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Abstract: The attending work used Gewald's approach to produce ethyl 2-amino-4,5-

diphenylfuran-3-carboxylate (2) by condensing benzoin (1) with ethyl cyanoacetate 

while stirring in dimethylformamide containing a catalytic amount of diethylamine. 

Through its interactions with practical chemical reagents, this 2-aminofuran 

derivative worked as a crucial synthon for the synthesis of novel thiazolidin-4-one, 

chromen-2-imine, and pyrrol-2-one derivatives. It was also addressed how the novel 

furan derivatives were achieved mechanistically. 
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1.Introduction

One type of heterocycle having aromatic and 

lipophilic properties is furan, which is regarded 

as a cyclic ether [1]. Furan ring is a one of the 

most privileged cores in numerous biologically 

active molecules together with numerous 

marketing drugs [2], for example, 

cholinesterase inhibitor “Galantamine” act as 

anti- Alzheimer agent [3], ANAVEX 2-73 has 

neuroprotective properties [4], (-)-BPAP is 

effective for serotonergic activity in neurons [5] 

(Fig. 1). The fused heterocycles incorporated 

furan scaffold and the related substituted 

analogues demonstrated potent and diverse 

biological properties such as antitumor, 

antimicrobial, antiviral, antihistaminic, and 

antidepressant activities [6], in addition, 

analogues of 5-phenyl-furan-2-carboxylic acid 

demonstrated remarkable antitubercular 

activities [7]. In the industrial sector, furan was 

widely used and often considered a promising 

synthetic resource for the synthesis of 

tetrahydrofuran and other useful compounds 

[8], including lacquers, resins, insecticides, and 

medications such furanochromones and 

furanones [9, 10]. Furthermore, because of its 

high-energy radiation and thermal progressions, 

it is regarded as a by-product of food 

production [11]. Furan heterocycles can be 

synthesized by reacting furan derivatives with a 

variety of other reagents [12]. Due to the great 

biological and industrial importance of furan 

derivatives, this study aims to synthesize novel 

thiazolidin-4-one, chromen-2-imine, and 

pyrrol-2-one derivatives having furan nucleus 

produced from 2-aminofuran 2. 

 

Fig. 1. Biologically active compounds with 

furan nucleus. 

2. Materials and methods 

On the Gallenkamp electric melting point 

apparatus, melting points (uncorrected) were 

measured in degrees Celsius. The Mattson 5000 

FTIR Spectrometer (USA) was used to obtain 

the IR (υ cm
-1

) (KBr). The Bruker Avance III 

spectrophotometer was used to record the 1H-

NMR spectra (DMSO-d6/400 MHz). With an 

ionising potential of 70 eV, the mass spectra 

were captured using the Kratos MS (Kratos 

Analytical Instrument, Ramsey, NJ) apparatus 

in the EI mode. The elemental analyses of 

carbon, hydrogen, and nitrogen were performed 

on Perkin-Elmer 2400 Instruments, Shelton, 

CT. 
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Reaction of 2-aminofuran 2 with aromatic 

aldehydes (General procedure): 

2-Aminofuran 2 (1.536 g, 0.005 mol), 

benzaldehyde and/or 4-methylbenzaldehyde 

(0.005 mol) and melted NaOAc (0.41 g, 0.005 

mol) were fused at 120-125°C for 5 h. The 

crude was allowed to cool after the reaction 

was completed using TLC, and the ethyl 

alcohol was then used as a solvent to 

recrystallized the product. 

Ethyl-2-(benzylideneamino)-4,5-diphenyl 

furan-3-carboxylate (3a) 

Brown crystals; mp 190-192ºC; yield 52%. 

IR (KBr, cm
-1

): 1675 (CO, ester), 1610 (C=N), 

1600 (C=C). 
1
H-NMR δ (ppm): 8.99 (s, 1H, 

CH=N), 8.04-6.65 (m, 15H, Ar-H), 4.75 (q, J = 

8.0 Hz, 2H, ester, CH2CH3), 1.15 (t, J = 8.0 Hz, 

3H, ester, CH2-CH3). MS: (m/z, %): 395.78 

(M
+
 Elemental analyses for C26H21NO3 .(6.63 ,

(395.46), calcd: C, 78.97; H, 5.35; N, 3.54%; 

Found: C, 79.05; H, 5.40; N, 3.59%. 

Ethyl-2-((4-methylbenzylidene)amino)-4,5-

diphenylfuran-3-carboxylate (3b) 

Brown crystals; yield 55%; mp 160-162ºC. 

IR (KBr, cm
-1

): 1677 (CO, ester), 1620 (C=N), 

1605 (C=C). 
1
H-NMR δ (ppm): 8.98 (s, 1H, 

CH=N), 8.21-7.04 (m, 14H, Ar-H), 4.52 (q, J = 

8.0 Hz, 2H, CH2-ester), 2.46 (s, 3H, CH3), 1.12 

(t, J = 8.0 Hz, 3H, CH3-ester). MS: (m/z, %): 

409.21 (M
+
 Elemental analyses for .(12.08 ,

C27H23NO3 (409.49), calcd: C, 79.20; H, 5.66; 

N, 3.42%; Found: C, 79.31; H, 5.72; N, 3.51%. 

Synthesis of thiazolidin-4-ones 4a and 4b 

(General procedure): 

For eight hours, a solution containing 

equimolar ratios of Schiff bases 3a,b (0.003 

mol) and 2-mercaptoacetic acid (0.276 g, 0.003 

mol) in pyridine (20 mL) was refluxed. Once 

the mixture had cooled, pour it into ice-cold 

water. The resulting thiazolidin-4-ones were 

then filtered off and crystallized again from 

ethyl alcohol.  

Ethyl 2-(4-oxo-2-phenylthiazolidin-3-yl)-4,5-

diphenylfuran-3-carboxylate (4a) 

Yellow crystals; yield 49%; mp 185-187ºC. 

IR (KBr, cm
-1

): 1688 (CO, ester), 1644 (CO, 

amidic), 1608 (C=C). 
1
H-NMR δ (ppm): 8.06-

7.17 (m, 15H, Ar-H), 6.15 (s, 1H, CH), 4.81 (q, 

J = 8.0 Hz, 2H, ester, CH2-CH3), 2.75 (s, 2H, 

H5), 1.04 (t, J = 8.0 Hz, 3H, ester, CH2CH3). 

MS: (m/z, %): 469.72 (M
+
 Elemental .(13.51 ,

analyses for C28H23NO4S (469.56), calcd: C, 

71.62; H, 4.94; N, 2.98%; Found: C, 71.70; H, 

4.82; N, 3.08%. 

Ethyl 2-(4-oxo-2-(p-tolyl)thiazolidin-3-yl)-

4,5-diphenylfuran-3-carboxylate (4b) 

Yellow crystals; yield 55%; mp 212-214ºC. 

IR (KBr, cm
-1

): 1680 (CO, ester), 1660 (CO, 

amidic), 1622 (C=C). 
1
H-NMR δ (ppm): 8.26-

7.33 (m, 14H, Ar-H), 5.80 (s, 1H, CH), 4.31 (q, 

2H, ester, CH2-CH3), 3.57 (s, 2H, H5), 2.11 (s, 

3H, methyl), 1.24 (t, 3H, ester, CH2-CH3). MS: 

(m/z, %): 483.77 (M
+
 Elemental .(21.24 ,

analyses for C29H25NO4S (483.58), calcd: C, 

72.03; H, 5.21; N, 2.90%; Found: C, 72.11; H, 

5.30; N, 3.06%. 

Ethyl 2-(2-chloroacetamido)-4,5-

diphenylfuran-3-carboxylate (5) 

A stirred cold mixture of 2-aminofuran 2 

(0.615 g, 0.002 mol) and 1 mL of triethylamine 

in 20 mL dioxane was stirreded with 0.23 g of 

2-chloroacetyl chloride (0.002 mol). Stirring 

was then continued for a further 2 hours at 25 
o
C. The resulting 2-chloroacetamide derivative 

was collected by filtration and subsequently 

purified by boiling in DMF. Yellow needles; 

yield 68%; mp 218-220
º
C. IR (KBr, cm

-1
): 

3373 (NH), 2955 (C-H, aliphatic), 1702 (C=O, 

ester), 1650 (C=O, amidic), 1608 (C=C). 
1
H-

NMR δ (ppm): 8.90 (s, 1H, NH), 7.97-7.04 (m, 

10H, Ar-H), 4.34 (s, 2H, CH2Cl), 4.08 (q, J = 

8.0 Hz, 2H, CH2-ester), 1.09 (t, J = 8.0 Hz, 3H, 

CH3-ester). MS: (m/z, %): 385.22 (M
+
 ,2+

18.12), 383.31 (M
+
 Elemental analyses .(7.40 ,

for C21H18ClNO4 (383.83), calcd: C, 65.71; H, 

4.73; N, 3.65%. Found: C, 65.79; H, 4.80; N, 

3.72%. 

Ethyl 2-(2-cyanoacetamido)-4,5-

diphenylfuran-3-carboxylate (6) 

For three hours, a solution containing 1.92 g 

(0.005 mol) of 2-chloroacetamide 5 and 0.325 g 

(0.005 mol) of KCN in 30 mL of EtOH was 

heated to 70 °C. Pour onto cold water while 

swirling constantly. After filtering off the 

precipitated cyanoacetamide, it was heated in 

DMF to recrystallize. Pale yellow crystals; 

yield 93%; mp 222-224
º
C. IR (KBr, cm

-1
): 

3355 (NH), 2221 (CN), 1690 (C=O, ester), 

1664 (C=O, amidic), 1600 (C=C). 
1
H-NMR δ 

(ppm): 10.56 (s, 1H, NH), 8.08-7.20 (m, 10H, 

Ar-H), 4.31 (q, J = 8.0 Hz, 2H, ester, CH2-
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CH3), 3.11 (s, 2H, CH2-CN), 1.30 (t, J = 8.0 

Hz, 3H, ester, CH2-CH3). MS: (m/z, %): 374.21 

(M
+
 Elemental analyses for .(21.48 ,

C22H18N2O4 (374.40), calcd: C, 70.58; H, 4.85; 

N, 7.48%; Found: C, 70.66; H, 4.96; N, 7.54%. 

Ethyl 2-(2H-chromene-2-imino--3-

carboxamido)-4,5-diphenylfuran-3-

carboxylate (7) 

Five drops of piperidine were added to 

equimolar amounts of 2-cyanoacetamide 6 

(1.12 g, 0.003 mol) and 2-

hydroxybenzaldehyde (0.36 g, 0.003 mol) in 25 

mL ethanol, and the mixture was heated for 12 

hours. Poured upon cold water and allowed to 

stand at 25°C for the entire night. After 

filtering, the resultant chromene was boiled in 

methanol to recrystallize. Pale yellow crystals; 

yield 68%; mp 232-234
º
C. IR (KBr, cm

-1
): 

3346 (NH, amidic), 3267 (NH), 1702 (CO, 

ester), 1659 (CO, amidic), 1633 (C=N), 1595 

(C=C). 
1
H-NMR δ (ppm): 10.65 (s, 1H, NH), 

9.54 (s, 1H, NH), 8.23 (s, 1H, CH=C), 8.03-

7.10 (m, 14H, Ar-H), 4.31 (q, J = 8.0 Hz, 2H, 

ester, CH2-CH3), 1.30 (t, J = 8.0 Hz, 3H, ester, 

CH2-CH3). MS: (m/z, %): 478.88 (M
+
 .(12.19 ,

Elemental analyses for C29H22N2O5 (478.50), 

calcd: C, 72.79; H, 4.63; N, 5.85%; Found: C, 

72.90; H, 4.72; N, 5.92%. 

Ethyl 2-(4-cyano-2-oxo-2,3-dihydro-5-amino-

1H-pyrrol-1-yl)-4,5-diphenylfuran-3-

carboxylate (8) 

After adding K2CO3 (0.69 g, 0.005 mol) and 

heating the mixture of 2-chloroacetamide 5 

(1.151 g, 0.003 mol) and malononitrile (0.198 

g, 0.003 mol) in 20 mL DMF for 20 hours, the 

mixture was allowed to cool. After being 

poured onto cold water, the resulting pyrollone 

was filtered off and heated in methyl alcohol to 

recrystallize. Yellow crystals; yield 39%; mp 

191-192
º
C. IR (KBr, cm

-1
): 3288-3200 (NH2), 

2216 (CN), 1693 (CO, ester), 1664 (CO, 

amidic), 1620 (C=C). 
1
H-NMR δ (ppm): 7.96-

7.17 (m, 10H, Ar-H), 6.57 (s, 2H, NH2), 4.87 

(q, J = 8.0 Hz, 2H, ester, CH2-CH3), 2.76 (s, 

2H, H3), 1.05 (t, J = 8.0 Hz, 3H, ester, CH2-

CH3). MS: (m/z, %): 413.70 (M
+
 .(61.65 ,

Elemental analyses for C24H19N3O4 (413.43), 

calcd: C, 69.72; H, 4.63; N, 10.16%; Found: C, 

69.80; H, 4.69; N, 10.27%. 

 

 

Results and Discussion 

The key compound, 2-aminofuran 2 [13, 14] 

was synthesized from readily attainable 

reagents through Gewald condensation of 

benzoin (1) with ethyl cyanoacetate in 

dimethylformamide containing diethylamine 

(few drops) in a good yield as outlined in 

Scheme 1. The mass spectrum of 2-aminofuran 

derivative 2 verified the molecular ion peak at 

m/z = 307.01 (M
+
, 16.09%), which was also 

accompanied by the structure's precise 

molecular formula (C19H17NO3). 

Schiff bases are compounds incorporating a 

parent azomethine group and having various 

synthetic applications such as catalysts, dyeing 

processes, synthetic intermediates, polymer 

stabilizers and metal corrosion inhibitors. In 

addition, these compounds have shown diverse, 

potent and remarkable biological performance 

when applied in the medical field [15]. 

Therefore, condensation of 2-aminofuran 2 

with aromatic aldehydes at 120-125
o
C in the 

presence of freshly melted NaOAc provide a 

facile route to yield the corresponding Schiff 

bases 3a,b. Subsequent cyclocondensation 

reactions of mercaptoacetic acid with each of 

Schiff bases 3a,b afforded the desired 

thiazolidin-4-ones 4a,b, respectively (Scheme 

2). 

 

Scheme 1. Synthesis of 2-aminofuran 

derivative 2. 

 

 

Scheme 2. Synthesis of thiazolidin-4-ones 

4a,b. 

The reactions of Schiff bases 3a,b with 

mercaptoacetic acid were progressed initially 

through the nucleophilic attack of sulfur atom 

of mercaptoacetic acid to the C=N group of 

Schiff bases followed by intramolecular 
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cyclization with the loss of H2O molecule 

(Scheme 3). 

 

Scheme 3. The suggested mechanism for the 

synthesis of thiazolidin-4-ones 4a,b. 

Cyanoacetamides were applied as versatile 

synthetic intermediates for the synthesis of 

diverse dyes, biologically active components, 

and agrochemical analogues [16, 17]. On the 

other side, the researcher's interest in the 

synthesis of chromene heterocycles has been 

increased in the last decades due to their 

remarkable biological impacts [18, 19]. Thus, 

treatment of 2-aminofuran 2 with chloroacetyl 

chloride in dioxane catalyzed by Et3N afforded 

the desired chloroacetamide 5. Heating of 5 

with potassium cyanide in ethanol yielded the 

corresponding cyanoacetamide 6 through 

nucleophilic substitution step. Cyanoacetamide 

6 reacted with salicylaldehyde in refluxing 

ethanol containing piperidine to give the 

chromen-2-imine 7 (Scheme 4). 

 

Scheme 4. Synthesis of chromen-2-imine 7 and 

pyrrol-2-one 8. 

The mechanism for the formation of 

chromene 7 was projected as outlined in 

Scheme 5. 

 

Scheme 5. The projected mechanistic route for 

the synthesis of chromen-2-imine 7. 

α-Haloketones have been applied in a wide 

range in synthetic organic researches 

considering their high reactivity as 

intermediates in the preparation of various 

classes of heterocyclic systems [20, 21]. 

Chloroacetamide 5 reacted with malononitrile 

in refluxing DMF and potassium carbonate as a 

basic medium to give the respective pyrrol-2-

one derivative 8 (Scheme 4). The mechanism 

for the formation of pyrrol-2-one derivative 8 

was projected as outlined in Schemes 6. 

 

Scheme 6. The estimated mechanistic route for 

the synthesis of pyrrol-2-one 8. 

Conclusion 

In conclusion, the current consideration's 

results note that 2-aminofuran 2 is a suitable 

synthon for creating new derivatives of 

thiazolidin-4-one, chromen-2-imine, and 

pyrrol-2-one through its reactions with some 

convenient chemical reagents. 
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