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Abstract

In the present study, we understood the total synthesis one chalcone derivative via Claisen-Schmidt condensation
of the respective aldehydes and ketones using Microwave assisted irradiation method. In the microwave
environment, chemical reactions usually proceed faster and give higher yields with fewer by- products. In the
synthesis, a common aldehyde namely tetrazolo {1, 5-a} quinoline-4-carbaldehyde was used while the ketones
used were respectively acetone, 2- acetyl Naphthalene. The Chalcone synthesised from Tetrazolo {1, 5-a}
quinolone-4-carbaldehyde and acetone was 4-(tetrazolo {1, 5-a} quinoline-4-yl) but -3-en-2-one. The Chalcone
synthesised from Tetrazolo {1, 5-a} quinoline-4-carbaldehyde and 2-acetyl Naphthalene was 2E-1-(naphthalene-
2-yl)-3-(tetrazolo {1, 5-a} quinolone-4-yl) prop-2-en-1- one. The starting aldehyde was Tetrazolo {1, 5-a}
quinoline-4-carbaldehyde necessary for the Claisen-Schmidt condensation was in turn synthesized from
Acetanilide which and Vilsmeier reagent (DMF and PoCls) to produce the intermediate compound 2-
chloroquinoline-3-carbaldehyde. This intermediate 2-chloroquinoline-3-carbaldehyde was then treated with
sodium azide and acetic acid with ethanol as solvent to produce Tetrazolo {1, 5-a} quinoline-4-carbaldehyde.
Structure of the compound were confirmed by spectral data such as IR and 'H-NMR.
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Introduction

Organic synthesis is one of a special branch in chemical synthesis and is concerned with construction of organic
compounds by reactions. It is believed to be one of the most vital in organic chemistry because the organic
molecules contain higher level of complexity compared to pure inorganic compounds. Organic synthesis
specifically becomes centre of attraction for many scientists because of the ability to produce beneficial products
artificially for human welfare. Organic synthesis has played a very important role in many sectors such as
pharmaceuticals, agriculture and others.

On the other hand, development in chemical instruments becomes one of the factors for many researchers to carry
their researches more effectively. Advanced technology is able to produce instruments such as NMR, HPLC and
others with higher accuracy, higher quality and in less time. The inventions of such scientific instruments promote
the organic synthesis sector to widen up the study of interest.

Flavonoids with 1, 3-diarylpropane skeleton can be classified as an outstanding class of naturally occurring

compounds (Avila et al., 2008). Chalcones or 1,3-diphenyl-2-propen-1-one derivatives are open chain unsaturated
carbonyl system in which two aromatic rings are joined by three carbons having a, B- unsaturated system (Avila
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et al., 2008). Chalcones can be considered as the precursors of flavonoids and isoflavanoids (Tomar et al., 2007)
and are secondary metabolites of terrestrial plants that exhibit various biological activities (Narender and Reddy,
2007)

Objective of the study

The objective of the study are:

i. To synthesise Chalcone derivate
il. To characterize the synthesized Chalcnoe derivative
iil. To demonstrate the importance of microwave assisted synthesis
Methods

Thin layer chromatography (TLC) was conducted using thin layer aluminium plate Merck pre-coated silica gel
F254 of 0.2 mm in thickness. The spots were viewed under ultraviolet (UV) light, followed by spraying the plate
with iodine. Column chromatography (CC) was performed on silica gel Merck 70-230 mesh.

Solvents were purified according to the procedure given in Vogel’s Text Book of Practical Organic Chemistry, 5"
edition, London. Petroleum ether of boiling 60-80 0C. Several instruments were used characterize the compound
in the experiment. Infrared (IR) spectra were recorded on a KBr pellet. 'H-NMR was recorded by at 300 MHz and
400 MHz on Varian Gemini Unity Spectrometer using TMS as internal standard.

Microwave assisted synthesis was carried out by using multifunctional microwave system and modified LG
microwave oven. The melting points reported were determined in Polmon make instrument.

The starting materials used in this study were commercially available ketones such as acetone, 2-acetyl
Naphthalene. Other starting materials was Tetrazole aldehyde which was synthesized in the laboratory from
Acetanilide. Other chemicals were acetic acid (CH;COOH), sodium hydroxide (NaOH), sodium azide (NaN3),
DMF, PoCls, conc HCI. The organic solvents used were acetone, petroleum ether (PE), absolute ethanol (EtOH),
methanol (MeOH), ethyl acetate (EtOAc), hexane, chloroform (CHCLs).

Biosynthesis of Chalcones

All chalcones derive their carbon skeleton from two basic compounds, malonyl CoA that synthesized from the
glycolysis intermediate acetyl-CoA and carbon dioxide, and the CoA ester of hydrocinnamic acid. The aromatic
ring B and its adjacent 3-carbon side chain are derived from L-phenylalanine via the Shikimate pathway leading
to the formation of the C15 chalcone intermediate. Flavonoids and other compounds associated with flavonoids
are derived from this chalcone intermediate by stereospecific action, oxidative rearrangement and other methods.
Scheme 1 shows the biosynthesis of chalcone in which the next process after chalcone will lead to the production
of flavonoids and its derivative. Cinnamate (1), 4-coumarate (2) and 4-coumaroyl-CoA (3) are involved during
the synthesis of natural chalcone (4) (Jenson, 1965).

17



Asian Institute of Research Engineering and Technolo uarterly Reviews Vol.3, No.1, 2020

CarbOhdrate\‘
Acet)fC/ Shlklmate

Arogenate
CoAS

Phenylalanine

Malonyl C‘OA — |

Scheme 1 : The Biosynthetic pathway of chalcones

Naturally occurring chalcone

Naturally occurring chalcone have been reported to have multiple biological and pharmacological activities. The
biological activity is mainly depends on the substitution group of chalcones. Licochalcone A (5) is a naturally
occurring chalcone isolated from the roots of Glycyrrhiza inflate (licorice) which was proved to have in vitro and
in vivo antimalarial and antileshmanial activities.

On the other hand 3-methoxy-4-hydroxylonchocarpin (6) isolated from the roots of Lonchocarpus utilis inhibits
NADH ubiquinone oxidoreductease7n activity (Avila et al., 2008).

OH
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Claisen-Schmidt reaction

The claisen-schmidt condensation between acetophenone and benzaldehyde derivatives in an important C-C bond
forming reaction which allows a, B- unsaturated ketone such as chalcones to be obtained (Climent et al, 2004). It
is the most frequently used means of establishing the C6-C3-C6 flavanoid nucleus owing to the availability of
starting materials such as 2- hydroxyacetophenone (7) and a C6-C1 unit, of benzaldehyde derivatives (8) to obtain
a 2-hydroxychalcone (9). Compound (9) bearing A-ring substituent provided by the acetophenone (indicated as
R1) and B-ring substituent provided by benzaldehyde (indicated as R2). The classical Claisen-Schmidt reaction is
routinely carried out using aqueous sodium or potassium hydroxide or ethanolic sodium at 50°C over a period of
several hours. The benzaldehyde derivative is often used in slightly more than equivalent amounts.

OH N
R * | R,
7 ; Z — Ry |
5 o
) ®

Scheme 2 : The Claisen-Schmidt Reaction

Synthesis of Chalcones under Microwave Irradiation

The combination of supported reagents and microwave irradiation can be used to carry out a wide range of
reactions in short times and with high conversions and selectivity, without the need of solvents. This approach
proved beneficial since it offers several advantages over conventional heating techniques and accelerates the
organic reactions (Varma, 1999). The air derived paste of 2-hydroxyacetophenone (10), benzaldehyde (11) and
anhydrous KoCOs was subjected to microwave irradiation for 3-5 minutes to produce 2-hydroxychalcones (12).
This reaction gave a cleaner product with a high yield (80-90%) (Srivastava, 2008).

OH N K,COj; anhydrous
B —
. OH
MW, 3-5 min |
10) 0O 0
an

(12)

Scheme 3: Chalcone synthesis via microwave irradiation

Synthesis of Tetrazoles

There are various ways of synthesizing Tetrazoles. Some of the methods of the synthesis are described below.
By the addition of azide ions to nitriles

Addition of hydrazoic acid to compounds containing C-N multiple bonds give Tetrazole derivative.
For example: the reaction of benzonitrile (13) with hydrazoic acid (14) in DMF (15) gives 5-phenyl tetrazole (16)

(15)
DMF
+ N;H — N.
Ph—C=N 3 —C= —  Ph-C= N
benzonitrile Hydrazoic acid Ph E NH = g{l Ni‘ —»(16) Ph_</N,KI
(13) (14) 3 N7 N

5-phenyl-1,2,3 4,-tetrazole
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Scheme 4: Reaction of benzonitrile and Hydrazoic acid
From amides.

Reaction of amides with PCls (18) and sodium azide (20) in DMF (21) gives 1,5-disubstituted tetrazole (22)

cl
O as) (20) - /N\
|| PCl; NaN; N
R'C NHR" » RC——NR" . y '\{/
19 DMF —
a7 * @1 R"/ 9

1,5 disubstituted-1,2,3,4-tetrazole

Scheme 5: Reaction of amide and sodium azide to give tetrazole
Past works on the Microwave assisted synthesis

In 1986 Richard Gedye and co-workers published a short communication in Tetrahedron Letters, entitled “The
Use of Microwave ovens for Rapid Organic Synthesis” which for the first time described the utilization and
advantages of microwave irradiation for organic synthesis. In this original publication four different types of
reactions were studied, including the hydrolysis of benzamide to benzoic acid under acidic conditions (Scheme 6).
Considerable rate increases (5-1000 fold) were observed for all investigated transformations when compared to
classical thermal reflux conditions. The same year, an independent study by the groups Giguere and Majetich
describing similar rate-enhancements in microwave-promoted Diels-Alder, Claisen, and even reactions was

published in the same journal.
O

O
NH, 20% H,SO,
©)\ il > OH Conventional heating: 1hr, 90% yield
Microwave heating: 10min, 99% yield

(23)

(24)

Scheme 6: Synthesis of benzoic acid
Results and conclusions

The biological activities that are being discovered in huge number of Tetrazole derivatives prompted us to the
Tetrazole aldehyde () as one of the starting material for the synthesis of Chalcones. The chances for the synthesized
Chalcones in this way to show biological activity would be higher. The Tetrazole aldehyde (28) was in turn
synthesized using a commercially available compound Acetanilide (25) via chloroquinoline aldehyde as an
intermediate.

The total scheme of the experimental work up is as follows:
At first, the reaction of substituted amide (DMF) (26) with phosphorus oxychloride (27) is done which gives a

substituted chloroiminium ion , also called the Vilsmeier Reagent. The initial product is an iminium ion, which
then after cyclizes to give the final product of Quinoline carbaldehyde viz. 2-chloro quinoline 3-carbaldehyde (28).
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Step 1: Synthesis of 2-chloroquinoline-3-carbaldehyde

l 1) 0-5°C
©\ " _N_O . POCI ) «_CHO
NHAc 27 N _
Acetanilide DMF 2) 80°C/ 18 hours N
@5 (26) 2-chloroquinoline-3-carbaldehyde
(28)

Refluxing the mixture of Quinoline carbaldehyde (29) and sodium azide (30) in ethanol yields the product
Tetrazolo [1,5-a] quinoline-4-carbaldehyde (31) which is one the starting material for the synthesis of the
chalcones

Step 2: Synthesis of Tetrazole Aldehyde

CHO
m . AcOH + EtOH ~HO
N/ al NaNj; Reflux ©\/\/[

(30)

L N \N
2-chloroquinoline-3-carbaldehyde S
@9) NN
Tetrazolo [1,5-a] quinoline-4-
carbaldehyde
31

A mixture of KOH, acetone (33) and Tetrazole aldehyde (32) was kept in a 200 ml beaker and irradiated in a
Microwave oven at 180°C for about 10min with the interval time of 30sec. To determine whether the complete
reaction took place or not, the reaction mixture was analyzed with the help of Thin Layer Chromatography (TLC)
on every 2min of the irradiation.

Step 3: Synthesis of a chalcone from acetone and tetrazole

CHO Q
)k —_— X H
N MWI

'\\l - N (Microwave) N

N=N Acetone . N
Tetrazolo [1,5-a] quinoline-4- N=N

carbaldehyde 33) 4-(tetrazolo[ 1,5-a]quinolin-4-yl)but-3-en-2-one
32) a4

A mixture of KOH, 2-Acetyl Naphthalene (35) and Tetrazole aldehyde (36) was kept in a 200 ml beaker and
irradiated in a Microwave oven at 180°C for about 10min with the interval time of 30sec. To determine whether
the complete reaction took place or not, the reaction mixture was analyzed with the help of Thin Layer
Chromatography (TLC) on every 2min of the irradiation.

Step 4: Synthesis of chalcone from 2-Acetyl Naphthalene

O
Oy "
X
MWI

N™ SN N7
2-Acetyl Naphthalene '\\IQN/ N N
@35) Tetrazolo [1,5-a] quinoline-4- N=N o
carbaldehyde (2E)-1-(naphthalen-2-yl)-3-(tetrazolo[ 1,5-a]quinolin-4-yl)
(36) prop-2-en-1-one
37

21



Asian Institute of Research Engineering and Technolo uarterly Reviews Vol.3, No.1, 2020

References

Affan, M. A., Siong W, F., Jusoh, 1., Hanapi, S., Edward R.T. Teikink. (2009). Synthesis, Characterization and
biological studies of organotin (5) complexes with hydraone ligand. Inorganica Chimica Acta. 362: 5031 -
5037.

Avila, H.P., Albino Smania, E. D. F., Monache, F. D., Smania Junior, A. (2008). Structure-activity relationship
of antibacterial chalcones. Bioorganic & Medicinal Chemistry. 16: 9790-9794.

Bennet, M., Burke. A. J., Ivo O’Sullivan, I, W. (1996). Aspects of the Algar- Flynn- Oyamada (AFO) Reaction.
Tetrahedron. Vol. 52: 7163-7178.

Black, W. B and Lutz, R. E. (1954). Ultraviolet Absorption Spectra of Chalcones. Identification of
Chromophorses. 77: 5134-5140.

Bohm, A. B. (998). Introduction to Flavonoids, Harwood Academic Pub, London, pg. 243-284.

Chaudhuri, M. K., Khan, A. T., and Patel, B. K. (1998). An Environmentally benign synthesis of organic
ammonium tribromides (OATB) and bromination of selected organic substrate by tetrabutylammonium
tribromide (TBATB). Tet letts., 39: 8163-8166.

Climet, M. J., Corma, A., Iborra, S., Velty, A. (2004). Activated hydrotalcites as catalyst for the synthesis of
Chalcones of Pharmaceutical interest. J Catal. 221: 474-482.

Dhar, D. N. and Jal, J.B. (1958). Chalcones: condensation of aromatic aldehydes with resacetophenone 2.
Chalcone 2: 1159-1161.

Edrari, S., Cotelle, N., Bakkaour, Y., Ronaldo, C. (2003). An efficient synthesis of Chalcones Based on the
Suzuki Reaction. Tet. Letts. 44: 5359-5363.

Fresneda P. M., Molina P., and Sanz M.A., Synlett, 2, 2001, 218.

Fukie, K., Matsumoto, T., Nakamura, S., and Nakayama, M. (1968). Synthesis studies of the flavone derivativs.
7. The synthesis of Jaceidin. Bulletin of the Chemical Society of Japan.

Ganguly, A., Mahat, P. K., Biswas, D., pramanik, B. N., Chan T. M. (2005). Synthesis and Propeties of 3-
Acetyl-y-pyrones, A Novel Class of Flavones and Chromones. Tet. Letts. 46: 4119-4121.

Hampford Research Inc. (2009). Technical data sheet, dibromochalcone. {Brochure}. Stratford, CT.

Jamil, S., Mohd Sirat, H., Jantan, 1., Aimi, N., Kitajima, M. (2008). A new prenylated dihydrochalcone from the
leaves of Artocarpus lowii, Journal of Natural medicine. 62: 321-324.

Khajavi M. S., Moghadam K.R., and Hazarkhani H., synth. Commun. 29. 1999, 2617.

Marins M.A.P., Beck P., Cunico W., Pereira C.M.P Sinhorin A.P., Blanco R.F., Peres R., Boncorso H.G., and
Zanatta N., Tet. Lett. 43. 2002, 7005.

Nakanishi, K. (1975). Natural Products Chemistry. 2. Tokyo: Kodansha Ltd. 225- 228.

Petrov, O., Ivanova, Y., Gerova, M. (2008). SOCL/EtOH: Catalytic system for synthesis of Chalcones. Catalysis
Communication. 9: 3150316.

Rajendra, V.R. (1999). Solvent-free organic synthesis using supported reagents and microwave irradiation.
Green Chemistry. Pg.: 43-55.

Srivastava, Y.K. Eco-friendly Microwave Assisted Synthesis of Some Chalcones. Rasayan J. chem. 1: 884-886.

Zhou J.F., Hua Xue Yan Jiu Yu Ying Yong, 13, 2001,712.

22



