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Abstract: 2-Oxo-substituted-phenyl-cyclohex-3-enecarboxylic acid ethyl ester valuable intermediates in
the synthesis of fused heterocycles have been prepared by 10% aqueous NaOH catalyzed cyclo-condensa-
tion of different Chalcones with ethyl acetoacetate. Twenty-four different substituted-1,2,4,5-tetrahydro-in-
dazol-3-one synthesized from condensation reaction between substituted hydrazine and 2-Oxo-substitut-
ed-phenyl-cyclohex-3-enecarboxylic acid ethyl ester. Both the syntheses are carried out in conventional as
well as modern methods i.e. under microwave irradiation. The yield in microwave irradiation synthesis is
higher as compared to conventional method.

Keywords: Chalcone, Cyclohexenones, Indazoles, Michael addition, Cyclocondensation, 1,2,4,5-tetrahy-
dro-indazol-3-one.

Introduction: analogs are important intermediates in organic
synthesis [!]. They also exhibit a large number
Heterocyclic compounds and their Chalcone of biological activities [?]. From a chemical

Chemistry & Biology Interface 56 Vol. 10 (2), March - April 2020



Chemistry & Biology Interface, 2020, 10, 2, 56-66

point of view, the important feature of chalcones
is the ability to act as activated unsaturated
systems in conjugated addition reactions with
carbanions in the presence of base catalyst
[3,*]. Generally this type of reaction is used for
obtaining highly functionalized cyclohexene
derivatives [°], but is more commonly and
frequently used for the synthesis of 3,5-diaryl-
6-carbethoxycyclohexenones via  Michael
addition of ethyl acetoacetate. The mentioned
cyclohexenones derivatives are important
intermediates used for the synthesis of fused
benzisoxazoles and benzopyrazoles [%7],
heterocycles such as benzothiadiazoles and
benzoselenadiazoles [®], as well as carbazole
derivatives [°].

Indazole is two nitrogen containing benzene
fused five-member heterocycles having great
interest of researchers due to their wide range
of biological importance. A large number
of indazole derivatives possesses biological
activities such as anti-depressant ['°], anti-
hypertensive  [''], anti-tubercular ['%,"],
antiviral ['*], antifungal ['°], antioxidant ['¢,'7],
antibacterial ['8,"], anti-inflammatory [*],
neuro-protective [*'], anticancer [*)], anti-
diabetic [*], and evaluated as potential drugs
for variety of physiological activities [*].

Indazole is also a core part of various bioactive
molecules like adjudin, a phase three molecule
for male human contraceptive pill, which is a
derivative of /H-indazole- 3-carboxylic acid. It
has shown to possess potent anti-spermatogenic
activity also.

In this paper we are reporting the conventional
and microwave irradiated method for base
catalyzed synthesis of wvarious 2-Oxo-
substituted-phenyl-cyclohex-3-enecarboxylic
acid ethyl ester and acid catalyzed synthesis of
substituted-1,2,4,5-tetrahydro-indazol-3-one.

Materials and method
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All the starting chemicals, reagents and
solvents used were of analytical grade (AR)
and used without further purification. Scientific
Microwave oven used for irradiation is of
make ‘Catalyst microwave synthesizer Sr. No.
130602954°. IR spectra of the compounds
obtained in potassium bromide (KBr) disks
on a Bruker IR spectrometer. 'H NMR and
PC spectra were recorded in CDCI, or DMSO
solvent on a Bruker Avance-II 400 MHz
spectrometer. Mass spectra were recorded on a
Waters ZQ-4000 spectrometer. The yields of the
synthesized compounds mentioned for isolated
product. Melting point of all the synthesized
compounds were taken on a precision melting
point apparatus (DBK) instrument and are
uncorrected.

Results and Discussion:

The acid or base catalyzed Aldol condensation
reaction between aromatic aldehydes and
aromatic ketones gives o,B—unsaturated ketones
i.e. chalcone. The Michael condensation type
of reaction between resultant chalcones with
ethyl acetoacetate leads to three structurally
different types of compounds depending
on the experimental conditions, Michael
addition products [*], pyrylium salts [*¢], and
cyclohexenone derivatives [*’]. The catalysts
play important role in the formation of different
end products, weak base catalyzed intra-
molecular cyclo-condensation of the methyl
group from acetoacetic acid ester and the
ketone function of the initial chalcone turn the
intermediate  Michael addition product into
cyclohexenones, The Lewis acid such as boron
trifluoride etherate forms pyrylium cations from
the reaction of chalcones and acetoacetic acid
esters. In the present study Aldol condensation
reaction  between  substituted  aromatic
aldehydes 2 (a-d) with aromatic ketones 1(a-
¢) gives substituted chalcones. The reaction
between substituted chalcones 3(a-h) and
ethyl acetoacetate produces cyclohexenones
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by intermediate Michael adduct, as outlined in
Scheme 1.
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Scheme 1: Synthetic route of 2-Oxo-substituted-
phenyl-cyclohex-3-enecarboxylic acid ethyl
ester 4(a-h).

Precedent literature shows that K ,CO, [*]
as a base catalyst or 0.5 ml of 10% sodium
hydroxide [*,*] as catalyst was used for
the synthesis of 2-Oxo-substituted-phenyl-
cyclohex-3-enecarboxylic acid ethyl ester 4(a-
h). In earlier reported methods time required
for completion of reaction was 5-18 hours
in K,CO, and 4-5 hours in presence of dilute
sodium hydroxide. We employed 1 ml of 10 %
aqueous sodium hydroxide solution for present
synthesis. The advantage of our method is
maximum isolated yields within 2-3 hours using
conventional method. On the other hand higher
yields are achieved in microwave irradiation
method within 10-15 minutes. The synthesis in
presence of K,CO, base and its concentration
does not affect on ester functional group but the
concentration of sodium hydroxide increases
hydrolyzed products i.e. corresponding
carboxylic acid. If the concentration of sodium
hydroxide is increases to 15% or 20%, 1 ml of
such solution used for the reaction it gives three
spots on TLC plate.

Similar results are obtained when we used
more than 1 ml ie. 1.5-2 ml 10% alkali
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solution while decreasing the concentration
of sodium hydroxide to 5% and perform same
experiment, interestingly we got the product
with single spot on TLC but time required for
completion was 8-10 hours. From these sets
of reaction conditions for above experiments
and observations, we selected 1 ml of 10% of
sodium hydroxide which is best suitable for
the conversion of 3 (a-h) to 4 (a-h) with higher
yields and this particular concentration of
alkali is safe and does not hydrolyze the ester
functional group is the key advantage of this
synthesis.

The IR, HRMS and NMR investigations of
synthesized cyclohexenone 4a supports the
formation carboxylic acid ester. The IR spectra
of this compound has shown a sharp strong
absorption band at 1710 cm! that can be for
C=0 stretching (ester) in compound 4a, another
sharp absorption band was observed at nearly
1670 cm assigned for the carbonyl group
conjugated with a carbon-carbon double bond.
The HRMS and mass spectra of 4a at 321.14
(M+1) also support the results of IR analysis.
Finally the 'H NMR signal for ethyl ester
moiety a triplet at 6 1.15 ppm and a quartet at &
4.02 ppm confirmed cyclohexenone 4a bearing
ester group in the structure.

Lastly the synthesis of substituted-1,2,4,5-
tetrahydro-indazol-3-one S5(a-x) from 2-Oxo-
substituted-phenyl-cyclohex-3-enecarboxylic
acid ethyl ester 4(a-h) is carried out in presence
of weak acid i.e. acetic acid. The reactions were
carried out using conventional and modern
method i.e. microwave irradiation as given in
scheme 2.

Vol. 10 (2), March - April 2020



Chemistry & Biology Interface, 2020, 10, 2, 56-66

Table no. 1 Substrate scope for the synthesis of 4 (a-h) from 3 (a-h).

S Time Yield® (%)
T.
No. R, R, Product Con. (h) | MW (min)) | Con. | MW
0 O
R, =H 0N
1 R,=H ‘ 2 10 78 85
O 4a O
0O O
R] =H o
2 ,=4-Cl ‘ 2.5 13 82 90
J & O
o o
R, =CH, o
3 R, =4-OCH, O ‘ 2 10 87 96
HaC 4c OCHg
o o
Rl =H o
4 R, =4-OCH, ‘ 2 15 76 91
O 4d OCHj4
0
R, = 4-OCH, o~
5 R,=4-Cl 2.5 12 85 98

6 R,=3-Cl O
H,CO

[0}
4e
(0]
R, =4-OCH, ‘
af
(@]

cl
0

R, =4-OCH, o~

7 R,=H 2.5 14 75 90
HsCO ‘ 4g ‘
O O

R, = 4-OCH, o~

8 R, =4-OCH, ‘ 2 10 88 96

a isolated yields

R,, R, are Substituents

h. Time in hours.

min. Time in minutes.

Con. Conventional method

MW. Microwave irradiation (Modern method).
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R, = H, 4-CH;, 4-OCH,.
R, =H, 4-Cl, 3-Cl, 4-OCHj3.
R; = H, -CgHs, 2,4-diNO,C4Hs.
Scheme 2: Synthetic route of substituted-
1,2,4,5-tetrahydro-indazol-3-one 5(a-x).

In the reaction of 4(a-h) with hydrazine hydrate
and phenyl hydrazine we used excess amount
of both reagents, but equimolar amount of 4(a-
h) and 2,4- dinitro phenyl hydrazine is used
for the synthesis. Removing unreacted/excess
of hydrazine hydrate or phenyl hydrazine by
recrystallization is easier but 2,4- dinitro phenyl
hydrazine is not easily removed from product,
hence we use it is in equimolar proportion.
The excess amount of above said two reagents
shift equilibrium towards the product formation
in short time period with good percent yields
of the products. But in case of 2,4-DNP the
electron withdrawing nature of two nitro groups
on phenyl ring and equimolar amount adversely
affected on the reaction time as well as percent
yields of the product as outlined in table no. 2.
Both the conventional as well as microwave
irradiation methods were works successively
but modern method is more superior and less
time consuming process with higher yields as
reported in table no. 2.

The IR, NMR and mass spectral analysis of
synthesized compounds supports the formation
of above product mentioned in table no. 2. The
IR spectra of the compound 5b absence of bands
1710 cm™ and 1670 cm™! for C=O st in ester and
conjugated carbonyl group which was observed
in 4a, while it shows strong absorption band at
1598 for cyclic amide and at 3059 for N-H
bond. Molecular ion peaks in positive ion mass
spectroscopy observed at 365.31 (M+1). Both
NMR studies also shows that peaks are absent
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of CH, and CH,. It supports the formation of
aimed products in good yields.

General procedure for the synthesis of the
derivative of Chalcones 3(a-h):

A mixture of 05 mmol of 1(a-¢) and 05 mmol
of substituted aldehydes 2(a-h) in absolute
ethanol (25 ml) was stirred at room temperature
in conical flask for 1-2 hours using 6N NaOH
as a catalyst to make the solution strongly
basic (slight exotherm is observed). After the
formation of thick precipitate, then the reaction
mixture was poured in ice cold water. The crude
1,3-substituted diphenyl-propenone 3(a-h) was
isolated and recrystallized from hot ethanol.

General procedure for the synthesis of 2-Oxo-
substituted-phenyl-cyclohex-3-enecarboxylic
acid ethyl ester 4(a-h):

The equimolar amount of  different
1,3-substituted diphenyl-propenone 3(a-h) (3
mmol) and ethyl acetoacetate (3 mmol) were
mixed and refluxed for various time intervals as
mentioned in table no.1 in 10 ml ethanol in the
presence 1 ml of 10% aqueous NaOH, progress
of reaction was monitored on continuous TLC.
After completion observed by TLC, then the
reaction mixture was cooled to room temperature
and poured with good stirring into 300 ml ice-
cold water and kept at room temperature until
the reaction product separated as a solid, which
was filtered off and recrystallized from ethanol.
Similar reaction was carried out in microwave
irradiation.

2-Ox0-4,6-diphenyl-cyclohex-3-
enecarboxylic acid ethyl ester (4a)

M/Z: m/z 321.14 [M+1]. IR (cm™): 1525, 1600
(aromatic C=C), 1710 (ester), 1329 (-CH,),
1460 (-CH,), 1670 (ketones). 'H NMR: & 1.15
(t, 3H), 4.02 (q, 2H), 2.98 (d, 2H), 3.56 (d, 1H),
3.66 (dt, 1H), 6.39 (s, 1H), 7.24-7.53 (m, 10H).
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Table no. 2 Substrate scope for the synthesis of 5 (a-x) from 4 (a-h).

s Time Yield* (%)
I. m.p.
R,R,R.. Product o
No. P Con. MW Con. | M.W. C
(h.) (min.)
HN—NH
R, =H o) 4 15 81 86 142-144
1 |R=H O
o 0O
Sa
R =H Q 35 13 80 85 96-98
2 R, =H "
R, =CH, HIN=
.
J T
NO,
R =H 4.5 19 74 84 194-197
3 R,=H
R, =2,4-di-NO,C H
3 276 73 HN__N N02
X
J . C
HN—NH
R =H 1) 3.5 14 79 88 82-84
4 R, =4-Cl O
o J . U
5d cl
R =H Q 3 13 82 90 146
5 R,=4-Cl Y
R3 = C6H5 0
J . O
NO»
R =H 4.5 16 74 86 156-158
6 R, =4-Cl
R, =2,4-di-NO,C H,
HN—N NO;
: C E
5t cl
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R, = 4-CH,
7 R, = 4-OCH,
R, =H

T

4.5

12

78 &9 142

R, =4-CH,
8 | R,=4-OCH,
R3 = C6H5

35

10

80 92 116-118

R, =4-CH,
9 | R,=4-OCH,
R, =2,4-di-NO,C H,

4.5

18

65 84 243

10

[§

5
Il
T T
o)
@)
jus)

w

3.5

15

78 94 1.7-109

11 | R,=4-OCH,

35

14

85 92 98

R =H
12 | R,=4-OCH,
R, = 2,4-di-NO,C H,

19

69 85 198

R, = 4-OCH,
13 | R,=4-Cl

3.5

16

72 96 127-129
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w

R, =4-OCH, Q 3 15 72|90 | 7880
14 R,=4-Cl N
R3 = C6H5 HN_
: O ;
H3CO 5n cl
NO»
R, =4-OCH, 4.5 17 70 82 196-198
15 R,=4-Cl
R, =2,4-di-NO,C H,
HN—N NO2
: $ E
H3CO 50 cl
HN—NH
R, =4-OCH, 1) 4 12 84 94 108
16 |R =3-Cl O
7O
H3CO 5
P Cl
R, =4-0OCH, Q 35 13 85 88 97-98
17 | R,=3-Cl NN
R3 = C6H5 O
H3CO O 3q O
Cl
NO»
R, =4-OCH, 4.5 17 79 85 218
18 | R,=3-Cl
R, = 2,4-di-NO,C H,
HN—N NO;
: ® E
cho Sr
Cl
HN—NH
R, =4-OCH, o 4 14 73 96 126-127
19 |R=H O
o 70O
5s

HsCO
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_ HN—
R3 - CsHs

R, = 4-OCH, Q 3 13 |71 |89 |84
20 |R,=H N
O

NO,
R, =4-OCH, 5 20 68 87 205-207
21 R,=H
R, =2,4-di-NO,C H,
HN—N NO;
ST W T

R, =4-OCH, 35 |12 |8 |8 |87-89
23 | R,=4-OCH,

R3 = C6H5

R, =4-OCH, o 35 |12 st o1 |13
22 | R,=4-OCH, O
0
HyCO 5v OCH,8

0
N

R, = 4-OCH, 45 |18 |76 |81 |224

24 | R,=4-OCH,

R, = 2,4-di-NO,C H,

n
5]
O O
o
o
T
)

HaCO

Isolated yields.

R,, R, and R, are Substituents

h. Time in hours.

min. Time in minutes.

Con. Conventional method

MW. Microwave irradiation (Modern method).
m.p. melting point in °C.
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BC NMR: § 14.16, 61.45, 65.98, 76.80, 77.11,
77.43, 112.40, 121.96, 122.62, 127.63, 132.23,
157.16, 157.45, 168.56.

6-(4-Chloro-phenyl)-4-(4-methoxy-phenyl)-
2-oxo-cyclohex-3-enecarboxylic acid ethyl
ester (4e)

M/Z: m/z 385.11 [M+1]. IR (cm™): 1508, 1573
(aromatic C=C), 1715 (ester), 1339 (-CH,),
1435 (-CH,), 1665 (ketones). 'H NMR: & 1.28
(t,3H), 2.48 (d, 2H), 3.60 (d, 1H), 3.72 (dt, 1H),
3.80 (s, 3H), 4.16 (q, 2H), 6.02 (s, 1H), 7.07-
7.98 (m, 8H). C NMR: 6 13.68, 25.51, 39.88,
56.02, 63.72, 115.00, 118.92, 126.08, 127.02,
128.69, 131.06, 146.81, 154.49, 156.22, 164.29,
166.81, 172.00, 197.68.

General procedure for the synthesis of
substituted-1,2,4,5-tetrahydro-indazol-3-one
5(a-x):

A mixture of 05 mmol of 4(a-h) and 10 mmol
hydrazine hydrate or phenyl hydrazine (05 mmol
of 2,4-dinitrophenyl hydrazine) and catalytic
amount of glacial acetic acid were refluxed
in ethanol (25 ml) for different time intervals
mentioned in table no. 2. The completion of
reaction was monitored by continuous TLC.
After reaction complies observed by TLC, the
mixture was cooled to room temperature and
poured on 300 ml ice cooled water, obtained
ppt. were filtered and recrystallized in absolute
ethanol. The same reaction was carried out in
microwave irradiation.

2,4,6-Triphenyl-1,2,4,5-tetrahydro-indazol-
3-one (5b)

M/Z: m/z 365.31 [M+1]. IR (cm™): 1312, 1449
(aromatic C=C), 1598 (Amide), 3059 (N-H). 'H
NMR: 6 2.39 (s, 1H), 2.48 (d, 2H), 3.45 (t, 1H),
6.28 (s, 1H), 7.18-8.03 (m, 15H). "*C NMR:
0 35.59,40.12, 109.82, 117.78, 126.28, 127.72,
128.17,128.47,134.94,140.02, 142.32, 155.53,
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158.06, 161.47,163.49, 164.23, 165.12, 168.56.
2-(2,4-Dinitro-phenyl)-4,6-diphenyl-1,2,4,5-
tetrahydro-indazol-3-one (5c¢)

M/Z: m/z 455.02 [M+1]. IR (cm™): 1250, 1453
(aromatic C=C), 1599 (Amide), 3015(N-H). 'H
NMR: § 2.22 (s, 1H), 2.38 (t, 1H) 2.47 (d, 2H),
6.32 (s, 1H), 7.11-7.81 (m, 10H), 7.18 (d, 1H),
8.12 (d, 1H), 9.06 (s, 1H). C NMR: 6 35.71,
40.52, 108.17, 124.85, 126.08, 127.70, 128.47,
128.49, 130.56, 132.58, 133.62, 134.91, 136.32,
138.18, 140.95, 142.83, 148.05, 150.79, 155.12,
156.48, 157.11.

Conclusion:

The 2-Oxo-substituted-phenyl-cyclohex-3-
enecarboxylic acid ethyl esters are successively
synthesized by using dilute aqueous sodium
hydroxide as catalyst. The formed products then
reacted with substituted hydrazines to afford
substituted-1,2,4,5-tetrahydro-indazol-3-one
with maximum of 98% isolated yields. Both the
conventional as well as microwave irradiation
method work well not only for the synthesis of
intermediate but also for the final products.

Acknowledgment:

One of the authors Raut S. V. is thankful to
CSIR for Senior Research Fellowship (SRF)
for this work. The Authors are thankful to the
Principal, Maulana Azad Collage Aurangabad
for providing Library and Laboratory facilities.
We are also thankful to SAIF Chandigarh for
spectral analysis.

Conflict of interest:

The authors declare that there are no conflicts of
interest with any person or agency

References:

1. D. N. Dhar, The Chemistry of Chalcones and Related

Vol. 10 (2), March - April 2020



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Chemistry & Biology Interface, 2020, 10, 2, 56-66

Compounds, Wiley-Interscience, New York, 1981.

J. R Dimmock, D. W. Elias, M. A. Beazely, N. M. Kandepu,
Curr. Med. Chem. 1999, 6, 1125 1150.

M. E. Jung, Comprehensive Organic Synthesis, vol. 4, Eds.
B. M. Trost, 1. Fleming, Pergamon Press, Oxford, 1991,
p- L

H. O House, Modern Synthetic Reactions, 2nd edition,
W.A. Benjamin, Menlo Park, California, 1972, p. 595.

H. D. Tabba, N. M. Yousef, M. M. Al-Arab, Coll. Czech.
Chem. Commun. 1995, 60, 594—604.

V. Padmavathi, K. Sharmila, A. Balaiah, A. Somasekhar
Reddy, D. Bhaskar Reddy, Synth. Commun. 2001, 31,
2119-2126.

V. Padmavathi, B. J. Mohan Reddy, A. Balaiah, K.
Venugopal Reddy, D. Bhaskar Reddy, Molecules 2000, 5,
1281-1286.

D. Bhaskar Reddy, A. Somasekhar Reddy, V. Padmavathi,
J. Chem. Research (S) 1998, 784 785.

V. Padmavathi, K. Sharmila, A. Padmaja, D. Bhaskar
Reddy, Heterocycl. Commun. 1999, 5, 451-456.

T. Koide, H. Matsushita, neuropharmacol., 1980, 20, 285-
292.

E. J. Ludo, Kennis, H M. T Albertus,
US5196425 A4, 1993 Mar 23.

N. Sunduru, L. Gupta, V. Chaturvedi, R. Dwivedi, S. Sinha,
P. M. .S. Chauhan, Eur. J. Med. Chem., 2010, 453335-
3345.

H. K. Maurya, R. Verma, S. Alam, S. Pandey, V. Pathak,
S. Sharma, K. K. Srivastava, N. A. S Gupta, Bioorg. Med.
Chem. Lett., 2013, 23, 5844-5849.

J.J. Shi, F. H. Ji, P. L. He, Yx Yang, W. Tang J. P. Zuo, Y. C.
Li, Chem.Med.Chem., 2013, 1, 722-5.

P. Amutha, S. Nagarajan, J. Heterocycl. Chem., 2012, 49,
428-432.

M. Sapnakumari, B. Narayana, B. K. Sarojini, L. N.
Madhu, Med. Chem. Res., 2014, 23, 2368-2376.

O. Mazimba, K. Wale, D. Loeto, T. Kwape, Bioorg. Med.
Chem., 2014, 22, 6564-6569.

T. Lorand, B. Kocsis, L. Emody, P. Sohar, Eur. J. Med.
Chem., 1999, 34, 1009-1018.

M. Minu, A. Thangadurai, S. R. Wakode, S. S. Agrawal,
B.Narasimhan, Bioorg. Med. Chem. Lett., 2009, 19, 2960-
2964.

O. Rosati, M. Curini, M. C. Marcotullio, A. Macchiarulo,
M. Perfumi, L. Mattioli, F. Rismondo, G. Cravotto, Bioorg.
Med. Chem., 2007, 15, 3463-3473.

A. Hashiguchi, T. Kawano, S. Yano, M. Morioka, J.
Hamada, T. Sato, Y. Shirasaki, Y. Ushio, K. Fukunaga,
Neurosci., 2003, 121, 379-386.

C. G. Hartinger, S. Zorbas-Seifried, M. A. Jakupec, B.
Kynast, H. Zorbas, B. K. Keppler, J. Inorg. Biochem.,
2006, 100, 891-904.

J. A. Pfefferkorn, M. Tu, K. J. Filipski, A. Guzman- Perez,
J. Bian, G. E. Aspnes, M. F. Sammons, W. Song, J. C. Li,

V. Heertum.

Chemistry & Biology Interface

24.

25.

26.
27.

28.

29.
30.

C. 8. Jones, L. Patel, T. Rasmusson, D. Zeng, K. Karki, M.
Hamilton, R. Hank, K. Atkinson, J. Litchfield, R. Aiello,
L. Baker, N. Barucci, P. Bourassa, F. Bourbounais, T.
D’Aquila, D. R. Derksen, M. MacDougall, A. Robertson,
Bioorg. Med. Chem. Lett., 2012, 22, 7100-7105.

D. D. Gaikwad, A. D. Chapolikar, C.G.Devkate, K. D.
Warad, A. P. Tayade, R. P. Pawar, A. J. Domb, Eur. J. Med.
chem., 2015, 90, 707-731.

J. A. VanAllan, G. A. Reynolds, J. Org. Chem. 1968, 33,
1102-1105.

W. Davey, J. R. Gwilt, J. Chem. Soc. 1957, 1015-1017.

A. Sammour, M. T. Elzimaity, A. Abdel-Maksoud, J. Chem.
U.A.R. 1969, 12, 481-492.

G. M. Jesal, R. M. Gol, V. M. Barot, Chemistry & Biology
Interface, 2016, 6, 1, 27-37

Gheorghe Roman, Acta Chim. Slov. 2004, 51, 537—544.

S. Majal, B. Narayana, B. K. Sarojini, L. N. Madhu, Med
Chem Res, 2014, 23, 2368—2376.

Vol. 10 (2), March - April 2020



