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Abstract

Solvent-free synthesis of substituted 2-amino-4H-chromenes is described using sodium
carbonate as a green and reusable catalyst. The procedure is very ssimple, efficient and
environmentally friendly as it does not use any toxic auxiliary or solvent.

Introduction

2-Amino-4H-chromenes represent an important class of compounds being the main
components of many naturally occurring products. The basic structural framework of
chromenes for example is a common feature of many tannins and polyphenols' found in
tea, fruits, vegetables and red wine and these compounds have become more important as
a result of their health-promoting effects. Fused chromenes are biologicaly active
compounds with a wide spectrum of activities such as antimicrobial,> mutagenicitical,*
antiviral, >®  antiproliferative,” antitumoral® and central nervous system activities.’
Solvent-free and one-pot multicomponent condensations represent very powerful green
chemical technology procedures from both the economica and synthetic point of view
and represent a possible instrument to perform a near idea synthesis because they
enhance the rate of many organic reactions and afford quantitative yields.

2-Amino-4H-chromenes are generally prepared by refluxing malononitrile, an aldehyde
and an activated phenol in the presence of hazardous organic bases like piperidine in
organic solvents such as ethanol and acetonitrile for several hours.'® Recently, relatively
benign catalysts such as cetyltrimethylammonium chloride (CTACI),™* montmorillonite
KSF clay, KF/AI,O3," TiC,” triethylamine,™* basic alumina,™® MgO,* Heteropolyacid®,
basic ionic liquids,*® and iodine/K,COs™® have been used in this reaction. However, the
application of some of these methods is limited due to their moderate yields of the
products, longer reaction times and laborious workup procedures. Furthermore, some of
these catalysts such as MgO and basic alumina can only catalyze the condensation
reaction of aromatic aldehydes and malononitrile with active a-naphthol, and are not
suitable for less active B-naphthols, whereas other catalysts require longer reaction times,
laborious workup procedures and afford only moderate yields. For these reasons the
development of an environmentally benign and ssimple procedure for synthesis of 2-
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amino-4H-chromenes has thus become particularly fascinating and remains a great
challenge.

Herein we wish to report three-component condensation of aldehydes and malononitrile
with a- and B-naphthols with excellent yields.

Results and Discussions

In a representative experiment, 1.0 mmol of p-chlorobenzaldehyde 1a, 1.0 mmol of
malononitrile 2 and 1.0 mmol of B-naphthol 3a were mixed with 0.1 mmol sodium
carbonate and heated for 30 min at 125°C to afford 4a in 99% yield (Scheme 1).
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Various basic or acidic catalysts (10% mol eg. each) have been examined in order to find
the best catalyst (Table 1). Asreported in Table 1, sodium carbonate was found to be the
best catalyst for synthesis of 2-amino-4H-chromenes.

Table 1. Effect of various catalysts on preparation of 4a

Catalyst Time(h) Yield (%)
Na,COs 1 >99
NaHCO3 1 89
SO, 4 60
Al,O3 3.5 55
NaxSO, 35 67

Possible following mechanism is suggested for the reaction. At first, Knoevenagel
condensation of aldehyde 1 with malononitrile 2 affords quantitatively 5 containing the
electron-poor C=C double bond. As we previously reported, ' the reaction easily occurs
under solvent-free condition and without adding any catalyst. Then it follows the C-
alkylation of the phenolic ring at the ortho position giving the intermediate 6. We
examined this step without using a catalyst for 4 hours at 125°C and found that no
remarkable reaction occurred. The nucleophilic attack of the phenolic OH to the CN
moiety wasthe final step to afford 7 (Scheme 2).%°
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Scheme 2. Possible mechanism for the preparation of 7

Different 2-Amino-4H-Chromenes have been prepared by the similar method. The results
are summarized in the Table 2.

Table 2. Synthesis of 2-Amino-4H-Chromenes. under solvent-free conditions catalyzed by
sodium carbonate

Entry Ar Phenol Product Time  Yield Mp (°C)
(min) (%) (lit.)
1 p-Cl a-naphthol 7a 30 99  228-230(230-232)
2 p-Cl B-naphthol 7b 60 100  203-205 (206-208)
3 p-NO>  a-naphthol 7c 60 91 210-212 (190)
4 P-NO2  B-naphthol 7d 120 90  185-186(187-188)
5  p-OMe q-naphthol 7e 40 91  179-181 (176-179)
6 p-OMe  B-naphthol 7f 120 88  188-189 (182-183)
7 o-Cl a-naphthol 79 30 96 231-232 (236)
8 o-Cl B-naphthol 7h 40 94  254-256 (259-261)
Conclusion

In conclusion, 2-amino-4H-chromenes were prepared in a simple and solvent-free
method. The procedure is very simple, efficient and environmentally friendly as it does
not use any auxiliary or solvent and toxic catalyst.
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Experimental Section

Melting points were determined with a Gallenkamp melting point apparatus and are
uncorrected. Infrared (IR) spectra were recorded with a Shimadzu 8400s FT-IR
spectrometer using potassium bromide pellets. 500MHz *HNMR spectra were recorded
on a DRX-500 Avance Bruker spectrometer. The chemical shifts are reported in ppm (8-
scale) relative to internal TMS and coupling constants are reported in DM SO (ds).
Reagents are obtained from commercia resource. Commercially available regents were
used without further purification. Products are all known compounds and were identified
by comparing of their physical and spectra data with those reported in the literature.

General procedure for 2-Amino-4H-Chromenes.

In a typical experiment, a stoichiometric mixture of an aldehyde (1), malononitrile (2),
and B-naphthol (3a) (1.0 mmol each) and sodium carbonate (0.1 mmol) were ball-milled
for 10 min. The result mixture was heated in a 50 mL round bottom flask in a drying
oven at 125°C. After cooling, the mixture was washed with hot water and purified by
recrystallization from hot ethanol, if necessary. The results are summarized in Table 2.

Selected characterization data

7a: IR (KBr), v (cm™): 3408, 3326 ,2190,1649,1590;'"H NMR (DM SO-ds, 500 MHz), &
(ppm): 5.36 (s, 1H, CH), 7.04 (s, 2H, NHy), 7.20-7.22 (d, 2H, J=8.2, ArH), 7.33-7.38 (m,
3H, ArH), 7.41-7. 47 (m, 2H, ArH), 7.81-7.82 (d, 1H, J8.02, ArH),7.91-7.96 (m, 2H,
ArH).

7b: IR (KBr), v (cm‘l): 3452, 3334, 2190, 1666, 1590, 1409; 'H NMR (DM SO-ds, 500
MHz), & (ppm): 4.95 (s, 1H, CH), 7.09-7.11 (s, 2H, NHy), 7.19 (s.2H, ArH), 7.27-7.29 (d,
2H, J=8.37, ArH), 7.39-7.36 (d, 2H, J=8.35, ArH), 7.57-7.66 (m, 3H, ArH), 7.89-7.91 (d,
1H, J=8.02, ArH), 8.24-8.26 (d, 1H, J=8.31, ArH),

Conclusion
In conclusion, 2-amino-4H-chromenes were prepared in a simple and solvent-free

method. The procedure is very simple, efficient and environmentally friendly as it does
not use any auxiliary or solvent and reasonable catalyst.
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