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5.1 Introduction

In the recent years, organic synthesis is mainly focused on the development of the
greener and ecofriendly protocols involving the use of green solvents in place of toxic,
volatile and hazardous organic solvents and green biodegradable catalysts in place of
hazardous heavy metal catalysts and also alternate energy sources like microwave
irradiation, ultrasound irradiation, UV light in place of conventional heating which saves
time and energy. In this context, in recent times multicomponent reactions (MCRs) have
gained much attention because in these reactions two or more molecules reacts together in
one pot. MCRs helps in saving time and effort for isolation and purification of synthetic
intermediates, high atom economy and also minimizing energy consumption, which is one
of the most important principles of green chemistry and rapidly gaining attention of
scientists worldwide. MCRs are highly efficient method for the synthesis of highly
functionalized heterocycles by the reactions of small organic molecules. Among the
heterocycles, 4H-pyrans has received considerable attention because these are the important
units of natural products and also shows a variety of biological and pharmacological
activities such as emetic, anti-coagulant, anticancer, diuretic, antimalarial, antitumor,

antibacterial, antialzheimer, antileukemic, antihyperglycemic and antidyslipidemic
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activities (Smith et al. 1995, Tanabe et al. 1988, Gao et al. 2008, Bolognese et al. 2004,
Fokialakis et al. 2002, Beagley et al. 2003, Morgan et al. 2002, Bonsignore et al. 1993,
Cannon et al. 1975, Biot et al. 1997). Figure 5.1 shows some medicinally important
compounds containing 2-amino-3-cyano-4H-pyrans functional group like A & C are

antimicrobial, B is anti-bacterial, D & E are anti-tumor and F is an anticancer agent.

Anti-tumor Anti-tumor and Anti-leishmanial

Anticancer activity

Figure 5.1: Examples of 2-amino-3-cyano-4H-pyrans derivatives with pharmacological
activities.

The best protocol to synthesize 4H-pyrans is the Knoevenagel condensation-Michael

cyclization reaction by using aldehyde, carbonitrile and 1,3-dicarbonyl compound by one-
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pot multicomponent reaction. A number of conventional reported methods for the synthesis
of 4H-pyrans performed under various reaction uses different catalysts like piperidine (Ye
et al. 2010), DABCO (Tahmassebi et al. 2011), NHsOAc (Zonouz et al. 2016), K>COs
(Heydari et al. 2017), ethylenediammonium diacetate (EDDA) (Hari et al. 2010), potassium
phthalimide (Dekamin et al. 2014), CsF (Wagh et al. 2015), glutamic acid (Hatamjafari et
al. 2016), alum (Mohammadi et al. 2017), sulfonic Acid (Ziarani et al. 2011), nano ZnO
(Bhattacharyya et al. 2012), nano TiO2 (Anandgaonker et al. 2014), FesO4 NPS/MWCNTS
(Fallah et al. 2014), MNPs@Cu (Wanzheng et al. 2019), y-cyclodextrin (Xiong et al. 2019),

PEG/Water (Lu et al. 2018).

Each of these methods has their own limitations. Therefore, we went ahead and found
an alternative green method for synthesis of 4H-pyran using biodegradable/biocatalyst
natural catalyst. Ascorbic acid has immense possibilities of being used as an organocatalyst
in organic transformations. L-Ascorbic acid is biodegradable, natural, inexpensive, non-
toxic and easy to handle organocatalyst. Therefore, use of ascorbic acid as a catalyst in
MCRs under solar energy is the best selection from green chemistry point of view (Arvind

et al. 2016, Das et al. 2018).

To perform an organic reaction, if solvent is necessary, water is the best option in
comparison to toxic organic solvents from green and sustainable chemistry point of view.

Despite of the economic and environmental friendly nature of water, it also has its own
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unique qualities like high surface tension, high polarity, non-toxic, easy handling etc. Since
most of the organic compounds are not soluble in water therefore after completion of
reaction product can be easily separated by filtration (Gawande et al. 2013, Lindstrom et al.

2008).

Further, to develop a green synthetic approach, naturally available sun light that is
solar thermal energy can be utilized as an alternative renewable energy source to induce the
chemical transformation. Solar thermochemical method provides more selectivity and mild
reaction condition than the conventional energy sources which are also helpful to reduce
the side reaction caused by conventional thermal heating process. Sunlight is an exclusive
natural source that is cheap, non-polluting, plentiful and endlessly renewable source of

clean energy (Yoon et al. 2010, Kumavat et al. 2013).

Considering these aspects we herein report solar energy induced an efficient,
ecofriendly, simple and practical way for the synthesis of tetrahydrobenzo[b]pyran

derivatives using a biodegradable L-ascorbic acid in aqueous medium (Scheme 5.1).

(o)

CHO L-Ascorbic acid
= CN Solar energy
X R' o Water

R2

4a-m 2a-b 3a-b

Scheme 5.1: Solar energy mediated synthesis of 4H-pyran.
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5.2 Results and Discussion

The reaction of benzaldehyde, malononitrile and dimedone was chosen as a model
reaction in order to set the optimized reaction condition for the synthesis of 4H-pyran. First
of all, the model reaction was performed without catalyst in water under sun light
(35-40 °C) and in 60 minutes, the maximum 32% vyield of product 4a was obtained.
Further, the reaction time increased up to 6 h but only a small increment in product yield
was observed (35%). In order to increase the yield of the product, model reaction was
performed by using 1 mol% of L-ascorbic acid as a catalyst in water under similar reaction
condition and it gave 65% yield in 60 minutes. Further the catalyst amount had been
increased from 2-5 mol% and the best result was observed in case of 3 mol% of L-ascorbic
acid. It gave the 95% vyield of product 4a in 10 minutes and the results are concise in Table
5.1 (entries 1-6). Further, numerous polar and non-polar solvents were screened over the
model reaction performed by using 3 mol% of L-ascorbic acid. In polar solvents like
ethanol, methanol, acetonitrile, 1,4-dioxane, dichloromethane and chloroform moderate to
good vyield (40-80%) was obtained (Table 5.1, entries 7-12) while in case of DMF and
DMSO poor vyield of product was achieved (Table 5.1, entries 13 and 14) and in case of
nonpolar solvents like hexane, benzene and toluene no reaction was obtained (Table 5.1,
entries 15-17). Therefore, the optimized reaction condition for model reaction was with 3
mol% of L-ascorbic acid in water under sun light (Table 5.1, entry 4). Structure of the

model compound (4a) was confirmed by ‘H & *C NMR spectral data (Figure 5.1 & 5.2).
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Table 5.1: Optimization of reaction condition?

o o
CHO CN
©/ N <CN N Reaction Condition ]
1a 2aCN ° 3a 4(; NHz
Entry Solvent Catalyst Time Yield®
(mol%) (min) (%)
1 Water Nil 60 32
2 Water 1 60 65
3 Water 2 45 78
4 Water 3 10 95
5 Water 4 10 95
6 Water 5 10 95
7 Ethanol 3 40 80
8 Methanol 3 45 73
9 Acetonitrile 3 45 50
10 1,4-Dioxane 3 60 40
11 Dichloromethane 3 60 45
12 Chloroform 3 60 42
13 DMF 3 60 10
14 DMSO 3 60 12
15 Hexane 3 60 NR
16 Benzene 3 60 NR
17 Toluene 3 60 NR

8 Reaction condition: Benzaldehyde (1.0 mmol), malononitrile (1.0 mmol), dimedone (1.0 mmol)
and L-ascorbic acid in 5 mL solvent are placed under sunlight. ® Isolated yield.
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After optimizing the reaction conditions, the substrate scope was explored by using
different substituted aromatic aldehydes with malononitrile and dimedone. It was observed
that aldehyde derivatives with electron withdrawing groups like NO2, Cl, Br viz. o-nitro
benzaldehyde (1e), m-nitro benzaldehyde (1f), p-nitro benzaldehyde (1g), o-chloro
benzaldehyde (1h), p-chloro benzaldehyde (1i), p-bromo benzaldehyde (1j), (Table 5.2,
entry 5-10) and electron donating groups like CH3z, OCHs viz. o-tolualdehyde (1b), p-
tolualdehyde (1c) and p-methoxy benzaldehyde (1d) (Table 5.2, entries 2-4) undergo the
reaction smoothly to give corresponding 4H-pyrans viz. 2-amino-7,7-dimethyl-4-(2-
nitrophenyl)-5-0x0-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile  (4e),  2-amino-7,7-
dimethyl-4-(3-nitrophenyl)-5-oxo0-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile  (4f), 2-
amino-7,7-dimethyl-4-(4-nitrophenyl)-5-oxo0-5,6,7,8-tetrahydro-4H-chromene-3carbonitrile
(49), 2-amino-4-(2-chlorophenyl)-7,7-dimethyl-5-oxo0-5,6,7,8-tetrahydro-4H-chromene-3-
carbonitrile (4h), 2-amino-4-(4-chlorophenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4H-
chromene-3-carbonitrile (4i) and 2-Amino-4-(4-bromophenyl)-7,7-dimethyl-5-0x0-5,6,7,8-
tetrahydro-4H-chromene-3-carbonitril (4), 2-amino-7,7-dimethyl-5-0xo0-4-(o-tolyl)-
5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile  (4b), 2-amino-7,7-dimethyl-5-ox0-4-(p-
tolyl)-5,6,7,8-tetrahydro-4H-chromene-3 carbonitrile (4c), 2-amino-4-(4-methoxyphenyl)-
7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile (4d) with 91-97% vyield
in short reaction time. To our surprise, the optimized condition was also found suitable for

the heterocyclic aldehyde, furfuraldehyde and gave 2-amino-4-(furan-2-yl)-7,7-dimethyl-5-
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0Xx0-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile (4k) with 94% yield (Table 5.2, entry
11). Likewise, 2-naphthylaldehyde was successfully gave the desired product 2-amino-7,7-
dimethyl-4-(naphthalen-2-yl)-5-0x0-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile (41) in
93% vyield (Table 5.2, entry 12). In order to explore further substrate scope, the reactions
were performed by varying different active methylene compounds like ethylcyano acetate
and dimedone/1,3-cyclohexadione to give corresponding 4H-pyran derivatives viz. 2-
amino-5-oxo-4-phenyl-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile  (4m), 2-amino-5-
oxo-4-(o-tolyl)-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile (4n), 2-amino-4-(4-
methoxyphenyl)-5-oxo0-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile (40), 2-Amino-4-(2-
chlorophenyl)-5-oxo0-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile  (4p), 2-amino-4-(4-
bromophenyl)-5-0x0-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile  (4q), 2-amino-4-(2-
nitrophenyl)-5-0x0-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile (4r), 2-Amino-4-(4-
nitrophenyl)-5-0x0-5,6,7,8-tetrahydro-4H-chromene-3carbonitrile (4s), ethyl 2-amino-5-
oxo-4-phenyl- 5,6,7,8-tetrahydro-4H-chromene-3-carboxylate (4t), ethyl 2-amino-7,7-
dimethyl-5-oxo0-4-phenyl-5,6,7,8-tetrahydro-4H-chromene-3-carboxylate  (4u), ethyl 2-
amino-4-(4-bromophenyl)-5-o0xo0-5,6,7,8-tetrahydro-4H-chromene-3-carboxylate (4v), ethyl
2-amino-7,7-dimethyl-4-(4-nitrophenyl)-5-0x0-5,6,7,8-tetranydro-4H-chromene-3

carboxylate (4w) and ethyl 2-amino-4-(4-fluorophenyl)-7,7-dimethyl-5-0x0-5,6,7,8-
tetrahydro-4H-chromene-3-carboxylate (4x) in good to excellent yield under this optimized

reaction condition (Table 5.2, entries 13-24).
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Table 5.2: Synthesis of 4H-pyran?

—R
o
R1
= CcHO CN L-Ascorbic acid (3 mol%) 2
R |+ <+ R? R
2 R1 o R? Solar energy,Water R2 fo) NH,
1a-m 2a-b 3a-b 4a-x
2a,R'=CN, 3a, R>=CHj,
2b,R'= COOEt 3b,R%*=H
S. Carbon 1,3- Time | Yield®
No Aldehyde itrile dicarbonyl Product (min) (%)
compound
o]
1 CHO CN 0 10 95
< CN
CN
o |
1a 2a 3a o NH,
4a
o
CH, <CN
2 12 93
CHO CN CH3
2a . | | CN
3a
1b 0~ "NH,
4b
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o] CHj3
CHO <CN
y C/©/ CN 7@ 13 | 9
3 ] 2a o o
¢ 3a CN
|
0~ "NH,
4c
o OCH,
CHO <CN
H co©/ CN 7@ n 7
3a CN
|
0~ "NH,
4d
o}
CHO CN
@[ e 0 No, | 10 | 96
NO, CN
1e 2a 0 B
3a
0~ "NH,
4e
o NO,
O,N CHO <CN
\©/ CN 7@ 0 10 %
1f 3a | |
0~ "NH,
af
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o} NO,
CHO <CN
O,N o 2a o
3a CN
|
0~ "NH,
4g
o}
cl <CN
8 CHO N 7@ cl 12 96
2a o | CN
3
Th ? 0~ "NH,
4h
o}
CHO ¢l
9 Q/ o 13 | 9%
cl < o
1 CN
3a CN
2a | |
0~ "NH,
4i
Br
CHO i
CN
10 BQ <CN 7@ on
r . 2a o) | 12 95
i
3a 0~ NH,
4
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(0]
CHO <CN
1 1 4
3 ©/ CN @ Q 0 d
1a 2a e CN
3b |
0~ “NH,
4m
(6]
CH3 <CN
14 H 12
CHO CN fo) CH, 93
2a O CN
3b |
1b 0~ NH,
4n
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o) OCH;
CHO <CN
" HCO/©/ CN @ " *
: 1d 2a 0
3b CN
|
0~ "NH,
40
o)
Cl <CN
16 CHO N @ 12 95
2a 0
1h 3b
(0] Br
CHO CN
17 Q < @ 13 | 95
Br
1j 2a 0]
3b CN
||
0~ "NH,
4q
o)
NO, CN
cHO <CN NO, 10 96
18 2a (0] CN
3b |
1e 0~ "NH,
4r
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(0] NO,
CHO <CN
19 10 96
AT ii
2 1 2a 0] o
g 3b CN
|
0~ “NH,
4s

CHO COOEt
o (" |

17 | 93
1a 2b
CHO <CO0Et
21 @f on 15 | 94
1a 2b
CHO <CO0Et
22 Q on 15 | 95
Br

1j 2b
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(0]
CHO COOEt
/@ <o 16 | 9
23 O:N 2b O
19 3a
CHO COOEt 0
o<
24| F 2b 0 15 95
1m 3a

aReaction conditions: Benzaldehyde (1.0 mmol), malononitrile/ ethylcyanoacetatae (1.0 mmol), dimedone /
1,3 cyclohexanedione (1.0 mmol) and L-ascorbic acid in 5.0 mL water are placed under sunlight. ° Isolated
yield.

5.3 Mechanistic Study

Deep diving in to the path of reaction, few controlled experiment have been
performed in order to confirm whether the reaction proceed via solar thermal or solar
photochemical process. The reaction was carried out under dark reaction condition and
reaction temperature has been maintained similar as obtained under solar condition (35-40
°C) with 3 mol% of L-ascorbic acid in aqueous medium and it afforded the same product

(4a) (Scheme 5.2).
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o
CHO Dark condition
CN Ascorbic acid (3%)
+ <+ .
CN o HO0, A
1a 2a 3a 4a, 95%

Scheme 5.2: Control experiment under dark reaction condition.
Further a series of experiments using visible light of different intensities (8 W, 15 W,
20 W) have been performed on the model reaction and no product was obtained. Hence, it

rules out the possibility of photochemical reaction (Scheme 5.3, Table 5.3).

(o)

CHO CFL
©/ N <CN . Ascorbic acid — No reaction
CN (o] H,O,RT

1a 2a 3a

Scheme 5.3: Control experiment under visible light.

Table 5.3: Reaction under solar, thermal and photochemical condition?

Entry Reaction condition Time (min) Yield*%o
1 Solar energy 10 95
2 Dark condition, 35-40 °C 10 95
3 CFL (8W), RT 30 NR
4 CFL (15W), RT 30 NR
5 CFL (20W), RT 30 NR

aReaction conditions: Benzaldehyde (1.0 mmol), malononitrile (1.0 mmol), dimedone (1.0 mmol),
L-ascorbic acid ( 3 mol%) in water (5.0 mL). ® Isolated yield.
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Likewise, when model reaction was performed with radical scavengers like TEMPO
and BHT the same product (4a) was obtained in good yield and these results show that it is
not a radical reaction. This also support that the formation of tetrahydrobenzo[b]pyran
catalyzed by ascorbic acid in water is mediated by solar thermal energy and discard the

possibility of solar photochemical process (Scheme 5.4).

o o
H CN
©/C o CN L-Ascorbic acid, 3 mol% | |
+ +
<CN lo) Solar energy,Water lo) NH,
TEMPO
1a 2a 3a 4a, 95%

Scheme 5.4: Control experiment with TEMPO.

5.4 Plausible Reaction Mechanism

In the proposed mechanism (Scheme 5.5), aldehyde (1) first condenses with active
methylene compound (2) and producs a-cyanocinnamonitrile (A) via the Knoevenagel
condensation. Further, o-cyanocinnamonitrile (A) reacts with 1,3-diketone (3) give
intermediate B via Michael addition and finally enolization occurs, followed by amine-

enamine tautomarization to produce the expected product 4H-pyran (4).
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. Ascorbic acid

O
1
R =~ | H + <R
S CN
1 2
O O
R2 T ise R? “5/\
automarise
R? R2
o N

Scheme 5.5: Plausible reaction mechanism for the ascorbic acid assisted synthesis of
tetrahydrobenzo[b]pyran.

5.5 Gram Scale Synthesis of Tetrahydrobenzo[b]pyran

The reaction was tried on gram scale where 5.30 g of benzaldehyde (1a), 3.30 g of
malononitrile (2a) and 7.0 g of dimedone (3a) was successfully converted into desired
product (4a) in 13.0 g (90%) which evidently validates the practical applicability of the

established methodology (Scheme 5.6).
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CHO CN L-Ascorbic acid, 3 mol%
+ +
<CN (o) Solar energy,Water

50¢9 3.30¢g 7049

Scheme 5.6: Gram scale synthesis of tetrahydrobenzo[b]pyran.

5.6 Experimental Section

5.6.1 General procedure for the synthesis of compounds (4a-4x)

In a stoppered, flat-bottom flask charged with aromatic aldehyde derivatives (1.0
mmol), malononitrile/ethylcyanoacetate (1.0 mmol) dimedone/1,3-cyclohexanedione (1.0
mmol), L-ascorbic acid (3 mol%) and water (5 mL). The reaction mixture was kept in the
sunlight for 10 min. The progress of reaction was checked by thin-layer chromatography
(TLC). After completion of the reaction, solid product was filtered, dried and recrystallized

from hot ethanol to give pure product (4a-4x).

5.6.2 Gram-scale procedure

Benzaldehyde (1a) (5.30 g, 50.0 mmol), malononitrile (2a) (3.30 g 50.0 mmol),
dimedone (3a) (7.0 g, 50 mmol), L-ascorbic acid (3 mol%) and water were taken in flat-
bottom flask. The reaction mixture was kept in the sunlight for 10 min. The progress of the
reaction was monitored by TLC. After completion of reaction, solid product was filtered,

dried and recrystallized from hot ethanol to give pure product (4a).
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5.6.3 Procedure for the controlled experiment with TEMPO

In a stoppered, flat-bottom flask charged with benzaldehyde (1.0 mmol),
malononitrile (1.0 mmol), dimedone (1.0 mmol), TEMPO (3 mol%), L-ascorbic acid (3
mol%) and water. The reaction mixture was kept in the sunlight and the progress of
reaction was checked by thin-layer chromatography (TLC). After completion of the
reaction, solid product was filtered, dried and recrystallized from hot ethanol to give pure

product in 95% yield (4a).

5.7 Analytical Data

5.7.1 2-Amino-7,7-dimethyl-5-ox0-4-phenyl-5,6,7,8-tetrahydro-4H-chromene-3-carbo
nitrile (4a): White solid; yield 280 mg (95%); m.p. 228-229 °C; 'H NMR (500 MHz,
DMSO-ds) 6 (ppm): 7.26 (d, 2 H), 7.17 (d, 1H), 7.12 (d, 2H), 7.00 (s, 2H, DO
exchangeable), 4.15 (s, 1H), 2.50 (d, 2H), 2.24 (d, 1H), 2.09 (d, 1H), 1.02 (s, 3H), 0.94 (s,
3H); 3C NMR (126 MHz, DMSO-ds) & (ppm): 195.7, 162.5, 158.5, 144.7, 128.3, 127.1,
126.6, 119.7, 112.7, 58.3, 50.0, 39.3, 35.6, 31.8, 28.4, 26.8; Anal. Calcd for C1gH1sN202: C,

73.45; H, 6.16; N, 9.52. Found: C, 73.35; H, 6.14; N, 9.48.

5.7.2 2-Amino-7,7-dimethyl-5-oxo0-4-(o-tolyl)-5,6,7,8-tetrahydro-4H-chromene-3-carbo
nitrile (4b): White solid; yield 289 mg (93%); m.p. 211-212 °C; *H NMR (500 MHz,

DMSO-ds)  (ppm): 7.09 (d, 2H), 7.04 (s, 1H), 6.95 (s, 2H), 6.93 (s, 1H, D20
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exchangeable), 4.46 (s, 1H), 2.52 (d, 2H), 2.46 (s, 3H), 2.24 (d, 1H), 2.06 (d, 1H), 1.04 (s,
3H), 0.96 (s, 3H); *C NMR (126 MHz, DMSO-ds) 6 (ppm): 195.9, 162.6, 158.3, 143.6,
134.8, 130.0, 127.3, 126.5, 126.3, 119.8, 113.5, 58.3, 50.0, 31.9, 30.9, 28.5, 26.8, 19.1;

Anal. Calcd for C19H20N202: C, 74.00; H, 6.54; N 9.08. Found: C, 73.89; H, 6.53; N, 9.04.

5.7.3 2-Amino-7,7-dimethyl-5-oxo-4-(p-tolyl)-5,6,7,8-tetrahydro-4H-chromene-3-carbo
nitrile (4c): Yellow solid; yield 283 mg (92%); m.p. 218-219 °C; *H NMR (500 MHz,
DMSO-ds) 0 (ppm): 7.09 (d, 2H), 7.02 (d, 2H), 6.98 (s, 2H, D-O exchangeable), 4.13 (s,
1H), 2.51 (d, 2H), 2.25 (s, 4H), 2.09 (d, 1H), 1.04 (s, 3H), 0.95 (s, 3H); 3C NMR (126
MHz, DMSO-ds) & (ppm): 195.6, 162.3, 158.4, 141.8, 135.6, 128.9, 127.1, 119.7, 112.8,
58.4, 50.0, 35.2, 31.8, 28.4, 26.7, 20.6; Anal. Calcd for C19H20N203: C, 70.35; H, 6.21; N,

8.64. Found: C, 70.19; H, 6.17; N, 8.59.

574  2-Amino-4-(4-methoxyphenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4H-chro
mene-3-carbonitrile (4d): Yellow solid; yield 295 mg (91%); m.p. 200-202 °C;
IH NMR (500 MHz, DMSO-ds) & (ppm): 7.05 (d, 2H), 6.94 (s, 2H), 6.84 (d, 2H, D20
exchangeable), 4.12 (s, 1H), 3.70 (s, 3H), 2.49 (d, 2H), 2.24 (d, 1H), 2.08 (d, 1H), 1.02 (s,
3H), 0.94 (s, 3H); 13C NMR (126 MHz, DMSO-ds) & (ppm): 196.2, 162.6, 158.8, 158.3,
137.3, 128.6, 120.2, 114.1, 113.4, 59.0, 55.4, 50.4, 35.2, 32.2, 28.8, 27.2; Anal. Calcd for

C19H20N203: C, 70.35; H, 6.21; N, 8.64. Found: C, 70.19; H, 6.17; N, 8.59.
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5.7.5 2-Amino-7,7-dimethyl-4-(2-nitrophenyl)-5-o0xo0-5,6,7,8-tetrahydro-4H-chromene-
3-carbonitrile (4e): Yellow solid; yield 326 mg (96%); m.p. 229-230 °C; 'H NMR (500
MHz, DMSO-ds) § (ppm): 7.81 (d, 1H), 7.66 (t, 1H), 7.42 (t, 1H), 7.35 (d, 1H), 7.20 (s,
2H,D-0 exchangeable), 4.93 (s, 1H), 2.45 (d, 2H), 2.20 (d, 1H), 2.01 (d, 1H), 1.01 (s, 3H),
0.88 (s, 3H); 3C NMR (126 MHz, DMSO-ds) J (ppm): 195.8, 165.1, 158.5, 152.3, 146.2,
128.5, 123.6, 119.3, 112.7, 56.8, 40.0, 36.2, 35.5, 26.5, 19.7; Anal. Calcd for C1gH17N3O4:

C, 63.71; H, 5.05; N, 12.38. Found: C, 63.54; H, 5.01; N, 12.34.

5.7.6 2-Amino-7,7-dimethyl-4-(3-nitrophenyl)-5-oxo0-5,6,7,8-tetrahydro-4H-chromene-
3-carbonitrile (4f): Yellow solid; yield 326 mg (96%); m.p. 213-214 °C; 'H NMR (500
MHz, DMSO-ds) J (ppm): 8.11 — 8.05 (m, 1H), 7.98 (s, 1H), 7.67 (d, 1H), 7.62 (d, 1H),
7.18 (s, 2H, D20 exchangeable), 4.42 (s, 1H), 2.57 (d, 2H), 2.27 (d, 1H), 2.12 (d, 1H), 1.04
(s, 3H), 0.96 (s, 3H); 13C NMR (126 MHz, DMSO-ds) & (ppm): 195.7, 163.1, 158.6, 147.7,
147.0, 134.2, 130.2, 121.7, 121.6, 119.3, 111.7, 57.2, 49.8, 35.4, 31.8, 28.3, 26.7; Anal.

Calcd for C18H17N304: C, 63.71; H, 5.05; N, 12.38. Found: C, 63.56; H, 5.02; N, 12.31.

5.7.7 2-Amino-7,7-dimethyl-4-(4-nitrophenyl)-5-0xo0-5,6,7,8-tetrahydro-4H-chromene
-3-carbonitrile (4g): Yellow solid; yield 329 mg (97%); m.p. 183-184 °C; 'H NMR (500
MHz, DMSO-dg) 0 (ppm): 8.17 (d, 2H), 7.44 (d, 2H), 7.18 (s, 2H, D20 exchangeable), 4.36
(s, 1H), 2.54 (s, 2H), 2.26 (d, 1H), 2.11 (d, 1H), 1.04 (s, 3H), 0.96 (s, 3H); 3C NMR (126

MHz, DMSO-dg) ¢ (ppm): 195.7, 163.1, 158.6, 152.3, 146.2, 128.6, 123.6, 119.3, 111.7,
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57.0, 49.8, 35.6, 31.8, 28.2, 26.9; Anal. Calcd for C1sH17N3O4: C, 63.71; H, 5.05; N, 12.38.

Found: C, 63.53; H, 5.03; N, 12.32

5.7.8 2-Amino-4-(2-chlorophenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4H-chromene
-3-carbonitrile (4h): White solid; vyield 316 mg (96%); m.p. 212-214 °C;
IH NMR (500 MHz, DMSO-ds) J (ppm): 7.33 (d, 1H), 7.24 (t, 1H), 7.15 (dd, 2H), 7.00 (s,
2H, DO exchangeable), 4.66 (s, 1H), 2.47 (s, 2H), 2.22 (d, 1H), 2.04 (d, 1H), 1.01 (s, 3H),
0.94 (s, 3H); 13C NMR (126 MHz, DMSO-ds) & (ppm): 195.8, 163.3, 158.8, 141.6, 132.2,
130.0, 129.5, 128.3, 127.5, 119.4, 111.8, 56.9, 50.0, 40.0, 32.9, 31.8, 28.5, 26.9. Anal.

Calcd for C18H17CIN2O2: C, 65.75; H, 5.21; N, 8.52. Found: C, 65.61; H, 5.18; N, 8.48.

5.7.9 2-Amino-4-(4-chlorophenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4H-chromene
-3-carbonitrile (4i): White solid; yield 316 mg (96%); m.p. 202-204 °C; 'H NMR (500
MHz, DMSO-dg) ¢ (ppm): 7.35 (d, 2H), 7.17 (d, 2H), 7.07 (s, 2H, D20 exchangeable), 4.20
(s, 1H), 2.51 (d, 2H), 2.25 (d 1H), 2.11 (d, 1H), 1.04 (s, 3H), 0.95 (s, 3H); 3C NMR (126
MHz, DMSO-dg) ¢ (ppm): 196.1, 163.0, 158.9, 144.2, 131.5, 129.5, 128.7, 120.0, 112.8,
58.2, 50.4, 32.2, 28.7, 27.3; Anal. Calcd for CigH17CIN2O2: C, 65.75; H, 5.21; N 8.52.
Found: C, 65.59; H, 5.17; N, 8.46.

5.7.10 2-Amino-4-(4-bromophenyl)-7,7-dimethyl-5-oxo0-5,6,7,8-tetrahydro-4H-chromene

-3-carbonitril (4j): Yellow solid; yield 355 mg (95%); m.p. 202-203 °C; 'H NMR (500
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MHz, DMSO-ds) ¢ (ppm): 7.27 (d, 2H), 7.13 (d, 2H), 7.00 (s, 2H, D.O exchangeable), 4.16
(s, 1H), 2.50 (s, 2H), 2.23 (s, 1H), 2.11 (s, 1H), 1.03 (s, 3H), 0.94 (s, 3H); 23C NMR (126
MHz, DMSO-ds) ¢ (ppm): 196.1, 162.9, 158.9, 145.2, 128.8, 127.6, 127.0, 120.2, 113.1,
58.7, 50.4, 36.0, 32.2, 28.8, 27.2; Anal. Calcd for C1sH17BrN202: C, 57.92; H, 4.59; N, 7.5.

Found: C, 57.74; H, 4.54; N, 7.45.

5.7.11 2-Amino-4-(furan-2-yl)-7,7-dimethyl-5-ox0-5,6,7,8-tetrahydro-4H-chromene-3-
carbonitrile (4k): Brown solid; yield 268 mg (94%); m.p. 223-225 °C; 'H NMR (500
MHz, DMSO-dg) J (ppm): 7.47 (d, 1H), 7.06 (s, 2H, D20 exchangeable), 6.32 (s, 1H), 6.05
(s, 1H), 4.32 (s, 1H), 2.50 — 2.49 (m, 2H), 2.28 (d, 1H), 2.16 (d, 1H), 1.04 (s, 3H), 0.98 (s,
3H); 3C NMR (126 MHz, DMSO-ds) & (ppm): 195.4, 163.3, 159.3, 155.7, 141.8, 141.6,
119.5, 110.3, 55.4, 49.9, 31.8, 29.0, 28.2, 26.5; Anal. Calcd for C16H16N203: C, 67.59;

H, 5.67; N, 9.85. Found: C, 67.4; H, 5.63; N, 9.81.

5.7.12 2-Amino-7,7-dimethyl-4-(naphthalen-2-yl)5-0x0-5,6,7,8-tetrahydro-4H-chromene
-3-carbonitrile (41): Cream solid; yield 320 mg (93%); m.p. 258-259 °C; 'H NMR (500
MHz, DMSO-ds) § (ppm): 7.89 (d, 1H), 7.85 (d, 2H), 7.67 (s, 1H), 7.48 (t, 2H), 7.28 (d, 1H),
7.07 (s, 2H, D20 exchangeable), 4.36 (s, 1H), 2.55 (s, 2H), 2.26 (d, 1H), 2.08 (d, 1H), 1.04
(s, 3H), 0.96 (s, 3H); 13C NMR (126 MHz, DMSO-ds) & (ppm): 195.7, 162.6, 158.5, 142.0,

132.8, 132.0, 128.1, 127.6, 127.4, 126.2, 125.7, 125.6, 125.5, 119.7, 112.5, 58.1, 50.0, 39.1,
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31.8, 28.4, 26.7; Anal. Calcd for C22H20N202: C, 76.72; H, 5.85; N, 8.13. Found: C, 76.54;

H, 5.81; N, 8.10.

5.7.13 2-Amino-5-0xo-4-phenyl-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile (4m):
White solid; yield 251 mg (94%); m.p. 241-243 °C; 'H NMR (500 MHz, DMSO-d¢) &
(ppm): 7.29 (dd, 2H), 7.21 — 7.17 (m, 1H), 7.17 — 7.14 (m, 2H), 7.00 (s, 2H, D.O
exchangeable), 4.19 (s, 1H), 2.62 (s, 2H), 2.27 (dt, 2H), 1.95 (s, 2H); 13C NMR (126 MHz,
DMSO-ds) § (ppm): 196.1, 164.7, 158.6, 144.9, 128.52, 127.2, 126.7, 119.9, 113.9, 48.7,
36.4, 35.5, 26.6, 19.9; Anal. Calcd for C16H14N202: C, 72.16; H, 5.30; N, 10.52. Found: C,

71.96; H, 5.27; N, 10.48.

5.7.14 2-Amino-5-0x0-4-(o-tolyl)-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile (4n):
White solid; yield 261 mg ( 93%); m.p. 198-200 °C; 'H NMR (500 MHz, DMSO-ds) ¢
(ppm): 7.13 — 7.08 (m, 2H), 7.05 (dd, 1H), 6.96 (d, 1H), 6.93 (s, 2H), 4.47 (s, 1H), 2.67 —
2.57 (m, 2H), 2.46 (s, 3H), 2.32 — 2.19 (m, 2H), 1.99 — 1.85 (m, 2H); 3C NMR (126 MHz,
DMSO-ds) 0 (ppm): 195.9, 164.4, 158.2, 143.6, 134.7, 129.8, 127.3, 126.4, 126.1, 114.5,
58.1, 36.3, 31.0, 26.4, 19.8, 19.0; Anal. Calcd for C17H1sN202: C, 72.84; H, 5.75; N, 9.99.

Found: C, 72.69; H, 5.71; N, 9.94.

5.7.15 2-Amino-4-(4-methoxyphenyl)-5-ox0-5,6,7,8-tetrahydro-4H-chromene-3-carbo
nitrile (40): White solid; yield 273 mg (92%); m.p. 194-196 °C; 'H NMR (500 MHz,

DMSO-dg) 6 (ppm): 7.08 — 7.05 (m, 2H), 6.95 (s, 2H), 6.83 (d, 2H, D20 exchangeable),
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4.14 (s, 1H), 3.71 (s, 3H), 2.59 (dd, 2H), 2.32 — 2.21 (m, 2H), 1.98 — 1.84 (m, 2H);
13C NMR (126 MHz, DMSO-dg) 6 (ppm): 195.8, 164.1, 158.4, 157.9, 136.9, 128.1, 119.8,
114.0, 113.6, 58.4, 55.0, 36.3, 34.6, 26.4, 19.8; Anal. Calcd for C17H1sN2O3: C, 68.91; H,

5.44; N, 9.45. Found: C, 68.71; H, 5.40; N, 9.40.

5.7.16 2-Amino-4-(2-chlorophenyl)-5-0xo0-5,6,7,8-tetrahydro-4H-chromene-3-carbo
nitrile (4p): White solid; yield 286 mg (95%); m.p. 210-212 °C; 'H NMR (500 MHz,
DMSO-dg) & (ppm): 7.37 — 7.35 (m, 1H), 7.28 — 7.24 (m, 1H), 7.19 (dd, 2H), 7.01 (s, 2H,
D20 exchangeable), 4.71 (s, 1H), 2.62 (dd, 2H), 2.32 — 2.19 (m, 2H), 2.32 — 2.21 (m, 2H);
13C NMR (126 MHz, DMSO-de) & (ppm): 195.6, 165.0, 164.0, 158.5, 141.7, 132.0, 129.8,
129.3, 128.1, 127.5, 119.2, 112.8, 56.8, 36.3, 32.6, 26.4, 19.8; Anal. Calcd for

C16H13CIN202: C, 63.90; H, 4.36; N, 9.31. Found: C, 63.71; H, 4.33; N, 9.27.

5.7.17  2-Amino-4-(4-bromophenyl)-5-0x0-5,6,7,8-tetrahydro-4H-chromene-3-carbo
nitrile (4q): White solid; yield 328 mg (95%); m.p. 239-240 °C; *H NMR (500 MHz,
DMSO-dg) 0 (ppm): 7.46 (d, 2H), 7.12 (dd, 2H), 7.02 (s, 2H, D20 exchangeable), 4.19 (s,
1H), 2.59 (dd, 2H), 2.33 — 2.20 (m, 2H), 2.00 — 1.81 (m, 2H); 3C NMR (126 MHz,
DMSO-ds) 0 (ppm): 196.1, 164.8, 158.6, 144.3, 131.3, 129.6, 119.7, 113.4, 57.8, 36.4, 35.2,
26.6, 19.9; Anal. Calcd for C16H13BrN202: C, 55.67; H, 3.80; N, 8.12. Found: C, 55.49; H,

3.76; N, 8.08.
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5.7.18 2-Amino-4-(2-nitrophenyl)-5-oxo-5,6,7,8-tetrahydro-4H-chromene-3-carbo
nitrile (4r): Yellow solid; yield 299 mg (96%); m.p. 206-208 °C; *H NMR (500 MHz,
DMSO-ds) ¢ (ppm): 8.16 (d, 2H), 7.46 (d, 2H), 7.17 (s, 2H, D2O exchangeable), 4.36
(s, 1H), 2.63 (t, 2H), 2.28 (d, 2H), 1.99 — 1.87 (m, 2H); 3C NMR (126 MHz, DMSO-ds) 6
(ppm): 195.8, 165.1, 158.5, 152.3, 146.2, 128.5, 123.6, 119.3, 112.7, 56.8, 36.2, 35.5, 26.5,
19.7; Anal. Calcd for C16H13N3O4: C, 61.73; H, 4.21; N, 13.50. Found: C, 61.54; H, 4.18;

N, 13.46.

5.7.19 2-Amino-4-(4-nitrophenyl)-5-oxo0-5,6,7,8-tetrahydro-4H-chromene-3carbonitrile
(4s): Light yellow solid; yield 299 mg (96%); m.p. 237-238 °C; 'H NMR (500 MHz,
DMSO-dg) ¢ (ppm): 8.16 (d, 2H), 7.46 (d, 2H), 7.17 (s, 2H, D.O exchangeable), 4.36 (s,
1H), 2.63 (dd, 2H), 2.28 (dd, 2H), 1.99 — 1.88 (m, 2H); 3C NMR (126 MHz, DMSO-ds) &
(ppm): 195.8, 165.1, 158.5, 152.3, 146.2, 128.5, 123.6, 119.3, 112.7, 56.8, 36.2, 35.5, 26.5,
19.7; Anal. Calcd for C16H13N304: C, 61.73; H, 4.21; N, 13.50. Found: C, 61.53; H, 4.19; N,

13.47.

5.7.20 Ethyl 2-amino-5-oxo-4-phenyl- 5,6,7,8-tetrahydro-4H-chromene-3-carboxylate
(4t): White solid; yield 292 mg (93%); m.p. 183-184 °C; *H NMR (500 MHz, CDCls) ¢
(ppm): 7.21 —7.18 (m, 2H), 7.13 (t, 2H), 7.04 (s, 1H), 6.11 (s, 2H, D20 exchangeable), 4.66
(s, 1H), 3.95 (dd, 2H), 2.54 — 2.43 (m, 2H), 2.26 (dt, 2H), 1.97 — 1.83 (m, 2H), 1.07 (t, 3H);

13C NMR (126 MHz, CDClIs) 6 (ppm): 196.6, 169.2, 163.1, 158.4, 146.1, 128.3, 127.9,
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126.1, 118.2, 80.9, 59.8, 37.0, 33.9, 27.1, 20.3, 14.3; Anal. Calcd for C1sH19NOa: C, 68.99;

H, 6.11; N, 4.47. Found: C, 68.81; H, 6.07; N, 4.42.

5.7.21 Ethyl 2-amino-7,7-dimethyl-5-oxo-4-phenyl-5,6,7,8-tetrahydro-4H-chromene-3-
carboxylate (4u): White solid; yield 321 mg (94%); m.p. 155-157 °C; 'H NMR (500 MHz,
CDCls) 6 (ppm): 7.32 — 7.29 (m, 2H), 7.25 (t, 2H), 7.15 (s, 1H), 6.22 (s, 2H, D20
exchangeable), 4.75 (s, 1H), 4.08 (dd, 2H), 2.47 (s, 2H), 2.26 (s, 1H), 2.22 (s, 1H), 1.21 (s,
3H), 1.14 (s, 3H), 1.02 (s, 3H); 3C NMR (126 MHz, CDCl3) 6 (ppm): 196.5, 169.2, 161.4,
158.4, 145.9, 128.3, 127.9, 126.1, 116.9, 80.9, 59.8, 50.8, 40.8, 33.9, 32.3, 29.2, 27.5, 14.3;

Anal. Calcd for C20H23NO4: C, 70.36; H, 6.79; N, 4.10. Found: C, 70.15; H, 6.77; N, 4.06.

5.7.22 Ethyl 2-amino-4-(4-bromophenyl)-5-0xo0-5,6,7,8-tetrahydro-4H-chromene-3-
carboxylate (4v): White solid; yield 399 mg (95%); m.p. 161-162 °C; *H NMR (500 MHz,
CDCI3) ¢ (ppm): 7.32 (d, 2H), 7.14 (d, 2H), 6.18 (s, 2H, D20 exchangeable), 4.65 (s, 1H),
4.02 (dd, 2H), 2.45 — 2.38 (m, 2H), 2.22 (d, 1H), 2.17 (s, 1H), 1.15 (t, 3H), 1.09 (s, 3H), 0.96
(s, 3H); 3C NMR (126 MHz, CDCls) § (ppm): 196.5, 169.0, 161.6, 158.4, 145.0, 130.9,
130.2, 119.9, 116.4, 80.4, 59.9, 50.8, 40.7, 33.6, 32.3, 29.2, 27.5, 14.3; Anal. Calcd for

C20H22BrNOg4: C, 57.15; H, 5.28; N, 3.33. Found: C, 56.94; H, 5.24; N, 3.30.

5.7.23 Ethyl 2-amino-7,7-dimethyl-4-(4-nitrophenyl)-5-oxo-5,6,7,8-tetrahydro-4H-
chromene-3-carboxylate (4w): Yellow solid; yield 371 mg (96%); m.p. 181-182 °C;

IH NMR (500 MHz, CDCls) 6 (ppm): 8.13-8.03 (m, 2H), 7.46-7.41 (m, 2H), 6.26 (s, 2H,
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D>0 exchangeable), 4.79 (s, 1H), 4.02 (dd, 2H), 2.49 — 2.39 (m, 2H), 2.24 (d, 1H), 2.15 (d,
1H), 1.13 (t, 3H), 1.11 (s, 3H), 0.96 (s, 3H); 13C NMR (126 MHz, CDCl3) & (ppm): 196.3,
168.7, 162.1, 158.5, 153.5, 146.4, 129.3, 123.3, 115.7, 79.5, 60.0, 50.7, 40.8, 34.4, 32.4,
29.2, 27.4, 14.3; Anal. Calcd for C20H22N206: C, 62.17; H, 5.74; N, 7.25. Found: C, 61.96;

H, 5.70; N, 7.19.

5.7.24 Ethyl 2-amino-4-(4-fluorophenyl)-7,7-dimethyl-5-ox0-5,6,7,8-tetrahydro-4H-
chromene-3-carboxylate (4x): Yellow solid; yield 341 mg (95%); m.p. 160-161 °C;
IH NMR (500 MHz, CDCl3) J (ppm): 7.23 — 7.19 (m, 2H), 6.88 (t, 2H), 6.17 (s, 2H, D20
exchangeable), 4.68 (s, 1H), 4.03 (dd, 2H), 2.42 (s, 2H), 2.23 (d, 1H), 2.15 (d,1H), 1.14 (t,
3H), 1.09 (s, 3H), 0.96 (s, 3H); *C NMR (126 MHz, CDCls) 5 (ppm): 196.5, 169.1, 162.3,
161.4, 160.4, 158.4, 141.7, 141.7, 129.8, 129.7, 116.8, 114.7, 114.5, 80.8, 59.8, 50.8, 40.8,
33.3,32.3, 29.2, 27.5, 14.3. Anal. Calcd for C20H22FNO4: C, 66.84; H, 6.17; N, 3.90. Found:

C, 66.71; H, 6.13; N, 3.85.
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5.8 Spectral Data of 4a
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Figure 5.3: 13C NMR spectra of model compound 4a.

Department of Chemistry 11T (BHU), Varanasi Page 186



Chapter 5

5.9 References

Anandgaonker, P. L., S. Jadhav, S. T. Gaikwad and A. S. Rajbhoj, "Nanosized TiO; as a
Recyclable Heterogeneous Catalyst for the Synthesis of Tetrahydrobenzo[b]pyran

Derivatives," Journal of cluster science, 25(2) (2014) 483-493.

Arvind, D., Rohit, N. M. Thorat and S. R. Thopate, "L-ascorbic acid: A green and
competent promoter for solvent-free synthesis of flavones and coumarins under
conventional as well as microwave heating,” Letters in Organic Chemistry, 13 (10) (2016)

734-741.

Beagley, P., M. A. Blackie, K. Chibale, C. Clarkson, R. Meijboom, J. R. Moss, P. J. Smith
and H. Su, "Synthesis and antiplasmodial activity in vitro of new ferrocene—

chloroquine analogues,” Dalton Transactions, 15(2003) 3046-3051.

Bhattacharyya, P., K. Pradhan, S. Paul and A. R. Das, "Nano crystalline ZnO catalyzed one
pot multicomponent reaction for an easy access of fully decorated 4H-pyran scaffolds and
its rearrangement to 2-pyridone nucleus in aqueous media,” Tetrahedron Letters, 53(35)

(2012) 4687-4691.

Biot, C., G. Glorian, L. A. Maciejewski, J. S. Brocard, O. Domarle, G. Blampain and P.
Millet, "Synthesis and antimalarial activity in vitro and in vivo of a new ferrocene

chloroquine analogue,” Journal of medicinal chemistry, 40(23) (1997) 3715-3718.

Department of Chemistry 11T (BHU), Varanasi Page 187



Chapter 5

Bolognese, A., G. Correale, M. Manfra, A. Lavecchia, O. Mazzoni, E. Novellino, P. L.
Colla, G. Sanna and R. Loddo, "Antitumor agents.3.Design, synthesis, and biological
evaluation of new pyridoisoquinolindione and dihydrothienoquinolindione derivatives with

potent cytotoxic activity," Journal of medicinal chemistry, 47(4) (2004) 849-858.

Bonsignore, L., G. Loy, D. Secci and A. Calignano,"Synthesis and pharmacological activity
of 2-oxo-(2H)1-benzopyran-3-carboxamide derivatives,” European Journal of Medicinal

Chemistry, 28(6) (1993) 517-520.

Cannon, J. G., P. R. Khonje and J. P. Long, "Centrally acting emetics. 9. Hofmann and
Emde degradation products of nuciferine,"Journal of medicinal chemistry, 18(1) (1975)

110-112.

Das, S. K., P. Bhattacharjee and U. Bora,"Ascorbic Acid as a Highly Efficient
Organocatalyst for ipso-Hydroxylation of Arylboronic Acid,” ChemistrySelect, 3(7) (2018)

2131-2134.

Dekamin, M. G. and M. Eslami, "Highly efficient organocatalytic synthesis of diverse and
densely functionalized 2-amino-3-cyano-4H-pyrans under mechanochemical ball milling,"

Green Chemistry, 16(12) (2014) 4914-4921.

Fallah-S, A., K. Tabatabaeian, F. Shirini and S. Z. Hejazi, "Multi- walled carbon nanotube
supported FezOs NPs: an efficient and reusable catalyst for the one-pot synthesis of 4H-

pyran derivatives,” RSC Advances, 4(19) (2014) 9509-9516.

Department of Chemistry 11T (BHU), Varanasi Page 188



Chapter 5

Fokialakis, N., P. Magiatis, I. Chinou, S. Mitaku and F. Tillequin, "Megistoquinones | and
Il two quinoline alkaloids with antibacterial activity from the bark of Sarcomelicope

megistophylla,” Chemical and pharmaceutical bulletin, 50(3) (2002) 413-414.

Gao, S., C. H. Tsai, C. Tseng and C.-F. Yao, "Fluoride ion catalyzed multicomponent
reactions for efficient synthesis of 4H-chromene and N-arylquinoline derivatives in

aqueous media,” Tetrahedron, 64(38) (2008) 9143-9149.

Gawande, M. B.,V. D. B. Boniféacio, R. Luque, P. S. Branco and R. S. Varma, "Benign by
design: catalyst-free in-water, on-water green chemical methodologies in organic

synthesis," Chemical Society Reviews, 42(12) (2013) 5522-5551.

Hari, G. S. and Y. R. Lee, "Efficient one-pot synthesis of spirooxindole derivatives by
ethylenediamine diacetate catalyzed reactions in water," Synthesis, 2010(03) (2010) 453-

464.

Hatamjafari, F., "Glutamic Acid as an Environmentally Friendly Catalyst for One-Pot
Synthesis of 4H-Chromene Derivatives and Biological Activity,"” Journal of Chemical

Health Risks, 6(2) (2016)133-142.

Heydari, R., R. Rahimi, M. Kangani, A. Y.i-Elah-Abadi and M. Lashkari, "K2CO3z: A Mild
and Efficient Catalyst for the Synthesis of Pyran Annulated Heterocyclic Systems by
Grinding Method Under Solvent-Free Conditions,” Acta Chemica lasi, 25(2) (2017) 163-

178.

Department of Chemistry 11T (BHU), Varanasi Page 189



Chapter 5

Kumavat P. P., A. D. Jangale, D. R. Patil, K. S. Dalal, J. S. Meshram and D. S. Dalal,
"Green synthesis of symmetrical N,N’-disubstituted thiourea derivatives in water using

solar energy," Environmental chemistry letters, 11(2) (2013) 177-182.

Lindstrom, U. M., ed. Organic reactions in water: principles, strategies and applications.

John Wiley & Sons, 2008.

La, C.-W., J.-J. Wang, F. Li, S.-J. Yuand Y. An, "Efficient synthesis of 2- amino-3-cyano-
4H-pyran derivatives via a non-catalytic one-pot three -component reaction," Research on

Chemical Intermediates, 44 (2) (2018) 1035-1043.

Mohammadi, A. A., M. R. Asghariganjeh and A. Hadadzahmatkesh, "Synthesis of
tetrahydrobenzo[b]pyran under catalysis of NHsAI(SO4)2 12H20 (Alum), " Arabian journal

of Chemistry, 10(2017) S2213-S2216.

Morgan, L. R., B. S. Jursic, C. L. Hooper, D. M. Neumann, K. Thangaraj and B. L. Blanc,
"Anticancer activity for 4, 4’-dihydroxybenzophenone-2, 4-dinitrophenylhydrazone (A-007)
analogues and their abilities to interact with lymphoendothelial cell surface markers,"

Bioorganic & medicinal chemistry letters, 12(23) (2002) 3407-3411.

Smith, C. W., J. M. Bailey, M. E. J. Billingham, S. Chandrasekhar, C. P. Dell, A. K.
Harvey, C. A. Hicks, A. E. Kingston and G. N. Wishart, "The anti-rheumatic potential of a
series of 2,4-di-substituted-4H-naphtho[1,2-b]pyran-3-carbonitriles,” Bioorganic &

Medicinal Chemistry Letters, 5(23) (1995) 2783-2788.

Department of Chemistry 11T (BHU), Varanasi Page 190



Chapter 5

Tahmassebi, D., J. A. Bryson and S. I. Binz, "1,4-Diazabicyclo [2.2.2] octane as an
efficient catalyst for a clean, one-pot synthesis of tetrahydrobenzo[b]pyran derivatives via
multicomponent reaction in aqueous media,” Synthetic Communications, 41(18) (2011)

2701-2711.

Tanabe, A., H. Nakashima, O. Yoshida, N. Yamamoto, O. Tenmyo and T. OKki, "Inhibitory
effect of new antibiotic, pradimicin a on infectivity, cytopathic effect andreplication of

human immunodefi-ciency virus in vitro," J Antibiot, 41(11) (1988) 1708-1710.

Wagh, Y. B., Y. A. Tayade, S. A. Padvi, B. S. Patil, N. B. Patil and D. S. Dalal, "A cesium
fluoride promoted efficient and rapid multicomponent synthesis of functionalized 2-amino-
3-cyano-4H-pyran and spirooxindole derivatives," Chinese Chemical Letters, 26(10) (2015)

1273-1277.

Wanzheng, M. A., A. G. Ebadi, R. Javahershenas and G. Jimenez, "One-pot synthesis of
2-amino-4H-chromene derivatives by MNPs@Cu as an effective and reusable magnetic

nanocatalyst,”" RSC Advances, 9(23) (2019) 12801-12812.

Xiong, X., C. Yi, X. Liao and S. Lai, "An Effective One-Pot Access to 2-Amino-4H-benzo
[b]pyrans and 1,4-Dihydropyridines via y-Cyclodextrin-Catalyzed Multi-Component
Tandem Reactions in Deep Eutectic Solvent," Catalysis Letters, 149(6) (2019) 1690-1700.
Ye, Z., R. Xu, X. Shao, X. Xu and Z. Li, "One-pot synthesis of poly functionalized 4H-

pyran derivatives bearing fluorochloro pyridyl moiety," Tetrahedron Letters, 51(38) (2010)
4991-4994,

Department of Chemistry 11T (BHU), Varanasi Page 191



Chapter 5

Yoon, T. P., M. A. Ischay and J. Du, "Visible light photocatalysis as a greener approach to

photochemical synthesis," Nature chemistry, 2(7) (2010) 527-532.

Ziarani, G. M., A. Abbasi, A. Badiei and Z. Aslani, "An efficient synthesis of
tetrahydrobenzo[b]pyran derivatives using sulfonic acid functionalized silica as an efficient

catalyst,” Journal of Chemistry, 8(1) (2011) 293-299.

Zonouz, A. M., S. Okhravi and D. Moghani, "Ammonium acetate as a catalyst and/or
reactant in the reaction of dimedone, aromatic aldehyde, and malononitrile: synthesis of
tetrahydrobenzo[b]pyrans and hexahydroquinolines,” Monatshefte fiir Chemie, 147

(10) (2016) 1819-1824.

Department of Chemistry 11T (BHU), Varanasi Page 192



