Catalysed
Transacetalisation Reactions of Diols and Triols under Solvent-free Conditions.
Tetrahedron, 68, 7775-7781.

[12] Rodrigues, R., Mandelli, D., Gongalves, N. S., Pescarmona, P. P., & Carvalho, W. A.
(2016). Acetalization of acetone with glycerol catalyzed by niobium-aluminum mixed
oxides synthesized by a sol-gel process. Journal of Molecular Catalysis A: Chemical, 422,
122-130.

[13] Tang, Z., Chen, W., Zhu, Z., & Liu, H. (2012). SnCl4-Catalyzed Aza-Acetalization of
Aromatic Aldehydes: Synthesis of Aryl Substituted 3, 4-Dihydro-2H-1, 3-
benzoxazines. Synthetic Communications, 42(9), 1372-1383.

[14] Subaramanian, M., Landge, V. G., Mondal, A., Gupta, V., & Balaraman, E. (2019). Nickel
Catalyzed Chemoselective Acetalization of Aldehydes with Alcohols under Neutral
Conditions. Chemistry—An Asian Journal, 14(24), 4557-4562.

[15] Zaher, S., Christ, L., Abd EI Rahim, M., Kanj, A., & Karamé, I. (2017). Green acetalization
of glycerol and carbonyl catalyzed by FeCl3- 6H20. Molecular Catalysis, 438, 204-213.

[16] Zhou, J., Dong, Z., Yang, H., Shi, Z., Zhou, X., & Li, R. (2013). Pd immobilized on
magnetic chitosan as a heterogeneous catalyst for acetalization and hydrogenation
reactions. Applied surface science, 279, 360-366.

[17] Poly, S. S., Jamil, M. A., Touchy, A. S., Yasumura, S., Siddiki, S. H., Toyao, T., Maeno, Z.,
& Shimizu, K. I. (2019). Acetalization of glycerol with ketones and aldehydes catalyzed by
high silica HB zeolite. Molecular Catalysis, 479, 110608.

http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/ 68



http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/

Yusuf Hassan, Abubakar Siddiq Salihu, Idris Abiodun Olasupo, Muhammad Ma’aruf Maiwada,
Ayuba Usman, Usman Sani, Yahaya Liti, Ibrahim Lawal Kofarbai: Facile Method for Acetalisation and
Ketalisation of Aromatic Carbonyl Compounds

[18] Parangi, T. F., Wani, B. N., & Chudasama, U. V. (2013). Acetalization of carbonyl
compounds with pentaerythritol catalyzed by metal (1V) phosphates as solid acid

catalysts. Industrial & Engineering Chemistry Research, 52(26), 8969-8977.

[19] Rajabi, F. (2010). Cobalt (I1) schiff base functionalized mesoporous silica as an efficient
and recyclable chemoselective acetalization catalyst. Journal of the Iranian Chemical
Society, 7(3), 695-701.

[20] Sinhamahapatra, A., Sutradhar, N., Ghosh, M., Bajaj, H. C., & Panda, A. B. (2011).
Mesoporous sulfated zirconia mediated acetalization reactions. Applied Catalysis A:

General, 402(1-2), 87-93.

[21] Ferreira, C., Araujo, A., Calvino-Casilda, V., Cutrufello, M. G., Rombi, E., Fonseca, A. M.,
Banares, M. A., & Neves, I. C. (2018). Y zeolite-supported niobium pentoxide catalysts for

the glycerol acetalization reaction. Microporous and Mesoporous Materials, 271, 243-251.

[22] Padalkar, V., Phatangare, K., Takale, S., Pisal, R. & Chaskar A. (2015). Silica supported
sodium hydrogen sulfate and Indion 190 resin: An efficient and heterogeneous catalysts for
facile synthesis of bis-(4-hydroxycoumarin-3-yl) methanes. Journal of Saudi Chemical
Society, 19(1), 42-45.

[23] Matuszek, K., Chrobok, A., Latos, P., Markiton, M., Szymanska, K., Jarzgbski, A., &
Swadzba-Kwasny, M. (2016). Silica-supported chlorometallate (I11) ionic liquids as
recyclable catalysts for Diels—Alder reaction under solventless conditions. Catalysis

Science & Technology, 6(22), 8129-8137.

[24] Zhao, S., He, M., Zhou, Y., Sheng, X., Fu, X., & Zhang, Y. (2015). Synthesis of
micro/mesoporous silica material by dual-template method as a heterogeneous catalyst
support for alkylation. RSC Advances, 5(36), 28124-28132.

[25] Camacho-Bunquin, J., Ferrandon, M., Sohn, H., Yang, D., Liu, C., Ignacio-de Leon, P. A.,
Perras, F. A., Pruski, M., Stair, P. C., & Delferro, M. (2018). Chemoselective hydrogenation
with supported organoplatinum (IV) catalyst on Zn (11)-modified silica. Journal of the
American Chemical Society, 140(11), 3940-3951.

http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/ 69



http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/

Yusuf Hassan, Abubakar Siddiq Salihu, Idris Abiodun Olasupo, Muhammad Ma’aruf Maiwada,
Ayuba Usman, Usman Sani, Yahaya Liti, Ibrahim Lawal Kofarbai: Facile Method for Acetalisation and
Ketalisation of Aromatic Carbonyl Compounds

126] Tongkhan, S., Radchatawedchakoon, W., Kruanetr, S., & Sakee, U. (2014). Silica-supported
ceric ammonium nitrate catalyzed chemoselective formylation of indoles. Tetrahedron
Letters, 55(29), 3909-3912.

[27] Ruiz, D., Aho, A., Méki-Arvela, P., Kumar, N., Oliva, H., & Murzin, D. Y. (2017). Direct
amination of dodecanol over noble and transition metal supported silica catalysts. Industrial
& Engineering Chemistry Research, 56(45), 12878-12887.

[28] Hasaninejad, A., Zare, A., Sharghi, H., Niknam, K., & Shekouhy, M. (2007). P>Os/SiO> as

an efficient, mild, and heterogeneous catalytic system for the condensation of indoles with
carbonyl compounds under solvent-free conditions. Arkivoc, 14, 39-50.

http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/ 70



http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/

