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A catalyst-free and solvent-free three-component tandem strategy for syn- Received 29 May 2020
thesizing tetrahydrobenzo[b]pyran scaffolds through Knoevenagel-Michael Accepted 5 November 2021
cyclocondensation is reported using visible light irradiation as a green pro-
moter at room temperature. The prominent benefits of the existing proto-
.COI are catalyst.—free, solvent-free, u§ing Fommercially accessible, tetrahydrobenzo[blpyran
inexpensive preliminary substances, operational simplicity, energy-effective- scaffolds; visible light
ness, great yields, high atom-economy, thus meeting some features of sus- irradiation

tainability and green chemistry.
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Introduction

Over the previous years by increased demand for sustainable, environmentally friendly, and
effective synthesis approaches in green chemistry, catalyst-free and solvent-free for preparing the
organic mixtures has arisen as a key approach considering their low cost, simple workup,
decreased pollution, and preventing the catalysts and solvent influence on sensitive substrates. In
recent years, the development of the use of visible light irradiation due to its low cost, abundant
reserves of this type of energy and its renewable capability as a powerful energy source in the
environmentally friendly synthesis of organic compounds has attracted the attention of green
chemists.' Generally compact fluorescent lights (CFLs) and light emitting diodes (LEDs) use as
a visible light source for different transformations.

Pyran derivatives with various pharmacological features (Figure 1) like Chk1 kinase inhibitory
activity, anticancer,” spamolytic,® antihypertensive, hepatoprotective, cardiotonic,” vasodilator,®
anti-leukemic,”'® emetic,'" anti-anaphylactic activities,'* diuretic'® and anti-alzheimer."*

There are numerous approaches for synthesizing these compounds using various catalysts such
as CaHPO,,"” SiO,NPs,'® ethylenediamine diacetate,'” SBPPSP,'® DBSA,'” NH,Al(SO,),-12H,0,*
NH,H,PO,/AL,O;,>' ACoPc-MNPs,**> ZnONPs,”  Fe;0,@Si0,-imid-PMA,**  NiFe,0,@Si0O,-
H;PW,,040,> theophylline,26 triethanolamine,”” NaN3,?® Fe;0,@Si0,QTi0,,* MgFe,0,4 nano-
particles®® and trichloroisocyanuric acid.”’ It was shown that these reported procedures lead to in
numerous cases. Though, some of synthetic policies contain also restrictions regarding the expen-
sive reagents, metal catalyst, environmental hazard, long reaction time, harsh reaction circumstan-
ces, monotonous workup process, unacceptable yield, and using the homogeneous catalyst that is
separated problematically from the reaction mixture.

Nevertheless, developing green, mild and modest measures is the leading objective of green
chemistry to remove the usage and creation of hazardous materials. Owing to the above-men-
tioned difficulties and due to our current severe attention on environmentally benign
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Figure 1. Some medicinally important compounds containing pyran motifs.
protocols,”>* the search for eco-safe, simple and effective strategies capable of promoting
organic reactions under green circumstances have attracted a huge deal of interest in producing
tetrahydrobenzo[b]pyran scaffolds. Hence, here catalyst and solvent free synthesis of tetrahydro-
benzo[b]pyran scaffolds using aryl aldehyde derivatives (1, 1.0 mmol), malononitrile (2, 1.0 mmol)
and dimedone (3, 1.0 mmol) are reported in the presence of CFL (22 W) irradiation as a green
promoting media at room temperature via tandem Knoevenagel-Michael cyclocondensation pro-
vided the anticipated products in outstanding yields and short reaction times which might solve
some cost problems in industry.

Experimental
General

Utilizing an Electro thermal 9100 device, all compounds’ melting points were found. Moreover,
recording nuclear magnetic resonance, 'HNMR spectra were carried out on a Bruker DRX-400
and Bruker DRX-300 Avance tool with CDCl; as solvent. All reagents were bought from Acros,
Merck, and Fluka chemical companies and were utilized with no additional purification.

The overall process of preparing (4a-t)
A mixture of aryl aldehyde derivatives (1, 1.0 mmol), malononitrile (2, 1.0 mmol) and dimedone
(3, 1.0 mmol) was reacted in the presence of CFL (22 W) irradiation as a green promoter under
catalyst and solvent free conditions at room temperature (Scheme 1). The reaction progress was
monitored by TLC utilizing ethyl acetate-n-hexane (1:3) as an eluent. After completing the reac-
tion, the achieved solid was filtered, rinsed with water and the crude solid was recrystallized from
ethanol to provide the pure material without requiring more purification. Comparing the spectro-
scopic information, the products were categorized ("HNMR).

Scheme 2 shows the suggested mechanism for synthesizing tetrahydrobenzo[b]pyran scaffolds.
The reaction was encouraged by creating an inclusion the radical intermediate ylidenemalononi-
trile (cyano olefin) B was readily created in situ from Knoevenagel condensation between
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Scheme 2. Proposed mechanism for synthesizing tetrahydrobenzo[b]pyran scaffolds.

arylaldehyde 1 and active methylene compound 2 in the presence of visible light irradiation. This
can be demonstrated by the arylaldehydes’ steric influences on the reaction effectiveness (Table
3). Intermediate B absorbs one hydrogen from methylene malononitrile, thereby converting malo-
nonitrile to a radical malononitrile, consequently, it consists of intermediate C. Then, malononi-
trile radical absorbs one hydrogen from form 3 and converts it to form intermediate E.
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Intermediate E attacks to intermediate C as Michael acceptor to give F that after tautomerizing
and cyclizing affords the target products 4.

2-Amino-4-(3-methylphenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4Hchromene-3-carbonitrile
(4a).

Yield: 93%; M.p. 199-201°C; '"H NMR (400 MHz, CDCl;) 1.06 (3H, s, CH;), 1.13 (3H, s,
CH,), 2.23 (2H, d, J=5.6Hz, CH,), 2.31 (3H, s, CHs), 2.46 (2H, s, CH,), 4.38 (1H, s, CHAr),
4.52 (2H, s, NH,), 7.09-7.15 (3H, m, ArH), 7.28 (1H, s, ArH).

2-Amino-4-(4-nitrophenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4Hchromene-3-carbonitrile
(4h).

Yield: 92%; M.p. 178-180°C; '"H NMR (300 MHz, CDCl;) 1.07 (3H, s, CHs), 1.16 (3H, s,
CH3), 2.30 (2H, d, J=14.0Hz, CH,), 2.52 (2H, s, CH,), 4.55 (1H, s, CHAr), 4.68 (2H, s, NH,),
7.45 (2H, d, J=11.6 Hz, ArH), 8.20 (2H, d, J=11.6 Hz, ArH).

2-Amino-4-(2,3-dimethoxyphenyl)-7,7-dimethyl-5-o0x0-5,6,7,8-tetrahydro-4Hchromene-3-carboni-
trile (4k).

Yield: 91%; M.p. 216-218°C; '"H NMR (300 MHz, CDCl3) 1.10 (3H, s, CH;), 1.14 (3H, s,
CHj,), 2.25 (2H, s, CH,), 2.47 (2H, s, CH,), 3.77 (3H, s, OCH3), 3.83 (3H, s, OCH3), 4.47 (2H, s,
NH,), 4.73 (1H, s, CHAr), 6.68-6.84 (3H, m, ArH).

Results and discussion

Initially, the reaction between benzaldehyde (1 mmol), malononitrile (1 mmol) and dimedone
(1 mmol) was studied in various solvents under catalyst-free circumstances in the presence of
compact florescent lamp (CFL) (22 W) irradiation at room temperature and the outcomes are
provided in Table 1. Based on Table 1, only a small quantity of products was found in H,O,
EtOH, H,O/EtOH (1:1), CH;CN, MeOH, DCM, DMSO, THF, CHCl;, DMF and EtOAc. A great
enhancement was found under solvent-free conditions (Table 1, entry 4). An outstanding yield of
91% was created by using of CFL (22 W) irradiation with no further catalyst under solvent-free
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Table 1. Optimization of the solvent on the synthesis of 4f °.

CN

+ k +

CN

Entry Solvent (3mL)

H,0

EtOH
H,O/EtOH (1:1)
Solvent free
CH5CN
MeOH

DCM

DMSO

THF

10 CHCl5

1 DMF

12 EtOAC

9 Reaction conditions: benzaldehyde (1 mmol), malononitrile (1 mmol) and dimedone (1 mmol) in the presence of CFL (22W)
irradiation under catalyst-free circumstances at rt.

OWoOoONOTULTEA WN =

Table 2. Optimization of the CFL on the synthesis of 4f .

(0]
CN
+ k +
H™ S0 GN

Entry Reaction conditions Time (min) Isolated Yields (%)
1 CFL (18 W) 15 83

2 CFL (20W) 15 88

3 CFL (22W) 15 91

4 CFL (23 W) 15 91

5 CFL (32W) 15 91

7 Reaction °"°s; penzaldehyde (1 mmol), malononitrile (1 mmol) and dimedone (1 mmol) in the presence of CFL irradiation
under catalyst and solvent free conditions at rt.

circumstances for 15min (Table 1, entry 4). Also, the optimized conditions were determined by
varying the intensities of CFL (18, 20, 22, 23 and 32 W) irradiation. Based on Table 2, the best
outcomes were found in the presence of compact florescent lamp (CFL) (22 W) irradiation (Table
2, entry 3). As observed in Table 3 and Scheme 1, it was indicated that this technique can work
with various substrates.

Comparison of the catalytic capacity of a number of catalysts referred to in the present paper
for the production of tetrahydrobenzo[b]pyran scaffolds has been shown in Table 4.

Conclusion

In conclusion, we revealed a catalyst free and solvent free, green, and rapid preparation of tetra-
hydrobenzo[b]pyran—a biologically significant scaffold—using visible light irradiation as a green
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Table 3. Catalyst and solvent free synthesis of tetrahydrobenzo[b]pyran scaffolds.

/R
|
=
H (6]
1
o + Catalyst free, Solvent free
(Q\l CFL (22 W) irradiation , rt
CN

4a (15 min, 93%)
Mp. 199-201 °C
Lit. 198-200 °C [18]

4b (15 min, 91%)
Mp. 208-210 °C
Lit. 210-212 °C [31]

4¢ (25 min, 88%)
Mp. 228-230 °C
Lit. 227-229 °C [23]

4d (30 min, 85%)
Mp. 211-213 °C
Lit. 210-212 °C [22]

Cl

4e (25 min, 86%)
Mp. 227-229 °C
Lit. 228-230 °C [15]

4f (15 min, 91%)
Mp. 225-227 °C
Lit. 226-228 °C [15]

N/
N

4g (20 min, 89%)
Mp. 210-212 °C
Lit. 208-210 °C [17]

4h (15 min, 92%)
Mp. 178-180 °C
Lit. 180-181 °C [17]

OH

4i (30 min, 82%)
Mp. 228-230 °C
Lit. 226-228 °C [22]

4j (15 min, 90%)
Mp. 221-223 °C
Lit. 221-223 °C [18]

4Kk (25 min, 91%)
Mp. 216-218 °C
Lit. 217-219 °C [16]

41 (30 min, 83%)
Mp. 206-208 °C
Lit. 204-206 °C [15]

4m (15 min, 95%)
Mp. 224-226 °C
Lit. 223-226 °C [15]

Br

4n (25 min, 86%)
Mp. 229-231 °C
Lit. 228-230 °C [16]

OMe

40 (20 min, 92%)
Mp. 202-204 °C
Lit. 202-205 °C [15]

4p (15 min, 93%)
Mp. 209-211 °C
Lit. 210-212 °C [29]
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Table 4. Comparison of the catalytic ability of some of the catalysts in the manuscript for producing of tetrahydrobenzo[b]-
pyran scaffolds .

Entry Catalyst Conditions Time/Yield (%) References
1 CaHPO, H,O/EtOH, 80°C 120 min/91 [15]

2 SBPPSP H,0/EtOH, Reflux 25min/90 [18]

3 DBSA H,0, Reflux 240 min/90 [19]

4 NH,AI(SO,4),-12H,0 EtOH, 80°C 120 min/92 [20]

5 Theophylline H,O/EtOH, rt 10 min/89 [26]

6 Triethanolamine EtOH, rt 2min/98 [27]

7 NaNs H,O/EtOH, rt 7 min/94 [28]

8 Trichloroisocyanuric acid EtOH, 80°C 10 min/90 [31]

9 Catalyst-free Solvent-free, CFL (22 W) irradiation, rt 15min/91 This work

“Based on the three-component reaction of benzaldehyde, malononitrile and dimedone.

and low-cost promoter at room temperature based on green chemistry principles. Highlights of
the current practice are the application of non-hazardous reaction circumstances, catalyst-free,
solvent-free, operational simplicity, use of inexpensive initiating substances, isolation of pure
product via easy filtration thus preventing the requirement for column chromatography, metal-
free, excellent yields, time-saving aspects of the reaction, one key characteristic of the existing
work is to use CFL irradiation as a green and a low-cost promoting media sufficiently remarking
the rising potential of CFL irradiation in organic synthesis.

Acknowledgments

We gratefully acknowledge financial support from the Research council of the Apadana Institute of
Higher Education.

References

1.  B. Pati Tripathi, A. Mishra, P. Rai, Y. Kumar Pandey, M. Srivastava, S. Yadav, J. Singh, and J. Singh, “A
Green and Clean Pathway: One Pot, Multicomponent, Visible Light Assisted Synthesis of Pyrano[2,3-
c]Pyrazoles under Catalyst-Free and Solvent-Free Conditions,” New Journal of Chemistry 41, no. 19 (2017):
11148-11154.

2. F. Mohamadpour, “Catalyst-Free, Visible Light Irradiation Promoted Synthesis of Spiroacenaphthylenes and
1H-Pyrazolo[1,2-b]Phthalazine-5,10-Diones in Aqueous Ethyl Lactate,” Journal of Photochemistry and
Photobiology A: Chemistry 407 (2021): 113041.

3. F. Mohamadpour, “Catalyst-Free and Solvent-Free Visible Light Irradiation-Assisted Knoevenagel-Michael
Cyclocondensation of Aryl Aldehydes, Malononitrile, and Resorcinol at Room Temperature,” Monatshefte
Fiir Chemie - Chemical Monthly 152, no. 5 (2021): 507-512.

4. N. Foloppe, L. M. Fisher, R. Howes, A. Potter, A. G. S. Robertson, and A. E. Surgenor, “Identification of
Chemically Diverse Chkl Inhibitors by Receptor-Based Virtual Screening,” Bioorganic ¢ Medicinal
Chemistry 14, no. 14 (2006): 4792-4802.

5. J. L. Wang, D. Liu, Z. ]J. Zheng, S. Shan, X. Han, S. M. Srinivasula, C. M. Croce, E. S. Alnemri, and Z.
Huang, “Structure-based discovery of an organic compound that binds Bcl-2 protein and induces apoptosis
of tumor cells,” Proceedings of the National Academy of Sciences 97 (2000): 7124-7129.

6. G. P. Ellis, “The Chemistry of Heterocyclic Compounds. In Chromenes, Chromenes, and Chromenes,”
Weissberger, A., Taylor, E. C. Eds; John Wiley: New York (1977): 13.

7. D. Heber, C. Heers, and U. Ravens, “Positive Inotropic Activity of 5-Amino-6-Cyano-1,3-Dimethyl-1,2,3,4-
Tetrahydropyrido[2,3-d]Pyrimidine-2,4-Dione in Cardiac Muscle from guinea-Pig and Man. Part 6:
Compounds with Positive Inotropic Activity,” Die Pharmazie 48, no. 7 (1993): 537-541.

8. W.]J. Coates, “Pyrimidopyrimidine Derivatives,” Eur. Pat. 351058, Chem. Abstr 113, (1990): 40711.

9. Nikolas Fokialakis, Prokopios Magiatis, Ioanna Chinou, Sofia Mitaku, and Frangois Tillequin,
“Megistoquinones I and II, Two Quinoline Alkaloids with Antibacterial Activity from the Bark of
Sarcomelicope Megistophylla,” Chemical & Pharmaceutical Bulletin 50, no. 3 (2002): 413-414.

10.  P. Beagley, M. A. L. Blackie, K. Chibale, C. Clarkson, R. Meijboom, J. R. Moss, P. Smith, and H. Su,
“Synthesis and Antiplasmodial Activity in Vitro of New Ferrocene-Chloroquine Analogues,” Dalton Trans.
0, no. 15 (2003): 3046-3051.



8 . F. MOHAMADPOUR

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

J. G. Cannon, P. R. Khonje, and J. P. Long, “Centrally Acting Emetics. 9. Hofmann and Emde Degradation
Products of Nuciferine,” Journal of Medicinal Chemistry 18, no. 1 (1975): 110-112.

C. Biot, G. Glorian, L. A. Maciejewski, J. S. Brocard, O. Domarle, G. Blampain, G. Blampain, P. Blampain,
A. J. Georges, H. Abessolo, et al. “Synthesis and Antimalarial Activity in Vitro and in Vivo of a New ferro-
cene-chloroquine analogue,” Journal of Medicinal Chemistry 40, no. 23 (1997): 3715-3718.

E. A. A. Hafez, M. H. Elnagdi, A. G. A. Elagamey, and F. M. A. A. EL-Taweel, “Triles in Heterocyclic
Synthesis: novel Synsthesis of Benzo [c]-Coumarin and of Benzo [c] Pyrano [3, 2-c] Quinoline Derivatives,”
Heterocycles 26, (1987): 903.

T. A. Bayer, S. Schafer, H. Breyh, O. Breyhan, C. Wirths, and G. A. Treiber, “A Vicious Circle: role of
Oxidative Stress, Intraneuronal Afi and Cu in Alzheimer’s Disease,” Clinical Neuropathology 25, no. 4
(2006): 163-171.

M. A. Bodaghifard, M. Solimannejad, S. Asadbegi, and S. Dolatabadifarahani, “Mild and Green Synthesis of
Tetrahydrobenzopyran, Pyranopyrimidinone and Polyhydroquinoline Derivatives and DFT Study on Product
Structures,” Research on Chemical Intermediates 42, no. 2 (2016): 1165-1179.

S. Banerjee, A. Horn, H. Khatri, and G. Sereda, “A Green One-Pot Multicomponent Synthesis of 4H-Pyrans
and Polysubstituted Aniline Derivatives of Biological, Pharmacological, and Optical Applications Using Silica
Nanoparticles as Reusable Catalyst,” Tetrahedron Letters 52, no. 16 (2011): 1878-1881.

Z. Zhou, Y. Zhang, and X. Hu, “Efficient One-Pot Synthesis ofTetrahydrobenzo[b]Pyrans by
EthylenediamineDiacetate-Catalyzed Multicomponent Reactionunder Solvent-Free Conditions,” Polycyclic
Aromatic Compounds 37, no. 1 (2017): 39-45..

K. Niknam, N. Borazjani, R. Rashidian, and A. Jamali, “Silica-Bonded N-Propylpiperazine Sodium n-
Propionate as Recyclable Catalyst for Synthesis of 4H-Pyran Derivatives,” Chinese Journal of Catalysis 34,
no. 12 (2013): 2245-2254.

E. Sheikhhosseini, D. Ghazanfari, and V. Nezamabadi, “A New Method for Synthesis of Tetrahydrobenzo
[b] Pyrans and Dihydropyrano [c] Chromenes Using p-Dodecylbenzenesulfonic Acid as Catalyst in Water,”
Iranian Journal of Catalysis 3, (2013): 197-201.

A. A. Mohammadi, M. R. Asghariganjeh, and A. Hadadzahmatkesh, “Synthesis of Tetrahydrobenzo [b]
Pyran under Catalysis of NH4Al (SO4),-12H,O (Alum),” Arabian Journal of Chemistry 10, (2017):
$2213-52216.

B. Maleki and S. Sedigh Ashrafi, “Nano «-Al,O; Supported Ammonium Dihydrogen Phosphate
(NH4H,PO,/AL,O;): Preparation, Characterization and Its Application as a Novel and Heterogeneous
Catalyst for the One-Pot Synthesis of Tetrahydrobenzo[b]Pyran and Pyrano[2,3-c]Pyrazole Derivatives,” RSC
Advaces 4, no. 81 (2014): 42873-42891.

M. A. Zolfigol, M. Safaiee, and N. Bahrami-Nejad, “Dendrimeric Magnetic Nanoparticle Cores with Co-
Phthalocyanine Tags and Their Application in the Synthesis of Tetrahydrobenzo [b] Pyran Derivatives,” New
Journal of Chemistry 40, no. 6 (2016): 5071-5079.

S. Banerjee and A. Saha, “Free-ZnO Nanoparticles: A Mild, Efficient and Reusable Catalyst for the One-Pot
Multicomponent Synthesis of Tetrahydrobenzo[b]Pyran and Dihydropyrimidone Derivatives,” New Journal
of Chemistry 37, no. 12 (2013): 4170.

Mohsen Esmaeilpour, Jaber Javidi, Farzaneh Dehghani, and Fatemeh Nowroozi Dodeji, “A Green One-Pot
Three-Component Synthesis of Tetrahydrobenzo[b]Pyran and 3,4-Dihydropyrano[c]Chromene Derivatives
Using a Fe;0,@Si0,-Imid-PMA" Magnetic Nanocatalyst under Ultrasonic Irradiation or Reflux
Conditions,” RSC Advances 5, no. 34 (2015): 26625-26633.

B. Maleki, H. Eshghi, M. Barghamadi, N. Nasiri, A. Khojastehnezhad, S. Sedigh Ashrafi, and O. Pourshiani,
“Silica-Coated Magnetic NiFe,O, Nanoparticlessupported H;PW;,040; Synthesis, Preparation, and
Application as an Efficient, Magnetic, Green Catalyst for One-Pot Synthesis of Tetrahydrobenzo[b]Pyran
and Pyrano[2,3-c]Pyrazole Derivatives,” Research on Chemical Intermediates 42, no. 4 (2016): 3071-3093.

F. Mohamadpour, “Synthesis of Pyran-Annulated Heterocyclic Systems Catalyzed by Theophylline as a
Green and Bio-Based Catalyst,” Polycyclic Aromatic Compounds 41, no. 1 (2021): 160-172.

R. Rahnamaf, L. Moradi, and M. Khoobi, “Rapid and Green Synthesis of 4H- Benzo[b]Pyrans Using
Triethanolamine as an Efficient Homogeneous Catalyst under Ambient Conditions,” Research on Chemical
Intermediates 46, no. 4 (2020): 2109-2116.

R. Ramesh, S. Maheswari, J. Grzegorz. Malecki, and A. Lalitha, “NaN; Catalyzed Highly Convenient Access
to Functionalized 4H-Chromenes: A Green One-Pot Approach for Diversity Amplification,” Polycyclic
Aromatic Compounds 40, no. 5 (2020): 1581-1594.

A. Khazaei, F. Gholami, V. Khakyzadeh, A. R. Moosavi-Zare, and J. Afsar, “Magnetic Core Shell Titanium
Dioxide Nanoparticles as an Efficient Catalyst for Domino Knoevenagel-Michael-Cyclocondensation
Reaction of Malononitrile, Various Aldehydes and Dimedone,” RSC Advances 5, no. 19 (2015):
14305-14310.



31.

32.

33.

34.

POLYCYCLIC AROMATIC COMPOUNDS . 9

B. Eshtehardian, M. Rouhani, and Z. Mirjafary, “Green Protocol for Synthesis of MgFe,O, Nanoparticles
and Study of Their Activity as an Efficient Catalyst for the Synthesis of Chromene and Pyran Derivatives
under Ultrasound Irradiation,” Journal of the Iranian Chemical Society 17, no. 2 (2020): 469-481.

S. F. Hojati, N. MoeiniEghbali, S. Mohamadi, and T. Ghorbani, “Trichloroisocyanuric Acid as a Highly
Efficient Catalyst for the Synthesis of Tetrahydrobenzo[b]Pyran Derivatives,” Organic Preparations and
Procedures International 50, no. 4 (2018): 408-415.

F. Mohamadpour, “Theophylline as a Green Catalyst for the Synthesis of 1H-Pyrazolo[1,2-b]Phthalazine-
5,10-Diones,” Organic Preparations and Procedures International 52, no. 1 (2020): 64-68.

F. Mohamadpour, “Glutamic Acid as Green and Bio-Based o-Amino Acid Catalyst Promoted One-Pot
Access to Polyfunctionalized Dihydro-2-Oxypyrroles,” Journal of the Serbian Chemical Society 84, no. 10
(2019): 1083-1092.

F. Mohamadpour, “Imin-Based Synthesis of Polyfunctionalized Dihydro-2-Oxypyrroles Catalyzed by Glycine
Amino Acid via Tandem Michael-Mannich Cyclocondensation Reaction under Ambient Temperature,”
Research on Chemical Intermediates 46, no. 3 (2020): 1931-1940.



	Abstract
	Introduction
	Experimental
	General
	The overall process of preparing (4a–t)
	2-Amino-4-(3-methylphenyl)-7,7-dimethyl-5-oxo-5,6,7,8-tetrahydro-4Hchromene-3-carbonitrile (4a)
	2-Amino-4-(4-nitrophenyl)-7,7-dimethyl-5-oxo-5,6,7,8-tetrahydro-4Hchromene-3-carbonitrile (4h)
	2-Amino-4-(2,3-dimethoxyphenyl)-7,7-dimethyl-5-oxo-5,6,7,8-tetrahydro-4Hchromene-3-carbonitrile (4k)



	Results and discussion
	Conclusion
	Acknowledgments
	References


