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Abstract – The synthesis of novel tricyclic fused furo[2,3-b]pyridine derivatives 

is described. 3-Cyano-4,5-dihydro-2-furan(and 2-thiophene)acetonitriles 1,2 were 

reacted with phenacyl bromides to give 5'-arylfuran-2'-amines 3,4. Compounds 

3,4 were intramolecularly cyclized in the presence of sodium ethoxide to yield 

tricyclic fused furo[2,3-b]pyridine derivatives 5,6. Furthermore, one-pot synthesis 

of compounds 5,6 from starting materials 1,2 is also developed. 

Many kinds of tricyclic 5-6-5 fused heterocyclic compounds have been synthesized1 and reported to 

exhibit various biological activities.2 Recently, our laboratory has developed an efficient synthetic method 

of fused 5-6-5 heterocyclic compounds.3,4 Among fused 5-6-5 heterocyclic compounds, tricyclic fused 

furo[2,3-b]pyridines have been recognized for inducer of lipoprotein lipase mRNA expression for 

diabetes drugs,5 and bronchodilator activity.6 For this reason, these types of compounds are still of interest 

from the viewpoint of biological activity. Therefore, studies were made on the synthesis of novel tricyclic 

fused furo[2,3-b]pyridine derivatives using 3-cyano-4,5-dihydro-2-furan(and 2-thiophene)acetonitriles 1,2 

as the starting materials as already reported in our previous literature.7

Initially, we examined the phenacylation and cyclization reaction of compounds 1,2 with phenacyl 

bromides to give 5'-arylfuran-2'-amine derivatives 3,4 (Scheme 1). Several methods for constructing a 

furan ring by reaction of a compound having a cyanomethyl group with phenacyl bromide have been 

reported.8 Compounds 1,2 were reacted with phenacyl bromides in the presence of sodium hydride and 

triethylamine in 1,4-dioxane at 60 ˚C for 1 h to provide the corresponding compounds 3a-e and 4a-e in 

moderate yields (Table 1). By comparison of the IR spectra, NMR spectra, MS spectra and elemental 

analyses of 3a-e and 4a-e, the structure assignments given to these compounds seems to be correct (see 

experimental section). For example, the IR spectrum of 3a displays bands at 3460, 3345 cm-1 due to a 

primary amino group, and a band at 2186 cm-1 due to a conjugated cyano group. The 1H NMR spectrum 
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of 3a in DMSO-d6 exhibits D2O exchangeable a two-proton signal at 6.92 assignable to the primary 

amine, and a signal at 6.98 assignable to the 4’-H. The 13C NMR spectrum of 3a shows signals at 87.4, 

and corresponding C-3’, C-4’, C-5’ and C-2’ carbons, respectively.

 
Scheme 1 

 
Table 1. Synthesis of 3a-e and 4a-e according to Scheme 1 

Entry Substrate X R Product Yield (%)a) 

1 1 O H 3a 37 

2 1 O Me 3b 24 

3 1 O OMe 3c 18 

4 1 O Cl 3d 34 

5 1 O Br 3e 39 

6 2 S H 4a 50 

7 2 S Me 4b 36 

8 2 S OMe 4c 37 

9 2 S Cl 4d 42 

10 2 S Br 4e 47 

a) Yield of isolated products.  
 
In the next step, we attempted intramolecular cyclization of compounds 3,4. (Scheme 2). It has been 

reported that the intramolecular ring closure reaction occurs when the nitrogen atom of the amino group 

attacks the cyano group carbon.9 The cyclization reaction of 4a was chosen as a model. In the reaction for 

obtaining the intramolecular cyclized product 5a, it was clarified that the conditions for refluxing in 

ethanol for 30 min using sodium ethoxide as a base gave good results. The results of reacting 3a-e and 

4a-e with sodium ethoxide using optimized reaction conditions are summarized in Table 2. Elemental 

1, 3: X = O,  2, 4: X = S, a: R = H, b: R = Me, c: R = OMe, d: R = Cl, e: R = Br

X

CN

CN

COCH2BrR

X

CN

O

R

NH2

1,2 3a-e
4a-e

NaH, Et3N, 1,4-dioxane

60 ºC, 1 h
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analyses, MS spectra, 1H and 13C NMR spectra of compounds 5a-e and 6a-e are consistent with the 

assigned structures (see experimental section). For example, the IR spectrum of 5a shows the bands at 

3452, 3301, 3190 cm-1 due to a primary amino group. The 1H NMR spectrum of 5a in DMSO-d6 exhibits 

the D2O exchangeable a two-proton signal at  6.02 assignable to the primary amine, and a proton signal 

at  7.13 assignable to the 8-H. The 13C NMR spectrum of 5a in DMSO-d6 shows signals at  97.5,  

100.3,  153.8,  161.2, and  163.8 corresponding to C-8a, C-3a, C-4, C-8b, and C-5a carbons, 

respectively. 

 

 
Scheme 2 

 
Table 2. Synthesis of 5a-e and 6a-e according to Scheme 2 

Entry Substrate X R Product Yield (%)a) 

1 3a O H 5a 72 

2 3b O Me 5b 69 

3 3c O OMe 5c 40 

4 3d O Cl 5d 69 

5 3e O Br 5e 75 

6 4a S H 6a 55 

7 4b S Me 6b 46 

8 4c S OMe 6c 33 

9 4d S Cl 6d 56 

10 4e S Br 6e 57 

a) Yield of isolated products. 
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5: X = O,  6: X = S, a: R = H, b: R = Me, c: R = OMe, d: R = Cl, e: R = Br
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4’-H), 7.37-7.39 (m, 2H, ary1 H), 7.44-7.46 (m, 2H, ary1 H); 13C NMR (DMSO-d6): δ 32.7 (C-5), 36.6 

(C-4), 91.5 (C-3), 91.8 (C-3'), 107.2 (C-4'), 118.6 (CN), 124.1, 129.0, 129.5, 131.0 (C aryl), 141.9 (C-5'), 

152.6 (C-2), 157.8 (C-2'); MS: m/z 304 [M+H]+. Anal. Calcd for C15H11ClN2OS: C, 59.50; H, 3.66; N, 

9.25. Found: C, 59.56; H, 3.64; N, 9.05. 

2-(2'-Amino-5'-(4-bromophenyl)furan-3'-yl)-4,5-dihydrothiophene-3-carbonitrile (4e): (0.82 g, 

47%); a yellow prisms; mp 143-145 ˚C (decomp) (Et2O); IR (ATR) 3444, 3345, 3300 (NH), 2188 (CN) 

cm-1; 1H NMR (DMSO-d6): δ 2.97-3.00 (m, 2H, 4-H), 3.32-3.35 (m, 2H, 5-H), 6.77 (brs, 2H, NH2), 7.08 

(s, 1H, 4’-H), 7.38-7.40 (m, 2H, ary1 H), 7.50-7.53 (m, 2H, ary1 H); 13C NMR (DMSO-d6): δ 32.7 (C-5), 

36.6 (C-4), 91.5 (C-3), 91.8 (C-3'), 107.4 (C-4'), 118.6 (CN), 119.4, 124.4, 129.3, 132.3 (C aryl), 141.9 

(C-5'), 152.6 (C-2), 157.8 (C-2'); MS: m/z 348 [M+H]+. Anal. Calcd for C15H11BrN2OS: C, 51.89; H, 

3.19; N, 8.07. Found: C, 51.80; H, 3.16; N, 8.02. 

General procedure for the preparation of fused furo[2,3-b]pyridines 5,6 from 3,4 and sodium 
ethoxide. A suspension of 3a-e, 4a-e (1 mmol) and NaOEt (0.14 g, 1 mmol) in EtOH (10 mL) was 

refluxed for 30 min. After removal of the solvent in vacuo, cold water was added to the residue. The 

precipitate was filtered off, washed with water dried and recrystallized from appropriate solvent to give 

fused furopyridine 5a-e and 6a-e. 

General procedure for the preparation of fused furo[2,3-b]pyridines 5,6 from 1,2, phenacyl 
bromides, sodium hydride, triethylamine and sodium ethoxide. To an ice-cooled and stirred solution 

of 1, 2 (10 mmol) in 1,4-dioxane (10 mL) was added 60% NaH (0.40 g, 10 mmol). The stirring was 

continued at rt until evolution of gas ceased. To the obtained mixture were added phenacyl bromide, 

4-chlorophenacyl bromide, 4-bromophenacyl bromide, 4-methylphenacyl bromide and/or 

4-methoxyphenacyl bromide (10 mmol) and Et3N (1.01 g, 10 mmol) with stirring and then the mixture 

was stirred at 60 ˚C for 1 h. After removal of the solvent in vacuo, the residue added NaOEt (0.14 g, 10 

mmol) in EtOH (100 mL) was refluxed for 30 min. After removal of the solvent in vacuo, cold water was 

added to the residue. The precipitate was filtered off, washed with water dried and recrystallized from 

appropriate solvent to give fused furopyridine 5a-e and 6a-e. 

2,3-Dihydro-7-phenyldifuro[2,3-b:2',3'-d]pyridin-4-amine (5a): (0.18 g, 72% from 3a) (0.71 g, 28% 

from 1); a pale orange prisms; mp 217-218 ˚C (decomp) (CH2Cl2); IR (ATR) 3452, 3301, 3190 (NH) 

cm-1; 1H NMR (DMSO-d6) δ 2.97 (t, J = 9.0 Hz, 2H, 3-H), 4.71 (t, J = 9.0 Hz, 2H, 2-H), 6.02 (brs, 2H, 

NH2), 7.13 (s, 1H, 8-H), 7.24-7.27 (m, 1H, aryl H), 7.38-7.40 (m, 2H, aryl H), 7.71-7.73 (m, 2H, aryl H); 
13C NMR (DMSO-d6): δ 26.7 (C-3), 73.9 (C-2), 97.5 (C-8a), 98.8 (C-8), 100.3 (C-3a), 124.0, 128.1, 

129.4, 130.7 (C aryl), 149.0 (C-7), 153.8 (C-4), 161.2 (C-8b), 163.8 (C-5a); MS: m/z 253 [M+H]+. Anal. 

Calcd for C15H12N2O2: C, 71.42; H, 4.79; N, 11.10. Found: C, 71.40; H, 4.83; N, 11.12. 
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