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ABSTRACT

Chromene derivatives are naturally occurring heterocyclic compounds used as cosmetic agents, food additives, and
potential biodegradable agrochemicals. Normally, its synthesis is carried out with three component/substrates with a
suitable base. Dendrimer with amine functionality has several applications in catalysis, more specifically, dendrimers
having enriched amino groups with accessible void makes a significant impact in base catalysis. Moreover, polar
periphery of the dendrimers may enhance the solubility of material in the reaction medium. Therefore, herein we report
the base catalytic efficiency of magnetite nanoparticle supported polyamine dendrimer with enriched amine groups and
peripheral carboxyl groups. Actually, magnetite supported polyamine dendrimer synthesis involves the synthesis of
PAMAM G3 on magnetite nanoparticle core, followed by reduction of amide group with subsequent functionalization of
carboxylic acid terminals. Further, it is used as versatile polyvalent base for the synthesis of chromene derivatives. The
magnetite supported dendritic scaffold has accessible voids and polar periphery which enables them dispersible in the
reaction medium. The recycle efficiency study confirms, the competency of the material to work in industrial catalysis.
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1. Introduction

Dendrimers such as PAMAM, PPI, PEI, DPA, PEG, etc., were
employed as base catalyst in condensation reactions™, addition
reactions?l, hydrogenation reactions® and many more. Amine
enriched dendrimers emerged as base catalyst to wide variety of
reactions such as aldol condensation and Michael addition reaction.
PAMAM dendrimer are widely employed, as they can be easily tunable
to synthesis other class of dendrimers. The peripheral amine groups
and the interior amide groups can be modified and utilized as catalyst.
Chromenes are important class of compound with biological
significance such as anticoagulant, antifungal, antiglycemic,
antioxidant, etc.*%l, Several supported base catalysts such as
NiosZnosFe.Os@hydroxyapatite®, Fe;0,@D-NHx-HPA dendrimer!™,
Poly lonic Liquid Functionalized Mn (1), 1-Methylimidazolium
tricyanomethanidel, piperazine@graphene oxide hydrotalcite,
Fes04tt 14, Fes04@SiO,-NH2, MgOM™, etc., have been reported for
the synthesis of chromene derivatives. Hence, structurally modified
PAMAM dendrimer with enriched amino groups on silica coated
magnetite nanoparticle can serve as a base catalyst for the synthesis of
chromene derivatives, a biologically important compound for various
applications.



Therefore, we have developed a simple strategy to synthesis and structurally modify the PAMAM to
afford polyamine dendrimer with increased nitrogen content as well as the amphiphilic nature which will be
more competent than the existing PAMAM in the high throughput applications!®®l. This newly developed
magnetic dendrimer material with enriched active amino groups and carboxylic acid groups will show
remarkable efficiency as catalyst in the synthesis of chromene derivatives

2. Materials and methods

All the reagents and solvents were purchased from commercial sources. Ferrous sulphate heptahydrate
(98%), anhydrous ferric chloride (98%), acrylonitrile (99%), sodium metal was purchased from Spectrochem.
Oleic acid, Polyvinylpyrrolidone (Mol. Wt. 40,000 Da) were purchased from LOBA. Tetraethoxysilane (TEOS,
98%), 3-aminopropyltriethoxysilane (APTES, 98%) were purchased from Alfa Aesar. Methylacrylate (99%)
and sodium metal was purchased from Spectrochem. Lithium aluminum hydride (LAH, powder reagent, 95%)
was purchased from Sigma Aldrich. Solvents such as methanol, ethanol, THF, toluene (HPLC grade), DCM,
DMF were purchased from Fischer, THF and DCM were distilled and used. Deionized water has been used
for the reactions wherever is applicable. All the reactions were carried out using Remi digital overhead stirrer
with digital rpm controller provided with Teflon blade.

2.1. Synthesis of magnetite cored polyamine dendrimer catalyst

Magnetite core dendrimer template was synthesized by using our previously reported method™, which
involves the synthesis of polyamidoamine (PAMAM) dendrimer up to third generation on silica coated
magnetite nanomaterial by microwave assisted method. The synthesized PAMAM dendrimer was modified
into polyamine dendrimer (PNPEDA) through reduction using LAH. The peripheral amino groups were
functionalized with succinic anhydride to yield carboxyl terminated PNPEDA-COOH@Fe;04/SiO;
nanomaterial.

2.2. Synthesis of chromene derivatives using PNPEDA-COOH@Fe304/SiO2 catalyst

Aryl aldehyde (1 mmol), active methylene compound (1 mmol) and aryl hydroxy compound (1 mmol)
were dissolved in 6 mL of the solvent (1:1 v/v of ethanol and water) taken in a 100 mL round bottomed flask.
To this dispersion 20 mg of the catalyst was added and dispersed well via sonication. The solution was stirred
at 60 <C for particular time. Completion of the reaction was monitored through TLC using hexane and ethyl
acetate as eluent (9:1). After completion of the reactions, the catalyst was isolated using an external magnet
and the mixture was extracted with water and ethyl acetate. Then dried over anhydrous Na,SO4 and the solvent
was evaporated, chromene products were purified by recrystallisation using ethanol. All the isolated products
were analyzed through **C and *H NMR studies.

3. Results and discussion

In our previous report, we have synthesised magnetite nanoparticle supported polyamine dendrimer with
enriched amine groups and peripheral carboxyl groups®®l. Silica coated magnetite nanoparticles by co-
precipitation method. Microwave assisted synthesis of PAMAM G; dendrimer on the silica coated magnetite
core have been achieved in a shorter reaction time at the maximum of 6 h; whereas the classical synthetic
method is time consuming process. The amide groups of PAMAM Gs;@Fes0./SiO; was reduced using LAH
to yield the amine groups which enables polyamides into polyamine dendrimer viz., poly (N-propylethane-
1,2-diamine) Gs (i.e., PNPEDA Gz @Fe30./SiO,). It was further functionalised with carboxylic acid terminal
groups using succinic anhydride to yield PNPEDA-COOH@Fe304/SiO; (Figure 1).
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Figure 1. Magnetite cored catalyst PNPEDA-COOH@Fe30/SiO: for the synthesis of chromene derivatives.

3.1. Catalysis of PNPEDA-COOH@Fe304/SiOz2 for the synthesis of chromene derivatives

This material has meritorious characteristics like rapid synthesis via microwave method, enriched amino
groups obtained by reduction of polyamide dendrimer into polyamine dendrimer and improved amphiphilicity
by modifying the terminal amino groups into carboxylic acid group. PNPEDA-COOH@Fe;04/Si0O;
nanomaterial was exploited as base catalyst for the synthesis of chromene derivatives (Table 1). One pot
synthesis of chromene compounds were prepared from benzaldehyde (1 mmol), malanonitrile (1 mmol) and
2-napthol (1 mmol), which is the model reaction for the optimisation of reaction conditions. Solvent,
temperature and catalyst quantity affect the reaction time and product yield. 20 mg of PNPEDA-
COOH@Fe304/SiO2 nanomaterial in 5 mL of ethanol and water (1:1 by volume) at 60 <T is the optimized
reaction conditions to obtain chromene in better yield.

Table 1. Catalysis of PNPEDA-COOH@Fe304/SiO: for validating chromene synthesis.

S. No. Solvent Temperature Time (min) Yield ® %
1 Without catalyst 60 360 NR

2 H20 60 60 69

3 EtOH 60 30 80

4 H2O/EtOH 50 60 81

5 H2O/EtOH 80 20 92

6a H2O/EtOH 60 75 75

7b H2O/EtOH 60 35 83

8 H2O/EtOH 60 20 92

Substrate 1: aldehyde (1 mmol), Substrate 2: malanonitrile (1 mmol), Substrate 3: naphthol (1 mmol), catalyst PNPEDA
COOH@Fes04/ SiO2 (20 mg), 2 catalyst PNPEDA COOH @Fe304/SiOz (10 mg), ° catalyst PNPEDA COOH @Fe304/SiO2 (15 mg).

Table 2. Synthesis of chromene using PNPEDA-COOH@Fe304/SiO: catalyst.

S. No Substrate 1 Substrate 3 Product Time (min)  Yield (%) Ref
1 4-H 2-naphthol 20 92 [17]




S. No Substrate 1 Substrate 3 Product Time (min)  Yield (%) Ref
2 4-H 1-naphthol NH, 20 89 [18]
0~ X CN
3 4-H resorcinol 20 90 [19]
4 4-CHs 2-naphthol 30 87 [20]
5 3-NO2 2-naphthol 30 85 [21]
6 4-Cl 2-naphthol 20 87 [22]
7 4-OCH3 2-naphthol 30 82 [18]
8 4-F 2-naphthol 20 83 [22]




S. No Substrate 1 Substrate 3 Product Time (min)  Yield (%) Ref
9 4-H 2-naphthol 45 79 [20]

102 3-NO2 2-naphthol 45 77 [20]

Substrate 1: aldehyde (1mmol), Substrate 2: malanonitrile (Lmmol), Substrate 3: naphthol (1 mmol), catalyst PNPEDA
COOH@Fes04/ SiO2 (20 mg); 2 Substrate 2: ethylcyanoacetate (LImmol).

One pot three component chromene synthesis using PNPEDA-COOH@Fe30.4/SiO. nanomaterial catalyst
involves two steps, Knoevenagel condensation between benzaldehyde and malononitrile followed by Michael
addition between condendsed product and 2-napthol. Reactions using various substrates were carried out
resulting in good yield of chromene derivatives. Among, 2-naphthol, 1-naphthol and resornicol (Table 2, entry
1,2,3) in the reaction with benzaldehyde and malononitrile, 2-naphthol gave better yield than others. Several
substituted aromatic aldehydes such as methyl, nitro, chloro, methoxy, fluoro were employed and the products
obtained were in good yields (Table 2 entry 4,5,6,7,8). 2-ethyl cyanoacetate along with benzaldehyde and 2-
naphthol (Table 2, entry 9,10) gave chromene products in lesser yield compared to product yield using
malononitrile. PNPEDA-COOH@Fe;04/SiO; with enriched amine groups favours the shorter reaction time
compared to other supported base catalysed reactions. All the synthesised products were extracted,
recrystallised and confirmed through *H NMR and **C NMR studies.

The rationally synthesised magnetite cored polyamine dendrimer was compared with other reported base
catalyst for the synthesis of chromene (Table 3). PNPEDA-COOH@ Fes;O/SiO; catalyst has been proved to
be better and efficient catalyst than the other reported catalysts.

Table 3. Comparison of the catalytic activities of various catalysts for chromene synthesis.

S.No Catalyst Reaction condition Time (min) Yield (%)
1 MgO DMF, reflux 240 7003]

2 Urea EtOH: H20, RT 120 90131

3 Hydrotalcite H20, reflux 240 95[10]

4 Fe304@SiO2@NH-NH2-PW H20, reflux 40 90123

5 Amine-functionalized hyper-crosslinked polyphenanthrene Solvent free 60 92024

6 Amine functionalised MOF EtOH 240 92023

7 amino-appended B-cyclodextrins H.0 300 93028

8 PNPEDA-COOH@Fes0/SiO2 EtOH: H20, 60 T 20 92

Table 3 data reveals the merit of magnetite supported dendrimer in the chromene synthesis. Even though
other catalysts in Table 3 had good yield, their reaction conditions vary from the present catalyst, especially
solvent, temperature and reaction time for the synthesis of chromene (Scheme 1). NH. functionalised MOF
catalysts (Table 3, entry 5) yields 90% chromene but reactions take place in ethanol medium for 60 min,
similarly, MgO (Table 3, entry 1) yields 70% chromene only under reflux conditions with DMF and the
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reaction time is also prolonged. Amino-appended B-cyclodextrins catalyst give better yield but reaction time
is too longer (300 min) (Table 3, entry 7). All other catalysts in Table 3 were compared with PNPEDA
G3@Fe304/SiO,, which seems to be superior in terms of reaction conditions, solvent and high yield at low
reaction time. The better catalytic efficiency was attributed by the multivalent interaction of basic nitrogen
atoms available in the dendrimer molecule. Further, the dendrimer voids can accommodate the substrate
molecules which facilitates faster reaction time. The amphiphilic nature of catalyst molecules disperses them
in the reaction medium which favours the chemical reaction faster to yield the product. This material has been
used in eight cycles for chromene synthesis (Scheme 2) without any significant decline in their catalytic
activity. It assures the better stability of the catalyst for the industrial process in a greener way.

OH
+ PN + catalyst
NC™ "CN _—

solvent, temp

Scheme 1. Base catalysis for the synthesis of chromene.

CHO

OH .
+ NC/\CN + PNPE':)A-COOH@F9304/3|(12
EtOH/H,0, 60° C, 20 min
1 2 3

Scheme 2. Synthesis of chromene using PNPEDA-COOH@Fe304/SiOz2 catalyst.

3.2. Recycle efficiency of the catalyst PNPEDA-COOH@ FesO/SiO2

Synthesised magnetite supported polyamine dendrimer was efficiently recycled, regenerated and reused.
The nanomaterial was proved to be sustainable and effective catalyst up to eight catalytic cycles for the
synthesis of chromene (Scheme 2) without any significant loss in weight and product yield. Figure 2 shows
the recycling efficiency of the catalyst by simple magnetic separation. The regenerated catalyst from the first
cycle was employed in new chromene synthesis reaction (Scheme 2) and the yield was calculated at time 20
min. Since, at each cycle the yield of the chromene varies for a constant reaction time of 20 min. Magnetically

separated catalyst was regenerated by washing thrice with ethanol, acetone, dried and reused for several
catalytic cycles.

- =1] [=-]
= = =

Chromene yield %

]
=

No of cycles
Figure 2. Recycle plot of the magnetite cored catalyst PNPEDA-COOH@Fe30/SiOx.
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4. Conclusion

As we had an objective to develop a rational magnetite supported polyamine dendrimer, the PAMAM G3
has been converted into PNPEDA Gs with enriched amino groups satisfactorily. Likewise, the aqueous
dispersibility of the dendritic nanomaterial has been simply achieved by grafting with succinic anhydride to
attain carboxylic acid terminated dendritic nanomaterial. The multivalent basic amino and hydroxy groups
catalytic activities were enlightened through organic reaction for the synthesis of chromene derivatives. The
magnetic cored dendritic nanomaterial being inexpensive can be recovered by magnetic separation and also
regenerated by acid treatment for further use.

5. NMR spectroscopic data of the chromene products (Table 2)

(1) 3-Amino-1-phenyl-1H-benzo[f]lchromene-2-carbonitrile, (Table 2, entry 1), C20H14sN.O: *H NMR
(400 MHz, CDCls); & (ppm), 8.03-7.17 (m, 11H), 7.10 (2H), 4.97 (s, 1H); *C NMR (100 MHz, CDCls); &
(ppm) 160.0, 146.4, 145.3, 130.9, 130.7, 130.1, 128.9, 128.5, 127.4, 126.5, 126.3, 125.1, 123.7, 120.5, 117.8,
116.6, 113.7, 112.5, 57.8, 38.8. mp- 280-281 C.

(2) 2-Amino-4-phenyl-4H-benzo[h]chromene-3-carbonitrile, (Table 2, entry 2), CxH1sN.O: H
NMR (400 MHz, CDCls); § (ppm), 7.88-7.17 (m, 11H), 6.21 (s, 2H), 4.97 (s, 1H); **C NMR (100 MHz,
CDCls); & (ppm) 160.0, 146.2, 141.7, 134.1, 132.5, 128.9, 128.5, 127.6, 126.7, 126.4, 125.2, 123.1, 120.6,
117.8, 116.6, 115.1, 55.8, 38.8.

(3) 2-Amino-5-hydroxy-4-phenyl-4H-chromene-3-carbonitrile, (Table 2, entry 3), CisH12N2O: H
NMR (400 MHz, CDCls); & (ppm), 9.84 (s, 1H), 7.30-6.42 (m, 8H), 6.86 (s, 2H), 4.62 (s, 1H); **C NMR (100
MHz, CDCls); 6 (ppm) 161.0, 157.3, 148.9, 146.3, 131.3, 129.0, 128.8, 128.0, 121.1, 114.1, 112.6, 102.7, 56.6,
39.7.

(4) 3-Amino-1-(p-tolyl)-1H-benzo[f]lchromene-2-carbonitrile, (Table 2, entry 4), Cx1H1sN.O: H
NMR (400 MHz, CDCls); § (ppm), 7.94-7.08 (m, 10H), 6.86 (s, 2H), 4.62 (s, 1H), 2.20 (s, 3H); *C NMR (100 MHz,
CDCls); 6 (ppm) 162.6, 145.2, 143.4,134.6,130.7, 130.2, 129.8,129.3, 129.1, 128.9, 128.3, 127.7, 126.5, 126.3, 123.6,
123.5,117.8,115.5,60.8, 37.9, 24.7.

(5) 3-Amino-1-(3-nitrophenyl)-1H-benzo[flchromene-2-carbonitrile, (Table 2, entry 5), CxH1sN3Os: *H
NMR (400 MHz, CDCls); & (ppm), 7.95-7.40 (m, 10H), 7.19 (s, 2H), 5.61 (s, 1H); 3C NMR (100 MHz, CDCls); &
(ppm) 158.3, 147.1, 143.2, 134.6, 130.6, 130.0, 129.9, 129.8, 129.1, 128.9, 128.5, 127.7, 126.5, 126.3, 123.6, 123.4,
117.8,116.5,58.2, 38.2.

(6) 3-Amino-1-(4-chlorophenyl)-1H-benzo[flchromene-2-carbonitrile (Table 2, entry 6), CxoH13CIN,O: *H
NMR (400 MHz, CDCls); & (ppm), 7.98-7.19 (m, 10H), 7.04 (s, 2H), 4.66 (s, 1H); *C NMR (100 MHz, CDCls); &
(ppm) 160.5, 148.8, 143.2, 130.9, 130.4, 130.4, 129.9, 128.8, 128.4, 128.2, 126.5, 125.4, 123.5, 120.1, 117.8, 116.8,
61.07, 38.72; mp- 219-220 <C.

(7) 3-Amino-1-(4-methoxyphenyl)-1H-benzo[flchromene-2-carbonitrile (Table 2, entry 7), Cx1HisN.O2: *H
NMR (400 MHz, CDCls); & (ppm), 7.98-6.81 (m, 10H), 7.09 (s, 2H), 5.36 (s, 1H), 3.63 (s, 3H); *C NMR (100 MHz,
CDCls); 6 (ppm) 159.0, 157.4,146.8, 134.6,130.9, 130.2,129.8, 128.9, 127.7,126.5, 124.0, 123.5,120.7, 117.8, 115.1,
114.4,58.2,55.8, 37.3.

(8) 3-Amino-1-(4-fluorophenyl)-1H-benzo[flchromene-2-carbonitrile (Table 2, entry 8), CxH1sFN.O: *H
NMR (400 MHz, CDCly); & (ppm), 7.98-7.19 (m, 10H), 7.04 (s, 2H), 4.66 (s, 1H); *C NMR (100 MHz, CDCly); &
(ppm) 161.8, 160.1, 146.3, 141.2, 130.9, 130.1, 129.3, 128.9, 128.3, 127.7, 124.8, 123.5, 120.1, 116.8, 115.5, 115.3,
58.2, 38.1.

(9) Ethyl 3-amino-1-phenyl-1H-benzo[f]lchromene-2-carboxylate (Table 2, entry 9), C2H1sNOs-*H NMR
(400 MHz, CDCls); 6 (ppm), 7.90-7.01 (m, 11H), 6.98 (m, 2H), 4.56 (s, 1H), 3.89 (s, 2H), 1.18 (m, 3H); *C NMR
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(100 MHz, CDCls); 6 (ppm) 158.5, 153.7, 151.9, 148.5, 135.1, 134.6, 132.8, 130.5, 129.8, 128.8, 127.5, 126.9, 126.4,
126.3, 125.6, 123.5, 117.7, 113.5,79.2, 60.9, 38.4, 13.8.

(10) Ethyl 3-amino-1-(3-nitrophenyl)-1H-benzo[flchromene-2-carboxylate (Table 2, entry 10),
C22H1sN20s: *H NMR (400 MHz, CDCls); & (ppm) 8.19-7.14 (m, 10H), 7.05 (m, 2H), 4.36 (m, 2H), 4.62 (s,
1H), 1.36 (m, 3H); *C NMR (100 MHz, CDCls); & (ppm) 159.5, 153.5, 152.1, 148.5, 135.1, 134.7, 131.8,
130.5, 129.7, 128.6, 127.7, 127.1, 126.6, 126.3, 125.6, 122.5, 117.8, 114.5,80.1, 63.5, 37.8, 14.13.

Author contributions

Conceptualization, RR; methodology, RR; software, KL; validation, KL; formal analysis, KL;
investigation, KL; resources, KL; data curation, KL; writing—original draft preparation, KL; writing—review
and editing, RR and KL; visualization, KL; supervision, RR; project administration, RR; funding acquisition,
RR. All authors have read and agreed to the published version of the manuscript.

Conflict of interest
The authors declare no conflict of interest.

References

1. Kannappan L, Rajmohan R. Synthesis of structurally enhanced magnetite cored poly(propyleneimine) dendrimer
nanohybrid material and evaluation of its functionality in sustainable catalysis of condensation reactions. Reactive
and Functional Polymers. 2020, 152: 104579. doi: 10.1016/j.reactfunctpolym.2020.104579

2. Prathibha E, Rangasamy R, Sridhar A, et al. Synthesis and Characterization of Fe304/Carbon Dot Supported
MnO2 Nanoparticles for the Controlled Oxidation of Benzyl Alcohols. ChemistrySelect. 2020, 5(3): 988-993. doi:
10.1002/s1ct.201903706

3. Lakshmi K, Rangasamy R, Prathibha E, et al. Immobilization of Pt nanoparticles on magnetite—poly (epoxyamine)
nanocomposite for the reduction of p-nitrophenol. SN Applied Sciences. 2019, 1(9). doi: 10.1007/s42452-019-
1137-5

4.  Shah NK, Shah NM, Patel MP, et al. Synthesis of 2-amino-4H-chromene derivatives under microwave irradiation
and their antimicrobial activity. Journal of Chemical Sciences. 2013, 125(3): 525-530. doi: 10.1007/s12039-013-
0421-y

5. Kamdar NR, Haveliwala DD, Mistry PT, et al. Synthesis and evaluation of in vitro antitubercular activity and
antimicrobial activity of some novel 4H-chromeno[2,3-d]pyrimidine via 2-amino-4-phenyl-4H-chromene-3-
carbonitriles. Medicinal Chemistry Research. 2010, 20(7): 854-864. doi: 10.1007/s00044-010-9399-x

6. Neelakandeswari N, Sangami G, Emayavaramban P, et al. Mesoporous nickel hydroxyapatite nanocomposite for
microwave-assisted Henry reaction. Tetrahedron Letters. 2012, 53(24): 2980-2984. doi:
10.1016/j.tetlet.2012.03.086

7. Maleki B, Sheikh S. Nano polypropylenimine dendrimer (DAB-PPI-G1): as a novel nano basic-polymer catalyst
for one-pot synthesis of 2-amino-2-chromene derivatives. RSC Advances. 2015, 5(54): 42997-43005. doi:
10.1039/c5ra04458h

8. Mashhoori M, Sandaroos R, Zeraatkar Moghaddam A. Highly Proficient Poly lonic Liquid Functionalized Mn(l11)

Schiff-Base Catalyst for Green Synthesis of Chromene Derivatives. ChemistrySelect. 2020, 5(24): 7148-7154. doi:

10.1002/slct.202001518

9. Zolfigol MA, Bahrami-Nejad N, Afsharnadery F, et al. 1-Methylimidazolium tricyanomethanide
{[HMIM]C(CN)3} as a nano structure and reusable molten salt catalyst for the synthesis of
tetrahydrobenzo[b]pyrans via tandem Knoevenagel-Michael cyclocondensation and 3,4-
dihydropyrano[c]chromene derivatives. Journal of Molecular Liquids. 2016, 221: 851-859. doi:
10.1016/j.mollig.2016.06.069

10. Kale SR, Kahandal SS, Burange AS, et al. A benign synthesis of 2-amino-4H-chromene in aqueous medium using
hydrotalcite (HT) as a heterogeneous base catalyst. Catalysis Science & Technology. 2013, 3(8): 2050. doi:
10.1039/c3cy208569

11. Gao G, DiJQ, Zhang HY, et al. A magnetic metal organic framework material as a highly efficient and recyclable
catalyst for synthesis of cyclohexenone derivatives. Journal of Catalysis. 2020, 387: 39-46. doi:
10.1016/j.jcat.2020.04.013

12. Chen MN, Mo LP, Cui ZS, et al. Magnetic nanocatalysts: Synthesis and application in multicomponent reactions.
Current Opinion in Green and Sustainable Chemistry. 2019, 15: 27-37. doi: 10.1016/j.cogsc.2018.08.009



13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Zhang M, Liu YH, Shang ZR, et al. Supported molybdenum on graphene oxide/Fe304: An efficient, magnetically
separable catalyst for one-pot construction of spiro-oxindole dihydropyridines in deep eutectic solvent under
microwave irradiation. Catalysis Communications. 2017, 88: 39-44. doi: 10.1016/j.catcom.2016.09.028

Zhang HY, Hao XP, Mo LP, et al. A magnetic metal-organic framework as a highly active heterogeneous catalyst
for one-pot synthesis of 2-substituted alkyl and aryl(indolyl)kojic acid derivatives. New Journal of Chemistry.
2017, 41(15): 7108-7115. doi: 10.1039/c7nj01592¢

Seifi M, Sheibani H. High Surface Area MgO as a Highly Effective Heterogeneous Base Catalyst for Three-
Component Synthesis of Tetrahydrobenzopyran and 3,4-Dihydropyrano[c]chromene Derivatives in Aqueous
Media. Catalysis Letters. 2008, 126(3-4): 275-279. doi: 10.1007/s10562-008-9603-5

Lakshmi K, Rangasamy R. Synthetic modification of silica coated magnetite cored PAMAM dendrimer to enrich
branched Amine groups and peripheral carboxyl groups for environmental remediation. Journal of Molecular
Structure. 2021, 1224: 129081. doi: 10.1016/j.molstruc.2020.129081

Braga TC, Silva MM, Nascimento EOO, et al. Synthesis, anticancer activities and experimental-theoretical DNA
interaction studies of 2-amino-4-phenyl-4H-benzo[h]chromene-3-carbonitrile. European Journal of Medicinal
Chemistry Reports. 2022, 4: 100030. doi: 10.1016/j.ejmcr.2022.100030

Mohamed HM, Fouda AM, Khattab ESAEH, et al. Synthesis, in-vitro cytotoxicity of 1H-benzo[f]chromene
derivatives and structure—activity relationships of the 1-aryl group and 9-position. Zeitschrift fUr Naturforschung
C. 2016, 72(5-6): 161-171. doi: 10.1515/znc-2016-0139

Kolla SR, Lee YR. Ca(OH)2-mediated efficient synthesis of 2-amino-5-hydroxy-4H-chromene derivatives with
various substituents. Tetrahedron. 2011, 67(43): 8271-8275. doi: 10.1016/j.tet.2011.08.086

Maddila S, Abafe OA, Bandaru HN, et al. V-CaHAp as a recyclable catalyst for the green multicomponent
synthesis of benzochromenes. Arabian Journal of Chemistry. 2019, 12(8): 3814-3824. doi:
10.1016/j.arabjc.2015.12.008

Kumar A, Sharma S, Maurya RA, et al. Diversity Oriented Synthesis of Benzoxanthene and Benzochromene
Libraries via One-Pot, Three-Component Reactions and Their Anti-proliferative Activity. Journal of
Combinatorial Chemistry. 2009, 12(1): 20-24. doi: 10.1021/cc900143h

Moosavi-Zare AR, Zolfigol MA, Khaledian O, et al. Tandem Knoevenagel-Michael-cyclocondensation reaction
of malononitrile, various aldehydes and 2-naphthol over acetic acid functionalized ionic liquid. Chemical
Engineering Journal. 2014, 248: 122-127. doi: 10.1016/j.cej.2014.03.035

Qareaghaj OH, Mashkouri S, Naimi-Jamal MR, et al. Ball milling for the quantitative and specific solvent-free
Knoevenagel condensation + Michael addition cascade in the synthesis of various 2-amino-4-aryl-3-cyano-4H-
chromenes without heating. RSC Advances. 2014, 4(89): 48191-48201. doi: 10.1039/c4ra06603k

Kalla RMN, Varyambath A, Kim MR, et al. Amine-functionalized hyper-crosslinked polyphenanthrene as a metal-
free catalyst for the synthesis of 2-amino-tetrahydro-4 H -chromene and pyran derivatives. Applied Catalysis A:
General. 2017, 538: 9-18. doi: 10.1016/j.apcata.2017.03.009

Safarifard V, Beheshti S, Morsali A. An interpenetrating amine-functionalized metal-organic framework as an
efficient and reusable catalyst for the selective synthesis of tetrahydro-chromenes. CrystEngComm. 2015, 17(7):
1680-1685. doi: 10.1039/c4ce02141]

Ren Y, Yang B, Liao X. The amino side chains do matter: chemoselectivity in the one-pot three-component
synthesis of 2-amino-4H-chromenes by supramolecular catalysis with amino-appended B-cyclodextrins (ACDs) in
water. Catalysis Science & Technology. 2016, 6(12): 4283-4293. doi: 10.1039/c5cy01888a



