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3-Acetyl coumarin derivatives are the key synthons to the numerous numbers of heterocyclic compound syntheses.
Due to the wide spectrum applications of benzopyran derivatives in pharma, research, food technology and material science
there is a multitude number of methodologies feasible to synthesize benzo pyrone heterocyclic derivatives. This article
articulates the synthesis and molecular structure confirmation of oxidative product starting from methyl ketone compound
by haloform reaction. Design of benign path ways for instance room temperature, reflux conditions and water bath mediated
synthesis of desired compounds in expected yields is the foremost intent of the article. Solvent and catalyst optimization
studies were carried to elevate the product yield and to precede the reaction in sustainable way. Furthermore compounds are
confirmed by spectroscopic analytical methods such as *H NMR, **C NMR, IR and HRMS spectroscopy. This article paves
the way to researchers to explore these analogues to explore disparate medicinal applications.
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Coumarin and its derivatives are the plant extracted
products and many heterocyclic compounds are
synthesized from 3-acetyl-2H-chromen-2-one. There
are so many references to find out the proficient
applications of 3-acetyl-2H-chromen-2-one. Heterocyclic
compounds synthesized from 3-acetyl-2H-chromen-2-
one are pyridine derivative', applied in spectrometric
determination of iron®, Synthesis of quinolone
derivatives having anti-bacterial and anti-fungal
activities®, synthesis of chalcones®, dihydro pyridine
carbonitriles® and Pyramidines® etc. Gist of chemical
modification of 3-acetyl Coumarin are manifested
in Fig. 1.

Study of haloform reactions was started in the year
of 1822. Haloform reaction on methyl ketone was
performed in disparate methods namely Br, dissolved
in water’ in presence of sodium hydroxide, Aston
et al. reported haloform reaction with of sodium hypo
bromite®, iodoform reaction by treating iodine
dissolved in potassium iodide®, halogenation reaction
of methyl ketone with hypobromite or hypochlorite’®,
haloform reaction of methyl ketone with bromine in
water in the presence of 1,3-dioxane™, Haloform
reaction with sodium hypochlorite under phase

transfer catalysis'?, haloform reaction of aldehydes
and ketones pentaflouro enolates®®, chloral with
calcium hydroxide', iodine dissolved in sodium
hydroxide®, advanced haloform reactions®. In order
to perform haloform reaction in the presence of alkali
there is a search for the stability of coumarin lactone
ring in presence of base. Noster et al. reported*’ the
analysis of reaction conditions in terms of
concentration of alkali screening, they observed
that 20% NaOH aqu. solution will not cleave the
lactone ring.

Furthermore there is a search for the biological
importance data of 3-acetyl coumarin, it is efficient in
exhibiting anti-fungal activity™®, antitumor activity™,
Cytotoxic activity against selected cell lines®,
gram positive, gram negative bacteria and in vitro
anti-oxidant  activity  studies®,  anti-bacterial®,
anti-oxidant ~ activity”® and nuero  protective
properties®. Consolidation of desperate routes for the
transformation of methyl ketones into haloform are
delineated in the Fig. 2.

Rajendra Prasad et al.® delineated the anti-
microbial activity of 3-acetyl coumarin against B.
Pumilis, B. Subtilis, E. Coli, A. Niger, R. Oriza.



YARVA et al.: SYNTHESIS OF CARBOXYLIC ACID FROM BENZO-PYRONE METHYL KETONE 25

(o] H

H
0“0

CN
(o]

Coumarin-Carbonitrile
hybrid compounds

] NC
= |
Xy~ "CH.
AN C(lj
o0 oo R

X
HNJ\NH
o

R O

CCL 0
(o o] R

R=-Br,-H

R' = Cl, -CHj, -OCHj, -OH

X=0,8

R
Coumarin-Furan hybrid compounds l\ H

s
0”70 0770

Coumarin-Pyridine hybrid compound

o
AF
C ) ‘ OCH,

Coumarin- Chalcone hybrid
compounds

B
e ™
0o Ar

Coumarin - Thiazole hybrid scaffold

HOQ
“°0 o
HO. ~ NH
HOO o]

Coumarin condensed pyrrole

0-CH;

Y f\ 8
070 X=CH,N]|1 ‘

Y =0, NOH, NOCH3, NOBn

R = Cyclo propyl, Ethyl

Coumarin-Quinoline hybrid compounds :

0O
= 0]
I )

Fig. 1 — Assortment of chemical modifications of 3-acetyl coumarin employed as a key synthon

Rajesh et al. reported® the synthesis and anti-
microbial activity against Staphylococcus Aureus and
Staphylococcus pyogenic. Anees et al. reported®’ the
synthesis and evaluation of in vitro anti-hepato
carcinoma activity of 3-acetyl coumarin derivatives
and their DNA protein binding properties.

Based on all the keen literature survey on the 3-
acetyl-2H-chromen-2-one in terms of its applications
in synthetic organic chemistry as a useful synthon
for wvarious heterocyclics, exploration studies of
biological activity review, it is taken as research
objective and performed haloform reaction of the 3-
acetyl-2H-chromen-2-one. Though there are lot many
methods to synthesize coumarin based carboxylic acid
derivatives but no report was found on haloform
reaction of 3-acetyl coumarin to subsequent
carboxylic acid. Being the method of synthesis chosen

is laboratory viable, feasible, single step with green
chemistry protocols; this method of synthesis is the
profitable path way in terms of product yield, reaction
times and quality of the product. This article also
emphasizes the reaction optimization studies, method
development for the sustainable synthesis of the title
compound.

Experimental Details

Melting points were determined from digital
melting point apparatus, TLC analysis of the
compounds was carried by Aluminium foil coated
with silica gel-G supplied by Akshaya company, TLC
plates were monitored under UV lamp. 'HNMR
spectra were recorded in DMSO-Ds solvent using
TMS as an internal standard compound at 400 MHz
frequency. High resolution mass spectra were
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recorded on Agilent-LCMS instrument. Infrared
spectras were recorded on Brooker-FTIR instrument.

Synthetic procedure for the preparation of target compounds
Synthesis of 6-bromo-2-oxo-2H-chromene-3-carboxylic acid
from  3-acetyl-6-bromo-2H-chromen-2-one  with tetrabutyl
ammonium tri bromide (TBATB) as brominating agent (2c)

Equimolar ratio (1:1) of 3-acetyl-6-bromo-2H-
chromen-2-one and tetra butyl ammonium tribromide
(TBATB) were dissolved in ethanol taken in round
bottom flask, catalytic amount of 3 M phase transfer
catalyst tetra butyl ammonium bromide (TBAB)
solution was added reaction was stirred at room
temperature for 60 min. Completion of the
reaction was preliminarily identified by TLC in
chloroform mobile phase wunder short length
UV light.

Synthesis of 6-bromo-2-oxo-2H-chromene-3-carboxylic acid
from 3-acetyl-6-bromo- 2H-chromen-2-one with lodine
dissolved in potassium iodide as lodinating agent (2c)

1 (mmol) of 3-acetyl-6- bromo- 2H-chromen-2-
onetreated with excess of liquid iodinating agent i.e.,
solution of I,/KI in ethanol solvent and added
with catalytic amount of 3 M tetrabutyl ammonium
bromide and reaction mixture was stirred at RT for
60 min. TLC method is used for the preliminary
identification of product formation. Final product

formation further

analysis.

confirmed by spectroscopic

Synthesis of 6-bromo-2-oxo-2H-chromene-3-carboxylic acid
from 3-acetyl-6-bromo-2H-chromen-2-one with bromine water
(2¢)

100 g of 3-acetyl-6-bromo- 2H-chromen-2-one was
added with excess of bromine dissolved in water and
added with catalytic amount of 3 M tetrabutyl
ammonium bromide. Furthermore reaction mixture
was stirred at room temperature for 60 min of time
duration. TLC method is used to identify the
completion of the reaction. Products were further
confirmed by spectroscopic analysis.

Synthesis of 6-bromo-2-oxo-2H-chromene-3-carboxylic acid
from 3-acetyl-6-bromo-2H-chromen-2-one with bromine water
under alkaline conditions (2c)

100 g of 3-acetyl-6-bromo-2H-chromen-2-one acid
was added with excess of bromine dissolved in water
and added with catalytic amount of 3 M sodium
hydroxide. Furthermore reaction mixture was stirred
at room temperature for 4 h. Compound is preliminary
identified by the Thin Layer Chromatography.
products were further confirmed by spectroscopic
analysis.

Synthesis of 6-bromo-2-oxo—2H-chromene-3-carboxylic acid
from 3-acetyl-6- bromo-2H-chromen-2-one with TBATB with
TBAB (2c)

100 g of 3-acetyl-6-bromo-2H-chromen-2-one was
added with tetra butyl ammonium bromide (TBATB)
and added with catalytic amount of 3 M TBAB.
Furthermore reaction mixture was heated on the water
bath with shaker for thirty minutes. Further reaction
completion primarily identified by TLC in hexane and
ethyl acetate mobile phase under UV light. Products
were further confirmed by spectroscopic analysis.

Synthesis of 6-bromo-2-oxo—2H-chromene-3-carboxylic acid
from 3-acetyl-6- bromo-2H-chromen-2-one with bromine water
with TBAB (2c)

100 g of 3-acetyl-6-bromo- 2H-chromen-2-one was
added with excess of bromine dissolved in water and
added with catalytic amount of 3 M TBAB.
Furthermore reaction mixture was heated on the water
bath on shaker for thirty minutes. Further reaction
completion primarily identified by TLC in hexane and
ethyl acetate mobile phase under UV light. Products
were further confirmed by spectroscopic analysis.

Preparation of reagents
Bromine water solution (Br,/ H,0): 25 mL of
liquid bromine is dissolved in 500 mL of water. It is
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used for the bromination of 3-acetyl coumarin.

lodine dissolved in Potassium lodide (I, / KI)
solution: 3 g of potassium iodide is dissolved in
500 mL of water and 1.5 g of granules of lodine was
added in small lots.

3 M Sodium hydroxide solution (NaOH):60 g of
sodium hydroxide dissolved in 500 mL of water to
prepare 3M sodium hydroxide solution.

3 M Sodium bi carbonate solution (NaHCO,):
126.03 g of sodium bicarbonate dissolved in 500 mL
of water to prepare 3 M sodium bicarbonate solution.

3 M Tetra Butyl Ammonium Bromide (TBAB):
30. 0 g of TBAB dissolved in 31.02 mL of water to
prepare 3 M TBAB solution.

3 M Sodium Carbonate (Na,COs) solution:
31.77 g of sodium carbonate dissolved in 100 mL
water to prepare 3 M sodium Carbonate.

3 M Potassium hydroxide (KOH) solution:
84.165 g dissolved in 500 mL distilled water to
prepare 3 M KOH solution.

TLC mobile phase preparation: Prepared mobile
phase with the composition 70: 30 ratio Ethyl Acetate
and Hexane.

Tetrabutyl ammonium  tribromide  solid
preparation (TBATB): 9.7 g of tetrabutyl
ammonium bromide dissolved in 120 mL water, 3.0 g
sodium bromate was added in small lots, drop by drop
addition of HBr to the reaction mixture until the
solidification is started. Reaction mixture is stirred at
room temperature until orange colour solid is
developed in RB.

Spectroscopic analysis
2-Ox0-2H-chromene-3-carboxylic acid

Ash colour compound. MF: CyoHgO4,Yield: 3-01 g
(95%); MP: 209-211°C (Ethyl Acetate): IR (KBr):
1736 cm™ (strong, sharp, -CO- of carboxylic acid);
1614 cm™ (strong, sharp, -CO- of coumarin ring);
'H NMR( 400 MHz, DMSO-d6 / TMS): & = 7.42- 7.84
(complex, m, 4 H, Ar-H), 8.55 ('s, 1H,Ar-H of lactone
ring), 11.0 (s, -COOH hydrogen). **C NMR (100
MHz, DMSO-d6/ TMS): 116.1, 118.1, 118.2, 125.4,
127.9, 128.3, 1485, 153.0, 155.7, 166.2 HRMS
calculated for MF: C;oHgO4[M+H™]: 190.026610 u
and observed = 190. 027820 u.
2-Oxo0-2H-chromene-3-carboxylic acid

Ash colour compound. MF: CiHsBrO,, Yield:
2.98 g (94%); MP: 243-245°C (ethyl acetate): IR
(KBr): 1736 cm™ (strong, sharp, -CO- of carboxylic
acid); 1614 cm™ (strong, sharp, -CO- of coumarin
ring); *H NMR (400 MHz, DMSO-d6 / TMS): § =

7.39- 8.19 (complex, m, 3 H, Ar-H), 8.45 (s, 1H,Ar-H
of lactone ring), 11.0 (s, 1H, -COOH hydrogen). **C
NMR (100 MHz, DMSO-d6/ TMS): 118.1, 118.8,
119.7,121.5, 124.9, 130.3, 134.5, 152.0, 155.7, 166.7,
HRMS calculated for MF: CioHsBrO4,[M+H:
267.932036 u. and observed = 267.027920 u.

3-Ox0-3H-benzo[f]chromene-2-carboxylic acid

Ash colour compound. MF: Cy4HgQO,, Yield: 2.98 g
(94%); MP: 300-310°C (ethyl acetate): IR (KBr):
1736 cm™ (strong, sharp, -CO- of carboxylic acid);
1614 cm™ (strong, sharp, -CO- of coumarin ring); *H
NMR ( 400 MHz, DMSO-d6 / TMS): 6 = 7.42- 8.16(
complex, m, 6 H, Ar-H), 8.45 (s, 1H,Ar-H of lactone
ring), 11.0 (s, 1-H, -COOH hydrogen). *C NMR (100
MHz, DMSO-d6/ TMS): 115.5, 117.1, 118.6, 122.3,
123.6, 126.5, 128.9, 128.3, 130.1, 130.3, 148.5,
150.0, 155.7, 166.3, HRMS calculated for MF;
C14HsO4M+H"]:  240.057175 u.and observed =
240.057950 u.

7-Hydroxy-2-oxo0-2H-chromene-3-carboxylic acid

Ash colour compound. MF: C1yH¢Os, Yield: 2.98 g
(94%); MP: 382-386°C (ethyl acetate): IR (KBr):
1736 cm™ (strong, sharp, -CO- of carboxylic acid);
1614 cm™ (strong, sharp, -CO- of coumarin ring); *H
NMR (400 MHz, DMSO-d6 / TMS): & = 5.35 (s, 1-H,
-OH), 6.62- 7.57(complex, m, 3 H, Ar-H), 8.45
(s, 1H,Ar-H of lactone ring), 11.0 (s, 1-H, -COOH
hydrogen). *C NMR (100 MHz, DMSO-dé/ TMS):
102.5, 110. 7, 112.1, 130.2, 134.3, 147.6, 157. 3,
158.5, 159.9, 165.3, HRMS calculated for MF;
C1oHgOs,[M+H']: 206.017440 u. and observed = 206.
078960 u.

7-Chloro-2-ox0-2H-chromene-3-carboxylic acid

Ash colour compound. MF: C,,HsCIQ,, Yield: 2.98
g (94%); MP: 252-256°C (ethyl acetate): IR (KBr):
1736 cm™ (strong, sharp, -CO- of carboxylic acid);
1614 cm™ (strong, sharp, -CO- of coumarin ring); *H
NMR ( 400 MHz, DMSO-d6 / TMS): § = 7.36- 8.02
(complex, m, 3 H, Ar-H), 8.45 (s, 1H,Ar-H of lactone
ring), 11.0 (s, 1-H, -COOH hydrogen). **C NMR (100
MHz, DMSO-d6/ TMS): 118.5, 123. 7, 126.1, 129.2,
131.3, 134.6, 147. 3, 1515, 159.9, 165.3, HRMS
calculated for MF: C1qHsCIO,4,[M+H"]: 223.017440 u.
and observed = 223.049760 u.

7-Nitro-2-oxo-2H-chromen-3-carboxylic acid

Ash colour compound. MF: CgHsNOg, Yield: 2.98
g (94%); MP: 267-269°C (ethyl acetate): IR (KBr):
1736 cm™ (strong, sharp, -CO- of carboxylic acid);
1614 cm™ (strong, sharp, -CO- of coumarin ring); ‘H
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NMR ( 400 MHz, DMSO-d6 / TMS): 6 = 7.36- 8.02(
complex, m, 3 H, Ar-H), 8.45 (s, 1H,Ar-H of lactone
ring), 11.0 ( s, 1-H, -COOH hydrogen). *C NMR
(100 MHz, DMSO-d6/ TMS): 118.5, 123. 7, 126.1,
129.2, 131.3, 134.6, 147. 3, 151.5, 159.9, 165.3,
HRMS calculated for MF: CyHsNOg,[M+H:
235.017440 u. and observed = 235.048760 u.

8-Methoxy-2-o0x0-2H-chromene-3-carboxylic acid: MF
C;iHgOs, MP  calculated:  255-256°C.(ethyl

acetate): IR (KBr): 1736 cm™ (strong, sharp, -CO- of
carboxylic acid); 1614 cm™ (strong, sharp, -CO- of
coumarin ring); ‘H NMR (400 MHz, DMSO-d6 /
TMS): & = 3.83 (s, 3H, -OCH5) 7.18- 7.40(complex,
m, 3 H, Ar-H), 8.52 (s, 1H,Ar-H of lactone ring), 11.0
(s, 1-H, -COOH hydrogen). *C NMR (100 MHz,
DMSO-d6/ TMS): 55.8, 113.9, 118.5, 120. 7, 121.1,
121.2, 126.3, 140.6, 148.3, 155.5, 166.3, HRMS
calculated for MF: CyoHsNOg,[M+H"]:220.017540 u.
and observed = 220.058760 u.

Results and Discussions

In continuation to our previous research®®*°, In the
initial attempt of haloform reaction, the reaction was
started by taking 3-acetyl-6-bromo-2H-chromen-2-
one (1) and subjected to haloform reactions with
various halogenating agents such as bromine water,

phase transfer catalyst Tetra Butyl Ammonium
Bromide (TBAB) at room temperature reaction
conditions in three distinct reaction flasks. Progress of
the reaction is monitored by TLC (Scheme 1).

Reaction mechanism of haloform reaction

Haloform reactions are the common identification
test for the methyl ketone. Compound (1) is treated
with halogen and base, methyl ketone is oxidized to
the corresponding carboxylic acid under given set of
reaction conditions® by the formation of haloform as
the subsided product (Scheme 2).

Method development

In addition to the above experiment, it is needed to
screen the reaction conditions and yield of the product
to develop the facile, multi-component, one-pot
reaction under benign conditions. Hence, optimization
of reaction conditions were carried in terms of time
consumption for the completion of the reaction,
reaction conditions, catalyst and yield of the product
as shown in the Table 1. Column chart of graphical
representation of Reaction condition optimization data
substantiated in the Fig. 3.

Based on reaction screening and optimization data,
it is confirmed that Bry/ H,O under alkaline catalytic
conditions at running temperature 298 K is sufficient
and superior among all for the synthesis of target

TBATB and lodine dissolved in potassium iodide in ~ compound in high vyield under green pathway
methanol solvent media with catalytic amount of  (Scheme 3).
0. 0
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Scheme 1 — Haloform reaction of 3-acetyl-6-bromo-2H-chromen-2-one with different halogenating agents
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Table 1 — Optimization of reaction conditions

S. No. Methyl ketone derivative Time of the Reaction Reagent used Catalyst Isolated
reaction conditions yield
1 3-acetyl-6-bromo-2H-chromen-2-one 60" RT TBATB TBAB 60%
2 3-acetyl-6-bromo-2H-chromen-2-one -one 60" RT 1L/KI TBAB 50%
3 3-acetyl-6-bromo-2H-chromen-2-one 60! RT Br,/H,0 TBAB 99%
4 3-acetyl-6-bromo-2H-chromen-2-one 4h RT TBATB NaOH 30%
5 3-acetyl-6-bromo-2H-chromen-2-one 4h RT Bry/H,O NaOH 98%
6 3-acetyl-6-bromo-2H-chromen-2-one 4h RT 1L/KI NaOH 20%
7 3-acetyl-6-bromo-2H-chromen-2-one 60* RT TBATB NAHCO; NIL
8 3-acetyl-6-bromo-2H-chromen-2-one -one 60" RT 1,/KI NAHCO; NIL
9 3-acetyl-6-bromo-2H-chromen-2-one 60" RT Bry/H,O NAHCO; NIL
10  3-acetyl-6-bromo-2H-chromen-2-one 60! RT TBATB Na,CO; NIL
11 3-acetyl-6-bromo-2H-chromen-2-one -one 60! RT 1,/KI Na,CO, NIL
12 3-acetyl-6-bromo-2H-chromen-2-one 60* RT Br,/H,0 Na,CO, NIL
13 3-acetyl-6-bromo-2H-chromen-2-one 30! Water bath 1,/KI TBAB 10%
14 3-acetyl-6-bromo-2H-chromen-2-one 30! Water bath TBATB TBAB 50%
15  3-acetyl-6-bromo-2H-chromen-2-one 30* Water bath Br,/H,0O TBAB 70%
0.0 Bry/H,0 /EtOH / TBAB / 3M NaOH 0.0
0 RT/1h 0
3-acetyl-6-bromo-2H- 6-bromo-2-0x0-2H-chromene- Bromoform
chromen-2-one 3-carboxylic acid
Scheme 3 — Haloform reaction of compound (1) to yield corresponding carboxylic acid
R, R,
o__0 / EtOH/ TBAB/ 3 M NaOH o.__0
+CH
R, Z R, & o
RT/1h
Compound 1(a-g) Compound 2(a-g)
R, =-H, -Cl, -Br, -NO,, -OH, Ph
R, =-H, -OCH;4
Scheme 4 — Accomplishing haloform reaction on compound 1(a-g) to oxidative product
= 99% 98% Encouraged with above set of optimized reaction
g conditions and productivity, this methodology was
= 60% further extended to various derivatives of the 3-acetyl-
= 50% .
S & widihe Vel 2H-chromen-2-one (1) to perform haloform reaction
= 30% to achieve the product in excellent yield in short
£ ‘ 20% reaction time (Scheme 4).
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29322 = 3 3 2 8 & 8  andmostcommon in synthetic organic chemistry; no
g g 8 = = 2 2 a3 3 - s report of reaction on 3-acetyl coumarin was noticed
@ 3 s 8 B = g on thorough literature search. Hence in this article,
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Fig. 3 — Optimization of reaction conditions for haloform  Multiple attempts with various catalysts, solvents and

reaction of compound (1)

reactions conditions the efficient methodology is
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established for the synthesis of target compounds.
Among all, it is observed that Br,/ H,O under alkaline
catalytic conditions at running temperature 298 K is
sufficient and superior to rest of the conditions. Hence
library of target synthetic analogous were synthesized
by the virtue of established methodology. These
synthesized scaffolds will become the future research
object for extending distinctive applications.

Acknowledgement

The authors would like to deliberate their deep
sense of gratitude towards Hyderabad Institute of
Technology and Management, for providing research
platform to execute the research idea and are sincerely
grateful towards JNTU, Hyderabad, for the inception
of research ideology and support.

References

1 Abdou M M, Arab J Chem, 10 (2017) S3664.

2 BhatAN & Jain B D, Talenta, 6 (1960) 271.

3 Valadbeigi E & Ghodsi S, Iran J Pharm Sci, 16 (2017) 554.

4  Ersatir M, Akbaslar D, Demirkol O & Giray E S, Synthetic
Communications, 47 (2017) 68.

5 Abadi A H, Abouel — Ella D A, Lehmann J, Tinsley H N,
Gary B D, Pizza G A & Abdel- Fattah M A O, Eur J Med
Chem, 45 (2010) 90.

6 Al-Radha N A A & Jaber Q A H, Asian J Chemistry, 27

(2015) 3687.

Fuson R C & Bull B A, Chem Rev, 15 (1934) 275.

8 Aston J G, Newkirk J D, Dorsky J & Jenkins D M, J Am
Chem Soc, 64 (1942) 1413.

9 Fuson R C & Tullock W C, J Am Chem Soc, 56 (1934) 1638.

10 Johnson R & Fuson R C, J Am Chem Soc, 57 (1935) 919.

11 Arnold R T, Buckles R & Stoltenberg J, J Am Chem Soc, 66
(1944) 208.

12 Chakrabartty S K & Trahanovsky W S, Oxidation in Organic
Chemistry, (Academic Press, NY) 1978, p.343.

13 Smith Michael Bryant & March Jerry, March's advanced
organic Chemistry: reactions, mechanisms, and structure,
ISBN No. 0471720917, https://lib.ugent.be/catalog/rug01:
001228686.

14 Rothenberg G & Sasson Y, Tetrahedron, 52 (1996) 13641.

15 Jimenez O, Bosch M P & Guerrero A, J Org Chem, 70
(2005) 10883.

16 Liebig Justus Von, Ueber die Verbindungen, welche durch
die Einwirkung des Chlors auf Alkohol, Aether, délbildendes
Gas und Essiggeist entstehen, 100 (1832) 243. doi:10.
1002/andp.18321000206.

~

17
18
19
20
21
22

23

24

25

26

27

28

29

30

31

32
33

34

35

36

37
38

Lopez-Castillo N N, Rojas A, Linnell B, Cruz-Gomez M J,
ACES, 333025 (2013) 195.

Elsayed S A, ElI-Gharabawy H M, Butler I S & Atlam F M,
Appl Organomet Chem, 34 (2020) e5643.

Sathish M P, Shetti U N, Revankar V K & Pai K S R,
Eur J Med Chem, 43 (2008) 2338.

Budzisz E, Phosphorus Sulfur Silicon Relat Elem, 179 (2004)
2131.

Al-Ayed A S & Hamdi N, Molecules, 19 (2014) 911.

Sahu C, Sahu J, Mahapatra M, Lenka D, Sahu P K, Dehury
B, Padhy R N, Paidesetty S K, Arabian J Chem, 14 (2021),
102922.

Al-ayed A S & Hamdi N, Molecules, 19 (2014) 911.

Ranade D S, Bapat A M, Ramteke S N, Joshi B N,
Roussel P, Tomas A, Deschamps P & Kulkarni P P, Eur J
Med Chem, 121 (2016) 803.

Prasad Y R, Kumar P R, Deepthi C A & Ramana M YV,
Hindawi J Chem, 3 (2006) 236.

Vekariya R H, Patel K D, Rajani D P, Rajani S D &
Patel H D, J Assoc Arab Univ Basic Appl Sci, 23 (2017)
10.

Rahman K N A, Haribabu J, Balachandran C, Bhuvanesh N
S P, Karvembu R & Sreekanth A, Polyhedron, 135 (2017)
26.

K Kavitha & P Aparna, Benign by design chemistry:
Development of green protocol to carry out a-bromination
with tetrabutylammonium tribromide, its characterization
with SEM, EDX and powder XRD, International Journal of
Research in Advent Technology, NCRCEST 2019, p.
309-316. www.ijrat.org.

Kotthireddy K, Srikrishna D, Pramod Kumar Dubey, and P.
Aparna, A Brief Review Of Synthesis And Applications Of
Individual Coumarin, Thiazole Scaffolds As Well As
Coumarin-Thiazole Hybrid Compounds In The Field Of
Science And Technology. IJMPR, 2 (5), 2018, 84-110.
Kotthireddy K, Srikrishna D, Dubey P K & Aparna P,
J Heterocyclic Chem,56, 2019, 938-946.

Kotthireddy K, Srikrishna D, Dubey P K & Aparna P,
J Sulphur Chem, 40 (2018) 195.

Kotthireddy K & Aparna P, J Sci Res Pharm, 7 (2018) 10.
Kotthireddy K, Srikrishna D, Dubey P K & Aparna P, J Iran
Chem Soc, 16 (2019) 1913.

Kotthireddy K, Srikrishna D, Dubey P K & Aparna P, Lett
Org Chem, 16 (2019) 637.

Kotthireddy K, Srikrishna D, Dubey P K, Sridhar B &
Aparna P, Mol Divers, 23 (2019) 443.

Kotthireddy K, Srikrishna D, Dubey P K & Aparna P, J Saudi
Chem Soc, 23 (2019) 325.

Kotthireddy K & Aparna P, RILBPCS, 4 (2018) 203.
Kotthireddy K, Srikrishna D, Dubey P K & Aparna P,
Arkivoc, (vii) (2018) 172.


https://www.sciencedirect.com/science/article/abs/pii/0040402096008162#!
https://www.sciencedirect.com/science/article/abs/pii/0040402096008162#!

