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Abstract: A highly efficient, green and expeditious methodéscribed for the synthesis of substituted 2-amino
2-chromenes employing one pot three component cmatien of aromatic aldehydes, malononitrile and
activated phenol in presence ptlimethylaminopyridine (10 mol %) as a catalyst @enchicrowave irradiation.
The present method is operationally simple andreffeany advantages such as high yield, short ratitne
and simple workup.
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1. Introduction

The increasing attention during the last decadesurids the environmental protection; forced
both modern academic and industrial groups to devitle chemical processes which gives maximum
yield, reduce the cost of raw material, utilize tien-toxic reagents and non-hazardous solvents. So
one of the tools for such need of time is multicomgnt reaction (MCR); this process consist of two
or more synthetic steps which are carried out withigolation of any intermediate thus reducing time
saving money, energy and raw matefials

Microwave assisted solvent free reactions haveivedegreat importance due to their
simplicity in operation, elimination of solventssdurce by preventing pollution in organic syntbgsi
enhanced rate of reaction and better yields witih lpurity as compared to those carried out by
conventional heatirfy Microwave assisted solventless protocols has la@plied in various useful
transformations involving condensation, oxidatieduction, protection-deprotection, rearrangement
reactions and synthesis of different heterocyglgtemé. Further, the use of solvent free synthesis in
conjugation with microwave irradiation (MWI) devek an efficient procedure associated with many
advantages such as short reaction time, uniforrirfgeand higher yields for the synthesis of various
synthetic scaffolds.
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2-amino-2-chromenes are an important class of defelic compounds as they are the main
constituents of many natural products. They areelyidised as cosmetics, pigméraad potential
biodegradable agrochemicalsAlso fused chromenes are biologically active coummis with a wide
range of activities such as antimicroBiahutageniciticdl antiviraf, sex pheromon3l antitumoraf®
and central nervous system activitfes

The development of an efficient methodology for #wthesis of substituted 2-amino-2-
chromenes is highly essential. The most straigitiod synthesis of substituted 2-amino-2-chromenes
involves a three component condensation of aronaddiehyde, malononitrile and a activated phenol
traditionally this condensation was carried out Using a base such as piperidinevhich are
frequently utilized in stoichiometric amounts amdluxing in several hours. Also various modified
procedures have been reported for the synthesislisitituted 2-amino-2-chromenes using CTACI
TEBAY yp-alumind®, K,CO; [16], His [NaRW5O11q [17], p-TSA™® and KF/ALO:™ as a catalyst.
However, most of these methods suffer from one orendrawbacks such as moderate yield of the
products, the use of toxic solvents, longer readiime and tedious workup procedure.

2. Results and discussion

Herein, we wish to report synthesis of substituPedmino-2-chromenes by one pot three
component condensation of aromatic aldehydes, roaltile and activated phenol in presencepof
dimethylaminopyridine (10 mol %) as a catalyst undécrowave irradiation. The corresponding
product obtained with good to excellent yields @5%).

Initially, benzaldehydel@) select as a probe aldehyde to optimize the caad®m reaction
between malononitrile2) and 1-naphthol3) for the synthesis of 2-amino-2-chromen8sh{eme )

To improve the ecocompatibility of organic processamong the several catalysts were screened at
variable conditions and results are summarizedahld 1. At first the reaction was carried out in
absence of catalyst and solvent (Table 1, entrgt H0°C no product formation was observed. We
screened other catalyst suchpa€D, Alum, Bi(NG;)3.5H,0, SrCh.6H,O, SnC}.2H,0, SnC}.SiO;,
HCIO,.SIO, for the condensation reaction at room temperatowyentional heating and microwave
irradiation (Table 1, entries 2-12) but we did detect the desired product formation. However, the
addition of a catalytic amount of base (10 %) sashBuOK, t-BuONa and DBU (Table 1, entries
13-15) results in formation of produda under microwave irradiation with < 60 % yields. By
addition of 10 mol % DMAP in ethanol and under solvfree conditions (Table 1, entry 16, 17) under
MW irradiation results in formation of produéd. To compare the efficiency of solvent free corfiti
with respect to solution condition, it was foundttthe solvent free condition is most efficient i§lea

1, entry 17) give excellent yield (95 %).
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Scheme 1.Reaction between benzaldehydga), malononitrile (2) and 1-naphthol(3) under
variable conditions.
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Table 1.Screening of different catalyst for synthesiglaf

Entry Catalyst Solvent Time Temp. (°C)  Yields [%f

1 No Catalyst No Solvent 2h 60 -

2 B-CD Water 12 h Reflux -

3 B-CD ag. GHsOH 20 min MW -

4 Alum Water 12 h RT -

5 Alum Water 2h Reflux -

6 Bi (NOs)3.5H,0 CHsOH 12 h RT -

7 Bi (NOs)3.5H,0 CHsOH 6 h Reflux -

8 SrChL.6H,0O Neat 5.0 min MW -

9 SnC}.2H,0 Neat 5.0 min MW -

10 SnCL.SIO, Neat 10.0 min MW -

11 SnCl.Sio, CH:CN 10.0 min MW -

12 HCIO,.SIO, Neat 5.0 min MW -

13 t-BuOK CHsOH 4.8 min MW 50

14 t-BuONa GHsOH 3.6 min MW 45

15 DBU CHsOH 3.6 min MW 60

16 DMAP CHsOH 3.0 min MW 80

17 DMAP Neat 0.6 min MW 95
®Reaction condition: Benzaldehyde (1 mmol), malotrdei(1 mmol), 1-naphthol (1 mmol) and catalyst

(10 mol %) "Yields of isolated pure products. (-) No reactiakets place.

This clearly indicates the catalytic effect of DMA® the synthesis ofa. The activity ofp-
dimethylaminopyridine (DMAP) for this condensatienremarkable than that of all the other tested
catalyst. We also investigated the effect of cdimlgmount on yield and rate of the reaction far th
synthesis ofla and summarized in Table 2. It was found that X0%mof catalyst for solventless
synthesis oftaunder MW irradiation gives excellent yield. A carited reaction was also carried out
to confirm that no desired product was obtainetheabsence of the catalyst (Table 2, entry 7).

Table 2.Optimization of amount of catalyst for the syntisesfi4a®

Entry Catalyst Solvent Time (min.) Temp. {C) Yields [%]°
(mol%)
1 5 aq. GHsOH 5.8 MW 60
2 5 GHsOH 4.8 MW 65
3 5 Neat 1.2 MW 68
4 10 ag. GHsOH 3.6 MW 78
5 10 GHsOH 3.0 MW 80
6 10 Neat 0.6 MW 95
7 - Neat 0.6 MW -

®Reaction condition: Benzaldehyde (1 mmol), malotrdei(1 mmol), 1-naphthol (1  mmol),catalyst.

®Yields refer to isolated pure products. (-) No t&actakes place.

With these results in our hands, we examine theergdity of these conditions to other
aromatic aldehydes including electron donatingsted® withdrawing and heterocyclic and the results
are as shown in Table 3. The catalyst plays impbrtae in the success of the reaction in termthef
rate and the yields.
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Table 3. Synthesis of 2-amino-2-chromenes under solvent fceedition catalyzed byp-
dimethylamino pyridine (DMAPF)

Entry Ar Product  Time (h) Yields M.P. (Lit M. P.)
[%] ° (°C)
1 CoHs 4a 1.2 95 212-214 (210-21%)
2 3,4-OCHCeH; 4b 1.5 87 208-210 (210-21%)
3 3,4,5-OCHCH, 4c 1.5 89 185-186 (186-18%)
4 4-BrCsH, 4d 1 94 240-241 (241-24%)
5 2-CICH, 4e 1 85 235-237 (236-237)
6 2-NO,CeH, Af 1 93 209-210 (208-219)
7 4-NO,CgH, 49 1 96 241-242 (240-241)
8 Pyridine-4- 4h 1 90 240-242
carbaldehyde

®mmol ratio of aromatic aldehyde, malononitrile, dphthol and catalyst is 1:1:1:0.1
®Yields refer to isolated pure products.

It is evident that there is a highly influentialbstitution and steric factor, meta and para-
substituted aldehydes afforded higher conversicabl@ 3, entries 2- 4, 7) as compared to ortho-
substituted aldehydes (Table 3, entries 5, 6). I&ityi electron donating substituent's somewhat
decrease the rate of the reaction and yield (Tapleentry 2, 3) while electron withdrawing
substituent’s cleanly converted in to correspondramino-2-chromenes in excellent yield (Table 3,
entries 6 and 7). Remarkably, Pyridine-4-carbaldehyTable 3, entry 8) also reacted with
malononitrile and 1-naphthol under similar reactwonditions and gives the expected product in
excellent yield (90%). This pattern was consistembserved with all other substituents. All the
synthesized compounds were characterized bjHRJMR and Mass spectroscopic technique.
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Scheme 2Mechanistic pathway for the formation of subs&tli2-amino-2-chromenes

The mechanism of formation of the product is a eeqa of reactions involving Knoevenagel
condensation of malononitrile with aromatic aldeday loss of water molecule, followed by Michael
addition of 1-naphthol frorfi-position on electron deficient C-atom and an imilecular cyclisation
that leads to the formation of the desired prodlice probable mechanism is given in Scheme 2.
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3. Conclusion

In conclusion, we have developed a novel, pradyicficient solvent free protocol for the
synthesis of substituted 2-amino-2chromenes via-pmbethree component reaction of aromatic
aldehyde, malononitrile and 1-naphthol using algiitaamount ofp-dimethylaminopyridine (10 mol
%) under microwave irradiation. The present protadters several advantages such as solvent free
condition, operational simplicity, short reactiomé, easy work up and easy purification of products
simply by recrystallization.

4. Experimental

Melting points of the synthesized compounds werasue=d by open capillary method and
are uncorrected. Infrared spectra were recordeagusBr pellets on Shimadzu fourier transform
infrared spectrophotometer in the region 4000-460.¢H-NMR spectra were recorded on
Varian mercury plus 300 MHz spectrophotometer inGQGDas solvent and TMS as an internal
standard with'H resonant frequency of 300 MHz. The chemical shiftere measured ippm
downfield from internal TMS ab=0. The mass spectra were recorded on Varian 1b@. ptostar
binary with 500 MS IT. TLC was performed on Flfiksilica gel plates (5-1in, Fss). The mobile
phase was ethyl acetate and n-hexane (2:8) andtidetevas made using UV light. Chemicals used
were of commercial grade and used without furtheifigation. All products are known compounds
and were identified by comparing of their physieald spectral data with those reported in the
literature.

4.1. General procedure for the synthesis of 2-amin®-chromenes

In a round bottom flasg-dimethylaminopyridine (10 mol%, 0.1 mmol) was adlde to a
mixture of aromatic aldehyde (1 mmol), malonorgriil mmol) and 1-naphthol (1 mmol). The
resulting mixture was irradiated with microwaveslensolvent free condition for the appropriate
time as motioned in Table 3. After completion o tleaction, as indicated by TLC, the mixture
of ethanol-water (2:1, 5 ml) was added to the ieaanixture and then the solution was filtered. The
crude product was washed with water and furtheifipdrby recrystallization using ethanol. The
products were obtained in 85-96 % vyields.

4.2. Spectroscopic data

2-amino-4-phenyl-4H-benzo[h]chromene-3-carbonitrile (4a): White solid, IR (KBr), v (cm™):

3448, 2204, 1654, 10944-NMR (CDCk, 300MHz),8 (ppm): 1.55 (s, 2H, NB), 4.73 (s, 1H, CH),
7.03 (d, 1HJ=8.6 Hz, ArH), 7.22 -7.61(m, 8H, ArH), 7.79 (d, 187.6 Hz, ArH), 8.18 (d, 1H}=8.1
Hz, ArH); MS (ESI): 297.39 (M1).

2-amino-4-(3, 4-dimethoxyphenyl)-4H-benzo[h]chromee-3-carbonitrile (4b): Light yellow solid,
IR (KBr), v (cm™): 3381, 2222, 1660, 12734-NMR (CDClL, 300MHz),8 (ppm): 1.55 (s, 2H, N,
3.93 (s, 3H, OCH), 3.98 (s, 3H, OCH}, 4.83 (s, 1H, CH), 6.71-6.97 (m, 3H, ArH), 7.@3 {H,J=8.6
Hz, ArH), 7.36 -7.68 (m, 3H, ArH), 7.79 (d, 1B57.6 Hz, ArH), 8.17 (d, 1HJ=8.1 Hz, ArH); MS
(ESI): 357.25 (M-1).

2-amino-4-(3, 4, 5-trimethoxyphenyl)-4H-benzo[h]chomene-3-carbonitrile (4c): Dark yellow
solid, IR (KBr),v (cm™): 3342, 2220, 1664, 113¢H-NMR (CDCl, 300MHz),8 (ppm): 1.56 (s, 2H,
NH,), 3.80 (s, 6H, OCBH), 3.82 (s, 3H, OCH), 4.83 (s, 1H, CH), 6.43 (s, 2H, ArH), 7.07 (d4,1
J=8.5 Hz, ArH), 7.53-7.60 (m, 3H, ArH), 7.82 (d, 1857.6Hz, ArH), 8.19 (d, 1HJ=7.6 Hz, ArH);
MS (ESI): 388.97 (M).

2-amino-4-(4-bromophenyl)-4H-benzo[h]Jchromene-3-cdronitrile (4d): Dark yellow solid, IR
(KBr), v (cm%): 3350, 2191, 1651, 11044-NMR (CDCI3, 300MHz),5 (ppm): 1.55 (s, 2H, N§),
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5.03 (s, 1H, CH), 6.96 (d, 1KH=8.6 Hz, ArH), 7.64-6.94 (m, 7H, ArH), 7.82 (d, 188.5 Hz, ArH),
8.20 (d, 1H,J=8.5 Hz, ArH); MS (ESI): 376.23 (fL).

2-amino-4-(2-chlorophenyl)-4H-benzo[h]chromene-3-ahonitrile (4e): White solid, IR (KBr),v

(cm*): 3327, 2198, 1662, 1103, 752-NMR (CDCI3, 300MHz)5 (ppm): 1.55 (s, 2H, NjJ, 4.78 (s,
1H, CH), 7.07 (d, 1HJ=8.6 Hz, ArH), 7.17-7.61 (m, 7H, ArH), 7.79 (d, 18+7.2 Hz, ArH), 8.18 (d,
1H, J=8.1 Hz, ArH); MS (ESI): 331.35 (fM1).

2-amino-4-(2-nitrophenyl)-4H-benzo[h]chromene-3-cdvonitrile (4f): Dark yellow solid, IR (KBr),
v (cm): 3332, 2194, 1660, 1523, 110%)-NMR (CDCI3, 300MHz),5 (ppm): 1.54 (s, 2H, -N§),
4.82 (s, 1H, CH), 7.07 (d, 1H78.6 Hz, ArH), 7.30-7.80 (m, 7H, ArH), 7.88 (d, 18%8.1 Hz, ArH),
8.18 (d, 1HJ=8.1 Hz, ArH); MS (ESI): 344.40 (M41).

2-amino-4-(4-nitrophenyl)-4H-benzo[h]chromene-3-cdoonitrile (4g): Dark yellow solid, IR

(KBr), v (cm™): 3350, 2191, 1651, 1510, 1350,1168:NMR(CDCI3, 300MHz),5 (ppm):

1.54 (s, 2H, NH), 4.85 (s, 1H, CH), 6.96 (d, 1K=8.5 Hz, ArH), 7.40-7.80 (m, 7H, ArH),
7.82 (d, 1HJ=7.2 Hz, ArH), 8.19 (d, 1H]=8.5 Hz, ArH); 342.19 (N}1).

2-amino-4-(pyridin-4-yl)-4H-benzo[h]chromene-3-cartonitrile (4h): Light yellow solid, IR (KBr),
v (cm%): 3344, 2206, 1668, 110%4-NMR (CDCI3, 300MHz),5 (ppm): 1.56 (s, 2H, N§), 4.84 (s,
1H, CH), 6.99 (d, 1HJ=8.6 Hz, ArH), 7.16-7.63 (m, 5H, ArH), 7.82 (d, 18+7.2 Hz, ArH), 8.18 (d,
1H,J=7.6 Hz, ArH), 8.56 (d, 2H]=7.6 Hz, 2ArH); MS (ESI): 300.12 (M1).
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