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Abstract: A one-pot chemoselective synthesis of 2-aminoben-
zo[h]quinolines has been delineated by the reaction of 6-aryl-4-sec-
amino-2H-pyran-2-one-3-carbonitriles and 2-cyanomethylbenzoni-
trile using sodamide as a base in DMF. The synthesis involves se-
quential intermolecular C–C and intramolecular C–C and C–N
bond formation. This reaction has delivered benzo[h]quinolines
chemoselectively in excellent yield under microwave irradiation.
The structure of one product was confirmed by single-crystal X-ray
crystallography.
Key words: chemoselectivity, quinolones, fused-ring systems, nu-
cleophiles

Highly functionalized quinolines and benzoquinolines are
an important class of heterocycles. Benzo[h]quinoline de-
rivatives exhibit a broad spectrum of pharmacological
properties such as anaesthetic,1a antiestrogen,1b antimalar-
ial,2 anti-HIV,3 anticancer;4 antitubercular;5 and antimi-
crobial activities.6 Benzo[h]quinolines have also found
application as agrochemicals7 and fluorescent materials.8,9

These compounds have wide applications in the prepara-
tion of nano and meso structures with enhanced electronic
and photonic properties.10 Various synthetic methods,
such as the Skraup11a and Doebner–von Miller quinoline
syntheses,11b Friedland condensations,12 Diels–Alder re-
action,13 and Vilsmeier methodology,14 have been report-
ed for the construction of quinolines and fused quinolines.
They have also been synthesized by inter- and intramolec-
ular cyclizations by copper-,15 palladium-,16 nickel-,17 and
zinc-metal-catalyzed18 reactions. Recently, Xi et al. have
reported the synthesis of quinolines and fused quinolines
by reaction of arylisothiocyanates, alkynes, and alkyltri-
flates.19 Partially reduced benzo[h]quinolines have also
been synthesized by condensation reaction of arylidenes
and 1-tetralone using ammonium acetate and sodium me-
thoxide.20 An elegant synthesis of this ring system has
also been reported by base-mediated reaction of 5,6-dihy-
dro-2-oxobenzo[h]chromenes and various amidines, such
as formamidine, S-methylisothiourea, and benzamidine.21

A reaction of 6-methoxy-1-tetralone with methyl propio-

late in saturated ammoniacal methanol followed by aro-
matization, delivered benzo[h]quinoline derivatives.22

Herein, we report an atom economic and one-pot ap-
proach for the construction of highly functionalized ben-
zo[h]qninoline motifs. The precursor, 6-aryl-4-sec-
amino-2-oxo-2H-pyran-3-carbonitriles 1 were synthe-
sized in two steps. The first step was the synthesis of 6-
aryl-4-methylthio-2-oxo-2H-pyran-3-carbonitriles from
the reaction of methyl 2-cyano-3,3-bismethylthioacrylate
with various aryl/heteroaryl methyl ketones in DMSO us-
ing KOH as a base at room temperature while the second
step involved amination23 with various secondary amines
in refluxing ethanol to obtain 6-aryl-4-sec-amino-2-oxo-
2H-pyran-3-carbonitriles 1.24

As a model, reaction of 6-(4-chlorophenyl)-4-methylthio-
2-oxo-2H-pyran-3-carbonitrile with 2-cyanomethylben-
zonitrile using NaH, KOH, and NaNH2 as a base in vari-
ous solvents such as DMF, DMSO, and THF was carried
out, but always a complex mixture was obtained possibly
due to side reaction involving the SCH3 substituent, a
good leaving group present at C-4 of the lactone. To avoid
this side reaction, the methylthio group was replaced with
a secondary amine to reduce the electrophilicity of this
site.
Thus, 6-(4-chlorophenyl)-4-piperidin-1-yl-2H-pyran-2-
one-3-carbonitrile and 2-cyanomethylbenzonitrile were
used as model substrates to screen various base and sol-
vent combinations at different temperatures to optimize
the reaction conditions. Screening of potassium hydroxide
as a base in DMF at 20 °C, 40 °C, and 60 °C, led to recov-
ery of starting material without formation of product after
10–15 hours (Table 1, entries 1–3). However, stirring at
70 °C for 50 hours provided the benzo[h]quinoline in 50%
yield (Table 1, entry 4). Use of higher temperatures did
not reduce the reaction time but significantly improved
the yields (Table 1, entries 5–7). Replacement of potassi-
um hydroxide with sodamide as a base in DMF afforded
82% yield in 35 hours (Table 1, entry 8). Use of sodium
hydride in DMF afforded 50% of desired product (Table
1, entry 9). Changing solvent to DMSO did not furnish the
product with potassium hydroxide, sodamide, and sodium
hydride as a bases (Table 1, entries 10–12). Therfore, use
of sodamide in DMF at 100 °C was taken to be optimal.
Thus, stirring an equimolar mixture of a range of 6-aryl-
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4-sec.amino-2H-pyran-2-one-3-carbonitriles and 2-cy-
anomethylbenzonitrile in DMF using sodamide as a base
at 100 °C for 35–50 hours afforded 2-amino-5-aryl-4-sec-
aminobenzo[h]quinoline-6-carbonitriles 3 in good yields
(Table 2).
The presence of electron-donating or electron-withdraw-
ing functionality on the aryl group at C-6 of the pyranone
ring has no significant effect on yields. However, use of
thiophenyl and furyl groups as aryl equivalents required
longer duration of reaction, but afforded good yields. The
presence of piperidine or morpholine at C-4 of the pyra-
none equally had no significant effect on yields.
To reduce the time needed for completion of reaction, the
strategy was changed from conventional heating to micro-
wave-assisted heating. Thus, a reaction of 6-aryl-2-oxo-4-
sec-amino-2H-pyran-3-carbonitriles 1 and 2-cyanometh-
ylbenzonitrile using sodamide as a base in DMF at 100 °C
under microwave-assisted heating afforded an excellent
yield of the desired product in 55 minutes (Table 2). 
The precursor, 2H-pyran-2-one has three electrophilic
centers: C-2, C-4, and C-6 in which the latter is highly vul-
nerable to nucleophilic attack due to extended conjugation
with the carbonyl and nitrile groups present at positions 2

and 3. Mechanistically, reaction is possibly initiated
though attack of the carbanion generated in situ from 2-
cyanomethyl-benzonitrile at C-6 of carbonitrile 1, leading
to the formation of ring-opened intermediate A, which
may undergo decarboxylation to generate either of the two
intermediates B-1 [Z-alkene] or B-2 [E-alkene]. Interme-
diate B-1 may cyclize intramolecularly giving intermedi-
ate C which can further cyclize to yield phenanthridine 4
(Scheme 1, path b). In the case of intermediate B-2, cy-
clization may involve allylic attack of the carbanion on
CN-2 to form an intermediate which further undergoes in-
tramolecular sequential cyclization involving nitrile and
amino functionalities to produce benzo[h]quinolines 3
(Scheme 1, path a). Chemoselective formation of 2-ami-
no-5-aryl-4-sec-amino-1-yl-benzo[h]quinoline-6-carbo-
nitriles 3 confirms that the reaction follows path a
probably due to involvement of the geometrically more
stable intermediate B-2. The absence of product 4 in the
reaction mixture is possibly due to the instability of inter-
mediate B-1.
As in an earlier report,25 if malononitrile was used as the
carbanion source, cyclization involved either cyano
group, affording 3-amino-5-(piperidin-1-yl)-[1,1′-biphe-

Table 1  Optimization of Reaction Conditionsa

Entry Base Solvent Temp (°C) Time (h) Yield (%)b

1 KOH DMF 20 10 –

2 KOH DMF 40 10 –

3 KOH DMF 60 15 –

4 KOH DMF 70 50 50

5 KOH DMF 90 50 60

6 KOH DMF 100 50 70

7 KOH DMF 120 50 68

8 NaNH2 DMF 100 35 82

9 NaH DMF 100 40 50

10 KOH DMSO 100 30 trace

11 NaNH2 DMSO 100 30 trace

12 NaH DMSO 100 30 trace
a Reaction was performed with 6-(4-chlorophenyl)-2-oxo-4-piperidin-1-yl-2H-pyran-3-carbonitrile (1, 0.5 mmol) and 2-cyanomethylbenzoni-
trile (2, 0.5 mmol) using base (1.0 mmol) in solvent (4.0 mL).
b Isolated yields.
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nyl]-2,4-dicarbonitrile; probably through a similar inter-
mediate as B-1 (Scheme 2). We proposed that,
replacement of either nitrile group with a bulky functional
group such as benzonitrile, would force the reaction to fol-
low the path a through intermediate B-2.
All the intermediates and final compounds were adequate-
ly characterized by spectroscopic analysis,27 and one of
the compound 3l was further confirmed by single-crystal
X-ray analysis.26

The ORTEP plot is shown with 30% probability in Figure
1. The asymmetric unit contains two molecules along with
chloroform (used as the crystallization solvent) indicating
H bonding between the chloroform and the O atom of the
morpholine ring. 

In conclusion, a novel, efficient, and chemoselective ap-
proach for the synthesis of functionalized benzo[h]quino-
lines by base-promoted sequential intermolecular C–C
and intramoleculer C–C and C–N bond-formation reac-
tions has been developed. To rationalize the mechanism,
we have proposed the involvement of a possible geomet-
rically stable intermediate, which provides chemoselec-
tivity. This procedure is simple, cost effective, and does
not require use of expensive metal catalyst. The reaction
can be performed by conventional heating or under micro-
wave irradiation, providing excellent yields of 2-amino-5-
aryl-4-sec-aminobenzo[h]quinoline-6-carbonitriles.

Table 2  Synthesis of 2-Amino-5-aryl-4-sec-amino-1-yl-ben-
zo[h]quinoline-6-carbonitriles 3a,b

Entry Compd 3 Ar X Yield (%)dYield 
(%)e

1 3a Ph CH2 75 90

2 3b 4-MeC6H4 CH2 65 85

3 3c 4-MeOC6H4 CH2 71 88

4 3d 4-FC6H4 CH2 73 –

5 3e 4-ClC6H4 CH2 82 82

6 3f 4-BrC6H4 CH2 66 89

7 3g 3-BrC6H4 CH2 65 84

8 3h 2-furyl CH2 82 91

9 3i 2-thienyl CH2 76 87

10 3j 4-MeOC6H4 O 68 –

11 3k 4-ClC6H4 O 66 85

12 3l 4-BrC6H4 O 63 92
a All reactions were performed by heating 6-aryl-4-sec-amino-2H-
pyran-2-one-3-carbonitriles 1 (0.5 mmol) and 2-cyanomethylbenzo-
nitrile (2, 0.5 mmol) using sodamide (1.0 mmol) in DMF (4.0 mL) at 
100 °C.
b All the reactions were performed twice and the average yield is re-
ported.
c Reactions were performed by heating 1 (1.0 mmol) and 2 (1.0 mmol) 
using sodamide (2.0 mmol) in DMF (2.0 mL) at 100 °C under micro-
wave irradiation for 55 min.
d Yield obtained through conventional heating.
e Yield obtained through microwave-assisted heating.
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Scheme 1  Plausible mechanism for synthesis of 2-amino-5-aryl-4-
sec-amino-benzo[h]quinoline-6-carbonitriles
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Scheme 2  Comparison of reaction of malononitrile vs. 2-cyanomethylbenzonitrile with 2-pyranone
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Figure 1  ORTEP diagram of 3l showing the X-ray molecular struc-
ture at 30% probability with atom-numbering scheme. Solvent of
crystallization ‘CHCl3’ has been found in the crystal structure.
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C24H19BrN4O, CHCl3, triclinic, space group: P-1, a = 
12.4071(5), b = 13.8990(6), c = 15.3973(7) Å, α = 
108.420(4)°, β = 93.430(4)°, γ = 113.596(4)°, V = 2254.92 
(18) Å3, T = 293(2) K, Z = 2, m = 2.026 mm–1, F(000) = 
1052.0, Dc = 1.529 Mg m–1, colorless rectangular crystal, 
crystal size: 0.26 × 0.20 × 0.11 mm, R1 =0.0712 for 7159 F0 
> 4σ(F0) and 0.1111 for all 10874 data and 593 parameters 
with goodness of fit GooF = 1.023. Unit cell determination 
and intensity data collection (2θ range = 8-133.2°) was 
performed with 88.4% completeness at 293(2) K. Structure 
solutions by direct methods and refinements by full-matrix 
least-squares methods on F2. CCDC 994354 contains the 
supplementary crystallographic data for this paper. These 
data can be obtained free of charge from The Cambridge 
Crystallographic Data Centre via 
www.ccdc.cam.ac.uk/data_request/cif.

(27) General Procedure for the Synthesis of 2-Amino-5-aryl-
4-sec-amino-1-yl-benzo[h]quinoline-6-carbonitriles 3a–
3l by Conventional Heating
A mixture of 6-aryl-2-oxo-4-sec-amino-1-yl-2H-pyran-3-
carbonitrile (0.5 mmol), 2-cyanomethylbenzonitrile (0.5 
mmol, 71.0 mg), and NaNH2 (1.0 mmol, 39.0 mg) in dry 
DMF (4.0 mL) was stirred at 100 °C for 35–50 h. After 
completion of reaction, the mixture was poured onto crushed 
ice followed by neutralization with 10% HCl. The solid 
material formed was filtered, washed with water, dried, and 
purified by silica gel column chromatography using hexane–
EtOAc (7:3) as eluent.
General Procedure for the Microwave-Assisted 
Synthesis of 2-Amino-5-aryl-4-piperidine-1-yl-
benzo[h]quinoline-6-carbonitriles 3a–3l (Except 3d and 
3j)
A mixture of 2-oxo-6-aryl-4-piperidin-1-yl-2H-pyran-3-
carbonitrile (1.0 mmol), 2-cyanomethylbenzonitrile (1.0 
mmol, 142.0 mg), and NaNH2 (2.0 mmol, 78.0 mg) in dry 
DMF (2.0 mL) was heated at 100 °C for 55 min under 
microwave irradiation. Completion of reaction was 
monitored by TLC. After completion, the reaction mixture 
was poured onto crushed ice and neutralized with 10% HCl. 
The precipitate obtained was filtered, washed with H2O, 
dried, and purified by silica gel column chromatography 
using hexane–EtOAc (7:3) as eluent.
2-Amino-5-phenyl-4-piperidin-1-yl-benzo[h]quinoline-
6-carbonitrile (3a)
Yield 75% (142.0 mg); Rf = 0.28 (30% EtOAc–hexane); 
orange solid; mp 140–142 °C. IR (KBr): 3338, 3050, 2941, 
2854, 2212 cm–1. 1H NMR (400 MHz, CDCl3): δ = 0.58–
0.71 (m, 2 H, CH2), 1.20–1.41 (m, 4 H, CH2), 2.32–2.42 (m, 
2 H, CH2), 2.83–2.94 (m, 2 H, CH2), 4.88 (s, 2 H, NH2), 6.28 
(s, 1 H, ArH), 7.37–7.44 (m, 3 H, ArH), 7.47–7.53 (m, 2 H, 
ArH), 7.62–7.74 (m, 2 H, ArH), 8.23 (d, J = 8.0 Hz, 1 H, 
ArH), 9.08 (d, J = 7.3 Hz, 1 H, ArH). 13C NMR (100 MHz, 
CDCl3): δ = 23.4, 24.5, 52.7, 98.9, 105.6, 112.6, 118.6, 
125.0, 125.2, 126.9, 127.2, 127.9, 129.2, 130.0, 130.2, 
131.6, 138.8, 145.0, 150.7, 158.9, 161.3. ESI-HRMS: m/z 
calcd for C25H22N4: 379.1917 [M + H+]; found: 379.1916.
2-Amino-4-piperidin-1-yl-5-p-tolyl-benzo[h]quinoline-6-
carbonitrile (3b)
Yield 65% (128.0 mg); Rf = 0.25 (30% EtOAc–hexane); 
orange solid; mp 182–184 °C. IR (KBr): 3369, 2926, 2855, 
2209 cm–1. 1H NMR (400 MHz, CDCl3): δ = 1.19–1.46 (m, 
6 H, CH2), 2.35–2.52 (m, 5 H, CH2, CH3), 2.87 (d, J = 11.7 
Hz, 2 H, CH2), 5.03 (s, 2 H, NH2), 6.27 (s, 1 H, ArH), 7.20–
7.28 (m, 2 H, ArH), 7.39 (d, J = 8.0 Hz, 2 H, ArH), 7.62–7.76 
(m, 2 H, ArH), 8.24 (d, J = 7.3 Hz, 1 H, ArH), 9.10 (d, J = 
8.0 Hz, 1 H, ArH). 13C NMR (100 MHz, CDCl3): δ = 21.3, 

23.4, 24.5, 52.6, 98.5, 105.3, 112.5, 118.8, 125.0, 125.2, 
126.9, 127.8, 129.2, 129.7, 130.1, 131.6, 135.7, 137.7, 
145.2, 150.4, 158.7, 161.1. ESI-HRMS: m/z calcd for 
C26H24N4: 393.2074 [M + H+]; found: 393.2074.
2-Amino-5-(4-methoxyphenyl)-4-piperidin-1-yl-
benzo[h]quinoline-6-carbonitrile (3c)
Yield 71% (145.0 mg); Rf = 0.14 (30% EtOAc–hexane); 
orange solid; mp 180–182 °C. IR (KBr): 3437, 3171, 2924, 
2852, 2208 cm–1. 1H NMR (400 MHz, CDCl3): δ = 0.60–
0.80 (m, 2 H, CH2), 1.20–1.46 (m, 4 H, CH2), 2.36 (t, J = 
10.9 Hz, 2 H, CH2), 2.86 (d, J = 11.9 Hz, 2 H, CH2), 3.85 (s, 
3 H, OCH3), 4.96 (s, 2 H, NH2), 6.23 (s, 1 H, ArH), 6.93 (d, 
J = 8.7 Hz, 2 H, ArH), 7.42 (d, J = 8.7 Hz, 2 H, ArH), 7.55–
7.74 (m, 2 H,ArH), 8.21 (d, J = 7.3 Hz,1 H, ArH), 9.09–9.11 
(m, 1 H, ArH). 13C NMR (100 MHz, CDCl3): δ = 23.4, 24.6, 
52.6, 53.3, 98.4, 105.1, 112.3, 112.5, 118.9, 125.0, 125.1, 
126.7, 129.1, 129.8, 131.1, 131.5, 131.6, 144.8, 150.7, 
158.8, 159.5, 160.9. ESI-HRMS: m/z calcd for C26H24N4O: 
409.2023 [M + H+]; found: 409.2000.
2-Amino-5-(4-fluorophenyl)-4-piperidin-1-yl-
benzo[h]quinoline-6-carbonitrile (3d)
Yield 73% (145.0 mg); Rf = 0.24 (30% EtOAc–hexane); 
orange solid; mp 203–205 °C. IR (KBr): 3341, 2926, 2853, 
2208 cm–1. 1H NMR (400 MHz, CDCl3): δ = 0.63–0.83 (m, 
2 H, CH2), 1.17–1.50 (m, 4 H, CH2), 2.30–2.52 (m, 2 H, 
CH2), 2.83–2.90 (m, 2 H, CH2), 4.90 (s, 2 H, NH2), 6.28 (s, 
1 H, ArH), 7.05–7.18 (m, 2 H, ArH), 7.44–7.52 (m, 2 H, 
ArH), 7.62–7.77 (m, 2 H, ArH), 8.22 (d, J = 8.0 Hz, 1 H, 
ArH), 9.10 (d, J = 7.3 Hz, 1 H, ArH). 13C NMR (100 MHz, 
CDCl3): δ = 23.3, 24.6, 52.7, 98.8, 105.8, 112.3, 114.2 (d, JC–F 
= 22.0 Hz), 118.5, 125.0, 125.2, 127.2, 129.4, 131.5, 131.9 
(d, JC–F = 7.6 Hz), 134.6, 134.7, 143.7, 150.2, 158.7, 161.0, 
162.6 (d, JC–F = 250.1 Hz). ESI-HRMS: m/z calcd for 
C25H21FN4: 397.1823 [M + H+]; found: 397.1823.
2-Amino-5-(4-chlorophenyl)-4-piperidin-1-yl-
benzo[h]quinoline-6-carbonitrile (3e)
Yield 82% (169.0 mg); Rf = 0.25 (30% EtOAc–hexane); 
golden solid; mp 127–129 °C. IR (KBr): 3474, 3151, 2929, 
2853, 2207 cm–1. 1H NMR (400 MHz, CDCl3): δ = 0.66–
0.77 (m, 2 H, CH2), 1.22–1.48 (m, 4 H, CH2), 2.35–2.45 (m, 
2 H, CH2), 2.81–2.91 (m, 2 H, CH2), 4.91 (s, 2 H, NH2), 6.29 
(s, 1 H, ArH), 7.37–7.47 (m, 4 H, ArH), 7.62–7.75 (m, 2 H, 
ArH), 8.21 (d, J = 8.0 Hz, 1 H, ArH), 9.08 (d, J = 7.3 Hz, 1 
H, ArH). 13C NMR (100 MHz, CDCl3): δ = 23.3, 24.5, 52.6, 
99.1, 105.4, 112.3, 118.4, 125.1, 125.1, 127.1, 127.3, 129.3, 
130.0, 131.4, 131.4, 133.8, 137.2, 143.5, 150.7, 158.9, 
160.9. ESI- HRMS: m/z calcd for C25H21ClN4O: 413.1527 
[M + H+]; found: 413.1527.
2-Amino-5-(4-bromophenyl)-4-piperidin-1-yl-
benzo[h]quinoline-6-carbonitrile (3f)
Yield 66% (151.0 mg); Rf = 0.26 (30% EtOAc–hexane); 
light yellow solid; mp 216–218 °C. IR (KBr): 3368, 2924, 
2853, 2209 cm–1. 1H NMR (400 MHz, CDCl3): δ = 0.60–
0.82 (m, 2 H, CH2), 1.22–1.50 (m, 4 H, CH2), 2.32–2.51 (m, 
2 H, CH2), 2.81–2.89 (m, 2 H, CH2), 4.90 (s, 2 H, NH2), 6.29 
(s, 1 H, ArH), 7.38 (d, J = 8.7 Hz, 2 H, ArH), 7.56 (d, J = 8.7 
Hz, 2 H, ArH), 7.63–7.76 (m, 2 H, ArH), 8.22 (d, J = 8.0 Hz, 
1 H, ArH), 9.10 (m, 1 H, ArH). 13C NMR (100 MHz, 
CDCl3): δ = 23.3, 24.6, 52.7, 99.1, 105.4, 112.3, 118.4, 
122.0, 125.1, 125.2, 127.2, 129.3, 130.1, 130.3, 131.4, 
131.8, 137.7, 143.5, 150.7, 159.0, 161.0. ESI-HRMS: m/z 
calcd for C25H21BrN4: 457.1022 [M + H+]; found: 457.1024.
2-Amino-5-(3-bromophenyl)-4-piperidin-1-yl-
benzo[h]quinoline-6-carbonitrile (3g)
Yield 65% (149.0 mg); Rf = 0.23 (30% EtOAc–hexane); 
yellow solid; mp 204–206 °C. IR (KBr): 3368, 3199, 3058, 
2936, 2854, 2210 cm–1. 1H NMR (400 MHz, CDCl3): δ = 
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0.40–0.62 (m, 1 H, CH2), 0.76–0.95 (m, 1 H, CH2), 0.95–
1.10 (m, 1 H, CH2), 1.16–1.30 (m, 1 H, CH2), 1.33–1.51 (m, 
2 H, CH2), 2.28 (t, J = 10.9 Hz, 1 H, CH2), 2.50 (t, J = 10.9 
Hz, 1 H, CH2), 2.80 (d, J = 11.7 Hz, 1 H, CH2), 2.95 (d, J = 
11.7 Hz, 1 H, CH2), 4.95 (s, 2 H, NH2), 6.32 (s, 1 H, ArH), 
7.29–7.38 (m, 1 H, ArH), 7.49–7.60 (m, 3 H, ArH), 7.63–
7.76 (m, 2 H, ArH), 8.23 (d, J = 8.0 Hz, 1 H, ArH), 9.10 (d, 
J = 7.3 Hz, 1 H, ArH). 13C NMR (100 MHz, CDCl3): δ = 
23.3, 24.4, 51.9, 53.4, 99.6, 105.4, 112.3, 118.3, 121.0, 
125.1, 127.2, 128.4, 128.8, 129.2, 130.0, 130.7, 131.3, 
133.3, 140.6, 142.9, 150.6, 159.0, 161.0. ESI-HRMS: m/z 
calcd for C25H21BrN4: 457.1022 [M + H+]; found: 457.1023.
2-Amino-5-furan-2-yl-4-piperidin-1-yl-
benzo[h]quinoline-6-carbonitrile (3h)
Yield 82% (151.0 mg); Rf = 0.60 (40% EtOAc–hexane); 
brown solid; mp 212–214 °C. IR (KBr): 3356, 2926, 2856, 
2212 cm–1. 1H NMR (400 MHz, CDCl3): δ = 0.90–1.25 (m, 
4 H, CH2), 1.26–1.45 (m, 2 H, CH2), 2.36 (t, J = 10.6 Hz, 2 
H, CH2), 2.96 (d, J = 10.2 Hz, 2 H, CH2), 4.87 (s, 2 H, NH2), 
6.25 (s, 1 H, ArH), 6.51–6.58 (m, 1 H, ArH), 6.86 (d, J = 2.5 
Hz, 1 H, ArH), 7.46 (s, 1 H, ArH), 7.57–7.70 (m, 2 H, ArH), 
8.17 (d, J = 7.3 Hz, 1 H, ArH), 9.00 (d, J = 8.0 Hz, 1 H, ArH). 
13C (100 MHz, CDCl3): δ = 23.7, 25.0, 53.1, 99.1, 105.2, 
111.0, 111.2, 112.9, 118.1, 125.0, 125.4, 127.4, 129.2, 
130.4, 131.3, 133.0, 142.5, 150.3, 150.9, 159.2, 161.5. ESI-
HRMS: m/z calcd for C23H20N4O: 369.1710 [M + H+]; 
found: 369.1689.
2-Amino-4-piperidin-1-yl-5-thiophen-2-yl-
benzo[h]quinoline-6-carbonitrile (3i)
Yield 76% (146.0 mg); Rf = 0.64 (40% EtOAc–hexane); 
orange solid; mp 218–220 °C. IR (KBr): 3394, 2925, 2853, 
2215 cm–1. 1H NMR (400 MHz, CDCl3): δ = 0.80–1.10 (m, 
2 H, CH2), 1.21–1.52 (m, 4 H, CH2), 2.37 (t, J = 10.9 Hz, 2 
H, CH2), 2.96 (d, J = 11.7 Hz, 2 H, CH2), 4.95 (s, 2 H, NH2), 
6.28 (d, J = 1.4 Hz, 1 H, ArH), 7.11–7.16 (m, 1 H, ArH), 
7.42–7.47 (m, 1 H, ArH), 7.49–7.53 (m, 1 H, ArH), 7.61–
7.74 (m, 2 H, ArH), 8.21 (d, J = 8.0 Hz, 1 H, ArH), 9.06 (d, 
J = 8.0 Hz, 1 H, ArH). 13C NMR (100 MHz, CDCl3): δ = 
23.4, 24.8, 52.8, 99.4, 106.1, 113.5, 118.3, 125.0, 125.3, 
125.6, 127.1, 127.3, 128.0, 129.2, 130.2, 131.4, 137.0, 
141.0, 150.3, 159.1, 161.2. ESI-HRMS: m/z calcd for 
C23H20N4S: 385.1481 [M + H+]; found: 385.1457.

2-Amino-5-(4-methoxyphenyl)-4-morpholin-4-yl-
benzo[h]quinoline-6-carbonitrile (3j)
Yield 68% (140.0 mg); Rf = 0.15 (40% EtOAc–hexane); 
orange solid; mp 278–280 °C. IR (KBr): 3357, 2925, 2854, 
2209 cm–1. 1H NMR (400 MHz, CDCl3): δ = 2.55–2.72 (m, 
4 H, CH2), 2.77–2.83 (m, 2 H, CH2), 3.46–3.58 (m, 2 H, 
CH2), 3.87 (s, 3 H, OCH3), 4.94 (s, 2 H, NH2), 6.27 (s, 1 H, 
ArH), 6.95–7.00 (m, 2 H, ArH), 7.39–7.47 (m, 2 H, ArH), 
7.57–7.75 (m, 2 H, ArH), 8.22 (d, J = 8.0 Hz, 1 H, ArH), 
9.06–9.11 (m, 1 H, ArH). 13C (100 MHz, CDCl3): δ = 51.5, 
55.3, 65.7, 98.6, 106.0, 112.0, 112.8, 118.6, 125.1, 125.2, 
127.0, 129.4, 129.8, 131.2, 131.5, 131.6, 144.1, 150.8, 
158.7, 159.8, 160.0. ESI-HRMS: m/z calcd for C25H22N4O2: 
411.1816 [M + H+]; found: 411.1816.
2-Amino-5-(4-chlorophenyl)-4-morpholin-4-yl-
benzo[h]quinoline-6-carbonitrile (3k)
Yield 66% (137.0 mg); Rf = 0.21 (40% EtOAc–hexane); 
golden solid; mp 258–260 °C. IR (KBr): 3351, 2924, 2853, 
2211 cm–1. 1H NMR (400 MHz, CDCl3): δ = 2.56–2.60 (m, 
4 H, CH2), 2.71–2.79 (m, 2 H, CH2), 3.50–3.60 (m, 2 H, 
CH2), 4.97 (s, 2 H, NH2), 6.30 (s, 1 H, ArH), 7.36–7.51 (m, 
4 H, ArH), 7.63–7.78 (m, 2 H, ArH), 8.22 (d, J = 8.0 Hz, 1 
H, ArH), 9.09 (d, J = 8.0 Hz, 1 H, ArH). 13C NMR (100 
MHz, CDCl3): δ = 51.5, 65.6, 99.2, 106.2, 112.0, 118.1, 
125.2, 125.3, 127.4, 127.6, 129.6, 130.0, 131.4, 131.4 134.3, 
137.4, 142.8, 151.0, 158.9, 159.9. ESI-HRMS: m/z calcd for 
C24H19ClN4O: 415.1320 [M + H+]; found: 415.1326.
2-Amino-5-(4-bromophenyl)-4-morpholin-4-yl-
benzo[h]quinoline-6-carbonitrile (3l)
Yield 63% (145.0 mg); Rf = 0.22 (40% EtOAc–hexane); 
orange solid; mp 260–262 °C. IR (KBr): 3340, 2925, 2855, 
2209 cm–1. 1H NMR (400 MHz, CDCl3): δ = 2.57–2.68 (m, 
4 H, CH2), 2.70–2.76 (m, 2 H, CH2), 3.49–3.59 (m, 2 H, 
CH2), 5.00 (s, 2 H, NH2), 6.30 (s, 1 H, ArH), 7.34–7.40 (m, 
2 H, ArH), 7.56–7.62 (m, 2 H, ArH), 7.64–7.77 (m, 2 H, 
ArH), 8.22 (d, J = 7.3 Hz, 1 H, ArH), 9.07–9.12 (dd, J = 0.9 
Hz, 1 H, ArH). 13C NMR (100 MHz, CDCl3): δ = 51.5, 65.6, 
99.3, 106.1, 112.0, 118.1, 122.4, 125.1, 125.3, 127.4, 129.6, 
130.0, 130.6, 131.4, 131.6, 137.9, 142.8, 150.8, 158.9, 
159.9. ESI-HRMS: m/z calcd for C24H19BrN4O: 459.0815 
[M + H+]; found: 459.0816.
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Synthesis of 1-amino-2-aroyl/acetylnaphthalenes through base mediated 

one pot inter and intramolecular C-C bond formation strategy  
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A new precursor 2-(1-cyano-2,2-bis(methylthio)vinyl)benzonitrile has been synthesized by reaction of 2-
cyanomethylbenzonitrile, carbon disulfide and methyl iodide under basic conditions. Reaction of 2-(1-
cyano-2,2-bis(methylthio)vinyl)benzonitrile with various functionalized aryl/heteroaryl methyl ketones or 
acetone under basic condition afforded 4-amino-3-aroyl/heteroaroyl/acetyl-2-methylsulfanylnapthalene-1-10 

carbonitriles in good yields through (5C+1C) annulations strategy which involves sequential 
intermolecular followed by intramolecular C-C bond formation reactions. Structure of the product was 
confirmed by single crystal X-ray crystallography. 

Introduction 

Ketenedithioacetals are known as versatile precursors, for their 15 

broad synthetic applications.1 Their synthetic utility has been 
widely explored for the construction of various aromatic and 
heteroaromatic along with nonaromatic ring systems of medicinal 
and synthetic importance.2 A large variety of ketenedithiacetals 
are reported for their application in substitution, elimination and 20 

addition reactions;1 synthesis of various functionalized 2H-pyran-
2-ones;3 partially reduced coumarin;3 pyrazoles;3 oxazoles;3 
thiophenes;3 pyridines;3 pyrimidines3 and fluorescent4 
compounds. The broad synthetic potential of these synthons gave 
us enthusiasm to further investigate their chemistry. 25 

 
Fig. 1: Structure of phenstatin I, hydroxyphenstatine II, 2-

aminobenzophenone analogues III 3-substituted 6-aryl-4H-imidazo-[1,5-
a]benzodiazepines and related compound (IV-VI). 

Functionally loaded diaryl ketones are present as the structural 30 

motif in various synthetically and biologically important 
molecules and natural products.5 α-Aminodiaryl ketones and 

molecules embedded with these molecular skeletons found 
application as antitubulin agents, e.g. Phenstatin I,6 
Hydroxyphenstatine6 (II) and 2-aminobenzophenone analogues 35 

(III).7 2-Amino-1-aroylnaphthalene and 2-hydroxy-1-
aroylnaphthalene also exhibit good anti proliferative activity 
against human cancer cell, comparable to the potency of colchine 
(Fig. 1).8 
3-Substituted 6-phenyl-4H-imidazo[1,5-a][1,4]benzodiazepines 40 

(IV) and related compounds (V-VI) embedded with o-
aminatedphenyl aryl ketones are reported as central 
benzodiazepine receptor (CBR) ligands as shown in Figure 1.9 

 
Scheme 1: Reported methodologies versus our methodology. 45 

Extensive literature survey, concluded that very limited 
methodologies are available for the synthesis of o-aminoaryl aryl 
ketones. 2-Aminobenzophenone analogues have been prepared in 
three steps by Liou et al.7 The first step was synthesis of 
benzhydrol derivatives via coupling of (3,4,5-50 
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trimethoxyphenyl)magnesium bromide with various substituted 
2-nitrobenzaldehydes, which, on oxidation with pyridinium 
dichromate (PDC), followed by nitro group reduction, provided 
functionalized α-aminobenzophenones. Synthesis of the α-
aminonaphthophenones was also reported by Zhang et al.10 The 5 

required precursor 1-amino-2-naphthonitrile for the synthesis of 
α-aminonaphthophenones has been synthesized by regioselective 
cyanation of l-nitronaphthalene.11 Reaction of aryl magnesium 
halides with 1-amino-2-naphthonitrile followed by hydrolysis 
provided the α-nitronaphthophenones, which, upon concomitant 10 

reduction, gave α-aminonaphthophenones in overall poor yield. 
Most of the previously reported methodologies required a 
multistep reaction approach, use of expensive reagents, harsh 
reaction conditions, naphthyl ring containing precursors and 
provided overall low yields. 10,11 5+1 Annulation strategy for the 15 

construction of various kind of nuclei has been reported earlier.11 
Zhang et al have reported the 5C+1C/N cyclization strategy for 
the synthesis of benzene nucleus from ketenedithioacetals.11b Liu 
and co-worker have also used 5C+1C cyclization for the 
synthesis of highly crowded cyclohexenone.11 We have made 20 

first attempt to synthesized naphthalene nucleus using 5C+1C 
cyclization strategy. 

Results and Discussion 

We have chosen 2-(1-cyano-2,2-bis(methylthio)vinyl)benzonitrile 
as a synthetic key precursor for the construction of 25 

multifunctional naphthalene rings. This was synthesized by 
reaction of 2-cyanomethylbenzonitrile, carbon disulfide and 
methyl iodide under basic conditions (Scheme 2). We have 
screened some alkaline solvent combinations such as NaH/THF, 
K2CO3/DMF, NaOEt/Ethanol and KOtBu/THF for the synthesis 30 

of the desired precursor and NaH/THF was found to be the best 
combination.   

 
Scheme 2: Synthesis of 2-(1-cyano-2,2-bis(methylthio)vinyl)benzonitrile 

Earlier report3 shows that methylthio group of ketenedithioacetals 35 

act as excellent leaving group, can be employed for the 
development of new molecular make-ups. We wish to use carbon 
nucleophiles to replace the methylthio group of 2-(1-cyano-2,2-
bis(methylthio)vinyl)benzonitrile followed by utilization of the 
nitrile group at the ortho position in the benzene ring for 40 

concomitant cyclization.  
Taking into account the above concept, we have used 2-(1-cyano-
2,2-bis(methylthio)vinyl)benzonitrile and acetophenone as model 
substrates to screen various reaction conditions (Table 1). We 
have started the screening with use of sodium hydride in THF and 45 

isolated the desired compound with 55% yield upon reacting for 
20 hours at room temperature (entry 1). We shifted to a polar 
solvent, DMF, in lieu of THF in combination of NaH, but little 
change was observed (entry 2). We have also tested potassium 
hydroxide and sodamide in DMF under similar reaction 50 

conditions and got better results in the case of potassium 
hydroxide than sodamide.  For further improvement, we carried 

out the reaction in DMSO with KOH at room temperature, and 
surprisingly the reaction completed in 2 hours with 81 % yield 
(entry 5). This result proves that DMSO is best solvent for 55 

screening of various bases. Probably the presence of CHO group 
in DMF hindered the formation of desired product due some side 
reactions with acetophenone. We screened sodium hydride, 
sodamide and sodium hydroxide in DMSO, but no base was 
better than potassium hydroxide (entry 6, 7 and 8). We have 60 

checked the influence of temperature using potassium hydroxide 
as a base in dimethyle sulfoxide and no exciting results were 
obtained (entry 9 and 10). We have also evaluated the effect of 
excess of potassium hydroxide on the reaction, and observed the 
lower yield of desired product (entry 11 and 12). We proposed 65 

that, excess of base enhances the possibility of side reactions of 
the product and lower the yield. Thus stirring of one equivalent of 
2-(1-cyano-2,2-bis(methylthio)vinyl)benzonitrile 3 with 1.1 
equivalent of aryl methyl ketones 4 and two equivalent of 
potassium hydroxide in DMSO at room temperature, followed by 70 

proper work-up and purification provides multifunctional 
naphthalenes 5 in good yield.   
With these optimized reaction conditions, we have synthesized 
various highly functionalized aryl naphthyl ketones (Scheme 3). 
We have used various acetophenones 4 containing electron donor 75 

and acceptor groups. It has been observed that the presence of 
these groups in the aryl ring negatively affects the yields of the 
desired product.  Interestingly, we observed that use of p-
chloro/fluoroacetophenone, provides the desired product 4-
amino-3-(4-chloro/fluoro-benzoyl)-2-(methylthio)-1-80 

naphthonitrile as a major product and 4-amino-2-(methylthio)-3-
(4-(methylthio)benzoyl)-1-naphthonitrile as a minor product 

Table 1: Optimization of reaction conditionsa 

 
Entry Base Solvent Temp(oC)c Time(hrs) Yield(%)b 

1 NaH THF RT 20 55 
2 NaH DMF RT 20 65 
3 KOH DMF RT 20 70 
4 NaNH2 DMF RT 20 26 
5 KOH DMSO RT 2 81 
6 NaH DMSO RT 2 70 
7 NaNH2 DMSO RT 2 70 
8 NaOH DMSO RT 2 65 
9 KOH DMSO 60 2 65 

10 KOH DMSO 90 1.5 55 
11 KOH DMSO RT 2 70d 
12 KOH DMSO RT 2 66e 

a). All the reactions were carried out by using 3 (0.5 mmol), 4a (0.55 85 

mmol), base (1.0 mmol) and 4.0 mL of solvent; b) Yield reported are after 
purification through column chromatography; c) RT is room temperature 
and it was ranging from 25-30 oC; d) Reaction was carried out using base 
KOH 3 equivalent (1.5 mmol); e) Reaction was carried out using base 
KOH 4 equivalent (2.0 mmol).  90 

by an unusual nucleophilic substitution of fluoro/chloro in the 
aryl ring due to in situ generated methylthio nucleophile, while 
use of o/p-bromoacetophenone afforded the only desired product 
without any formation of product 7. Probably, bigger size of 
bromein prevents the nucleophilic attack of methylthio group. 95 
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Use of o-substituted acetophenone gave low to moderate yield of 
aryl naphthyl ketone, probably due to steric hindrance. We tried 
2-hydroxyacetophenone as a nucleophile source and ended up 
with a complex reaction mixture, but use of 2-
allyloxyacetophenone yielded the desired product in moderate 5 

yield. Apart from functionalized acetophenones, we have also 
used 2-acetylfuran and 2-acetylthiophene as a nucleophile source 
and isolated the desired product in moderate yield. We have 
successfully synthesized dinaphthyl ketone by using 
acetonaphthone as a nucleophile source in good yield. 10 

Interestingly, we have also used acetone as a nucleophile source 
and successfully synthesized highly functionalized 
acetonaphthone, which is a very interesting precursor and very 
difficult to synthesized by reported literature procedures.  
In order to further enhance the scope of this reaction, we have 15 

planned to replace the methylthio group with a secondary amine,  

 
Scheme 3: Synthesis of various 4-amino-3-aroyl/heteroaroyl/acetyl-2-

methylsulfanylnapthalene-1-carbonitriles (5a-m and 7) 

before 5C+1C annulations. We have tested various reaction 20 

conditions for the synthesis of 2-(1-cyano-2-(methylthio)-2-
(pyrrolidin-1-yl)vinyl)benzonitrile, but failed to obtained a 
selective route to monoamination. Reaction of 2-(1-cyano-2,2-
bis(methylthio)vinyl)benzonitrile and excess of pyrrolidine at 30 
oC yielded a mixture of 2-(1-cyano-2-(methylthio)-2-(pyrrolidin-25 

1-yl)vinyl)benzonitrile as a major product and 2-(1-cyano-2,2-
di(pyrrolidin-1-yl)vinyl)benzonitrile as a minor product (Scheme 
3). At 90ºC, the monoaminated product was isolated in 73% 
yield, while continuation of the reaction for longer provided the 
diaminated product in excess. Six membered secondary amines 30 

yielded a major diaminated product due to more nucleophilic 
nature of nitrogen, which was not a suitable precursor for the 
synthesis of naphthalene. 
We have taken 2-(1-cyano-2-(methylthio)-2-(pyrrolidin-1-
yl)vinyl)benzonitrile as a precursor and preformed the reaction 35 

with various functionalized aryl/heteroaryl methyl ketones, using 

KOH as a base in DMSO at room temperature and successfully 
obtained naphthalene bearing a pyrrolidine group in lieu of the 
methylthio group. 

 40 

Scheme 4: Synthesis of 2-(1-cyano-methylsulfanyl-2-pyrrolidine-1-1yl-
vinyl)-benzonitrile, 2-(1-cyano-methylsufanyl-2,2-di-pyrrolidine-1-yl-

vinyl)-benzonitrile and 4-amino-3-aroyl/heteroaroyl/acetyl-2-pyrrolidin-
1-yl-1-carbonitriles 

Mechanistically, the reaction is possibly initiated by a 45 

nucleophilic substitution at C-2 of 2-(1-cyano-2,2-
bis(methylthio)vinyl)benzonitrile by an in situ generated 
nucleophile from acetophenone with loss of the methylthio group, 
which leads to the formation of intermediate X (Scheme 5). In 
presence of excess base, the carbanion generated in α position to 50 

the carbonyl group, which attacks intramolecularly at the nitrile 
group present in ortho position, with formation of intermediate Y 
(Path A). Intermediate Y undergoes tautomerisation to yield the 
desired product. Mechanistically, there was also the possibility 
for the formation of 2-pyranone (Path B), but the aryl naphthyl 55 

ketone has been regioselectively isolated. We proposed that C-C 
bond formation by attack of the carbanion at the nitrile group 
present in the aryl ring is more facile than C-O bond formation 
due to reaction of the enolate oxygen with the other nitrile group.  

 60 

Scheme 5: Proposed mechanism for synthesis of 4-amino-3-
aroyl/heteroaroyl/acetyl-2-methylsulfanylnapthalene-1-carbonitriles. 
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In order to prove the mechanism, we have made various attempt 
to isolate the intermediate X, but failed. We performed the 
reaction using a ketone/base ratio of 2:1, but we got a mixture of 
products with the starting material and without any trace of 
intermediate. This concludes that, as soon as intermediate X 5 

forms in the reaction mixture, it immediately undergoes 
cyclization due to the formation of activated methylene group, 
which is more reactive the methyl group and cannot be isolated. 
We have also attempted the reaction to check that proton on 
amino group is coming from methyl group of aryl methyl ketone 10 

or after acidic work-up. We have performed two parallel 
reactions of 3 and acetone-d6 and acetone in DMSO-d6 in 
presence of potassium hydroxide. Reaction containing acetone 
shows additional peak at ~5.98 ppm in comparison to the mixture 
containing acetone-d6, which confirms that proton on amino 15 

group is coming from methyl group of aryl methyl ketone (See 
SI; Figure 1).  

X-ray structural analysis 

The structure of one of the products 4-amino-3-(4-
methoxybenzoyl)-2-(pyrrolidin-1-yl)-1-naphthonitrile 10b have 20 

been confirmed by X-ray crystallography (Fig. 3).§ Compound 
10b crystallized in P-1 space group having two molecules in the 
triclinic unit cell. The naphthalene and the anisole rings are 
planar and the dihedral angle between the planes formed by the 
fused naphthalene and anisyl rings is 52.47°. The five membered 25 

pyrrolidine ring adopts a puckered half-chair conformation to 
relieve the strain resulting from the eclipsed orientation of the 
hydrogens and substituents on the adjacent carbon atoms. The 
proton H1b forms an intramolecular hydrogen bond with 
carbonyl oxygen O1 having an H1b···O1 interaction length of 30 

1.891 Å with N1–H1b···O1 bond angle of 138.35°. 

 
Fig. 2. ORTEP diagram of 10b at 30% probability with atom 
numbering scheme. Only one molecule of the asymmetric unit 
comprising of two molecules is presented. 35 

The compound displayed intermolecular N–H···N≡C interaction 
(Fig. 3) to form a one dimensional chain having an N···H 
interaction distance of 2.091 Å and interaction angle of 159.39° 
(symm. op. -1+x,y,z). Quantum chemical DFT calculations for the 
dimer held by N–H···N≡C interaction yielded the interaction 40 

energy of -8.18 kcal mol1. Additionally the atoms-in-molecules 
(AIM) theory calculations indicated the bond critical points 
between the H and N atoms, which also confirm the presence of 
this interaction between two molecules (see SI). The values of 
electron density (ρ) +0.019733; Laplacian ( 2ρbcp) +0.059176; 45 

bond ellipticity (ε) +0.018129 and total energy density (H) 
+0.014103 at the bond critical point indicated the real interaction. 
The bond ellipticity (ε) measuring the extent to which the density 
is preferentially accumulated in a given plane of the bond path 
indicated that these N−H···N≡C interactions are not cylindrically 50 

symmetrical in nature. 
  

 
Fig. 3 One dimensional chain held by intermolecular N–H···N≡C 
interactions (symm. op. -1+x,y,z). 55 

Conclusion 

In conclusion, we have developed an economical, metal free one 
step (5+1) annulation strategy for the synthesis of 4-amino-3-
aroyl/acetyl-2-methylsulfanyl/secamino-napthalene-1-
carbonitriles. The precursor required for the synthesis of 4-60 

amino-3-aroyl/acetylnapthalenes is easily accessible in one step 
in moderate to good yield. This synthesis is also atomically 
economical. We have not used any harsh reaction conditions and 
the structure was confirmed unambiguously by X-ray 
crystallography.  65 

 Experimental section 

General remarks: We have used commercially available 
reagents without purification. 1H and 13C NMR spectra were 
recorded on a 400 MHz NMR and 100MHz NMR spectrometer 
and CDCl3 was used as solvent.  Chemical shifts are reported in 70 

parts per million shift (δ-value) from (CDCl3) (δ 7.24 ppm for 1H) 
or based on the middle peak of the solvent (CDCl3) (δ 77.00 ppm 
for 13C NMR) as an internal standard. Signal patterns are 
indicated as s, singlet; d, doublet; dd, double doublet; t, triplet; m, 
multiplet; bs, broad singlet and bm, broad multiplet. Coupling 75 

constants (J) are given in hertz (Hz). Infrared (IR) spectra was 
recorded on a Perkin-Elmer AX-1 spectrophotometer and 
reported in wave number (cm-1). HRMS reported are showing the 
peak for M+H+. Room temperature was ranging from 25-30 ºC 
during the reactions.  80 

General procedure for the synthesis of 2-(1-cyano-2,2-

bismethylsulfanylvinyl)benzonitrile 3: To a well dried 100 mL 
RB flask added THF (40.0 mL) and sodium Hydride [60% 
dispersion in mineral oil] (30.0 mmol, 1.20 g) and cooled on ice-
bath. 2-Cyanomethyl-benzonitrile (15.0 mmol, 2.130 g) was 85 

added drop wise to the pre-cold basic solution. After complete 
addition, stirred the reaction mixture for one hour followed by 
drop-wise addition of carbondisulphide (16.5 mmol, 0.995mL) at 
0-5 0C. Reaction mixture was further stirred for another hour 
followed by drop-wise addition of methyl iodide (33.0 mmol, 90 

2.055 mL) over a period of 30 minutes. The reaction mixture was 
stirred for one hour. After completion, excess of THF was 
removed under reduced pressure. The mixture was poured onto 
ice-water with vigorous stirring, filtered the obtained precipitate 
and dried under vacuum. Compound was purified by 95 

recrystallization from 2% acetone in hexane. 
2-(1-cyano-2,2-bis-methylsufanyl-vinyl)-benzonitrile 3: Yield: 
90% (3.321 g) ; 0.42 Rf (20% ethylacetate-hexane), light yellow 
solid,  mp: 82-84 0C; IR (KBr): 2925, 2853, 2226, 2200 cm-1; 1H 
NMR ( 400 MHZ , CDCl3):  δ 2.41 (s, 3H, -SCH3), 2.64 (s, 3H, -100 
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SCH3), 7.43-7.49 (m, 2H, ArH), 7.61-7.66 (m, 1H, ArH), 7.70 (d, 
J = 8.0 Hz, 1H,  Ar-H); 13C NMR (100 MHZ, CDCl3): δ 18.0, 
18.8, 107.1, 112.8, 116.9, 117.1, 129.1, 130.5, 133.2, 133.3, 
137.8, 165.1; HRMS (ESI) calculated for C12H10N2S2, 247.0358 
(M+H+); found for m/z, 247.0358. 5 

General procedure for the synthesis of 4-amino-3-aroyl-2-

methylsulfanyl-napthalene-1-carbonitrile: To a 25 mL RB 
flask, a mixture of 2-(1-cyno-2,2-bismethylsulfanyl-vinyl)-
benzonitrile (0.5 mmol, 0.123g), aryl/alkyl methyl ketone (0.55 
mmol), and powdered KOH (1 mmol, 0.056g) in dry DMSO (4.0 10 

mL) was stirred at room temperature for 2 h under dry condition. 
After completion (monitored by TLC) of reaction, the mixture 
was poured onto ice-water with constant stirring followed by 
neutralization with 10% HCl. The obtained precipitate was 
filtered off and dried. The crude product was purified by silica gel 15 

column chromatography using 15% ethylacetate in hexane as an 
eluent. 
4-Amino-3-benzoyl-2-methylsulfanyl-napthalene-1-

carbonitrile 5a: Yield: 81% (0.129 g); 0.28 Rf (20% 
ethylacetate-hexane), light brown solid mp: 166-168 0C; IR 20 

(KBr): 3372, 2921, 2205, 1638, 1248, 763 cm-1; 1H NMR ( 400 
MHZ, CDCl3):  δ 2.35 (s, 3H, -SCH3), 5.37 (s, 2H, -NH2), 7.39-
7.47 (m, 2H, ArH), 7.53-7.63 (m, 2H, ArH), 7.69-7.76 (m, 3H, 
ArH), 7.84 (d, J = 8.0 Hz, 1H, ArH), 8.21 (d, J = 8.0 Hz, 1H, 
ArH); 13C NMR (100 MHZ, CDCl3): δ 20.5, 104.6, 117.2, 120.5, 25 

121.6, 121.6, 126.0, 127.0, 128.7, 129.1, 130.0, 133.5, 134.5, 
138.5, 140.6, 145.3, 196.8; HRMS (ESI) calculated for 
C19H14N2OS, 319.0900 (M+H+); found for m/z, 319.0889. 
4-Amino-3-(4-methyl-benzoyl)-2-methylsulfanyl-napthalene-

1-carbonitrile 5b: Yield: 41% (0.068 g); 0.27 Rf (20% 30 

ethylacetate-hexane), light yellow, mp: 170-172 0C; IR (KBr): 
3367, 2926, 2854, 2206, 1627, 1242, 752 cm-1; 1H NMR ( 400 
MHZ, CDCl3):  δ  2.37 (s, 3H, -SCH3), 2.40 (s, 3H, -CH3), 5.27 
(s, 2H, -NH2), 7.21-7.25 (m, 2H, ArH), 7.53-7.61 (m, 1H, ArH), 
7.63 (d, J = 8.0 Hz, 2H, ArH), 7.69-7.75 (m, 1H, ArH), 7.83 (d, J 35 

= 8.0 Hz, 1H, ArH), 8.20 (d, J = 8.0 Hz, 1H, ArH); 13C NMR 
(100 MHZ, CDCl3): δ 20.5, 21.7, 104.3, 117.3, 120.9, 121.6, 
125.9, 126.9, 129.3, 129.4, 129.9, 134.4, 135.7, 140.3, 144.8, 
145.0, 196.3; HRMS (ESI) calculated for C20H16N2OS, 333.1056 
(M+H+); found for m/z, 333.1044. 40 

4-Amino-3-(4-methoxy-benzoyl)-2-methylsulfanyl-

napthalene-1-carbonitrile 5c: Yield: 48% (0.084 g); 0.24 Rf 
(20% ethylacetate-hexane), Brown solid, mp: 131-1330C; IR 
(KBr): 3362, 2933, 2207, 1630, 1594, 1259, 752 cm-1; 1H NMR ( 
400 MHZ, CDCl3):  δ 2.40 (s, 3H, -SCH3), 3.85 (s, 3H, -OCH3), 45 

5.19 (s, 2H, -NH2), 6.90 (d, J = 8.8 Hz, 2H, Ar-H), 7.54-7.62 (m, 
1H, ArH), 7.67-7.76 (m, 3H, ArH), 7.82 (d, J = 8.0 Hz, 1H, ArH), 
8.20 (d, J = 8.0 Hz, 1H, ArH); 13C NMR (100 MHZ, CDCl3): δ  
20.6, 55.5, 104.4, 114.0, 117.3, 121.3, 121.5, 121.6, 126.0, 126.9, 
129.8, 130.9, 131.8, 134.4, 140.2, 144.7, 164.2, 195.1; HRMS 50 

(ESI) calculated for C20H16N2O2S, 349.1005 (M+H+); found for 
m/z, 349.0990. 
4-Amino-3-(4-bromo-benzoyl)-2-methylsulfanyl-napthalene-

1-carbonitrile 5d: Yield: 68% (0.135 gm); 0.26 Rf (20% 
ethylacetate-hexane); light yellow solid,  mp: 152-154 0C; IR 55 

(KBr): 3361, 2924, 2207, 1638, 1249, 749 cm-1; 1H NMR ( 400 
MHZ, CDCl3):  δ 2.37 (s, 3H, -SCH3), 5.45 (s, 2H, -NH2), 7.51-
7.69 (m, 5H, ArH), 7.70-7.78 (m, 1H ,ArH), 7.83 (d, J = 8.0 Hz, 

1H, ArH),  8.21 (d, J = 8.0 Hz, 1H, ArH); 13C NMR (100 MHZ, 
CDCl3): δ 20.6, 104.7, 117.1, 119.6, 121.6, 121.6, 126.1, 127.2, 60 

128.7, 130.2, 130.5, 132.0, 134.5, 137.5, 140.5, 145.6, 195.7; 
HRMS (ESI) calculated for C19H13BrN2OS, 397.0005 (M+H+); 
found for m/z, 396.9983. 
4-Amino-3-(2-bromo-benzoyl)-2-methylsulfanyl-napthalene-

1-carbonitrile 5e: Yield 48% (0.095 g); 0.26 Rf (20% 65 

ethylacetate-hexane);  yellow solid,  mp: 188-190 0C; IR (KBr): 
3369, 2925, 2211, 1609, 1245, 757 cm-1; 1H NMR ( 400 MHZ , 
CDCl3):  δ 2.23 (s, 3H, -SCH3), 6.56 (s, 2H, -NH2), 7.15-7.20 (m, 
1H, ArH), 7.23-7.29 (m, 2H, ArH), 7.57-7.67 (m, 2H, ArH), 7.74 
(t, J = 7.7 Hz, 1H, ArH), 7.90 (d, J = 8.0 Hz, 1H, ArH),  8.17 (d, 70 

J = 8.8 Hz, 1H, ArH); 13C NMR (100 MHZ, CDCl3): δ 20.4, 
105.2, 117.1, 118.0, 121.3, 121.8, 121.9, 126.1, 126.9, 127.2, 
130.1, 130.8, 131.7, 134.2, 134.6, 142.4, 142.6, 148.9, 196.7; 
HRMS (ESI) calculated for C19H13BrN2OS, 397.0005 (M+H+); 
found for m/z, 397.0007. 75 

3-(2-Allyloxy-benzoyl)-4-amino-2-methylsulfanyl-napthalene-

1-carbonitrile 5f: Yield: 60% (0.112 g); 0.37 Rf (40% 
ethylacetate-hexane), light yellow,  mp: 165-167 0C; IR (KBr): 
3372, 2929, 2208, 1610, 1240, 757 cm-1; 1H NMR ( 400 MHZ, 
CDCl3):  δ 2.26 (s, 3H, -SCH3), 4.29-4.33 (m, 2H , -CH2-), 4.78-80 

4.86 (dd, J = 1.4 Hz, 1H, CH), 4.96-5.06 (m, 1H, CH), 5.32-5.46 
(m, 1H, CH), 5.88 (s, 2H, -NH2), 6.85 (d, J = 8.0 Hz, 1H, ArH), 
6.99 (t, J = 7.7 Hz, 1H, ArH), 7.38-7.47 (m, 1H, ArH), 7.56 (t, J 

= 7.7 Hz, 1H, ArH),  7.60-7.64 (m, 1H, ArH), 7.69 (t, J = 7.7 Hz, 
1H, ArH), 7.84 (d, J = 8.8 Hz, 1H, ArH), 8.15 (d, J = 8.8 Hz, 1H, 85 

ArH); 13C NMR (100 MHZ, CDCl3): δ 20.2, 69.1, 104.2, 112.7, 
117.4, 117.7, 120.7, 121.7, 122.0, 122.2, 125.9, 126.7, 129.9, 
130.0, 130.9, 131.8, 133.7, 134.3, 141.6, 146.1, 157.4, 196.0; 
HRMS (ESI) calculated for C22H18N2O2S, 375.1162 (M+H+); 
found for m/z, 375.1161. 90 

4-Amino-3-(furan-2-carbonyl)-2-methylsulfanyl-napthalene-

1-carbonitrile 5g: Yield: 60% (0.092 g); 0.30 Rf (40% 
ethylacetate-hexane), dark green solid, mp: 196-98 0C; IR (KBr): 
3371, 2925, 2209, 1618, 1298, 756 cm-1; 1H NMR ( 400 MHZ, 
CDCl3):  δ 2.46 (s, 3H, -SCH3), 5.46 (s, 2H, -NH2), 6.53-6.57 (dd, 95 

J = 1.4 Hz, 1H, ArH), 7.03 (d, J = 3.6 Hz, 1H, ArH), 7.55-7.64 
(m, 2H, ArH), 7.69-7.76 (m, 1H, ArH), 7.83 (d, J = 8.0 Hz, 1H, 
ArH),  8.19 (d, J = 8.05 Hz, 1H, ArH); 13C NMR (100 MHZ, 
CDCl3): δ 20.0, 100.0, 112.9, 117.6. 119.5, 120.6, 121.4, 123.8, 
124.4, 126.3, 130.2, 134.1, 139.2, 146.6, 148.6, 152.8, 182.1;  100 

HRMS (ESI) calculated for C17H12N2O2S, 309.0692 (M+H+); 
found for m/z, 309.0677. 
4-Amino-2-methylsulfanyl-3-(thiophene-2-carbonyl)-

napthalene-1-carbonitrile 5h: Yield: 61% (0.099 g); 0.31 Rf 
(30% ethylacetate-hexane), yellow solid mp: 173-175 0C; IR 105 

(KBr): 3362,  2929,  2207, 1624, 1271, 727 cm-1; 1H NMR ( 400 
MHZ, CDCl3):  δ 2.47 (s, 3H, -SCH3), 5.24 (s, 2H, -NH2), 7.06-
7.10 (m, 1H, ArH), 7.32-7.37 (m, 1H, ArH), 7.56-7.63 (m, 1H, 
ArH), 7.69-7.76 (m, 2H, ArH), 7.82 (d, J = 8.8 Hz, 1H, ArH), 
8.21 (d, J = 8.0 Hz,1H, ArH); 13C NMR (100 MHZ, CDCl3): δ 110 

20.9, 104.5, 117.2, 121.2, 121.5, 121.6, 126.0, 127.0, 128.3, 
130.0, 134.4, 134.8, 135.5, 140.2, 144.7, 145.1, 188.3; HRMS 
(ESI) calculated for C17H12N2OS2, 325.0464 (M+H+); found for 
m/z, 325.0450. 
4-Amino-2-methylsulfanyl-3-(naphthalene-1-carbonyl)-115 

napthalene-1-carbonitrile 5i: Yield: 48% (0.088 g); 0.25 Rf 
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(20% ethylacetate-hexane), orange solid,  mp: 187-189 0C; IR 
(KBr): 3372, 2925, 2210, 1609, 1240, 759 cm-1; 1H NMR ( 400 
MHZ, CDCl3):  δ 2.12 (s, 3H, -SCH3), 5.95 (s, 2H, -NH2), 7.22-
7.35 (m, 2H, ArH), 7.55-7.71 (m, 4H ,ArH), 7.90 (d, J = 8.0 Hz, 
2H, ArH), 7.95 (d, J = 8.0 Hz, 1H, ArH),  8.19 (d, J = 8.0 Hz, 1H, 5 

ArH), 8.78 (d, J = 8.0 Hz, 1H, ArH); 13C NMR (100 MHZ, 
CDCl3): δ 20.3, 104.9, 117.2, 121.1, 121.6, 121.8, 124.0, 126.0, 
126.7, 127.1, 128.2, 128.5, 128.8, 130.3, 130.7, 133.1, 134.0, 
134.6, 137.6, 141.9, 146.8, 198.9; HRMS (ESI) calculated for 
C23H16N2OS, 369.1056 (M+H+); found for m/z, 369.1038. 10 

4-Amino-2-methylsulfanyl-3-(naphthalene-2-carbonyl)-

napthalene-1-carbonitrile 5j: Yield: 68% (0.125 g); 0.25 Rf 
(20% ethylacetate-hexane), yellow solid,  mp: 192-193 0C; IR 
(KBr): 3372, 2925, 2208, 1617, 1291, 754 cm-1; 1H NMR ( 400 
MHZ, CDCl3):  δ 2.34 (s, 3H, -SCH3), 5.38 (s, 2H, -NH2), 7.47-15 

7.53 (m, 1H, ArH), 7.55-7.66 (m, 2H ,ArH), 7.75 (t, J  = 7.3 Hz, 
1H, ArH), 7.82 (d, J = 8.0 Hz, 1H, ArH), 7.85-7.90 (m, 2H, ArH), 
7.90-7.96 (m, 2H, ArH), 8.07 (s, 1H, ArH), 8.25 (d, J = 8.0Hz, 
1H, ArH); 13C NMR (100 MHZ, CDCl3): δ 20.6, 104.7, 117.2, 
120.8, 121.6, 121.7, 124.3, 126.1, 126.9, 127.0, 127.8, 128.8, 20 

129.6, 130.0, 131.1, 132.4, 134.5, 135.8, 135.9, 140.6, 145.4, 
196.7; HRMS (ESI) calculated for C23H16N2OS, 369.1056 
(M+H+); found for m/z, 369.1033. 
3-Acetyl-4-amino-2-methylsulfanyl-napthalene-1-carbonitrile 

5k: Yield: 45% (0.058 gm); 0.35 Rf (20% ethylacetate-hexane), 25 

light brown solid,  mp: 140-142 0C; IR (KBr): 3373, 2925, 2854, 
2210, 1611, 1234, 757 cm-1; 1H NMR ( 400 MHZ, CDCl3):  δ 
2.56 (s, 3H, -SCH3), 2.70 (s, 3H, -CH3), 6.04 (s, 2H, -NH2), 7.48-
7.60 (m, 1H, ArH), 7.65-7.72 (m, 1H, ArH), 7.83 (d, J = 8.8 Hz, 
1H, ArH), 8.14 (d, J = 8.0 Hz, 1H, ArH); 13C NMR (100 MHZ, 30 

CDCl3): δ  20.7, 32.6, 104.5, 117.2, 120.9, 121.7, 122.0, 126.0, 
127.0, 130.3, 134.1, 140.5, 145.7, 204.1; HRMS (ESI) calculated 
for C14H12N2OS, 257.0743 (M+H+); found for m/z, 257.0730. 
4-Amino-3-(4-fluoro-benzoyl)-2-methylsulfanyl-napthalene-1-

carbonitrile 5l: Yield: 52% (0.087 g); 0.30 Rf (20% ethylacetate-35 

hexane), yellow solid,  mp: 144-146 0C; IR (KBr): 3328, 2929, 
2209, 1611, 1228, 757 cm-1; 1H NMR ( 400 MHZ, CDCl3):  δ 
2.37 (s, 3H, -SCH3), 5.49 (s, 2H, -NH2), 7.10 (t, J = 8.79Hz, 2H, 
ArH), 7.60 (t, J = 7.3 Hz, 1H, ArH), 7.70-7.78 (m, 3H, ArH), 
7.83 (d, J =8.0 Hz, 1H, ArH), 8.21 (d, J = 8.8 Hz, 1H, ArH); 13C 40 

NMR (100 MHZ, CDCl3): δ  20.5, 104.6, 115.6 (d, J C-F = 22.0 
Hz), 117.1, 120.1, 121.6, 126.6, 127.1, 130.1, 131.8 (d, J C-F = 9.6 
Hz), 134.4, 134.8, 134.9, 140.4, 145.3, 166.0 (d, J C-F = 253.9Hz), 
195.2; HRMS (ESI) calculated for C19H13FN2OS, 337.0805 
(M+H+); found for m/z, 337.0789. 45 

4-Amino-3-(4-chloro-benzoyl)-2-methylsulfanyl-napthalene-1-

carbonitrile 5m: Yield: 48% (0.085 g); 0.31 Rf (20% 
ethylacetate-hexane), orange solid,  mp: 135-137 0C; IR (KBr): 
3377, 2925, 2210, 1620, 1261, 757 cm-1; 1H NMR ( 400 MHZ, 
CDCl3):  δ 2.37 (s, 3H, -SCH3), 5.42 (s, 2H, -NH2), 7.39 (d, J = 50 

8.8 Hz, 2H, ArH), 7.57-7.67 (m, 3H ,ArH), 7.71-7.77 (m, 1H, 
ArH), 7.83 (d, J = 8.8 Hz, 1H, ArH), 8.21 (d, J = 8.0 Hz, 1H, 
ArH); 13C NMR (100 MHZ, CDCl3): δ  20.5, 104.4, 117.1, 119.6, 
121.6, 121.6, 126.0, 127.1, 129.0, 130.2, 130.4, 134.4, 136.9, 
139.9, 140.4, 145.6, 195.6;  HRMS (ESI) calculated for 55 

C19H13ClN2OS, 353.0510 (M+H+); found for m/z, 353.0490. 
4-Amino-2-methylsulfanyl-3-(4-methylsulfanyl-benzoyl)-

napthalene-1-carbonitrile 7: Yield: 30% (0.055 g); 0.30 Rf 

(30% ethylacetate-hexane), yellow solid,  mp: 137-139 0C; IR 
(KBr): 3375, 2919, 2206, 1636, 1248, 755 cm-1; 1H NMR (400 60 

MHZ, CDCl3): δ 2.40 (s, 3H, -SCH3),  2.50 (s, 3H, -SCH3), 5.28 
(s, 2H, -NH2), 7.20-7.26 (m, 2H, ArH), 7.56-7.68 (m, 3H ,ArH), 
7.70-7.77 (m, 1H, ArH), 7.83 (d, J = 8.8 Hz, 1H, ArH) , 8.22 (d, J 

= 8.8 Hz, 1H, ArH); 13C NMR (100 MHZ, CDCl3): δ 14.6, 20.6, 
104.4, 117.2, 120.7, 121.5, 124.9, 126.0, 127.0, 129.6,  129.9, 65 

134.3, 134.4, 140.3, 145.0, 147.1, 195.6; HRMS (ESI) calculated 
for C20H16N2OS2, 365.0777 (M+H+); found for m/z, 365.0780. 
General procedure synthesis of 2-(1-cyano-2-methylsulfanyl-

2-pyrrolidine-1-yl-vinyl)-benzonitrile. A mixture of 2-(1-cyno-
2,2-bismethylsulfanyl-vinyl)-benzonitrile (1 mmol, 0.246g), 70 

pyrrolidine (as a solvent 5.0 mL)  was stirred at 90 ºC temperature 
for 1h. After completion (monitored by TLC) of reaction, the 
mixture was poured onto ice-water with constant stirring 
followed by neutralization with 10% HCl. The obtained 
precipitate was filtered off and dried over Na2SO4. Crude 75 

contains both mono and diaminated product. The crude product 
was purified by silica gel column chromatography using 20% 
ethylacetate-hexane as an eluent for monoaminated product and 
25% ethyl acetate in hexane as an eluent for diaminated product. 
2-(1-Cyano-2-methylsulfanyl-2-pyrrolidine-1-yl-vinyl)-80 

benzonitrile 8: 2-(1-Cyano-2-methylsulfanyl-2-pyrrolidine-1-

yl-vinyl)-benzonitrile 8: Yield: 73% (0.196 gm); red, 0.32 Rf 
(20% ethylacetate-hexane),  mp: 191-193 0C; IR (KBr) 2924, 
2853, 2220, 2181, 1514, 1252, 761 cm-1; 1H NMR ( 400 MHZ, 
CDCl3):  δ  1.83-1.93 (bm, 4H , -CH2-), 2.56 (s, 3H , -SCH3), 85 

3.10-3.60 (bm, 4H, -CH2-), 7.15-7.22 (m, 1H, ArH), 7.45-7.58 
(m, 3H, ArH); 13C NMR (100 MHZ CDCl3): δ 18.9, 25.3, 52.6, 
111.7, 118.0, 122.1, 125.7, 129.6, 132.6, 132.8, 141.4, 165.6; 
HRMS (ESI) calculated for C15H15N3S, 270.1059 (M+H+); found 
for m/z, 270.1059. 90 

2-(1-Cyano-2,2-di-pyrrolidine-1-yl-vinyl)-benzonitrile 9: 

Yield: 10% (0.029 gm); 0.30 Rf (10% ethylacetate-hexane),  light 
red,  mp: 120-122 0C; IR (KBr): 2925, 2869, 2181, 1537, 1295, 
756, cm-1;  1H NMR ( 400 MHZ, CDCl3):  δ  1.92-2.00 (m, 8H , -
CH2-), 3.76-3.87 (m, 8H, -CH2-), 7.00-7.08 (m, 1H, ArH), 7.40-95 

7.50 (m, 1H, ArH), 7.78 (d, J = 8.0 Hz, 1H, ArH), 7.96 (d, J = 
8.0, 1H, ArH); 13C NMR (100 MHZ, CDCl3): δ 25.5, 25.8, 48.7, 
51.2, 69.2, 113.7, 120.5, 121.8, 122.5, 126.2, 130.6, 141.9, 155.5, 
157.1. 
General procedure synthesis of 4-amino-3-aroyl-2-pyrrolidin-100 

1-yl-napthalene-1-carbonitriles: A mixture of 2-(1-cyano-2-
methylsulfanyl-2-pyrrolidine-1-yl-vinyl)-benzonitrile (0.5 mmol, 
0.134 g), ketone (0.55 mmol), and powdered KOH (1 mmol, 
0.056 g) in dry DMSO (4.0 mL) was stirred at room temperature 
for 2 h. After completion (monitored by TLC) of reaction, the 105 

mixture was poured onto ice-water with constant stirring 
followed by neutralization with 10% HCl. The obtained 
precipitate was filtered, dried and purified by silica gel column 
chromatography using 20% ethylacetate-hexane as an eluent. 
4-Amino-3-benzoyl-2pyrrolidin-1-yl-napthalene-1-110 

carbonitrile 10a: Yield: 72% (0.123 g); 0.32 Rf (20% 
ethylacetate-hexane), brown solid,  mp: 192-194 0C; IR (KBr): 
3325, 2925, 2855, 2192, 1608, 1256, 755 cm-1; 1H NMR ( 400 
MHZ , CDCl3):  δ  1.32-1.37 (m, 4H ,-CH2-), 3.39-3.45 (m, 4H, -
CH2-), 6.42 (s, 2H, -NH2), 7.31-7.39 (m, 3H, ArH), 7.44-7.51 (m, 115 

1H ,ArH), 7.54-7.65 (m, 3H, ArH), 7.73 (d, J = 8.0 Hz, 1H, ArH), 
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8.03 (d, J = 8.0 Hz, 1H, ArH); 13C NMR (100 MHZ, CDCl3): δ 
25.2, 51.8, 109.2, 118.7, 120.4, 121.6, 123.7, 124.8, 128.0, 128.7, 
130.6, 132.2, 136.7, 139.9, 149.2, 153.4, 197.0; HRMS (ESI) 
calculated for C22H19N3O, 342.1601 (M+H+); found for m/z, 
342.1601. 5 

4-Amino-3-(4-methoxy-benzoyl)-2-pyrrolidin-1-yl-

napthalene-1-carbonitrile 10b: Yield: 45% (0.083 g); 0.31 Rf 
(20% ethylacetate-hexane), light yellow, mp: 197-199 0C; IR 
(KBr): 3351, 2924, 2191, 1594, 1251, 763 cm-1; 1H NMR ( 400 
MHZ , CDCl3):  δ  1.42-1.47(m, 4H , -CH2-), 3.44-3.50 (m, 4H, -10 

CH2-), 3.83 (s, 3H, -OCH3), 6.17 (s, 2H, -NH2) , 6.84 (d, J = 8.8 
Hz, 2H, ArH), 7.29-7.35 (m, 1H ,ArH), 7.57-7.63 (m, 3H, ArH), 
7.70 (d, J = 8.0 Hz, 1H, ArH),  8.03 (d, J = 8.8 Hz,  1H, ArH); 
13C NMR (100 MHZ, CDCl3): δ  25.4, 51.9, 55.4, 82.8, 109.3, 
113.3, 118.7, 120.6, 121.6, 123.5, 124.7, 130.4, 131.2, 132.0, 15 

136.6, 148.5, 153.1, 163.1, 195.8; HRMS (ESI) calculated for 
C23H21N3O2, 372.1707 (M+H+); found for m/z, 372.1684. 
4-Amino-3-(furan-2-carbonyl)-2-pyrrolidin-1-yl-napthalene-

1-carbonitrile 10c: Yield: 57% (0.094 g); 0.21 Rf (20% 
ethylacetate-hexane), orange solid,  mp: 170-172 0C; IR (KBr): 20 

2926, 2225, 1618, 1227, 757 cm-1; 1H NMR ( 400 MHZ , CDCl3):  
δ  1.62-1.67 (m, 4H , -CH2-), 3.58-3.64 (m, 4H,- CH2-), 6.23 (s, 
2H, -NH2), 6.45-6.48 (dd, J = 2.2 Hz, 1H, ArH), 6.91 (d, J = 2.9 
Hz, 1H, ArH), 7.26-7.33 (m, 1H, ArH), 7.52-7.62 (m, 2H, ArH), 
7.68 (d, J = 8.8 Hz, 1H, ArH),  8.00 (d, J = 8.8 Hz,  1H, ArH); 25 

13C NMR (100 MHZ, CDCl3): δ 25.7, 52.2, 82.3, 108.0, 112.1, 
117.8, 118.3, 120.7, 121.6, 123.4, 124.7, 130.7, 137.0, 146.2, 
148.7, 152.7, 153.6, 183.5;  HRMS (ESI) calculated for 
C20H17N3O2, 332.1394 (M+H+); found for m/z, 332.1396 . 
4-Amino-2-pyrrolidin-1-yl-3-(thiophene-2-carbonyl)-30 

napthalene-1-carbonitrile 10d: Yield: 58% (0.101 g); 0.30 Rf 
(20% ethylacetate-hexane), yellow solid,  mp: 171-173 0C; IR 
(KBr): 3349, 2925, 2854, 2190, 1597, 1253, 759  cm-1; 1H NMR ( 
400 MHZ, CDCl3):  δ  1.57-1.67 (m, 4H , -CH2-), 3.59-3.65 (m, 
4H, -CH2-), 6.09 (s, 2H, -NH2), 6.99-7.04 (m, 1H, ArH), 7.27-35 

7.36 (m, 2H, ArH), 7.56-7.62 (m, 2H, ArH), 7.68 (d, J = 8.0 Hz, 
1H, Ar-H), 8.02 (d, J = 8.0 Hz, 1H, ArH); 13C NMR (100 MHZ, 
CDCl3): δ 25.6, 52.2, 82.5, 109.0, 118.3, 120.6, 121.6, 123.4, 
124.6, 127.6, 130.5, 133.0, 133.3, 136.8, 145.3, 148.0, 152.2, 
188.5; HRMS (ESI) calculated for C20H17N3OS, 348.1165 40 

(M+H+); found for m/z, 348.1147. 
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Microwave assisted base dependent regioselective
synthesis of partially reduced chromenes,
isochromenes and phenanthrenes†‡

Pratik Yadav, Surjeet Singh, Satya Narayan Sahu, Firasat Hussain and
Ramendra Pratap*

We have reported a microwave assisted base directed regioselective synthesis of partially reduced chrom-

enes, isochromenes and phenanthrenes. Functionalized 4-(piperidin-1-yl)-5,6-dihydro-2H-benzo[h]-

chromen-2-one-3-carbonitriles have been used as precursors, which on reaction with functionalized

acetophenones in the presence of KOH in DMF under microwave irradiation yield (Z)-2-(2-aryl-5,6-

dihydro-4H-benzo[f ]isochromen-4-ylidene)acetonitriles. The use of NaH in DMF provides 3-aryl-

1-(piperidin-1-yl)-9,10-dihydro phenanthrene-2-carbonitriles in excellent yield regioselectively. The use

of cyclohexanone as a nucleophile source yields (Z)-2-(3,4,7,8-tetrahydro-1H-naphtho[2,1-c]chromen-

6(2H)-ylidene)acetonitriles. The structure and geometry of isochromene have been proved without any

ambiguity by single crystal X-ray diffraction.

Introduction

The development of a new approach for the preparation of bio-
logically active molecules constitutes a great challenge in
modern organic chemistry. This challenge has led to growing
interest in the field of microwave-enhanced procedures due to
great reaction control and high reaction rates. Therefore,
microwave-assisted organic synthesis (MAOS) is an invaluable
technique for medicinal chemistry and drug discovery
applications.1,2

Chromenes and isochromene are well known structural
motifs that are frequently encountered in bioactive natural pro-
ducts.3 They are also considered to be a venerable pharmaco-
phore and exhibit a wide range of biological activities such as
anti-HIV,4 anticancer,5 antihypertensive,6 insecticidal,7 and
antifungal.8 Seselin i and lonchocarpene ii are used as anti-
cancer agents,9,10 whereas acolbifene iii, LG120746 iv and v are
a class of selective estrogen receptor modulators and progester-
one receptor modulators, respectively (Fig. 1).11,12 In addition,
cannabinol vi has affinity towards CB1 and CB2 receptors,
while moracin D vii is currently known as an antifungal agent
(Fig. 1).8,13 Apart from this, phenanthrenes have also drawn

great attention because of their wide presence in natural pro-
ducts as well as their applications in medicinal chemistry and
materials science.14

Among the various functionalized chromenes, 2-ylidene-
chromene is a very good progesterone receptor modulator.12

Recently, Yanai et al. have reported a triple carbon acid (KSAs)
catalysed synthesis of ylidene-isochromenes via reaction of lac-
tones with ketene silyl acetals,15 whereas Pal et al. used AlCl3/
Pd/C–Cu as a catalyst16 (Scheme 1). Organolithium reagents17

and Grignard reagents18 were also used to construct this chro-
mene skeleton. However, some protocols suffer from certain
drawbacks, such as the use of moisture and air sensitive
reagents, low yields and prolonged reaction time.16–18

Fig. 1 Some natural products and biologically potent molecules con-
taining chromene and isochromene skeletons.

†This manuscript is dedicated to Dr Vishnu Ji Ram on his 72nd birthday.
‡Electronic supplementary information (ESI) available: All the proton and 13C
NMR spectra are given in ESI. CCDC 959771. For ESI and crystallographic data
in CIF or other electronic format see DOI: 10.1039/c3ob41962b
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These interesting versatile pharmaceutical activities of
2-ylidene chromene have prompted us towards the improved
synthesis of this skeleton. As a part of our continual work
towards exploring the synthetic utility of functionalized 2-oxa-
benzochromene for the synthesis of various biologically impor-
tant aromatic nucleuses, we wish to report herein a simple and
efficient base catalysed microwave assisted regioselective syn-
thesis of isochromene, chromenes and dihydrophenanthrene.
The synthesized compounds contain both an exocyclic double
bond and an aryl ring attached to the chromene ring, which
were important for pharmaceutical activity.12

Results and discussion

For the synthesis of chromene, isochromenes and dihydro-
phenanthrenes, 4-(piperidin-1-yl)-5,6-dihydro-2H-benzo[h]-
chromen-2-one-3-carbonitrile 4a has been taken as a precur-
sor. This precursor was synthesized in three steps. The first
step was synthesis of ethyl 2-cyano-3,3-dimethylthioacrylate 219

by reaction of ethyl cyanoacetate, carbon disulphide and
methyl iodide under basic conditions, which on reaction with
various 1-tetralones gives 4-(methylthio)-2-oxo-5,6-dihydro-2H-
benzo[h]chromene-3-carbonitriles 3.20 We have tested com-
pound 3 as a precursor for the synthesis of chromenes and
dihydrophenanthrenes under various reaction conditions at
different temperatures, but fail to achieve the desired product
and end up with formation of a complex mixture. We assume
that the presence of the SMe group at position 4 is the most
probable reason for the formation of a complex mixture, as the
SMe group acts as a good leaving group and is responsible for
side reactions, and decomposed at high temperature.20 There-
fore in order to reduce the probability of side reactions, SMe
has been replaced by piperidine, a secondary amine to reduce
the electrophilicity of C-4. 4-(Piperidin-1-yl)-5,6-dihydro-
2H-benzo[h]chromen-2-one-3-carbonitrile 4 was synthesised
by amination of 3 with piperidine in boiling ethanol
(Scheme 2).20

In search of better reaction conditions to achieve our goal,
4-(piperidin-1-yl)-5,6-dihydro-2H-benzo[h]chromen-2-one-3-
carbonitrile 4a and 4-bromoacetophenone 5e were taken as
model substrates. We have screened various base–solvent com-
binations at various temperatures using conventional heating
as well as microwave mediated heating. The use of NaH–DMF
at room temperature and 100 °C yields dihydrophenanthrene
regioselectively, without the formation of 7e (Table 1, entries 1
and 2). Previously, Ram et al. have already reported the regio-
selective synthesis of dihydrophenanthrenes using KOH–DMF
at room temperature.20 We checked the effect of temperature
on the earlier reported reaction and surprisingly got the
mixture of dihydrophenanthrene 6a and isochromenes 7e
(Table 1, entry 3). We envisioned that 7e might be synthesized
regioselectively under appropriate reaction conditions. With
the earlier results, we were encouraged to perform further

Scheme 2 Synthesis of 4-(piperidin-1-yl)-5,6-dihydro-2H-benzo[h]-
chromen-2-ones 4.

Table 1 Effect of base and solvent on the synthesis of 6a and 7ea

Entry Baseb Solvent Condition
Yield of
6ac (%)

Yield of
7ec (%)

1 NaH DMF rtd 75 —
2 NaH DMF 100 °Ce 78 —
3 KOH DMF 100 °Ce 35 43
4 NaNH2 DMF 100 °Ce 32 40
5 KOBut DMF 100 °Ce 73 Trace
6 KOH DMF M.W. f — 82
7 KOBut DMF M.W. f 76 —
8 NaH DMF M.W. f 90 —
9 NaNH2 DMF M.W. f Mixture
10 NaH THF M.W. f — —
11 KOH DMSO M.W. f Trace 48

a The reaction was conducted with 2-oxo-4-(piperidin-1-yl)-5,6-dihydro-
2-benzo[h]chromene-3-carbonitrile 4a (0.5 mmol) and 4-bromo-
acetophenone 5e (0.5 mmol). b 0.75 mmol (1.5 eq.). c Yield of isolated
product. d Reaction time 4 hours. e Reaction time 1 hour. fUnder a
microwave reactor at 100 °C at a maximum applied power of 200 W,
15 minutes.

Scheme 1 Synthesis of 2-ylidene-chromenes and isochromenes using
various catalysts.
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optimization through various bases (KOH, NaNH2, and KOBut)
in different solvents (DMF, DMSO and THF). It was found that
the use of KOH and NaNH2 resulted in the desired product 7e
in 43% and 40% yield, whereas KOBut did not give satisfactory
results and only 6a was obtained as a major product. In view
of the previously reported organic synthesis to achieve high
regioselectivity,21 we turned our attention to a microwave
assisted procedure. In order to elaborate our study, the pre-
viously used bases were further screened to synthesize 7e
under microwave irradiation.

Surprisingly, when we carried out the reaction under micro-
wave conditions (100 °C, at a maximum applied power of 200
watts), interesting results were obtained. The use of KOH with
DMF yielded 7e as an exclusive product (Table 1, entry 6).
Whereas KOBut and NaH were found to be inefficient at produ-
cing the desired product, 6a was obtained in 76% and 90%
yield respectively. A complex mixture of 6a and 7e was found
when we used NaNH2 as a base. Furthermore, we performed
the reaction in THF and DMSO with NaH and KOH to investi-
gate the solvent effect under microwave conditions. The
desired product 7e was obtained in moderate yield in DMSO.
However neither 6a nor 7e was observed in THF. Thus KOH
and NaH were found to be the best bases in DMF for the regio-
selective synthesis of isochromene 7e and dihydrophen-
anthrene 6a, respectively.

Under these optimized reaction conditions, the generality
of this procedure has been examined. Various functionalized
isochromenes 7a–g were synthesized in very good yields
(Table 2).

The structure and geometry of isochromene have been
confirmed unambiguously by spectroscopic techniques and
single crystal X-ray crystallography. The 1H NMR spectrum of
the desired product 7 exhibits a low δ value for proton
(∼4.40 ppm) at the carbon adjacent to the nitrile group due to
the high shielding effect of pyran oxygen.22 To assess the

contribution of heteroaryl methyl ketone and aliphatic ketone
as cyclohexanone to further expand the scope of the present
methodology, isochromenes 9a–b and chromenes 11a–b were
also synthesized and the results of this study are summarized
in Tables 3 and 4.

All the ketone (aromatic and heteroaromatic) derivatives
showed equal ease towards the product formation with 2-oxo-
4-( piperidin-1-yl)-5,6-dihydro-2-benzo[h]chromene-3-carbo-
nitriles 4. It is noteworthy that the yield of chromenes 11a–b
was slightly lower.

Dihydrophenanthrenes 6a–c were also synthesised using
NaH and DMF under microwave conditions in good to excel-
lent yields (Table 5). It has been observed that the yield of 6 is
very high and the reaction requires much less time as compared
to the conventional approach.

The molecular make up of precursor 4 reveals that it pos-
sesses three electrophilic centers C-2, C-4, and C-10b. Among
them C-10b is highly susceptible to nucleophilic attack
because of extended conjugation due to the presence of an
electron withdrawing CN substituent at C-3 in the chromene

Table 2 Synthesis of (Z)-2-(2-aryl-5,6-dihydro-4H-benzo[f ]isochromen-
4-ylidene)acetonitriles 7a

7 R1 R2 Yield (%)

a H H 77
b H OMe 79
c H F 84
d H Cl 80
e H Br 82
f OMe Br 85
g OMe OMe 78

a Reactions were performed under microwave irradiation at 100 °C and
at a maximum applied power of 200 W for 15 minutes by use of 4
(0.5 mmol), 5 (0.5 mmol) and KOH (0.75 mmol) in 2.0 mL DMF.

Table 3 Synthesis of (Z)-2-(2-(thiophen-2-yl)-5,6-dihydro-4H-benzo-
[f ]isochromen-4-ylidene)acetonitriles 9a

9 R1 Yield (%)

a H 78
b OMe 76

a Reactions were performed under microwave irradiation at 100 °C and
at a maximum applied power of 200 W for 15 minutes by use of 4
(0.5 mmol), 8 (0.5 mmol), and KOH (0.75 mmol) in 2.0 mL DMF.

Table 4 Synthesis of (Z)-2-(3,4,7,8-tetrahydro-1H-naphtho [2,1-c]-
chromen-6(2H)-ylidene)acetonitriles 9a

11 R1 Yield (%)

a H 72
b OMe 69

a Reactions were performed under microwave irradiation at 100 °C and
at a maximum applied power of 200 W for 15 minutes by use of 4
(0.5 mmol), 10 (0.5 mmol), and KOH (0.75 mmol) in 2.0 mL DMF.
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ring. Keeping this fact in mind we hypothesized the mechan-
ism of our reaction as shown in Scheme 3. The reaction com-
mences with the formation of intermediate P by a nucleophilic
attack of carbanion generated in situ at the C-10b position of 4.
P undergoes decarboxylation to form Q. Thereafter the reac-
tion may follow either path A for the formation of chromene or
isochromene derivatives 7, 9, 11 via elimination of piperidine
through SNi reaction of enolate formed in the presence of a
base or path B to yield dihydrophenanthrene 10 via cyclization
involving C-3 of chromene and the carbonyl group of ketone
followed by aromatization via dehydration. One of the key

differences between the conventional approach and the micro-
wave assisted approach is regioselectivity for the product for-
mation (Table 1, entries 3 and 6). We proposed that fast and
uniform heating in microwave is responsible for regioselec-
tivity, which is difficult through conventional heating. On the
basis of the obtained regioselectivity, we propose that KOH
stabilized the enolate form at high temperature, while NaH
stabilized the keto form at both high and low temperatures.

X-ray structural analysis

X-ray diffraction studies23 of (Z)-2-(2-(4-bromophenyl)-5,6-
dihydro-4H-benzo[ f ]isochromen-4-ylidene)acetonitrile (7e)
showed that the compound has a non-planarity induced chiral-
ity due to distortion in the aromatic rings. The conformation
is shown as an ORTEP diagram in Fig. 2.

The X-ray studies further showed that the terminal rings A
and C are nearly planar, while the central ring B adopts a half
chair conformation. The average mean plane angle (torsion
angle) for the twist between the terminal rings A and C is
17.8°.

The X-ray studies further confirmed that the Z geometry of
the molecule and the nitrile group is present at the syn posi-
tion to oxygen in the ring C (Fig. 2a). Crystal packing of (Z)-2-
(2-(4-bromophenyl)-5,6-dihydro-4H-benzo[ f ]isochromen-4-
ylidene)acetonitrile (7e) has shown some significant intermole-
cular interactions. It has been observed that moderate hydro-
gen bonding interaction (C–H⋯Br = 2.991 Å) occurs between
the bromo (Br1) group and ortho hydrogen (H3) of ring D with
the neighbouring molecules (Fig. 2b). This molecule also

Table 5 Synthesis of 3-phenyl-1-(piperidin-1-yl)-9,10-dihydro phen-
anthrene-2-carbonitriles 6a

6 R1 R2 Yield (%)

a H Br 90
b H OMe 86
c OMe Br 87

a Reactions were performed under microwave irradiation at 100 °C and
at a maximum applied power of 200 W for 15 minutes by use of 4
(0.5 mmol), 5 (0.5 mmol), and NaH 0.75 mmol in 2.0 mL DMF.

Scheme 3 A plausible mechanism for the synthesis of isochromenes 7
and 9, chromenes 11 and dihydrophenanthrenes 6.

Fig. 2 (a) ORTEP diagram of (Z)-2-(2-(4-bromophenyl)-5,6-dihydro-
4H-benzo[f ]isochromen-4-ylidene)acetonitrile (7e); (b) capped stick
model of 7e showing intermolecular interactions.
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exhibits weak pi interaction (C9⋯C14 = 3.275 Å) between rings
C and A of neighbouring molecules.

Conclusion

In summary, we have developed a simple, efficient, non-cata-
lytic regioselective synthesis of biologically important chro-
mene, isochromene and dihydrophenanthrene derivatives
from 2-oxabenzo[h]chromene under microwave irradiation.
Our protocol avoids the use of expensive, moisture and air sen-
sitive metal catalysts, organometallic reagents and ligands.
Microwave irradiation played a major role in achieving regios-
electivity and high yields. Thus, formation of two products
from a single reaction can be performed in a regioselective
manner via a cascade route using different bases. The struc-
ture of isochromene has also been confirmed unambiguously
by spectroscopic analysis and X-ray diffraction study.

Experimental section
General remarks

Commercially available reagents were used without purifi-
cation. 1H and 13C NMR spectra were taken on a 400 MHz
NMR spectrometer and CDCl3 was used as a solvent. Chemical
shifts are reported in parts per million shift (δ-value) from
(CDCl3) (δ 7.24 ppm for 1H) or based on the middle peak of
the solvent (CDCl3) (δ 77.00 ppm for 13C NMR) as an internal
standard. Signal patterns are indicated as s, singlet; d,
doublet; dd, double doublet; t, triplet; m, multiplet; bs, broad
singlet; bm, broad multiplet. Coupling constants ( J) are given
in hertz (Hz). Infrared (IR) spectra were recorded on a Perkin-
Elmer AX-1 spectrophotometer and reported in wave number
(cm−1). All the reactions were performed on a CEM microwave
synthesizer. The reaction was performed at a constant temp-
erature of 100 °C for 15 min with a maximum applied power of
200 W in a microwave synthesizer.

General procedure for the synthesis of (Z)-2-(2-aryl-5,6-dihydro-
4H-benzo[f ]isochromen-4-ylidene)acetonitriles (7a–k), (Z)-2-(2-
(thiophen-2-yl)-5,6-dihydro-4H-benzo[f ]isochromen-4-ylidene)-
acetonitriles (9a–b), (Z)-2-(3,4,7,8-tetrahydro-1H-naphtho[2,1-c]-
chromen-6(2H)-ylidene)acetonitrile (11a–b)

A dried microwave vial containing an equimolar mixture of
4-(piperidin-1-yl)-5,6-dihydro-2H-benzo[h]chromen-2-one-3-
carbonitriles 4 (0.5 mmol) and functionalized acetophenones
5 or 2-acetylthiophene 8 or cyclohexanone 10 (0.5 mmol), pot-
assium hydroxide (0.75 mmol) and DMF (2.0 mL) was placed
in a microwave reactor for 15 minutes at 100 °C with a
maximum applied power of 200 W. Completion of the reaction
was monitored by TLC. After the completion, the reaction
mixture was poured onto crushed ice with vigorous stirring fol-
lowed by neutralization with 10% HCl. The precipitate
obtained was filtered, dried and purified using 20% ethyl
acetate in hexane as an eluent.

(Z)-2-(2-Phenyl-5,6-dihydro-4H-benzo[f]isochromen-4-ylidene)-
acetonitrile (7a). Red solid; yield: 84%; melting point:
155–157 °C; IR (film): 2926 (CH), 2195 (CN) cm−1; 1H NMR
(400 MHz, CDCl3): δ 2.41 (t, J = 8.0 Hz, 2H), 2.90 (t, J = 8.0 Hz,
2H), 4.40 (s, 1H), 6.84 (s, 1H), 7.31–7.34 (m, 2H), 7.39–7.49 (m,
4H), 7.57–7.59 (m, 1H), 7.83–7.90 (m, 2H); 13C NMR (100 MHz,
CDCl3): δ 21.8, 27.2, 63.9, 97.6, 118.7, 121.2, 123.9, 124.9,
125.1, 127.2, 128.3, 128.9, 129.8, 130.3, 131.4, 134.9, 137.0,
155.2, 166.0; m/z (CI) 320 (M + 23, 100%); HRMS (m/z):
[M + H]+ calcd for C21H16NO: 298.1232; found: 298.1226.

(Z)-2-(2-(4-Methoxyphenyl)-5,6-dihydro-4H-benzo[f ]isochro-
men-4-ylidene)acetonitrile (7b). Red solid; yield: 79%;
melting point: 190–192 °C; IR (film): 2933 (CH), 2192 (CN)
cm−1; 1H NMR (400 MHz, CDCl3): δ 2.39 (t, J = 8.0 Hz, 2H),
2.88 (t, J = 8.0 Hz, 2H), 3.84 (s, 1H), 4.35 (s, 1H), 6.71 (s, 1H),
6.95 (d, J = 6.4 Hz, 2H), 7.22–7.32 (m, 4H), 7.83 (d, J = 6.4 Hz,
2H); 13C NMR (100 MHz, CDCl3): δ 21.7, 27.2, 55.4, 63.2, 96.0,
114.3, 119.0, 120.0, 123.8, 123.9, 126.6, 127.1, 128.2, 129.7,
130.5, 135.2, 137.0, 155.2, 161.3, 166.2; HRMS (m/z): [M + H]+

calcd for C22H18NO2: 328.1338; found: 328.1330.
(Z)-2-(2-(4-Fluorophenyl)-5,6-dihydro-4H-benzo[f ]isochromen-

4-ylidene)acetonitrile (7c). Red solid; yield: 84%; melting
point: 188–190 °C; IR (film): 2927 (CH), 2193 (CN) cm−1; 1H
NMR (400 MHz, CDCl3): δ 2.42 (t, J = 7.7 Hz, 2H), 2.90 (t, J =
7.7 Hz, 2H), 4.41 (s, 1H), 6.78 (s, 1H), 7.12–7.17 (m, 2H),
7.26–7.34 (m, 3H), 7.56–59 (m, 1H), 7.86–7.90 (m, 2H); 13C
NMR (100 MHz, CDCl3): δ 21.8, 27.2, 64.1, 97.3, 116.1 (d, J =
20 Hz, 2C), 118.7, 121.0, 123.9, 127.0, 127.1 (d, J = 10 Hz, 2C),
127.6, 128.3, 129.9, 130.3, 134.9, 137.0, 154.2, 164.0 (d, J =
250 Hz, 1C), 166.0; m/z (CI) 316 (M + 1, 100%); HRMS (m/z):
[M + H]+ calcd for C21H15FNO: 316.1138; found: 316.1132.

(Z)-2-(2-(4-Chlorophenyl)-5,6-dihydro-4H-benzo[f ]isochromen-
4-ylidene)acetonitrile (7d). Red solid; yield: 80%; melting
point: 192–194 °C; IR (film): 2924 (CH), 2194 (CN) cm−1; 1H
NMR (400 MHz, CDCl3): δ 2.37 (t, J = 7.6 Hz, 2H), 2.85 (t, J =
7.6 Hz, 2H), 4.37 (s, 1H), 6.77 (s, 1H), 7.18–7.29 (m, 3H), 7.36
(d, J = 8.0 Hz, 2H), 7.51–7.53 (m, 1H), 7.76–7.78 (d, J = 8 Hz,
2H); 13C NMR (100 MHz, CDCl3): δ 21.8, 27.1, 29.7, 64.4, 97.9,
118.6, 121.5, 123.9, 126.2, 127.2, 128.3, 129.2, 129.8, 130.0,
130.2, 136.3, 136.9, 154.0, 165.8; m/z (CI) 332 (M + 1, 100%);
HRMS (m/z): [M + H]+ calcd for C21H15ClNO: 332.0842; found:
332.0835.

(Z)-2-(2-(4-Bromophenyl)-5,6-dihydro-4H-benzo[f ]isochromen-
4-ylidene)acetonitrile (7e). Red solid; yield: 82%; melting
point: 190–192 °C; IR (film): 2929 (CH), 2195 (CN) cm−1; 1H
NMR (400 MHz, CDCl3): δ 2.39 (t, J = 7.6 Hz, 2H), 2.90 (t, J =
7.6 Hz, 2H), 4.41 (s, 1H), 6.81 (s, 1H); 13C NMR (100 MHz,
CDCl3): δ 21.8, 27.1, 64.4, 97.9, 118.6, 121.5, 123.8, 124.6,
126.3, 126.5, 127.2, 128.3, 130.0, 130.2, 132.1, 134.7, 136.9,
154.0, 165.8; m/z (CI) 376 (M + 1, 100%); HRMS (m/z): [M + H]+

calcd for C21H15BrNO: 376.0337; found: 376.0323.
(Z)-2-(2-(4-Bromophenyl)-8-methoxy-5,6-dihydro-4H-benzo[f ]-

isochromen-4-ylidene)acetonitrile (7f). Red solid; yield: 80%;
melting point: 228–230 °C; IR (film): 2923 (CH), 2188 (CN)
cm−1; 1H NMR (400 MHz, CDCl3): δ 2.39 (t, J = 7.8 Hz, 2H),
2.87 (t, J = 7.8 Hz, 2H), 3.84 (s, 3H), 4.35 (s, 1H), 6.77–6.78 (m,
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1H); 13C NMR (100 MHz, CDCl3): δ 21.8, 27.6, 55.4, 63.2, 97.9,
112.3, 114.0, 118.9, 119.4, 123.1, 124.6, 125.5, 126.4, 130.4,
132.1, 134.7, 139.1, 153.9, 161.0, 165.9; m/z (CI) 428 (M + 23,
100%); HRMS (m/z): [M + H]+ calcd for C22H17BrNO2:
406.0437; found: 406.0443.

(Z)-2-(8-Methoxy-2-(4-methoxyphenyl)-5,6-dihydro-4H-benzo[f]-
isochromen-4-ylidene)acetonitrile (7g). Red solid; yield: 78%;
melting point: 156–158 °C; IR (film): 2935 (CH), 2192 (CN)
cm−1; 1H NMR (400 MHz, CDCl3): δ 2.32 (t, J = 8.0 Hz, 2H),
2.81 (t, J = 8.0 Hz, 2H), 3.78–3.79 (m, 6H), 4.24 (s, 1H), 6.62 (s,
1H), 6.71 (d, J = 2.8 Hz, 1H), 6.77 (dd, J = 8.8 Hz, J = 2.8 Hz,
1H), 6.90 (d, J = 7.2 Hz, 2H), 7.45 (d, J = 8.8 Hz, 1H), 7.77 (d, J =
7.2 Hz, 2H); 13C NMR (100 MHz, CDCl3): δ 21.7, 27.7, 55.4,
62.1, 94.0, 112.2, 113.9, 114.3, 117.9, 119.4, 123.4, 124.0, 125.6,
126.6, 135.3, 139.2, 155.1, 160.8, 161.3, 166.3; HRMS (m/z):
[M + H]+ calcd for C23H20NO3: 358.1443; found: 358.1438.

(Z)-2-(2-(Thiophen-2-yl)-5,6-dihydro-4H-benzo[f ]isochromen-
4-ylidene)acetonitrile (9a). Red solid; yield: 78%; melting
point: 162–164 °C; IR (film): 2925 (CH), 2197 (CN) cm−1; 1H
NMR (400 MHz, CDCl3): δ 2.35 (t, J = 8.0 Hz, 2H), 2.84 (t, J =
8.0 Hz, 2H), 4.34 (s, 1H), 6.58 (s, 1H), 7.04 (t, J = 4.8 Hz, 1H),
7.16–7.18 (m, 1H), 7.25–7.29 (m, 2H), 7.34 (d, J = 4.8 Hz, 1H),
7.48–7.50 (m, 1H), 7.59 (d, J = 4.0 Hz, 1H); 13C NMR (100 MHz,
CDCl3): δ 21.9, 27.2, 64.3, 96.9, 118.5, 120.7, 123.9, 126.8,
127.2, 127.7, 128.3, 129.9, 130.2, 134.9, 135.1, 136.9, 151.1,
165.6; m/z (CI) 326 (M + 23, 100%); HRMS (m/z): [M + H]+ calcd
for C19H13NOS: 304.0796; found: 304.0786.

(Z)-2-(8-Methoxy-2-(thiophen-2-yl)-5,6-dihydro-4H-benzo[f ]-
isochromen-4-ylidene)acetonitrile (9b). Red solid; yield: 76%;
melting point: 180–182 °C; IR (film): 2924 (CH), 2192 (CN)
cm−1; 1H NMR (400 MHz, CDCl3): δ 2.37 (t, J = 7.8 Hz, 2H),
2.86 (t, J = 7.8 Hz, 2H), 3.83 (s, 3H), 4.32 (s, 1H), 6.59 (s, 1H),
6.76 (d, J = 2.0 Hz, 1H), 6.82 (dd, J = 8.8 Hz, J = 2.0 Hz, 1H),
7.08–7.10 (m, 1H), 7.37–7.38 (m, 1H), 7.47 (d, J = 8.8 Hz, 1H),
7.62–7.63 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 21.8, 27.6,
55.4, 63.0, 96.9, 112.3, 114.0, 118.5, 118.7, 123.1, 125.6, 126.7,
127.6, 128.2, 134.9, 135.2, 139.1, 151.0, 160.9, 165.7; HRMS
(m/z): [M]+ calcd for C20H15NO2S: 333.0823; found: 333.0879.

(Z)-2-(3,4,7,8-Tetrahydro-1H-naphtho[2,1-c]chromen-6(2H)-
ylidene)acetonitrile (11a). Viscous red liquid; yield: 72%; IR
(film): 2928 (CH), 2194 (CN) cm−1; 1H NMR (400 MHz, CDCl3):
δ 1.60–1.66 (m, 2H), 1.83–1.87 (m, 2H), 2.25 (t, J = 7.4 Hz, 2H),
2.57 (t, J = 6.4 Hz, 4H), 2.73 (t, J = 7.4 Hz, 2H), 4.28 (s, 1H),
7.21–7.28 (m, 3H), 7.49–7.51 (m, 1H); 13C NMR (100 MHz,
CDCl3): δ 21.8, 22.8, 23.2, 27.5, 27.8, 28.1, 61.8, 110.4, 119.3,
123.2, 126.2, 127.4, 127.8, 128.8, 131.1, 138.1, 138.9, 155.0,
165.8; HRMS (m/z): [M + H]+ calcd for C19H18NO: 276.1388;
found: 276.1383.

(Z)-2-(10-Methoxy-3,4,7,8-tetrahydro-1H-naphtho[2,1-c]-
chromen-6(2H)-ylidene)acetonitrile (11b). Viscous red liquid;
yield: 69%; IR (film): 2927 (CH), 2192 (CN) cm−1; 1H NMR
(400 MHz, CDCl3): δ 1.61–1.63 (m, 2H), 1.81 (t, J = 6.0 Hz, 2H),
2.21 (t, J = 7.4 Hz, 2H), 2.54 (t, J = 6.0 Hz, 4H), 2.69 (t, J =
7.4 Hz, 2H), 3.81 (s, 3H), 4.19 (s, 1H), 6.73–6.76 (m, 2H), 7.43
(d, J = 8.8 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 21.8, 22.6,
23.2, 27.5, 27.9, 28.6, 55.3, 60.7, 110.4, 111.2, 113.6, 119.6,

121.3, 123.9, 130.0, 138.1, 141.1, 155.0, 159.8, 165.9; m/z (CI)
306 (M + 1, 100%); HRMS (m/z): [M + H]+ calcd for C20H20NO2:
306.1489; found: 306.1496.

General procedure for the synthesis of 3-aryl-1-(piperidin-1-yl)-
9,10-dihydrophenanthrene-2-carbonitriles (6a–c)

A dried microwave vial containing an equimolar mixture of
4-(piperidin-1-yl)-5,6-dihydro-2H-benzo[h]chromen-2-ones 4
(0.5 mmol) and different acetophenones 5 (0.5 mmol) with
NaH (0.75 mmol) and DMF (2 mL) was placed in a microwave
reactor for 15 minutes at 100 °C. The reaction was monitored
by TLC and after completion the reaction mixture was poured
onto crushed ice and neutralized by 10% HCl with vigorous
stirring. The precipitate was filtered, dried and purified using
20% ethyl acetate in hexane as an eluent. Compounds 6a and
6b have been reported in earlier literature.20

3-(4-Bromophenyl)-7-methoxy-1-(piperidin-1-yl)phenanthrene-
2-carbonitrile (6c). Off white solid; yield: 87%; melting point:
168–170 °C; IR (film): 2924 (CH), 2213 (CN) cm−1; 1H NMR
(400 MHz, CDCl3): δ 1.73 (br, 6H), 2.81 (t, J = 8.0 Hz, 2H), 2.91
(t, J = 8.0 Hz, 2H), 3.26 (br, 4H), 3.84 (s, 3H), 6.79–6.84 (m,
2H), 7.41 (d, J = 8.8 Hz, 2H), 7.56 (d, J = 8.8 Hz, 2H), 7.62 (d, J =
8.8 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 23.4, 24.1, 26.8,
28.9, 52.0, 55.4, 105.8, 112.7, 113.3, 118.7, 120.5, 122.7, 126.1,
126.5, 130.6, 131.7, 133.9, 138.0, 139.8, 140.1, 144.2, 154.8,
160.2; HRMS (m/z): [M + H]+ calcd for C27H25BrN2O: 473.1229;
found: 473.1223.
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Substituent dependent tunable fluorescence in
thieno[3,2-c]pyrans†

Satya Narayan Sahu,a Maneesh Kumar Gupta,a Thaksen Jadhav,b Pratik Yadav,a

Surjeet Singh,a Rajneesh Misra*b and Ramendra Pratap*a

A series of thieno[3,2-c]pyrans were designed and synthesized by L-proline catalyzed reaction of 6-aryl/5,6-

diaryl-4-methylthio-2H-pyrane-2-one-3-carbonitriles or 4-(methylthio)-2-oxo-5,6-dihydro-2H-benzo

[h]chromene-3-carbonitrile and methylthioglycolate in good yields. These thieno[3,2-c]pyrans exhibit

substituent dependent fluorescence. The 6-aryl-thieno[3,2-c]pyrans 3a–3e exhibit high fluorescence

quantum yields (95%) with large Stokes shifts, whereas the 6,7-di-substituted-thieno[3,2-c]pyrans 3f–3h

show poor fluorescence in solution and exhibit an aggregation-induced emission (AIE). Interestingly,

fused 6,7-di-substituted-thieno[3,2-c]pyran is highly fluorescent in the solution state, which reveals that

restricted intramolecular rotation is the cause for AIE in 3f–3h.

Organic light-emittingmaterials are of wide interest due to their
applications in organic eld effect transistors (OFETs), organic
light-emitting diodes (OLEDs), and organic photovoltaics
(OPVs) and bioimaging.1 Design and synthesis of efficient light
emitters in solution as well as in the solid state has gained
momentum.2 Conventional uorophores are poorly emissive in
the solid state due to aggregation caused quenching (ACQ). To
overcome ACQ Tang et al. introduced the concept of aggregation
induced emission (AIE).3 Thiophene and fused thiophenes
(thienothiophene, dithienothiophene) have been explored in
OFETs, and OPV's.4,5 The thieno[3,2-c]pyran is a thiophene and
pyranone fused ring system. Thieno[3,2-c]pyrans are known for
antileishmanial and antifungal activities.6,7

Few reports on the synthesis of pyranothiophenes are avail-
able and their photophysical properties are unexplored. In this
paper we wish to report substituent dependent variation in
photonic properties of various functionalized thieno[3,2-c]-
pyrans. They could be synthesized by reaction of 6-aryl/5,6-
diaryl-4-(methylthio)-2-oxo-2H-pyran-3-carbonitriles and methyl
thioglycolate using an organocatalytic approach. The required
precursors were synthesized by reaction of ethyl 2-cyano-3,3-
dimethylthioacrylate and various acetophenones or deoxy-
benzoin/anisoin in the presence of potassium hydroxide in
DMSO.8

Synthesis of functionalized 6-aryl/5,6-diaryl-thieno[3,2-c]pyrans
3a–3h were carried out by the 6-aryl/5,6-diaryl-4-(methylthio)-2-
oxo-2H-pyran-3-carbonitriles andmethyl thioglycolate in presence
of L-proline (30 mol%) and Et3N (20 mol%) in DMSO at 90 �C
(Table 1). For further derivatisation 4-(methylthio)-2-oxo-5,6-
dihydro-2H-benzo[h]-chromene-3-carbonitrile 4 was used as
precursor, which react with methyl thioglycolate under similar
conditions and afforded methyl 1-amino-11-oxo-5,11-dihydro-
4H-benzo[h]thieno[3,2-c]chromene-2-carboxylate in good yield
(Scheme 1).

The electronic absorption, and uorescence spectra of the
thieno[3,2-c]pyrans 3a–3h and 5 in dichloromethane solution
are shown in Fig. S2,† and their photophysical data are listed in
Table 2. The thieno[3,2-c]pyrans 3a–3h and 5 absorbs in 300–
450 nm region. Time-dependent DFT calculation was performed

Table 1 L-Proline/Et3N catalyzed synthesis of thieno[3,2-c]pyransa,b

a All the reactions were carried out by using 1 (0.5 mmol), 2 (0.6 mmol)
and L-proline (30 mol%) + Et3N (20 mol%) in 4.0 mL of DMSO at 90 �C.
b All the reactions were performed twice and average yields are reported.
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† Electronic supplementary information (ESI) available: This material includes
characterization data and 1H and 13C NMR spectra for all the reported
compounds. It also includes detail about thermogravimetric analysis, solvent
effect, AIE study and theoretical studies of all the synthesized compounds. See
DOI: 10.1039/c4ra11337c

Cite this: RSC Adv., 2014, 4, 56779

Received 27th September 2014
Accepted 21st October 2014

DOI: 10.1039/c4ra11337c

www.rsc.org/advances

This journal is © The Royal Society of Chemistry 2014 RSC Adv., 2014, 4, 56779–56783 | 56779

RSC Advances

PAPER

http://crossmark.crossref.org/dialog/?doi=10.1039/c4ra11337c&domain=pdf&date_stamp=2014-10-31
satya narayan
Highlight



to understand the absorption properties of thieno[3,2-c]-
pyrans. The contributions of the molecular orbitals involved in
the UV-vis transitions were determined on the basis of their
oscillator strengths (f). The TD-DFT calculation shows that, the
lower-energy bands (350–450 nm) in the absorption spectra
show a preferential contribution from HOMO / LUMO and
HOMO�1 / LUMO transitions (Table S4†).

The photophysical properties of the thieno[3,2-c]pyrans can
be tuned by varying the substituents. The replacement of phenyl
unit with thiophene results in 15 nm red shi in the absorption
spectra. The heterocyclic substituent thiophene and furan on
pyranothiophene show high extinction coefficient and the trend
in 3 follows the order 3b > 3c > 5 > 3e > 3d > 3g > 3a >3f > 3h. The
uorescence spectra of thieno[3,2-c]pyrans in dichloromethane
show emission from 464 nm to 500 nm. The 6-aryl-thieno[3,2-c]
pyrans (3a–3e) show high uorescence quantum yields up to
95%, with large Stokes shis �4720 cm�1. The sensitivity of
6-aryl-thieno[3,2-c]pyrans towards solvent polarity were investi-
gated. The absorption spectra show solvent independent
nature, whereas emission was found to be solvent dependent.
The bathochromic shi in the uorescence spectra with solvent
polarity suggests the polar nature of the excited state. The
solvent dependence was conrmed by the Lippert–Mataga plot,
which shows a linear correlation of the Stokes shi with solvent
polarity (Fig. S4 and S6†).9

The poor quantum yields of the thieno[3,2-c]pyrans 3f–3h
suggest the possibility of molecular rotation within the mole-
cule.3d,10 The excited state energy of these molecules were
dissipated by the molecular rotation, which results in weak-
uorescent nature of these thieno[3,2-c]pyrans (3f–3h) in the
solution state. The aggregation induced emission study was

performed by making the small aggregates, using THF–water
mixtures, with the increasing percentage of water in THF
(Fig. 1). The uorescence intensity of 3f in THF was increased by
200 folds in the aggregate suspension (98% aqueous mixture).
In the solid state (aggregates) the molecular rotation was ceased
and the uorescence was restored.3d Similar study was per-
formed on 3g and 3h. The 3g exhibits aggregation induced
emission with 20 fold increase in uorescence intensity. In 3h
uorescence intensity was increased upto 40% of water fraction
and get almost constant upto 90% of water fraction and aer
that uorescence intensity was decreased by increase in water
fraction (98%). To conrm the AIE in 6,7-disubstitued thieno
[3,2-c]pyrans, we synthesized fused 6,7-disubstitued thieno[3,2-
c]pyran 5. The high uorescence quantum yield (95%) in the
solution was observed for 5 which conrms the RIR (restricted
intramolecular rotation) is the main cause for low uorescence
quantum yields in the 6,7-disubstitued thieno[3,2-c]pyrans.

The thermal stability is one of key requirement for various
practical applications. The thieno[3,2-c]pyrans 3a–3h and 5
shows thermal decomposition (Td) temperature corresponding
to 5% weight loss in nitrogen atmosphere in the range of
230–290 �C (Fig. S1†). The 6,7-di-substituted-thieno[3,2-c]pyrans
(3f–3h, and 5) shows higher thermal stability compared to
6-aryl-thieno[3,2-c]pyrans (3a–3e).

Scheme 1 Synthesis of methyl 1-amino-11-oxo-5,11-dihydro-4H-
benzo[h]thieno[3,2-c]chromene-2-carboxylate 5.

Fig. 1 (A) Fluoroscence spectra of 3f in THF–water mixtures with
different water fractions. (B) Plot of PL peak intensity at 502 nm vs.
water fraction of the aqueous mixture. Luminogen concentration:
20 mm; excitation wavelength: 370 nm. Inset: solution of 3f in THF (fw
¼ 0%) and its suspension in a THF–water mixture with fw ¼ 98%;
photographs taken under UV illumination.

Table 2 Photophysical and thermal properties of the thieno[3,2-c]pyrans 3a–3h and 5

Compound lmax [nm] (3a [L mol�1 cm�1]) lem
a (nm)

Stokes shi
(cm�1) Ff

b (%)
Optical band
gap (eV) Theoretical band gapc (eV) Td (�C)

3a 326 (16 026), 390 (21 745) 478 4721 88.89 2.83 3.40 267
3b 340 (17 994), 354 (18 766), 405 (31 021) 498 4611 73.63 2.71 3.24 246
3c 334 (18 160), 350 (20 519), 400 (30 256) 477 4036 95.95 2.78 3.32 245
3d 330 (17 562), 395 (22 146) 485 4698 72.50 2.75 3.29 —
3e 346 (14 759), 396 (25 609) 476 4244 54.88 2.80 3.40 232
3f 328 (12 620), 384 (19 581) — — — 2.88 3.48 273
3g 276 (18 147), 390 (27 507) — — — 2.84 3.46 289
3h 322 (16 740), 375 (22 099) 464 5299 7.98 2.95 3.56 258
5 337 (13 243), 353 (16 378), 399 (28 432) 476 4054 95.76 2.80 3.38 271

a Measured in dichloromethane. b The uorescence quantum yields were calculated by using 9,10-diphenylanthracence as a standard in ethanol
solution (lex 370 nm). c Theoretical values at B3LYP/6-31G(d) level.
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In order to understand the geometrical and electronic
structure of the thieno[3,2-c]pyrans, computational calculation
was performed using density functional theory (DFT) at the
B3LYP/6-31G(d) level using the Gaussian 09 program.11 The
energy minimized structures of the thieno[3,2-c]pyrans 3a–3e
and 5 show planar structure whereas the 6,7-disubstituted
thieno[3,2-c]pyrans 3f–3h are non-planar (Fig. S7†). The DFT
calculated HOMO–LUMO gap values shows good agreement
with optical band gap values calculated from the absorption
spectra.

The HOMO, and LUMO frontier molecular orbital (FMO)
distribution of thieno[3,2-c]pyrans 3a, 3f and 5 are shown in
Fig. 2. The HOMOs and LUMOs are distributed on the whole
molecule. The careful observation reveals that the thiophene
ring fused with pyranone shows more contribution in the
HOMO, whereas pyranone ring and the substituents on it
contribute more to the LUMO orbital. The HOMO and LUMO
orbitals show similar distribution in 6-aryl-thieno[3,2-c]pyran-
4-one 3a and 6,7-di-substituted-thieno[3,2-c]pyrans 3f, and
very small contribution from second phenyl ring was observed
for pyranothiophene 3f. The trend in the HOMO–LUMO gap of
thieno[3,2-c]pyrans follows the order 6,7-di-substituted-thieno
[3,2-c]pyrans (3f–3h) > 6-aryl-thieno[3,2-c]pyran-4-one (3a–3e) >
fused 6,7 diarylated thieno[3,2-c]pyran (5). This is due to more
planar and conjugated structure in fused 6,7 diarylated thieno
[3,2-c]pyrans 5 compared to 6-aryl-thieno[3,2-c]pyran-4-one 3a–
3e and 6,7 diarylated thieno[3,2-c]pyrans 3f–3h.

Conclusions

In conclusion, we have demonstrated a simple, efficient and
organocatalytic approach for synthesis of thermally stable
thieno[3,2-c]pyrans by reaction of 6-aryl/6,7-diaryl-4-methylthio-
2H-pyran-2-one-3-carbonitriles and methylthioglycolate using
L-proline in good yields. Photophysical studies of the 3a–3e and
5 exhibit high uorescence quantum yields up to 95%with large
Stokes shi. Presence of additional aryl ring at position 7 of
thieno[3,2-c]pyrans shows change in photophysical properties
and their studies in different THF–water mixtures shows that

they exhibit AIE. The fused 6,7-di-substituted-thieno[3,2-c]pyran
conrms the RIR is responsible for AIE in 6,7-di-substituted-
thieno[3,2-c]pyrans. These functionalized thieno[3,2-c]pyrans
are highly uorescent and can be used as a uorescent probes
in bioimaging.

Experimental section
General remarks

Commercially available reagents and solvents were used
without further purication. 1H and 13C NMR spectra were
recorded on 400 MHz NMR spectrometer respectively. CDCl3
and DMSO-d6 were used as solvent for NMR. Chemical shi is
reported in ppm considering (CDCl3) d 7.24 ppm for 1H NMR
and d 77.00 ppm for 13C NMR as an internal standard. Signal
patterns are indicated as s, singlet; d, doublet; dd, double
doublet; t, triplet; m, multiplet; br s, broad singlet. Coupling
constants (J) are given in hertz (Hz). Infrared (IR) spectra were
recorded on AX-1 spectrophotometer and reported as wave
number (cm�1). UV-Visible absorption spectra of all
compounds were recorded on a Carry-100 Bio UV-Visible Spec-
trophotometer. HRMS was recorded on Brucker-Daltonics,
Micro-TOF-Q II mass spectrometer.

General procedure for the synthesis of 3-amino-2-carbmethoxy-6-
aryl-4H-thieno[3,2-c]pyran-2-one

A mixture of 4-(methylthio)-2-oxo-6-aryl-2H-pyran-3-carbonitriles
(0.5 mmol) and methyl thioglycolate (0.75 mmol) in 4.0 mL
DMSO in presence of triethylamine (20 mol%) and L-proline
(30 mol%) was stirred for 8–9 h at 90 �C. Completion of reaction
was monitored by TLC. The reaction mixture was poured onto
crushed ice with vigorous stirring. Obtained precipitate was
ltered, dried and puried by column chromatography by using
1 : 1 hexane : dichloromethane as an eluent.

3-Amino-4-oxo-6-phenyl-4H-thieno[3,2-c]pyran-2-carboxylic acid
methyl ester (3a)

Yield: 85% (128 mg) Rf ¼ 0.32 (50% hexane in dichloro-
methane); yellow colored oppy solid; mp: 204–206 �C; IR (KBr):
3457, 3351, 1707, 1675, 1573 cm�1; 1H NMR (400MHz, CDCl3): d
3.88 (s, 3H, OCH3), 6.74 (br s, 2H, NH2), 6.98 (s, 1H, CH), 7.44
(m, 3H, ArH), 7.84 (m, 2H, ArH); 13C NMR (100 MHz, CDCl3):
d 51.4, 98.51, 112.0, 125.6, 128.9, 130.9, 153.0.157.6, 158.4,
164.2; HRMS (ESI): calculated for C15H11NO4S, 324.0301 (M +
Na+); found for m/z, 324.0301.

3-Amino-4-oxo-6-thiophen-2-yl-4H-thieno[3,2-c]pyran-2-
carboxylic acid methyl ester (3b)

Yield: 81% (124 mg); Rf ¼ 0.35 (50% hexane in dichloro-
methane); yellow solid; mp: 212–214 �C, IR (KBr): 3468, 3340,
1725, 1676, 1582 cm�1; 1H NMR(400 MHz, CDCl3): d 3.84 (s, 3H,
OCH3), 6.73 (br s, 2H, NH2), 6.84 (s, 1H, CH), 7.12 (t, J¼ 4.76 Hz,
1H, ArH), 7.46 (d, J¼ 5.13 Hz, 1H, ArH), 7.60 (d, J¼ 2.93 Hz, 1H,
ArH); 13C NMR (100 MHz, CDCl3): d 51.4, 97.5, 111.5, 127.6,
128.4, 129.1, 134.6, 152.9, 153.3, 157.8, 164.2; HRMS (ESI):

Fig. 2 HOMO and LUMO frontier molecular orbitals of Thieno[3,2-c]
pyrans 3a, 3f, and 5 at the B3LYP/6-31G(d) level.
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calculated for C13H9NO4S2, 329.9865 (M + Na+); found for m/z
329.9865.

3-Amino-6-furan-2-yl-4-oxo-4H-thieno[3,2-c]pyran-2-carboxylic
acid methyl ester (3c)

Yield: 79% (115 mg); Rf ¼ 0.27 (50% hexane in dichloro-
methane); yellow solid; mp: 204–206 �C, IR (KBr): 3475, 3347,
1725, 1677, 1604 cm�1; 1H NMR (400 MHz, CDCl3): d 3.82 (s, 3H,
OCH3), 6.54 (m, 1H, ArH), 6.73 (br s, 2H, NH2), 6.93 (s, 1H, CH),
7.02 (d, J ¼ 3.2 Hz, 1H, ArH), 7.52 (s, 1H, ArH); 13C NMR
(100 MHz, CDCl3): d 51.4, 96.8, 111.5, 112.2, 112.6, 145.0, 146.0,
149.5, 152.7, 157.7, 164.2; HRMS (ESI): calculated for
C13H9NO5S, 314.0094 (M + Na+); found for m/z 314.0094.

3-Amino-6-(4-bromo-phenyl)-4-oxo-4H-thieno[3,2-c]pyran-2-
carboxylic acid methyl ester (3d)

Yield: 82% (155 mg); Rf ¼ 0.25 (50% hexane in dichloro-
methane); yellow solid; mp: 230–232 �C; IR (KBr): 3478, 3362
1708, 1675, 1604 cm�1; 1H NMR (400 MHz, CDCl3): d 3.85 (s, 3H,
OCH3), 6.73 (br s, 2H, NH2), 7.00 (s, 1H, CH), 7.59 (d, J ¼ 9.16
Hz, 2H, ArH), 7.69 (d, J¼ 9.16 Hz, 2H, ArH); 13C NMR (100 MHz,
CDCl3): d 51.5, 98.7, 112.2, 125.5, 127.0, 129.8, 132.3, 152.6,
156.5, 158.1, 164.2; HRMS (ESI) calculated for C15H10 BrNO4S,
379.9587 (M + H+); found for m/z 379.9585.

3-Amino-6-(4-methoxy-phenyl)-4-oxo-4H-thieno[3,2-c]pyran-2-
carboxylic acid methyl ester (3e)

Yield: 79% (130 mg); Rf ¼ 0.19 (50% hexane in dichloro-
methane); yellow solid; mp: 203–205 �C; IR (KBr): 3481, 3366,
1733, 1685, 1677, 1583 cm�1; 1H NMR (400 MHz, CDCl3): d 3.82
(s, 3H, OCH3), 3.84 (s, 3H, OCH3), 6.72 (br s, 2H, NH2), 6.87
(s, 1H, CH), 6.94 (d, J ¼ 9.16 Hz, 2H, ArH), 7.77 (d, J ¼ 9.16 Hz,
2H, ArH); 13C NMR (100 MHz, CDCl3): d 51.3, 55.4, 96.9, 111.3,
114.4, 123.3, 127.4, 153.5, 157.7, 158.5, 161.8, 164.3; HRMS(ESI):
calculated for C16H13NO5S, 332.0587 (M + H+); found for m/z
332.0578.

3-Amino-4-oxo-6,7-diphenyl-4H-thieno[3,2-c]pyran-2-carboxylic
acid methyl ester (3f)

Yield: 76% (143 mg); Rf ¼ 0.28 (50% hexane in dichloro-
methane); yellow solid; mp: 236–238 �C; IR(KBr):3467, 3345,
1726, 1678 cm�1; 1H NMR(400 MHz, CDCl3): d 3.80 (s, 3H,
OCH3), 6.76 (br s, 2H, NH2), 7.20–7.40 (m, 10H, ArH); 13C NMR
(100 MHz, CDCl3): d 51.4, 112.1, 115.4, 128.1, 128.9, 129.2,
129.3, 129.7, 129.8, 131.5, 133.3, 153.9, 157.1, 158.4, 164.3;
HRMS (ESI) calculated for C21H15NO4S, 378.0795 (M + H+)
found for m/z 378.0786.

3-Amino-6,7-bis-(4-methoxy-phenyl)-4-oxo-4H-thieno[3,2-c]
pyran-2-carboxylic acid methyl ester (3g)

Yield: 86% (187 mg); Rf ¼ 0.22 (50% hexane in dichloro-
methane); yellow solid; mp: 185–187 �C; IR (KBr): 3476, 3359,
1666, 1602 cm�1; 1H NMR (400 MHz, CDCl3): d 3.76 (s, 3H,
OCH3), 3.78 (s, 3H, OCH3), 3.82 (s, 3H, OCH3), 6.71 (br s, 2H,
NH2), 6.73 (s, 2H, ArH), 6.91 (d, J¼ 8.79 Hz, 2H, ArH),7.19 (d, J¼

8.79 Hz, 2H, ArH), 7.30 (d, J ¼ 6.59 Hz, 2H, ArH); 13C NMR
(100 MHz, CDCl3): d 51.3, 55.2, 111.6, 113.5, 113.9, 114.8, 123.9,
125.7, 130.8, 130.9, 153.9, 158.1, 158.5, 159.8, 160.6, 164.4:
HRMS (ESI) calculated for C23H19NO6S, 438.1006 (M + H+);
found for m/z 438.1003.

3-Amino-7-methyl-4-oxo-6-phenyl-4H-thieno[3,2-c]pyran-2-
carboxylic acid methyl ester(3h)

Yield: 89% (140 mg); Rf ¼ 0.31 (50% hexane in dichloro-
methane); yellow solid; mp: 213–215 �C; IR (KBr): 3488, 3368,
1718, 1670, 1578, 1295 cm�1; 1H NMR (400 MHz, CDCl3):d 2.24
(s, 3H, CH3), 3.85 (s, 3H, OCH3), 6.74 (br s, 2H, NH2), 7.46 (m,
ArH, 3H), 7.58 (m, ArH, 2H) 13C NMR (100 MHz, CDCl3):d 14.3,
51.5, 108.9, 112.1, 128.4, 128.5, 129.0, 130.0, 131.8, 154.6, 156.9,
158.7, 164.3; HRMS (ESI):calculated for C16H13NO4S, 316.0638
(M + H+); found for m/z 316.0638.

17-Amino-12-oxo-6,12-dihydro-7H-11-oxa-15-thiacyclopenta[a]
phenanthrene-16-carboxylic acid methyl ester(3i)

Yield: 89% (145 mg); Rf ¼ 0.32 (50% hexane–dichloromethane);
yellow solid; mp: 232–234 �C IR (KBr) 3463, 3341, 1708, 1589,
1294 cm�1, 1H NMR (400 MHz, CDCl3): d 2.78 (m, 2H, CH2), 3.02
(t, J ¼ 7.32 Hz, 2H, CH2),3.83 (s, 3H, OCH3) 6.76 (br s, 2H,
NH2),7.32 (m, 3H, ArH), 7.85 (m, 1H, ArH), 13C NMR (100 MHz,
CDCl3):d ¼ 22.5, 26.9, 51.4, 109.1, 123.6, 127.3, 127.4127.9,
130.2, 136.8, 151.4, 154.5, 158.4, 164.3; HRMS (ESI) calculated
for C17H13NO4S, 328.0638 (M + H+); found for m/z 328.0638.
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One pot synthesis of tetrasubstituted thiophenes:
[3 + 2] annulation strategy†

Satya Narayan Sahu,a Maneesh Kumar Gupta,a Surjeet Singh,a Pratik Yadav,a

Rahul Panwar,a Abhinav Kumar,b Vishnu Ji Ram,b Brijesh Kumarc

and Ramendra Pratap*a

A simple, efficient and economical synthesis of dimethyl 3-amino-5-(2-oxo-2-arylethyl)thiophene-2,4-

dicarboxylates has been reported by ring opening of methyl 3-amino-6-aryl-4-oxo-4H-thieno[3,2-c]-

pyran-2-carboxylates by alkoxide ions. Pyranothiophenes have been obtained by the reaction of methyl

thioglycolate and 6-aryl-4-methylthio-2H-pyran-2-one-3-carbonitriles in the presence of triethylamine.

A one-pot multicomponent protocol for the synthesis of tetrasubstituted thiophenes has been

developed by reaction of 6-aryl-4-methylthio-2H-pyran-2-one-3-carbonitriles and methyl thioglycolate

in the presence of sodium methoxide in excellent yields. The structure of the isolated compound was

confirmed by single crystal X-ray diffraction and spectroscopic studies.

Thiophene is one of the important class of heterocyclic scaf-
folds of biological importance, widely present in various natural
products1 and therapeutics as a substructure. These are very
useful as allosteric agonists and modulators of the adenosine
A1 receptor 2A3BTs2 and PD81, 723 3 (Fig. 1). Besides, they are
useful as potent PI3K inhibitors4 and check point kinase
inhibitors.5 Articaine,6 a thiophene derivative is commonly used
as an anesthetic in dental surgery and also PaTrin-2 inhibitor of
the DNA repair enzyme, O6-methylguanine-DNA methyl trans-
ferase.7 Recently, numerous thiophene derivatives are reported
to display signicant activity towards CB1 receptors with good
CB1/CB2 selectivity.8 Additionally, thiophene scaffolds have
wide applications as anthelmintics,9 antiviral,10 antitumor,11

anti-inammatory,12 antimicrobials13 and antiplatelet14 agents.
Further, various thiophene derivatives have broad applications
as functional materials in electrically conducting organic
materials,15 semiconductors,16 light emitting diodes (OLEDs),17

organic eld effect transistors (OFETs),18 organic solar cells,19

laser,20 liquid crystals and molecular wires.21

The conventional synthetic approaches for the construction
of polysubstituted thiophene scaffold include the Gewald,22

Paal–Knorr,23 and Fiesselmann24 syntheses. There is also one

report for the construction of tetrasubstituted thiophenes from
the reaction of aroyl isothiocyanates with ethyl bromopyruvate
in the presence of enaminone in good to excellent yields.25 El-
Saghier et al.26 have reported numerous highly functionalized
thiophene scaffolds via ketene S,S- and S,N-acetals.27 Recently, a
novel approach to the synthesis of tetrasubstituted thiophenes
is reported in two steps from trans-2-aroyl-arylcyclopropane-1,1-
dicarboxylates and 1,4-dithianes-2,5-diol.28 Amongst various
approaches, modication of pre-existed thiophene ring system
through a-metalation or b-halogenation also provided an
alternative route to deliver highly functionalized thiophenes.29 A
regioselective synthesis of polysubstituted thiophenes from
Baylis–Hillman adducts has been reported by Kim and
coworkers.30 Further, development in the synthetic method-
ology opened a new avenue for the construction of trisub-
stitutedthiophenes by reacting b-ketothioesters with dialkyl
acetylenedicarboxylates.31 Recently, thiophenes are prepared by
annulation of b-ketothioamides with arylglyoxal and 5,5-
dimethyl-1,3-cyclohexanedione in CF3CH2OH.32 Ram et al.33

have also reported an elegant approach to the synthesis of tri-
substitutedthiophenes through ring transformation of suitably

Fig. 1 Biologically active thiophenes.
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functionalized 6-aryl-4-methylthio-2H-pyran-2-one-3-carbon-
itriles34 by alkyl thioglycolate in the presence of NaOH in
methanol under reux condition. Although the existing proce-
dures are very useful for the construction of various thiophene
derivatives but most of them suffer with certain limitations of
harsh reaction conditions, use of expensive catalysts, long
reaction time, multistep approach, use of strong base, difficulty
in purication and compatibility of functional groups towards
reagents under applied reaction conditions. Therefore, search
for highly efficient and economical route was inevitable in view
of their wide-ranging applications in the eld of material
science and pharmaceuticals.

Our quest to develop an efficient and economical protocol
for the construction of tetrasubstituted thiophenes did not
diminish by using 6-aryl-4-methylthio-2H-pyran-2-one-3-
carbonitriles (3)34 as precursors, obtainable from the reaction
of ethyl 3,3-dimethylthio-2-cyanoacrylate (1) and aryl methyl or
aryl aralkyl ketones (2) separately, Scheme 1.

From the structural dissection, 3 may be considered as a
cyclic ketenehemithioacetal and can be exploited for the
construction of thiophene scaffolds. Thus, the reaction of 3with
ethyl thioglycolate in the presence of NaOH in methanol at
reux temperature delivered a mixture of ethyl 3-amino-6-
arylthieno[3,2-c]pyran-4-one-2-carboxylates (4) as major product
and trisubstitutedthiophene, ethyl 5-aryl-3-cyanomethyl-2-
carboxylates (5) in 30–60% yields, Scheme 2.

Therefore, we planned an entirely new synthetic strategy
through ring transformation of 3 by oxazolidene-2,4-dione in
the presence of CH3ONa under reux condition. This reaction
aer usual workup delivered a complex mixture. However, we
succeeded to isolate a compound in poor yield, which was
characterized as methyl 3-amino-5-(2-oxo-2-arylethyl)-
thiophene-2,4-dicarboxylate by X-ray diffraction and spectro-
scopic studies. A plausible mechanism of this reaction is
depicted in Scheme 3. The ring opening of lactone (3) in
alkoxide provides methyl 2-cyano-3-methylthio-3-
aroylmethylacrylate (6), while thiozolidenedione under analo-
gous reaction conditions is reported35 to give methyl

thioglycolate in situ. Both the reactants 6 and methyl thio-
glycolate generated in situ from thiozolidenedione react under
basic conditions at reux temperature to afford poly-
functionalized thiophene 10. The rst step in the formation of
tetrasubstituted thiophene (10) is the ring opening of lactone 3
and thiazolidinedione (7) in the presence of CH3ONa to give 6
and methyl thioglycolate, which underwent Michael addition
followed by elimination of methyl mercaptan to afford inter-
mediate 8, which on recyclization produced tetrasubstituted
thiophene (10), Scheme 3.

Albeit, we succeeded to synthesize tetrasubstituted thio-
phenes (10) in single step but the yield was poor. From careful
topographical analysis of 4, we envisaged that alkoxide medi-
ated ring opening of methyl 3-amino-6-arylthieno[3,2-c]pyran-4-
one-2-carboxylates (4)33,36 may deliver the desired thiophene in
high yield. Therefore, methyl 3-amino-6-arylthieno[3,2-c]pyran-
4-one-2-carboxylates (4) was stirred in freshly prepared solu-
tion of CH3ONa in methanol for 1–2 h at room temperature,
which produced ring opened compound, similar in all respect
to 10. It was conspicuous that long duration of stirring provides
conversion of 10 to parent compound 4. Therefore, it was
important to monitor the reaction time critically for better yield
of 10 (50–80%). For improving the yields of desired product, we
modied the reaction conditions using triethylamine in meth-
anol for the ring opening of 4 at 90 �C, but net result was asco.
Thereaer, ring opening of 4 was conducted in NaOCH3 in DMF
at room temperature, which aer usual work up gave desired
product in excellent yield. Under this condition, the reaction
was not reversible and even no trace of starting material was
observed on TLC (Table 1). It was interesting to note that the
change of solvent from methanol to DMF provided excellent
results. We contemplated that the recyclization is more facile in

Scheme 1 Synthesis of 6-aryl-4-methylthio-2H-pyran-2-one-3-
carbonitriles (3).

Scheme 2 Synthesis of ethyl 3-amino-6-arylthieno[3,2-c]pyran-4-
one-2-carboxylates (4) and ethyl 6-aryl-3-cyanomethylthiophen-2-
carboxylates (5).

Scheme 3 A plausible mechanism for the formation of tetrasub-
stituted-thiophene (10).
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polar protic solvent rather than in polar aprotic solvent. Thus,
DMF was found as a choice of solvent for better yields and clean
reaction (Scheme 4).

Mechanistically, the ring opening of 4 is initiated with attack
of methoxide ion at carbonyl carbon at C4 to form a transition
state which stabilized aer ring opening to form tetrasub-
stituted thiophene (10). If reaction was not monitored carefully,
the formed product 10 in methanol in the presence of meth-
oxide ion cyclized to parent compound 4 in signicant amount
(Scheme 5).

Aer success of two steps strategy for the synthesis of tetra-
substituted thiophenes, our prime objective was to synthesize

10 in single step using 2-pyranones as a precursor. For one pot
synthesis of 10, optimization of reaction was carried out in
various solvents and bases. We conducted our screening by
reuxing a mixture of 3b and methyl thioglycolate in methanol
using triethylamine (1.0 mmol) as a base for 24 h which exclu-
sively delivered thieno[3,2-c]pyrans (4). This indicated that
methanol only acts as solvent in the reaction and not as
nucleophile (entry 1, Table 2). In other set of experiment, a
mixture of lactone 3b, methyl thioglycolate and triethylamine in
methanol was reuxed at 90 �C for 2.5 h. There aer, sodium
methoxide was added and reaction mixture was stirred further
at room temperature for 1.5 h. Usual work-up delivered 60% of
desired product (Table 2, entry 2). In another set of experiment,
pyranothiophene formed by the reaction of 3b and methyl thi-
oglycolate using triethylamine in methanol, sodium methoxide
was added and ring opening was performed at 90 �C. This
reaction afforded 62% of desired product and stirred further for
2.5 h (entry 3, Table 2). In quest for better yield and to avoid
reversibility of the reaction, we performed a reaction of 3b and
methyl thioglycolate in the presence of NaOCH3 and DMF at 90
�C, which produced a complex mixture (entry 4, Table 2). In
another set of experiment, we performed the reaction using
Et3N in DMF at room temperature for 40 h and thereaer
sodium methoxide was added and stirred further for additional
2 h at room temperature. Usual work up afforded 80% of tet-
rasubstituted thiophene (10) (entry 5, Table 2). To reduce the
duration of reaction, A mixture of 3b and methyl thioglycolate
was stirred in the presence of triethylamine as a base in DMF at
90 �C for 2.5 h to generate pyranothiophene in situ. Thereaer,
NaOMe was added and stirred further at room temperature.

Table 1 Synthesis of tetrasubstituted thiophenes (10)a

10 Ar Yield (%) (in methanol) and (in DMF)

a C6H5 76c 90b

b p-CH3$C6H4 68c 88b

c p-F$C6H4 71c 80b

d p-Cl$C6H4 65c 71b

e o-Cl$C6H4 70c 71b

f p-Br$C6H4 60c 70b

g m-Br$C6H4 50c 65b

h 2-Naphthyl 65c 87b

i 1-Naphthyl 68c 84b

j p-OCH3$C6H4 65c 78b

k 3,4-(OMe)2$C6H3 70c 80b

l o-OMe$C6H4 65c 80b

m 2-Theinyl 65c 77b

n 2-Furyl 80c 83b

o p-NO2$C6H4 78b 60c

a All the reaction were carried out by using 4 (0.5 mmol) and sodium
methoxide (1.0 mmol) in a solvent (4 mL) at room temperature.
b Yields are reported without further purication through column
chromatography. c Yield are reported aer purication through
column chromatography.

Scheme 4 Synthesis of tetrasubstituted thiophenes 10.

Scheme 5 A plausible mechanism for the ring opening and ring
closure.

Table 2 Optimization of reaction conditionsa,b,d

Entry Solvent Base 1/t, �C/T, h Base 1/t, �C/T, h Yield (%)

1 CH3OH Et3N/rt/24 h — —c

2 CH3OH Et3N/90/2.5 h NaOCH3/rt/1.5 60
3 CH3OH Et3N/90/2.5 h NaOCH3/90/1 62
4 DMF NaOCH3/90/2 h NaOCH3/90/4 Complex

mixture
5 DMF Et3N/rt/40 h NaOCH3/rt/2 80
6 DMF Et3N/90/2.5 h NaOCH3/rt/2 86

a Reactions were carried out by stirring 3b (0.5 mmol), methyl
thioglycolate (0.75 mmol), triethylamine (1.0 mmol) and sodium
methoxide (1.0 mmol) at various temperature. b 1st and 2nd bases
were added sequentially and reaction was carried out for given time at
mentioned temperature. c Thieno[3,2-c]pyran was isolated. d Room
temperature was ranging between 30–35 �C.
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Usual work up delivered 86% of the desired product 10 (entry 6,
Table 2).

Aer optimization of reaction condition, we have synthe-
sized various derivatives of tetrasubstituted thiophene in good
to excellent yields in one pot (Scheme 6). It was interesting to
note that methyl 3-amino-6,7-diaryl-4-oxo-4H-thieno[3,2-c]-
pyran-2-carboxylates (4) under similar reaction conditions did
not form tetrasubstituted thiophene, possibly the presence of
additional aryl group at position 6 stabilized the pyran ring and
not allow the ring opening from alkoxide ion.

The presence of various functional group in aryl ring present
at position 6 of 2-pyranone does not follow any specic trend on
reactivity. The presence of 4-nitrophenyl and 4-bromophenyl
ring greatly reduces the yield of tetrasubstituted thiophenes.
Overall, it is very difficult to assess the role of aryl ring in the
reaction.

The molecular view (ORTEP) for the compounds 10a with
atom numbering scheme is presented in Fig. 2.‡ The compound
crystallizes in monoclinic crystal system having P121/C1 space
group with four molecules in the unit cell. The dihedral angle
between the two aromatic rings viz. thiophene and the phenyl
ring is 76.89�. The torsion angles O(1)–C(7)–C(1)–C(6) and O(1)–
C(7)–C(8)–C(9) are 170.29(17)� and 30.9(2)�, respectively. The
torsion angles associated with the two ester functions and the 1�

amine group viz. N(1)–C(13)–C(14)–C(15), C(11)–C(10)–C(13)–
N(1), C(13)–C(10)–C(11)–O(3) and C(13)–C(14)–C(15)–O(4) are
0.9(3), �0.6(3), �1.4(3) and �3.2(3), respectively. These torsion
angle data indicates that N(1), O(4) and O(3) are almost
coplanar and the two hydrogens over 1� amine can display
intramolecular hydrogen bonding.

The intramolecular N(1)–H(10)/O(3) and N(1)–H(100)/O(4)
interaction distances and angles are 2.09(2) Å; 130(2)� and
2.21(2) Å; 129(2)�, respectively (Fig. 3). The supramolecular
aggregation in 10a is stabilized by a pair of weak intermolecular

N–H/O interactions (Fig. 3) that lead to the formation of centro
symmetric dimers. The N(1)–H(100)/O intermolecular interac-
tion distance is 2.199 Å and the N–H/O is non-linear having
magnitude of 130.74�.

The analysis of the interaction energy in the crystal structures
of 10a by means of dimer unit bound by pair of N–H/O inter-
actions at the DFT level of theory yields the interaction energy
�20.82 kJ mol�1 for pair of interaction and �10.41 kJ mol�1 for
individual N–H/O interaction. To further conrm the nature of
these weak interactions, bond critical points (bcp) were calcu-
lated for the different dimers by using the Atoms in Molecules
theory.37 The bond critical points observed between the inter-
acting atoms, conrmed the presence of weak non-covalent
interactions between the two molecules of 10. The value of
electron density (r); Laplacian of the electron density (V2rbcp);
bond ellipticity (3) electron density (r) and total energy density
(H) at the bond critical point for all the three interactions are
presented in Table 3. As indicated in the table, the electron
density for all the three types of interactions at bond critical
point (rbcp) are less than +0.10 au which indicates a closed shell
hydrogen bonding interactions. Additionally, the Laplacian of
the electron density V2rbcp in all the three cases are greater than
zero which indicated the depletion of electron density in the
region of contact between the H/O atoms. The bond ellipticity
(3) which measures the extent to which the electron density is

Scheme 6 One pot approach for the synthesis of tetrasubstituted
thiophenes 10.

Fig. 3 Centro symmetric dimer held by pair of weak N–H/O inter-
actions (intramolecular N–H/O interaction pairs are also presented).

Table 3 Selected topographical features for various interactions
computed at B3LYP/6-31G** level of theory

Interaction Type rbcp V
2rbcp E H (au)

Intra N–H/O +0.016769 +0.056219 +0.100692 +0.029323
Intra N–H/O +0.025872 +0.081472 +0.023475 +0.028191
Inter N–H/O +0.014931 +0.054220 +0.088161 +0.018966

Fig. 2 ORTEP diagram of 10a at 30% probability with atom numbering
scheme.

‡ Crystal data for 10a (CCDC 1038008): C16H15NO5S, formula mass 333.35,
monoclinic space group P121/C1, a ¼ 14.073(5), b ¼ 13.465(5), c ¼ 8.576(5) Å, b
¼ 93.433(5)�, V ¼ 1622.2(13) Å3, Z ¼ 4, dcalcd ¼ 1.365 mg m�3, linear absorption
coefficient 0.224 mm�1, F(000) ¼ 696, crystal size 0.27 � 0.25 � 0.18 mm,
reections collected 9249, independent reections 3729 [Rint ¼ 0.0232], nal
indices [I > 2s(I)] R1 ¼ 0.0466, wR2 ¼ 0.1110, R indices (all data) R1 ¼ 0.0628,
wR2 ¼ 0.1207, gof 1.042, largest difference peak and hole 0.233 and �0.232 e Å�3.
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preferentially accumulated in a given plane containing the bond
path indicates that all the three interactions are not cylindrically
symmetrical in nature.

Conclusions

One pot expeditious, economical and convenient synthesis
ofdimethyl 3-amino-5-(2-oxo-2-arylethyl)thiophene-2,4-dicarboxyl-
ates has been developed for the rst time through [3 + 2] donor–
acceptor heteroannulation of 6-aryl-4-methylthio-2H-pyran-2-
one-3-carbonitriles and methyl thioglycolate followed by ring
opening using sodium methoxide. We have also demonstrated
the ring opening reaction of methyl 3-amino-6-aryl-4-oxo-4H-
thieno[3,2-c]pyran-2-carboxylates in methanol and DMF and
given some interesting nding. If we perform ring opening in
methanol rather than DMF, it was observed that prolonged
stirring of reaction mixture reverted to parent compound 4. The
various functional groups present in thiophene ring at positions
2,3,4,5 are very reactive and can be utilized as precursors for the
construction of various fused heterocycles not easily obtainable
by conventional route. The mild reaction conditions, easy
workup and non-involvement of metal catalyst make this
protocol attractive for practical applications.

Experimental section
General remarks

Commercially available reagents and solvents were used
without further purication. 1H and 13C NMR spectra were
recorded on 400 MHz and 100 MHz NMR spectrometer
respectively. CDCl3 were used as solvent for NMR. Chemical
shi reported in ppm considering (CDCl3) d 7.24 ppm for 1H
NMR and d 77.00 ppm for 13C NMR as an internal standard.
Signal patterns are indicated as s, singlet; d, doublet; dd,
doublet of doublet; t, triplet; m, multiplet; br s, broad singlet.
Coupling constants (J) are given in hertz (Hz). Infrared (IR)
spectra were recorded on AX-1 spectrophotometer and reported
as wave number (cm�1). Intensity data for 10 were collected at
298(2) K on a Sapphire2-CCD, OXFORD diffractometer system
equipped with graphite monochromated Mo Ka radiation l ¼
0.71073 Å. The nal unit cell determination, scaling of the data,
and corrections for Lorentz and polarization effects were per-
formed with CrysAlis RED.38 The structure was solved by direct
methods (SHELXS-97)39 and rened by a full-matrix least-
squares procedure based on F2.40 All the calculations were
carried out using WinGX system Ver-1.64.41 All non-hydrogen
atoms were rened anisotropically; hydrogen atoms were
located at calculated positions and rened using a riding model
with isotropic thermal parameters xed at 1.2 times the Ueq

value of the appropriate carrier atom.

General procedure for the synthesis of dimethyl 3-amino-5-(2-
oxo-2-(aryl)ethyl)thiophene-2,4-dicarboxylate: two steps and
one pot approach were established

One pot synthetic approach (method A). A mixture of 6-aryl-
4-methylthio-2H-pyran-2-one-3-carbonitriles (0.5 mmol), methyl

thioglycolate (0.75 mmol) and triethylamine (1.0 mmol) in DMF
(4.0 mL) was stirred for 2.5 h at 90 �C. Thereaer, the reaction
mixture was brought to room temperature and sodium meth-
oxide (1.0 mmol) was added to the reaction mixture and stirred
for additional 2 h at room temperature. The reaction mixture
was poured onto crushed ice with vigorous stirring followed by
neutralization with 10% HCl. The precipitate obtained was
ltered, dried and recrystallized from methanol to obtain the
desired product in good to excellent yields.

Ring opening approach in methanol (method B). Methyl
3-amino-6-arylthieno[3,2-c]pyran-4-one-2-carboxylates (4, 0.5
mmol) obtained by the procedure reported33 earlier was treated
with freshly prepared NaOCH3 solution (23 mg Na in 4.0 mL
MeOH) for 1–2 h and completion of reaction was monitored by
TLC. Aer completion, the excess of methanol was removed
under reduced pressure followed by addition of cold water.
Reaction mixture was neutralized with 10%HCl and ltered the
precipitate. The crude product was puried by silica gel column
chromatography using 50% dichloromethane in hexane as an
eluent.

Ring opening approach in DMF (method C). A mixture of
methyl 3-amino-6-arylthieno[3,2-c]pyran-4-one-2-carboxylates
(4, 0.5 mmol) and sodium methoxide (1.0 mmol) in DMF (4.0
mL) was stirred for 1–2 h at room temperature. Completion of
reaction was monitored by TLC. Thereaer, the reaction
mixture was poured onto crushed ice with vigorous stirring
followed by neutralization with 10% HCl. The precipitate
obtained was ltered dried and recrystallized from methanol to
obtain the pure product.

Dimethyl 3-amino-5-(2-oxo-2-phenylethyl)thiophene-2,4-dicar-
boxylate (10a). Yield: 87% (144 mg) Rf ¼ 0.32 (1 : 1 hexane in
dichloromethane); yellow solid; mp: 142–144 �C; IR (KBr): 3476,
3365, 1685, 1597, 1448, 1326 cm�1; 1H NMR (400 MHz, CDCl3): d
3.62 (s, 3H, OCH3), 3.80 (s, 3H, OCH3), 4.66 (s, 2H, CH2), 6.83 (br s,
2H, NH2), 7.49 (t, J ¼ 7.62 Hz, 2H, ArH), 7.58–7.59 (m, 1H, ArH),
7.98 (d, J ¼ 7.32 Hz, 2H, ArH); 13C NMR (100 MHz, CDCl3): d 40.6,
51.2, 51.4, 117.8, 128.0, 128.7, 133.5, 136.2, 151.1, 155.1, 163.4,
164.2, 194.3; HRMS (ESI): calculated for C16H15NO5S, 334.0744 (M
+ H+) found for m/z, 334.0741.

Dimethyl 3-amino-5-(2-oxo-2-(p-tolyl)ethyl)thiophene-2,4-dicar-
boxylate (10b). Yield: 86% (144 mg) Rf ¼ 0.31 (1 : 1 hexane in
dichloromethane); white solid; mp: 162–164 �C; IR (KBr): 3478,
3359, 1702, 1687, 1579, 1274 cm�1; 1H NMR (400 MHz, CDCl3): d
2.41 (s, 3H, CH3), 3.61 (s, 3H, OCH3), 3.80 (s, 3H, OCH3), 4.64 (s,
2H, CH2), 6.83 (br s, 2H, NH2), 7.28 (d, J ¼ 7.93 Hz, 2H, ArH), 7.88
(d, J¼ 7.93 Hz, 2H, ArH); 13C NMR (100 MHz, CDCl3): d 21.6, 40.5,
51.1, 51.3, 97.7, 117.7, 128.1, 129.4, 133.7, 144.3, 151.3, 155.1,
163.4, 164.2, 193.9; HRMS (ESI): calculated for C17H17NO5S,
348.0900 (M + H+); found for m/z, 348.0891.

Dimethyl 3-amino-5-(2-(4-uorophenyl)-2-oxoethyl)thio-
phene-2,4-dicarboxylate (10c). Yield: 85% (149 mg) Rf ¼ 0.21
(1 : 1 hexane in dichloromethane); yellow solid; mp: 152–153
�C; IR (KBr): 3476, 3359, 1702, 1595, 1528, 1273 cm�1; 1H NMR
(400 MHz, CDCl3): d 3.63 (s, 3H, OCH3), 3.80 (s, 3H, OCH3), 4.60
(s, 2H, CH2), 6.82 (br s, 2H, NH2), 7.16 (t, J ¼ 8.77 Hz, 2H ArH),
8.00–8.02 (m, 2H, ArH); 13C NMR (100 MHz, CDCl3): d 40.5, 51.2,
51.4, 115.9, (d, J ¼ 22.04 Hz), 117.8, 124.9, 128.4, 130.7, (d,
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J ¼ 9.58 Hz), 132.6, 150.8, 155.0, 163.3, 164.1, 165.9 (d, J ¼
255.9), 192.8; HRMS (ESI): calculated for C16H14FNO5S,
352.0649 (M + H+); found for m/z, 352.0648.

Dimethyl 3-amino-5-(2-(4-chlorophenyl)-2-oxoethyl)thiophene-
2,4-dicarboxylate (10d). Yield: 68% (124 mg) Rf ¼ 0.30 (1 : 1
hexane in dichloromethane); white solid; mp: 147–149 �C; IR
(KBr): 3482, 3363, 1701, 1589, 1459, 1273 cm�1; 1HNMR (400MHz,
CDCl3): d 3.63 (s, 3H, OCH3), 3.80 (s, 3H, OCH3), 4.63 (s, 2H, CH2),
6.82 (br s, 2H, NH2), 7.46 (d, J¼ 8.54 Hz, 2H ArH), 7.93 (d, J¼ 8.54
Hz, 2H, ArH); 13C NMR (100 MHz, CDCl3): d 40.5, 51.2, 51.5, 117.8,
129.1, 129.5, 134.5, 140.0, 150.6, 155.0, 163.3, 164.2, 193.2; HRMS
(ESI) calculated for C16H14ClNO5S, 368.0354 (M + H+); found for
m/z, 368.0348.

Dimethyl 3-amino-5-(2-(2-chlorophenyl)-2-oxoethyl)thiophene-
2,4-dicarboxylate (10e). Yield: 70% (128 mg) Rf ¼ 0.30 (1 : 1
hexane in dichloromethane); cinnamon solid; mp: 90 �C; IR (KBr):
3461, 3348, 1707, 1664, 1587, 1269 cm�1; 1H NMR (400 MHz,
CDCl3): d 3.69 (s, 3H, OCH3), 3.80 (s, 3H, OCH3), 4.65 (s, 2H, CH2),
6.82 (br s, 2H, NH2), 7.34–7.36 (m, 1H, ArH), 7.38–7.45 (m 2H,
ArH), 7.53–7.55 (m, 1H, ArH); 13C NMR (100 MHz, CDCl3): d 44.6,
51.2, 51.5, 117.8, 127.02, 129.5, 130.7, 131.0, 132.2, 138.2, 150.0,
155.0, 163.4, 164.2, 196.6; HRMS (ESI): calculated for C16H14-
ClNO5S, 368.0354 (M + H+); found for m/z, 368.0352.

Dimethyl 3-amino-5-(2-(4-bromophenyl)-2-oxoethyl)thiophene-
2,4-dicarboxylate (10f). Yield: 62% (127 mg) Rf ¼ 0.28 (1 : 1
hexane in dichloromethane); yellow solid; mp: 141–143 �C; IR
(KBr): 3475, 3359, 1699, 1599, 1458, 1275 cm�1; 1HNMR (400MHz,
CDCl3): d 3.63 (s, 3H, OCH3), 3.80 (s, 3H, OCH3), 4.62 (s, 2H, CH2),
6.82 (br s, 2H, NH2), 7.63 (d, J¼ 8.54 Hz, 2H ArH), 7.85 (d, J¼ 8.54
Hz, 2H, ArH); 13C NMR (100 MHz, CDCl3): d 40.5, 51.2, 51.5, 117.8,
128.7, 129.6, 132.1, 134.9, 150.6, 155.0, 163.3, 164.1, 193.4; HRMS
(ESI) calculated for C16H14BrNO5S, 411.9849 (M + H+); found for
m/z, 411.9840.

Dimethyl 3-amino-5-(2-(3-bromophenyl)-2-oxoethyl)thiophene-
2,4-dicarboxylate (10g). Yield: 55% (112 mg) Rf ¼ 0.24 (1 : 1
hexane in dichloromethane); chocolate solid; mp: 134 �C; IR (KBr):
3467, 3350, 1699, 1582, 1517, 1270 cm�1; 1H NMR (400 MHz,
CDCl3): d 3.65 (s, 3H, OCH3), 3.80 (s, 3H, OCH3), 4.63 (s, 2H, CH2),
6.82 (br s, 2H, NH2), 7.37 (t, J¼ 7.63 Hz, 1H, ArH), 7.72 (d, J¼ 9.92
Hz, 1H, ArH); 7.91 (d, J ¼ 7.63 Hz, 1H, ArH), 8.11–8.12 (m, 1H,
ArH); 13C NMR (100 MHz, CDCl3): d 40.6, 51.2, 51.5, 117.9, 123.1,
126.6, 130.3, 131.1, 136.3, 137.9, 150.4, 155.0, 163.3, 164.1, 193.0;
HRMS (ESI) calculated for C16H14BrNO5S, 411.9849 (M + H+);
found for m/z, 411.9839.

Dimethyl 3-amino-5-(2-(naphthalen-2-yl)-2-oxoethyl)thiophene-
2,4-dicarboxylate (10h). Yield: 83% (158 mg) Rf ¼ 0.21 (1 : 1
hexane in dichloromethane); carrot orange solid; mp: 170–172 �C;
IR (KBr): 3476, 3361, 1702, 1586, 1529, 1274 cm�1; 1H NMR (400
MHz, CDCl3): d 3.59 (s, 3H, OCH3), 3.80 (s, 3H, OCH3), 4.80 (s, 2H,
CH2), 6.85 (br s, 2H, NH2), 7.56–7.62 (m, 2H, ArH), 7.87–8.02 (m,
4H, ArH), 8.53 (s, 1H, ArH); 13C NMR (100 MHz, CDCl3): d 40.7,
51.2, 51.4, 117.8, 123.7, 126.9, 127.8, 128.7, 129.5, 129.8, 132.4,
133.5, 135.7, 151.2, 155.1, 163.4, 164.2, 194.2; HRMS (ESI): calcu-
lated for C20H17NO5S, 384.0900 (M + H+) found for m/z, 384.0895.

Dimethyl 3-amino-5-(2-(naphthalen-1-yl)-2-oxoethyl)thiophene-
2,4-dicarboxylate (10i). Yield: 80% (153 mg) Rf ¼ 0.22 (1 : 1
hexane in dichloromethane); buff solid; mp: 151–153 �C; IR (KBr):

3459, 3346, 1706, 1686, 1586, 1273 cm�1; 1H NMR (400 MHz,
CDCl3): d 3.58 (s, 3H, OCH3), 3.81 (s, 3H, OCH3), 4.74 (s, 2H, CH2),
6.86 (br s, 2H, NH2), 7.50–7.55 (m, 3H, ArH), 7.87 (d, J ¼ 8.24 Hz,
1H, ArH); 7.99 (dd, J¼ 7.33 Hz, 7.79 Hz, 2H, ArH), 8.56 (d, J¼ 8.24
Hz, 1H, ArH); 13C NMR (100 MHz, CDCl3): d 43.8, 51.2, 51.5, 117.8,
124.2, 125.6, 126.6, 127.6, 128.2, 128.4, 130.0, 133.2, 133.9, 134.7,
151.0, 163.5, 164.2, 197.5; HRMS (ESI) calculated for C20H17NO5S,
384.0900 (M + H+) found for m/z, 384.0900.

Dimethyl 3-amino-5-(2-(4-methoxyphenyl)-2-oxoethyl)thio-
phene-2,4-dicarboxylate (10j). Yield: 80% (144 mg) Rf ¼ 0.17
(1 : 1 hexane in dichloromethane); yellow solid;mp: 142–144 �C; IR
(KBr): 3475, 3353, 1700, 1582, 1451, 1278 cm�1; 1HNMR (400MHz,
CDCl3): d 3.62 (s, 3H, OCH3), 3.79 (s, 3H, OCH3), 3.86 (s, 3H, OCH3),
4.61 (s, 2H, CH2), 6.82 (br s, 2H, NH2), 6.95 (d, J¼ 8.54Hz, 2HArH),
7.96 (d, J ¼ 9.16 Hz, 2H, ArH); 13C NMR (100 MHz, CDCl3): d 40.3,
51.2, 51.4, 55.5, 113.9, 117.7, 129.2, 130.4, 151.6, 155.1, 163.5,
163.7, 164.2, 192.8; HRMS (ESI) calculated for C17H17NO6S,
364.0849 (M + H+); found for m/z 364.0847.

Dimethyl 3-amino-5-(2-(3,4-dimethoxyphenyl)-2-oxoethyl)thio-
phene-2,4-dicarboxylate (10k). Yield: 80% (157 mg) Rf ¼ 0.18
(1 : 1 hexane in dichloromethane); buff solid; mp: 183–184 �C; IR
(KBr): 3475, 3345, 1707, 1590, 1512, 1265 cm�1; 1HNMR (400MHz,
CDCl3): d 3.64 (s, 3H, OCH3), 3.80 (s, 3H, OCH3), 3.91 (s, 3H, OCH3),
3.94 (s, 3H, OCH3) 4.64 (s, 2H, CH2), 6.82 (br s, 2H, NH2), 6.91 (d,
J ¼ 8.39 Hz, 1H, ArH), 7.52–7.53 (m, 1H, ArH), 7.62–7.64 (m, 1H,
ArH); 13C NMR (100 MHz, CDCl3): d 40.2, 51.1, 51.4, 55.9, 56.0,
110.0, 110.1, 117.7, 122.7, 129.3, 149.1, 151.6, 153.5, 155.0, 163.4,
164.2, 192.9; HRMS (ESI): calculated for C18H19NO7S, 394.0955 (M
+ H+); found for m/z, 394.0947.

Dimethyl 3-amino-5-(2-(2-methoxyphenyl)-2-oxoethyl)-
thiophene-2,4-dicarboxylate (10l). Yield: 75% (136 mg) Rf ¼
0.18 (1 : 1 hexane in dichloromethane); yellow solid; mp: 115–
117 �C, IR (KBr): 3471, 3354, 1690, 1586, 1508, 1274 cm�1; 1H
NMR (400MHz, CDCl3): d 3.61 (s, 3H, OCH3), 3.79 (s, 3H, OCH3),
3.93 (s, 3H, OCH3), 4.63 (s, 2H, CH2), 6.83 (br s, 2H, NH2), 6.97–
7.02 (m, 2H, ArH), 7.48 (t, J¼ 7.63 Hz, 1H, ArH), 7.70 (d, J¼ 7.63
Hz, 1H, ArH); 13C NMR (100 MHz, CDCl3): d 45.6, 51.1, 51.2,
55.4, 97.4, 111.4, 117.5, 120.7, 127.2, 130.5, 134.0, 152.1, 155.2,
158.5, 163.5, 164.2, 196.0; HRMS (ESI): calculated for
C17H17NO6S, 364.0849 (M + H+); found for m/z, 364.0847.

Dimethyl 3-amino-5-(2-oxo-2-(thiophen-2-yl)ethyl)thio-
phene-2,4-dicarboxylate (10m). Yield: 70% (118 mg) Rf ¼ 0.33
(1 : 1 hexane in dichloromethane); white solid; mp: 145–147 �C; IR
(KBr): 3481, 3365, 1685, 1589, 1439, 1272 cm�1; 1HNMR (400MHz,
CDCl3): d 3.66 (s, 3H, OCH3), 3.80 (s, 3H, OCH3), 4.59 (s, 2H, CH2),
6.83 (br s, 2H, NH2), 7.15 (dd, J ¼ 4.88, 4.88 Hz, 1H, Ar-H), 7.67 (d,
J ¼ 4.27 Hz, 1H, ArH), 7.78 (dd, J ¼ 1.22, 1.49 Hz, 1H, Ar-H); 13C
NMR (100 MHz, CDCl3): d 41.2, 51.2, 51.4, 117.8, 128.2, 132.1,
134.1, 143.0, 150.2, 163.4, 164.2, 187.0; HRMS (ESI): calculated for
C14H13NO5S2, 340.03068 (M + H+); found for m/z 340.0307.

Dimethyl 3-amino-5-(2-(furan-2-yl)-2-oxoethyl)thiophene-
2,4-dicarboxylate (10n). Yield: 77% (124 mg) Rf ¼ 0.25 (1 : 1
hexane in dichloromethane); yellow colored solid; mp: 149–151
�C; IR (KBr): 3481, 3363, 1701, 1587, 1466, 1257 cm�1; 1H NMR
(400 MHz, CDCl3): d 3.66 (s, 3H, OCH3), 3.80 (s, 3H, OCH3), 4.53
(s, 2H, CH2), 6.56 (m, 1H, Ar-H), 6.82 (br s, 2H, NH2), 7.25 (d, J¼
3.66 Hz, 1H, ArH), 7.61 (s, 1H, ArH); 13C NMR (100 MHz, CDCl3):

36984 | RSC Adv., 2015, 5, 36979–36986 This journal is © The Royal Society of Chemistry 2015

RSC Advances Paper



d 40.2, 51.2, 51.4, 112.5, 117.4, 117.8, 146.5, 150.0, 151.9, 155.0,
163.4, 164.2, 183.3; HRMS (ESI): calculated for C14H13NO6S,
324.0536 (M + H+); found for m/z, 324.0536.

Dimethyl 3-amino-5-(2-(4-nitrophenyl)-2-oxoethyl)thio-
phene-2,4-dicarboxylate (10o). Yield: 65% (122 mg) Rf ¼ 0.17
(1 : 1 hexane in dichloromethane); yellow solid; mp: 194–196
�C; IR (KBr): 3467, 3363, 1699, 1608, 1530, 1257 cm�1; 1H NMR
(400 MHz, CDCl3): d 3.61 (s, 3H, OCH3), 3.76 (s, 3H, OCH3), 4.64
(s, 2H, CH2), 6.74 (br s, 2H, NH2), 8.09–8.11 (m, 2H, ArH), 8.28–
8.30 (m, 2H, ArH); 13C NMR (100 MHz, CDCl3): d 41.1, 51.3, 51.6,
118.0, 124.0, 129.1, 140.7, 149.8, 150.5, 163.2, 164.1, 193.0;
HRMS (ESI): calculated for C16H14N2O7S, 379.0594 (M + H+);
found for m/z, 379.0594.
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Precursor directed regioselective synthesis of
partially reduced benzo[e]indene through oxidative
cyclization and benzo[h]quinolines†

Surjeet Singh,a Rahul Panwar,a Pratik Yadav,a Ismail Althagafi,b Satya Narayan Sahua

and Ramendra Pratap*a

We have reported a simple, unprecedented base promoted synthesis of 7-substituted-1-(2-cyano-phenyl/

phenyl)-3-sec amino-4,5-dihydro-1H-benz[e]indene-1,2-dicarbonitriles by reaction of 2-oxo-4-sec

amino-5,6-dihydro-2H-benzo[h]chromene-3-carbonitriles and 2-cyanomethyl-benzonitrile/phenyl-

acetonitrile under basic conditions at 100 �C. This reaction involves ring opening of 2-oxo-4-sec amino-

5,6-dihydro-2H-benzo[h]chromene-3-carbonitrile by a carbanion generated in situ from 2-

cyanomethylbenzonitrile/phenyl-acetonitrile followed by oxidative cyclization to afford the desired

product. Alternatively, reaction of 6-aryl-4-sec amino-2H-pyran-2-one-3-carbonitriles and 2-

cyanomethyl-benzonitrile under basic conditions provides functionalized benzo[h]quinolines. The

structure of the synthesized compound was confirmed by single crystal X-ray.

Benzo[e]indenes are widely present in nature and well known
for their use as a building block in organic synthesis. Indene
has broad use in medicine.1 This skeleton is present as
substructure in steroid,2 hamigeran B3 and polymers4 in
completely or partially reduced form. Various monosubstituted
derivatives of 1H-benzo[e]indene-1,3-(2H)-dione exhibit anti-
viral activity.5Many approaches for the construction of benzo[e]-
indene as whole or substructure has been reported. Synthesis of
indene derivatives has been carried out by reaction of alkynes
and phenyl pyrrolidino or morpholino chromium carbene
complexes6 in DMF at 120–125 �C. Another approach used to
build indene skeleton involves cyclization of substituted phenyl
allylic cations.7 Indene was also prepared by cycloalkylation
procedure, such as; reaction of arylated alkene with phosphorus
halide and dehydration of aryl substituted diols.8–10 It was also
synthesized by reaction of gem-dihalocyclopropane and benzene
in presence of aluminium chloride.11 Recently, indene was
synthesized by metal catalyzed cycloisomerization of 1-alkyl-2-
ethynylbenzenes.12 This reaction can be performed by using
PtCl2 or PtCl4 or [RuCl2(CO)3]2 as a catalyst at 30–80 �C.12 Au(I)
catalyzed [3 + 3] cycloaddition,13 and Pd-catalyzed carboannu-
lation of propargyl carbonates14 also provides functionalized

indenes. Ru catalyzed hydroamination followed by Re catalyzed
C–H bond activation approach using aryl alkyne as a precursor15

was also reported for synthesis of indene. Bi et al. have estab-
lished electrocyclization approach for generation of indene.16

A careful literature survey conrms that various approach for
the synthesis of indene skeleton requires various expensive metal
catalyst and harsh reaction conditions. Recently, we have repor-
ted the synthesis of benzo[h]quinolines by reaction of 2-cyano-
methylbenzonitrile and 2-pyranone under basic conditions.17

In this connection, we wish to report the use of 2-oxo-4-sec
amino-5,6-dihydro-2H-benzo[h]chromene-3-carbonitriles as a
precursor, which changes the course of the reaction to give
benzo[e]indenes (Scheme 1).

Here, we have studied the comparison of two precursor 2-oxo-
4-sec amino-5,6-dihydro-2H-benzo[h]chromene-3-carbonitriles 4
and 6-aryl-4-sec amino-2H-pyran-2-one-3-carbonitriles 40 using 2-

Scheme 1 Precursor dependent synthesis of functionalized benzo[h]-
quinoline and 4,5-dihydro-1H-benz[e]indene.
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cyanomethylbenzonitrile as carbanion source. These precursors
can be synthesized in two steps. First 8-substituted-4-methyl-
sulfanyl-2-oxo-5,6-dihydro-2H-benzo[h]chromene-3-carbonitriles 3
and 6-aryl-4-methylsulfanyl-2H-pyran-2-one-3-carbonitriles were
synthesized by reaction of 2-cyono-3,3-bis-methylthio-acrylic acid
methyl ester 1 and 1-teteralone/6-methoxy-1-teteralone and func-
tionalized acetophenones in DMSO in presence of KOH respec-
tively. The compound 3 on amination with various secondary
amine in reuxing ethanol provides 2-oxo-4-sec amino-5,6-dihydro-

2H-benzo[h]chromene-3-carbonitrile 4 and 6-aryl-4-sec amino-2H-
pyran-2-one-3-carbonitriles 40 in good yields (Scheme 2).18

Recently, base promoted chemoselective synthesis of benzo
[h]quinolines17 was reported by reaction of 6-aryl-4-sec amino-2-
oxo-2H-pyran-3-carbonitriles 40 and 2-cyanomethylbenzonitrile
under basic conditions (Scheme 3). To expand the scope of
reaction, we shied to fused precursor 2-oxo-4-sec amino-5,6-
dihydro-2H-benzo[h]chromene-3-carbonitriles 4. Interestingly,
use of 2-oxo-4-sec amino-5,6-dihydro-2H-benzo[h]chromene-3-
carbonitriles 4 as a precursor did not followed the same
course of reaction and 7-substituted-1-(2-cyano-phenyl)-3-sec
amino-1-yl-4,5-dihydro-1H-benz[e]indene-1,2-dicarbonitrile was
obtained as a product.

To study the effect of base and solvents on reaction, we
have chosen 2-oxo-4-piperidin-1-yl-5,6-dihydro-2H-benzo[h]-
chromene-3-carbonitrile and 2-cyanomethylbenzonitrile as
model substrates. Initially, 4-methylsulfanyl-2-oxo-5,6-dihydro-
2H-benzo[h]chromene-3-carbonitrile 3 was used as substrate to
perform the ring transformation reaction and complex mixture
obtained, probably due to presence of methylthio group at
position 4. To reduce the electrophilicity at C-4, methylthio
group was replaced with secondary amine. We have started the
study using sodamide as a base in DMF (entry 1) and DMSO
(entry 2) at room temperature and observed complex mixture
formation with major unreacted starting material. Then, we

Scheme 2 Synthesis of 8-OMe/H-2-oxo-4-sec amino-1-yl-5,6-
dihydro-2H-benzo[h]chromene-3-carbonitriles and 6-aryl-4-sec
amino-2H-pyran-2-one-3-carbonitriles.

Scheme 3 Synthesis of 7-OMe/H-1-(2-cyano-phenyl/phenyl)-3-sec amino-4,5-dihydro-1H-benz[e]indene-1,2-dicarbonitriles, a3-[1-(cyano-
phenyl-methyl)-6-OMe/H-3,4-dihydro-napthalen-2-yl]-3-piperidine-1-yl-acrylonitrileb and functionalized benzo[h]quinoline.18 (a) Reactions
were performed by stirring 2-oxo-4-sec amino-5,6-dihydro-2H-benzo[h]chromene-3-carbonitriles 4 (0.5 mmol) and 2-cynomethyl-benzo-
nitrile 5 (0.5 mmol) using KOH (0.75 mmol) in DMF (4.0 mL) at 100 �C; (b) reactions were performed by stirring 2-oxo-4-sec amino-5,6-dihydro-
2H-benzo[h]chromene-3-carbonitriles 4 (0.5 mmol) and phenyl-acetonitrile 6 (0.5 mmol) using KOH (0.75 mmol) as a base in DMF (4.0 mL) at
100 �C.
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have performed the reaction 4 and 5 in DMF using sodamide as
a base at 70 �C and 25% of desired product was isolated (entry
3), while at 100 �C, 40% of product formed in 2 h (entry 4). Use
of sodamide in DMSO at 100 �C afforded 35% of desired
product (entry 5). Further optimization was carried out by using
KOH as base in DMSO and DMF separately at 100 �C and 35%
and 42% of the product isolated respectively (entries 6 and 7). In
another experiment, reaction of 4 and 5 was carried out in DMF
using KOH as a base at 120 �C and lowering in yield was
observed (entry 8). Further reaction was also performed by using
sodium hydride as base in DMSO and DMF separately at 100 �C
and obtained the desired product in 32% and 37% of yield
(entries 9 and 10) (Table 1).

Thus, stirring of a mixture of functionalized 5,6-dihydro-2H-
benzo[h]chromene-3-carbonitrile 4 and 2-cyanomethylbenzoni-
trile in DMF using potassiumhydroxide as a base at 100 �C for 2–4
h provides corresponding product in moderate yield (Scheme 3).

Efficiency of reaction condition as in entry 7 was tested for the
synthesis of various 1-(2-cyano-phenyl/phenyl)-3-sec amino-4,5-
dihydro-1H-benz[e]indene-1,2-dicarbonitrile (7) derivatives.
Surprisingly, When we have used benzyl cyanide in lieu of 2-cya-
nomethylbenonitrile as a carbanion source, under similar reaction
condition cyclised product was not obtained aer 2 h. Probably, 3-
(1-(cyano(phenyl)methyl)-6-substituted-3,4-dihydronaphthalen-
2-yl)-3-(piperidin-1-yl)acrylonitriles (9) is intermediate for the
nal product. In order to prove this we have performed the
reaction for 10 h and obtained mixture of 3-(1-(cyano(phenyl)
methyl)-6-substituted-3,4-dihydronaphthalen-2-yl)-3-(piperidin-
1-yl)acrylonitriles (9) and proposed cyclized product 1-phenyl-3-
(piperidin-1-yl)-4,5-dihydro-1H-cyclopenta[a]naphthalene-1,2-
dicarbonitrile (8) in low yield (Scheme 3). Further increase in

duration of reaction up to 40 h afforded regioselectively 1-
phenyl-3-(piperidin-1-yl)-4,5-dihydro-1H-cyclopenta[a]naphthal-
ene-1,2-dicarbonitrile (8) in 17% yield. This result concludes
that presence of electron withdrawing group at ortho position of
benzyl cyanide increase the rate of cyclization. To conrm 9a as
reaction intermediate, an independent reaction was performed
and it was stirred in DMF in presence of KOH and 49% of
desired product 8 was isolated (Scheme 4). We have further
proved the role of aerial oxygen in cyclization by running the
above mentioned reaction under nitrogen atmosphere. No
desired product formation was observed except formation of
complex reaction mixture and le starting material.

Recently, we have reported that use of 6-aryl-4-sec amino-2H-
pyran-2-one-3-carbonitriles as precursor afforded 2-amino-5-
aryl-4-sec amino-1-yl-benzo[h]quinoline-6-carbonitriles rather
than cyclopentadiene. This reaction also requires longer dura-
tion for completion to afford good yield of benzo[h]quinoline. If
we compare the structure of 6-aryl-4-sec amino-2H-pyran-2-one-
3-carbonitriles 40 and 5,6-dihydro-2H-benzo[h]chromene-3-
carbonitrile 4, only difference of substitution pattern at posi-
tion 5 was observed, which change the course of reaction (Fig. 1).

Role of substitution at position 5 can be understood by
intermediate involved in the mechanism itself. It is clear from
topography of 6-aryl-4-sec amino-2H-pyran-2-one-3-carbonitriles
and 5,6-dihydro-2H-benzo[h]chromene-3-carbonitrile 4, that
position C6 and C10b are more electrophilic in nature respec-
tively and more vulnerable to nucleophilic attack. Mechanisti-
cally, if reaction follows path a, ring opening of pyran ring with

Table 1 Effect of base and solvent on the synthesis of 7aa

Entry Base Solvent Temp (�C) Time (h) Yieldb (%)

1 NaNH2 DMF RTb 5 h Complex mixture
2 NaNH2 DMSO RT 5 h Complex mixture
3 NaNH2 DMF 70 4 h 25
4 NaNH2 DMF 100 2 h 40
5 NaNH2 DMSO 100 2 h 35
6 KOH DMSO 100 2 h 35
7 KOH DMF 100 2 h 42
8 KOH DMF 120 2 h 35
9 NaH DMSO 95 2 h 32
10 NaH DMF 95 2 h 37

a Reactions were carried out by stirring 2-oxo-4-piperidin-1-yl-5,6-
dihydro-2H-benzo[h]chromene-3-carbonitrile (0.5 mmol), 2-cyanome-
thylbenzonitrile (0.5 mmol), base (0.75 mmol) in solvent (4.0 mL).
b RT ¼ 25–35 �C.

Scheme 4 Scheme showing the proposed intermediate and role of
aerial oxygen.

Fig. 1 Structural comparison of precursors 6-aryl-4-sec amino-2H-
pyran-2-one-3-carbonitriles 40 and 5,6-dihydro-2H-benzo[h]chro-
mene-3-carbonitrile 4.
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carbanion generated by 2-cyanomethylbenzonitrile resulting in
intermediate A.

If this intermediate followed the previous pathway seen with
the pyrones, a cyclization involving the nitrile group of benzo-
nitrile and C4a of chromone provide the formation of inter-
mediate D, which can further cyclize by involving imine
generated in situ with nitrile present in chromene to result the
nal product 12. Product 12 was not formed probably due to
involvement of sterically congested and rigid intermediate,
which cannot undergo cyclization (path a). According to path b,
2-((2-(1-sec amino-2-cyanovinyl)-3,4-dihydronaphthalen-1-yl)-
(cyano)methyl)benzonitriles formed by attack of carbanion
generated from 2-cyanomethylbenzonitrile at C-10b position of
5,6-dihydro-2H-benzo[h]chromene-3-carbonitrile 4 followed by
decarboxylation. In presence of excess of base, carbanion
generated at benzylic carbon of intermediate A, which reacts
with molecular oxygen, resulting an intermediate B. Interme-
diate B undergoes cyclization involving C3 of 5,6-dihydro-2H-
benzo[h]chromene-3-carbonitrile 4 and benzylic carbon of
2-cyanomethylbenzonitrile involving loan pair of secondary
amine present at C4 position leading the intermediate C with
loss of peroxide. Intermediate C leads to the desired product 7
with loss of proton (Scheme 5). It is clear from the mechanistic
discussion that presence of functional group at position 5 of
pyran ring change the course of reaction possible due to
involvement of steric factor.

Structure of one of the synthesized compound 7a was
conrmed by single crystal X-ray (Fig. 2).19 From the structure of
compound, it is clear that piperidine ring exhibit chair form.
Cyclopentadiene and phenyl rings are planar and C7 and C8
push them in different plane due to puckered ring. There is no
major interaction present in the molecule.

Conclusions

In summary, we have demonstrated the precursor directed
synthesis of 1-(2-cyano-phenyl/phenyl)-3-sec amino-4,5-dihydro-
1H-benz[e]indene-1,2-dicarbonitriles in one pot under basic

Scheme 5 Mechanistic approach for the synthesis of 1-(2-cyano-phenyl/phenyl)-3-sec amino-4,5-dihydro-1H-benz[e]indene-1,2-dicarbo-
nitriles 7.

Fig. 2 ORTEP image of 7a at 30% probability with atom numbering
scheme.
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condition through aerial oxidation and functionalized benzo[h]-
quinolines. Intermediate involved in the synthesis of 1-(2-cyano-
phenyl/phenyl)-3-sec amino-4,5-dihydro-1H-benz[e]indene-1,2-
dicarbonitriles was also isolated. Role of aerial oxygen was
also demonstrated by independent reaction. This procedure is
metal free and all the required precursors are easily accessible.
These molecules could not be synthesized in single step by
using available literature method. We have also tried to explain
the role of structure of precursor for synthesis of corresponding
product.

Experimental section
General remarks

Commercial available reagent and solvent purchased by Sigma
Aldrich and Alfa Aesar and used without further purication. IR
spectra were recorded on a Perkin-Elmer AX-1 spectroscopy in
wave number (cm�1). The 1H NMR (400 MHz) and 13C NMR
(100 MHz) spectra were recorded in CDCl3 considering (CDCl3)
d 7.24 ppm for 1H NMR and d 77.00 ppm for 13C NMR as an
internal standard. Coupling constant J is reported in Hz and
internal signal patterns reported as m, multiplet; dd double
doublet; t, triplet; d, doublet; s, singlet. HRMS were recorded
ESIMS spectrometer.

Intensity data for the white crystal of 7a was collected at
298(2) K on a OXFORD CrysAlis diffractometer system equipped
with graphite monochromated Mo Ka radiation l ¼ 0.71073 Å.
The nal unit cell determination, scaling of the data, and
corrections for Lorentz and polarization effects were performed
with CrysAlis RED.20 The structures were solved by direct
methods (SHELXS-97)21 and rened by a full-matrix least-
squares procedure based on F2.22 All the calculations were
carried out using WinGX system Ver-1.64.23

General procedure for the synthesis of 7-OMe/H-1-(2-
cyanophenyl)-3-sec amino-4,5-dihydro-1H-benz[e]indene-1,2-
dicarbonitrile (7a–7f)

A mixture of 8-OMe/H-2-oxo-4-sec amino-5,6-dihydro-2H-benzo-
[h]chromene-3-carbonitrile (0.5 mmol), 2-cyanomethylbenzoni-
trile (0.5 mmol, 71.0 mg) and KOH (0.75mmol, 42.0 mg) in DMF
(4.0 mL) was stirred at 100 �C for 2–4 h. Reaction was monitored
by TLC. Aer completion, reaction mixture was poured onto ice-
water with constant stirring and then neutralized with 10%HCl.
The precipitate obtained was ltered, washed with water and
dried over dry sodium sulphate. Crude product was puried on
silica-gel column chromatography using 10% ethyl acetate in
hexane as an eluent.

1-(2-Cyano-phenyl)-3-piperidine-1-yl-4,5-dihydro-1H-benz[e]
indene-1,2-dicarbonitrile 7a. Yield: 42%, 0.45 Rf (20% ethyl-
acetate–hexane), orange solid; mp: 222–224 �C; IR (KBr): 2926,
2854, 2180 cm�1; 1H NMR (400 MHz, CDCl3): d 1.63–1.82 (m,
6H, –CH2–), 2.64–2.75 (m, 1H, –CH2–), 2.77–2.89 (m, 1H, –CH2–),
2.90–3.01 (m, 1H, –CH2–), 3.03–315 (m, 1H, –CH2–), 3.46–3.62 (m,
4H, –CH2–), 6.81 (d, J¼ 7.6 Hz, 1H, ArH), 6.94–7.02 (m, 1H, ArH),
7.13–7.19 (m, 2H, ArH), 7.43 (t, J ¼ 7.6 Hz, 1H, ArH), 7.56–7.61
(dd, J ¼ 1.5 Hz, 1H, ArH), 7.72–7.78 (m, 1H, ArH), 8.24 (d, J ¼ 7.6

Hz, 1H, ArH); 13C NMR (100 MHz, CDCl3): d 23.1, 23.7, 26.0, 27.9,
51.0, 55.0, 83.6, 108.8, 116.2, 116.7, 117.6, 123.0, 126.9, 128.1,
128.3, 129.1, 129.3, 129.5, 133.7, 135.2, 136.4, 136.6, 142.3, 142.6,
165.0; HRMS (ESI) calculated for C27H22N4, 403.1917 (MH+);
found for m/z, 403.1896.

1-(2-Cyano-phenyl)-3-pyrrolidin-1-yl-4,5-dihydro-1H-benz[e]
indene-1,2-dicarbonitrile 7b. Yield: 50%, 0.46 Rf (20% ethyl-
acetate–hexane), orange solid; mp: 172–174 �C; IR (KBr): 2924,
2854, 2174 cm�1; 1H NMR (400 MHz, CDCl3): d 190–2.03 (m, 4H,
–CH2–), 2.83–3.20 (m, 4H, –CH2–), 3.72–3.97 (m, 4H, –CH2–),
6.89 (d, J ¼ 7.6 Hz, 1H, ArH), 6.95–7.02 (m, 1H, ArH), 7.12–7.18
(m, 2H, ArH), 7.41 (t, J ¼ 7.6 Hz, 1H, ArH), 7.56 (d, J ¼ 7.6 Hz,
1H, ArH), 7.68–7.77 (m, 1H, ArH), 8.23 (d, J ¼ 7.6 Hz, 1H, ArH);
13C NMR (100 MHz, CDCl3): d 23.7, 25.5, 27.7, 51.3, 55.0, 78.1,
108.8, 116.4, 117.2, 119.4, 123.2, 126.8, 128.0, 128.1, 128.9,
129.3, 129.4, 133.6, 136.0, 136.1, 136.6, 140.9, 142.8, 159.8;
HRMS (ESI) calculated for C26H19N4, 389.1761 (MH+); found for
m/z, 389.1741.

1-(2-Cyano-phenyl)-3-morpholin-1-yl-4,5-dihydro-1H-benz[e]
indene-1,2-dicarbonitrile 7c. Yield: 40%, 0.40 Rf (30% ethyl-
acetate–hexane), orange solid; mp: 188–190 �C; IR (KBr): 2923,
2853, 2182 cm�1; 1H NMR (400 MHz, CDCl3): d 2.63–2.74 (m,
1H, –CH2–), 2.76–2.87 (m, 1H, –CH2–), 2.92–3.03 (m, 1H, –CH2–),
3.03–315 (m, 1H, –CH2–), 3.54–3.69 (m, 4H, –CH2–), 3.81–3.88 (m,
4H, –CH2–), 6.79 (d, J¼ 7.3 Hz, 1H, ArH), 6.95–7.03 (m, 1H, ArH),
7.19 (d, J ¼ 4.4 Hz, 2H, ArH), 7.44–7.51 (m, 1H, ArH), 7.58–7.63
(m, 1H, ArH), 7.74–7.81 (m, 1H, ArH), 8.25 (d, J ¼ 8.0 Hz, 1H,
ArH); 13C NMR (100 MHz, CDCl3): d 23.0, 27.8, 50.0, 55.1, 66.5,
85.0, 108.7, 116.2, 116.3, 117.0, 123.0, 127.0, 128.1, 128.2, 129.3,
129.6, 129.6, 133.9, 134.6, 136.3, 136.7, 141.7, 143.1, 164.5; HRMS
(ESI) calculated for C26H20N4O, 405.1710 (MH+); found for m/z,
405.1717.

1-(2-Cyano-phenyl)-3-(4-benzyl-piperazin)-1-yl-4,5-dihydro-
1H-benz[e]indene-1,2-dicarbonitrile 7d. Yield: 38%, 0.42 Rf

(30% ethylacetate–hexane), orange solid; mp: 186–188 �C; IR
(KBr): 2924, 2853, 2183 cm�1; 1H NMR (400 MHz, CDCl3): d
2.58–2.63 (m, 4H, –CH2–), 2.63–2.73 (m, 1H, –CH2–), 2.76–2.86
(m, 1H, –CH2–), 2.90–3.00 (m, 1H, –CH2–), 3.03–313 (m, 1H,
–CH2–), 3.55 (s, 2H, –CH2–), 3.58–3.66 (m, 4H, –CH2–), 6.79 (d,
J ¼ 7.3 Hz, 1H, ArH), 6.95–7.01 (m, 1H, ArH), 7.16 (d, J ¼ 4.4 Hz,
2H, ArH), 7.39–7.35 (m, 5H, ArH), 7.42–7.48 (m, 1H, ArH), 7.57–
7.62 (m, 1H, ArH), 7.72–7.79 (m, 1H, ArH), 8.24 (d, J ¼ 8.0 Hz,
1H, ArH); 13C NMR (100 MHz, CDCl3): d 23.1, 27.9, 49.7, 52.7,
55.0, 62.6, 84.3, 108.7, 116.2, 116.6, 117.3, 123.0, 126.9, 127.3,
128.1, 128.2, 128.3, 129.0, 129.2, 129.4, 129.5, 133.8, 134.9,
136.3, 136.7, 137.4, 142.0, 142.9, 164.5; HRMS (ESI) calculated
for C33H27N5, 494.2339 (MH+); found for m/z, 494.2343.

1-(2-Cyano-phenyl)-7-methoxy-3-piperidine-1-yl-4,5-dihydro-
1H-benz[e]indene-1,2-dicarbonitrile 7e. Yield: 40%, 0.47 Rf

(30% ethylacetate–hexane), orange solid; mp: 119–121 �C; IR
(KBr): 2939, 2855, 2179 cm�1; 1H NMR (400 MHz, CDCl3):
d 1.60–1.80 (m, 6H, –CH2–), 2.60–2.73 (m, 1H, –CH2–), 2.74–2.86
(m, 1H, –CH2–), 2.87–299 (m, 1H, –CH2–), 3.00–312 (m, 1H,
–CH2–), 3.49–3.60 (m, 4H, –CH2–), 3.72 (s, 3H, –O–CH3), 6.47–
6.53 (d,d, J¼ 2.2 Hz, 1H, ArH), 6.69–6.79 (m, 2H, ArH), 7.39–7.46
(m, 1H, ArH), 7.55–7.60 (m, 1H, ArH), 7.70–7.77 (m, 1H, ArH),
8.22 (d, J ¼ 8.0 Hz, 1H, ArH); 13C NMR (100 MH, CDCl3): d 23.0,
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23.7, 26.0, 28.4, 50.9, 54.9, 55.1, 82.5, 108.8, 111.5, 114.4, 116.2,
116.9, 117.9, 121.4, 124.4, 129.0, 129.4, 133.6, 135.5, 136.6,
138.6, 139.3, 142.8, 160.4, 165.3; HRMS (ESI) calculated for
C28H24N4O, 433.2023 (MH+); found for m/z, 433.2023.

1-(2-Cyano-phenyl)-7-methoxy-3-morpholine-1-yl-4,5-dihy-
dro-1H-benz[e]indene-1,2-dicarbonitrile 7f. Yield: 37%, 0.38 Rf

(30% ethylacetate–hexane), orange solid; mp: 131–133 �C; IR
(KBr): 2941, 2859, 2185 cm�1; 1H NMR (400 MHz, CDCl3): d
2.60–2.71 (m, 1H, –CH2–), 2.73–2.84 (m, 1H, –CH2–), 2.89–3.00
(m, 1H, –CH2–), 3.01–3.12 (m, 1H, –CH2–), 3.54–3.69 (m, 4H,
–CH2–), 3.73 (s, 3H, –O–CH3), 3.79–3.88 (m, 4H, –CH2–), 6.48–
6.53 (dd, J¼ 2.4 Hz, 1H, ArH), 6.71–6.75 (m, 2H, ArH), 7.42–7.50
(m, 1H, ArH), 7.60 (d, J ¼ 7.9 Hz, 1H, ArH), 7.72–7.80 (m, 1H,
ArH), 8.23 (d, J¼ 7.93 Hz, 1H, ArH); 13C NMR (100 MHz, CDCl3):
d 23.0, 28.3, 49.9, 55.2, 66.5, 84.0, 108.6, 111.6, 114.6, 116.2,
116.5, 117.3, 121.2, 124.5, 129.2, 129.5, 133.8, 135.0, 136.7,
138.5, 138.7, 143.3, 160.6, 165.0; HRMS (ESI) calculated for
C27H22N4O2, 435.1816 (MH+); found for m/z, 435.1808.

General procedure for the synthesis of 1-(phenyl)-3-
piperidine-1-yl-4,5-dihydro-1H-benz[e]indene-1,2-
dicarbonitrile 8

A mixture of 2-oxo-4-piperidine-1-yl-5,6-dihydro-2H-benzo[h]-
chromene-3-carbonitrile (0.5 mmol, 153.0 mg), phenyl-
acetonitrile (0.5 mmol, 0.057 mL) and KOH (0.75 mmol, 42.0
mg) in DMF (4.0 mL) was stirred at 100 �C for 40 h. Aer
completion, reaction mixture was poured onto ice-water with
vigorous stirring followed by neutralization with 10% HCl. The
precipitate obtained was ltered, washed with water and dried
over dry sodium sulphate. Crude mixture was puried by silica-
gel column chromatography using 10% ethyl acetate in hexane
as an eluent: yield: 17%, 0.48 Rf (20% ethylacetate–hexane),
orange solid; mp: 207–209 �C; IR (KBr): 2924, 2853, 2182 cm�1;
1H NMR (400 MHz, CDCl3): d 1.60–1.75 (m, 6H, –CH2–), 2.65–
2.80 (m, 2H, –CH2–), 2.90–3.07 (m, 2H, –CH2–), 3.38–3.50
(m, 4H, –CH2–), 6.95–7.07 (m, 2H, ArH), 7.13–7.19 (m, 2H, ArH),
7.27–7.38 (m, 5H, ArH); 13C NMR (100 MHz, CDCl3): d 23.0, 23.7,
25.9, 28.4, 50.8, 54.7, 88.9, 117.6, 117.7, 124.2, 125.6, 127.0,
127.8, 128.6, 128.7, 129.1, 129.4, 133.6, 135.9, 139.3, 144.9,
162.9; HRMS (ESI) calculated for C26H23N3, 378.1965 (MH+);
found for m/z, 378.1953.

General procedure synthesis of 3-(1-(cyano(phenyl)methyl)-6-
OMe/H-3,4-dihydronaphthalen-2-yl)-3-(piperidin-1-yl)
acrylonitrile (9a and 9b)

A mixture of 2-oxo-4-piperidine-1-yl-5,6-dihydro-2H-benzo[h]
chromene-3-carbonitrile (0.5 mmol, 153.0 mg), phenyl-
acetonitrile (0.5 mmol, 0.057 mL) and KOH (0.75 mmol, 42.0
mg) in DMF (4.0 mL) was stirred at 100 �C for 2 h. Aer
completion, reaction mixture was poured onto ice-water with
vigorous stirring followed by neutralization with 10% HCl. The
precipitate obtained was ltered, washed with water and dried
over dry sodium sulphate. Crude mixture was puried by silica-
gel column chromatography using 8% ethyl acetate in hexane as
an eluent:

3-(1-(Cyano(phenyl)methyl)-3,4-dihydronaphthalen-2-yl)-3-
(piperidin-1-yl)acrylonitrile 9a. Yield: 35%, 0.50 Rf (20% ethyl-
acetate–hexane), orange solid; mp: 135–137 �C; IR (KBr): 2925,
2853, 2192 cm�1; 1H NMR (400 MHz, CDCl3): d 1.50–1.84 (m,
6H, –CH2–), 2.50–2.62 (m, 2H, –CH2–), 2.70–2.81 (m, 1H, –CH2–

), 2.82–2.91 (m, 1H, –CH2–), 3.20–3.32 (m, 4H, –CH2–), 4.13 (s,
1H, –CH–), 5.41 (s, 1H, –CH–), 6.97 (t, J ¼ 7.96 Hz, 1H, ArH),
7.05–7.20 (m, 3H, ArH), 7.21–7.26 (m, 1H, ArH), 7.30–7.40 (m,
2H, ArH), 7.58 (d, J ¼ 7.5 Hz, 2H, ArH); 13C NMR (100 MHz,
CDCl3): d 23.8, 27.9, 28.9, 29.6, 36.9, 63.6, 118.7, 121.4, 125.8,
126.2, 127.0, 127.7, 128.1, 128.8, 129.0, 129.9, 130.4, 132.8,
136.9, 137.0, 164.8; HRMS (ESI) calculated for C26H25N3,
380.2121 (MH+); found for m/z, 380.2118.

3-(1-(Cyano(phenyl)methyl)-6-methoxy-3,4-dihydronaphthalen-
2-yl)-3-(piperidin-1-yl)acrylonitrile 9b. Yield: 30%, 0.41 Rf (20%
ethylacetate–hexane), orange solid; mp: 141–143 �C; IR (KBr):
2925, 2853, 2192 cm�1; 1HNMR (400MHz, CDCl3): d 1.40–1.80 (m,
6H, –CH2–), 2.45–2.58 (m, 2H, –CH2–), 2.67–2.85 (m, 2H, –CH2–),
3.12–3.30 (m, 4H, –CH2–), 3.71 (s, 3H, –O–CH3), 4.11 (s, 1H, –CH–),
5.37 (s, 1H, –CH–), 6.45–6.52 (dd, J¼ 2.4 Hz, 1H, ArH), 6.68 (d, J¼
2.4 Hz, 1H, ArH), 7.08 (d, J ¼ 8.5 Hz, 1H, ArH) 7.20–7.27 (m, 1H,
ArH), 7.30–7.38 (m, 2H, ArH), 7.57 (d, J ¼ 7.93 Hz, 2H, ArH); 13C
NMR (100 MH, CDCl3): d 23.8, 28.3, 28.8, 36.9, 51.1, 63.6, 110.8,
113.9, 118.8, 121.6, 122.8, 126.9, 127.2, 127.7, 128.8, 129.0, 129.9,
129.9, 132.9, 134.1, 139.0, 159.1, 165.0; HRMS (ESI) calculated for
C27H27N3O, 410.2227 (MH+); found for m/z, 410.2222.

General procedure for the synthesis of 2-amino-5-aryl-4-sec
amino-benzo[h]quinoline-6-carbonitrile (11a–11d)

A mixture of 6-aryl-2-oxo-4-sec amino-2H-pyran-3-carbonitriles
(0.5 mmol), 2-cynomethyl-benzonitrile (0.5 mmol; 142.0 mg)
and NaNH2 (1.0 mmol; 78.0 mg) in dry DMF (5.0 mL) was stirred
at 100 �C for 35–50 h. Aer completion of reaction, mixture was
poured onto crushed ice followed by neutralization with 10%
HCl. The obtained solid material was ltered, washed with
water, dried and puried by silica gel column chromatography
using hexane : ethyl acetate (7 : 3) as eluent. Compound 11a
and 11b is reported earlier.18

2-Amino-5-(2-uoro-phenyl)-4-piperidin-1-yl-benzo[h]quino
line-6-carbonitrile 11c. Yield: 60%; 0.21 Rf (30% ethylacetate–
hexane), grey solid, mp: 187–189 �C; IR (KBr): 3399, 2938, 2208
cm�1; 1H NMR (400 MHz, CDCl3): d 0.31–0.46 (m, 1H, –CH2–),
0.80–1.06 (m, 2H, –CH2–), 1.13–1.27 (m, 1H, –CH2–), 1.33–1.50
(m, 2H, –CH2–), 2.12–2.27 (m, 1H, –CH2–), 2.45–2.57 (m, 1H,
–CH2–), 2.73–2.85 (m, 1H, –CH2–), 2.95–3.06 (m, 1H, –CH2–),
4.91 (s, 2H, –NH2), 6.35 (s, 1H, ArH), 7.07–7.15 (m, 1H, ArH),
7.25–7.30 (m, 1H, ArH), 7.36–7.45 (m, 1H, ArH), 7.55–7.62 (m,
1H, ArH), 7.63–7.75 (m, 2H, ArH), 8.23 (d, J ¼ 7.9 Hz, 1H, ArH),
9.12–9.14 (dd, J ¼ 1.83 Hz, 1H, ArH); 13C NMR (100 MHz,
CDCl3): d 23.3, 24.4, 24.7, 52.2, 54.6, 99.8, 106.7, 113.7, 114.9 (d,
JC–F ¼ 22.0 Hz), 118.1, 123.4, 125.2, 127.2, 127.4, 129.2, 129.8 (d,
JC–F ¼ 8.6 Hz), 130.3, 131.4, 131.7, 131.8, 138.4, 150.1, 158.9,
160.3 (d, JC–F ¼ 247.2 Hz), 162.0; HRMS (ESI) calculated for
C25H21FN4, 397.1823 (MH+); found for m/z, 397.1822.

2-Amino-4-(4-benzylpiperazin-1-yl)-5-(4-methoxyphenyl)ben
zo[h]quinoline-6-carbonitrile 11d. Yield: 74%; 0.20 Rf (30%

18340 | RSC Adv., 2015, 5, 18335–18341 This journal is © The Royal Society of Chemistry 2015

RSC Advances Paper



ethylacetate–hexane), yellow solid, mp: 216–218 �C; IR (KBr):
3352, 2928, 2195 cm�1; 1H NMR (400 MHz, CDCl3): d 2.00–2.33
(m, 4H, –CH2–), 2.80–3.15 (m, 4H, –CH2–), 3.40 (s, 2H, –CH2–),
3.84 (s, 3H, –OCH3), 5.09 (s, 2H, –NH2), 6.93 (d, J ¼ 8.0 Hz, 2H,
ArH), 7.15–7.35 (m, 7H, ArH), 7.48–7.58 (m, 2H, ArH), 7.64–7.72
(m, 1H, ArH), 7.82 (d, J ¼ 8.8 Hz, 1H, ArH), 8.20 (d, J ¼ 8.0 Hz,
1H, ArH); 13C NMR (100 MHz, CDCl3): d 55.2, 62.5, 67.6, 99.7,
112.5, 113.3, 118.1, 120.9, 121.1, 121.8, 126.1, 126.3, 127.3,
128.2, 129.0, 129.3, 129.6, 130.2, 133.7, 136.8, 144.7, 145.6,
159.7, 159.8; HRMS (ESI) calculated for C32H29N5O, 500.2445
(MH+); found for m/z, 500.2446.
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One-pot and step-wise synthesis of thieno[3,2-c]
pyridin-4-ones†

Satya Narayan Sahu,a Surjeet Singh,a Ranjay Shaw,a Shally,a Vishnu Ji Ramb

and Ramendra Pratap*a

Both one pot and step wise synthesis of methyl 3,5-diaminothieno[3,2-c]pyridin-4-one-2-carboxylates 6

have been delineated by the reaction of 6-aryl-4-methylthio-2H-pyran-2-one-3-carbonitriles 3, methyl

mercaptoacetate and hydrazine hydrate. During the stepwise synthesis, functionalized thieno[3,2-c]

pyran-4-ones 4 were isolated and treated with hydrazine hydrate to afford the desired products.

Analogously, condensation–cyclisation of 5 with hydrazine hydrate delivered identical products, thieno

[3,2-c]pyridin-4-ones 6, in excellent yields. The structure of isolated product 6 was ascertained by

spectroscopic and single crystal X-ray diffraction analyses.

Introduction

Fusion of thiophene with different sites of a pyridinone ring can
result in numerous possible isomers of thienopyridinones,
including thieno[2,3-b]-, thieno[3,2-b]-, thieno[2,3-c]-, thieno[3,2-
c]- and thieno[3,4-b]pyridinones, etc. They are known for their
diverse pharmacological activities, as inhibitors of glycogen
synthase kinase-3b (GSK-3b), which play a role in glycogen
metabolism, and for regulating diverse cell functions (Fig. 1,
compound I).1 The AMP-activated protein kinase (AMPK), which
is known as a sensor and regulator for energy metabolism in the
body,2 and some other thienopyridines also acts as checkpoint-1
kinase (Chk-1) activators working to repair damaged DNA.3 A
literature survey revealed that various N-substituted thienopyr-
idinones act against Gram negative bacteria. 2-Chloro-7-ethyl-4-
oxo-4,7-dihydro-thieno[2,3-b]pyridine-5-carboxylic acid4 and
many more derivatives act as antibacterials5 and DNA gyrase
inhibitors prevent the growth of MCF-7 breast tumor and A549

lung cancer cells.6 Thieno[3,4-c]pyridin-4(5H)-ones are reported
as poly(ADP-ribose)polymerase (PARP) inhibitors, and are
implicated in the repair of damaged DNA and potentiate
chemotherapy of cancer.7 The isomeric thieno[2,3-b]pyridinones
are reported as antagonists of N-methyl-D-aspartate (NMDA),
a contributor to excitatory neurotransmission8 and synaptic
plasticity,9 as well as neurodegenerative disorders and neuro-
logical bipolar disorders10 like stroke, epilepsy, Parkinson's
disease, Huntington's chorea, Alzheimer's disease and HIV
dementia. However, an extensive literature survey revealed that
the chemistry and therapeutic importance of isomeric thieno
[3,2-c]pyridin-4-ones have not been extensively explored.

The synthesis of isomeric 7-hydroxythieno[3,2-b]pyridin-
5(4H)-ones and 7-hydroxy-6-phenylthieno[3,2-b]pyridin-5(4H)-
ones11 require appropriately substituted aminothiophenes12 as
key precursors. However, this methodology is limited to the
introduction of an aryl functional group in the pyridine ring.
Furthermore, the 3-aminothiophen-2-carboxylate precursors are
difficult to access with different substituents at position 5.
Rodinovskaya et al. have developed a one pot approach for the
synthesis of tricyclic 4-hydroxy-7-methoxypyridino[2,3-d]thieno
[3,2-b]pyridin-2(1H)-one.13 Another compound, 7-hydroxy-4H-
thieno-[3,2-b]pyridin-5-one was synthesized by the reaction of
ethyl-3-aminothiophene-2-carboxylate and diethyl malonate.14

Lee and co-worker have developed an excellent method for the
synthesis of 4-alkyl- and 2-aryl-6-diazo-4H-thieno[3,2-b]pyridin-
5,7-diones by the reaction of 3-(3-alkyl and aryl-amino-5-
arylthieno-2-yl)-2-diazo-3-oxopropanoates and TMSOTf in pres-
ence of Et3N in CH2Cl2.15 In addition, a one pot synthesis of
functionalized 7-hydroxythieno[3,2-b]pyridin-5(4H)-ones from
the corresponding b-substituted b-chloropropenonitrile was also
performed.16

Herein, we are providing a novel approach for the synthesis
of functionalized N-aminothieno[3,2-c]pyridin-5-ones 6 by the

Fig. 1 Biologically active fused thienopyridinones (I–IV).
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reaction of pyranothiophenes with hydrazine hydrate under
solvent free conditions.

Results and discussion

We previously reported a synthesis of tetrasubstituted thio-
phene18 5 by coupling methyl 3,3-dimethylthio-2-cyanoacrylate 1
and aryl methyl ketone 2 in the presence of powdered KOH in
DMSO; subsequent product of the above mentioned reactants
yielded 3,17 which was coupled with methyl mercaptoacetate in
the presence of triethylamine, and the resultant lactone 4 was
further subjected to methanolysis, as shown in Scheme 1.

We envisaged an efficient and economical synthesis of N-
aminothieno[3,2-c]pyridin-4-ones 6 from thieno[3,2-c]pyran-4-
ones 4, which can be prepared from 3. In order to optimize the
reaction conditions, the model substrate methyl 3-amino-4-oxo-
6-(p-tolyl)-4H-thieno[3,2-c]pyran-2-carboxylate 4d was generated
in situ by the reaction of 4-(methylthio)-2-oxo-6-(p-tolyl)-2H-
pyran-3-carbonitrile 3d and methyl mercaptoacetate, which on
addition of hydrazine hydrate, delivered N-aminothieno[3,2-c]
pyridin-4-one 6d.

We performed the reaction in various solvents, like methanol,
DMF and DMSO, and found that if we perform the reaction using
DMF at 80 �C, it provides a better yield of the desired product (entry
2, Table 1). However, if the same reaction is carried out in THF for
24 h at room temperature, only a trace amount of the desired
product was observed on TLC, possibly due to the low dielectric
constant of the solvent (entry 4, Table 1). Further, attempts to
improve the yield were made by the addition of KOH, NaNH2 and
NaH bases in conjunction with Et3N in aprotic solvents, such as
DMF and DMSO, under analogous reaction conditions.

Additional base did not improve the yield of thieno[3,2-c]
pyridin-4-one 6d, which ranged between 40% and 50% (entry
5–8, Table 1).

From the optimization study, we have concluded that trie-
thylamine in DMF (entry 2, Table 1) is the best reaction condi-
tion for the formation of 6.

Generality of the protocol was tested for the synthesis of
various derivatives of N-aminothieno[3,2-c]pyridin-4-ones 6.
The yields of various isolated thieno[3,2-c]pyridin-4-ones from
different reactions are reported in Table 2. Two step synthesis
were also performed in which 6 was obtained in good yields

from isolated thieno[3,2-c]pyran-4-one 4 by reaction with
hydrazine hydrate at 80 �C in DMF.

A chemical research, always has an environmental concern.19

Thus, call for a clean procedure, which avoids the use of harmful
organic solvent, is inevitable. In anticipation of this, we examined
the reaction of methyl 6-aryl-3,5-diaminothieno[3,2-c]pyridin-4-
one-2-carboxylate 4 and hydrazine hydrate under solvent free
conditions, and surprisingly, were afforded the desired products
in good yields. The required precursor 4 can be synthesized using
L-proline19 as a catalyst and overall synthesis can be made envi-
ronmentally friendly. When the yield of the desired product is
compared in solvent and under solvent free conditions, in most
cases the latter gives the best result (Table 3). Apart from the
work-up, the solvent free reactions are easier to perform.

A plausible mechanism for the reaction is depicted in
Scheme 2. Possibly, the reaction is initiated by attack of
hydrazine at the C2 position of pyranothiophene, followed by
ring opening to afford intermediate A. Involvement of the amide
nitrogen in cyclization, followed by loss of water leads to the
product N-aminothieno[3,2-c]pyridin-4-one 6. The structure of
the isolated product was conrmed on the basis of spectro-
scopic as well as single crystal X-ray diffraction (see ESI†)
analyses of methyl 3,5-diamino-6-(2-methoxyphenyl)-4-oxo-4,5-
dihydrothieno[3,2-c]pyridine-2-carboxylate 6c.‡

Scheme 1 Reagent and conditions (a) KOH, DMSO, rt (b) SHCH2-
COOMe, Et3N, 80 �C (c) DMF, NaOMe, rt.

Table 1 Optimization of reaction conditionsa

Entry Additional base Solvent Temp (�C) Time (h) Yield (%)

1 — CH3OH 80 10 30
2 — DMF 80 3 80
3 — DMSO 80 3 75
4b — THF rtd 30 Trace
5c KOH DMF 90 4 50
6c NaNH2 DMF 90 4 40
7c NaH DMF 90 5 45
8c NaH DMSO 90 5 45

a Reactions were carried out by stirring 3d (0.5 mmol), methyl
thioglycolate (0.75 mmol), Et3N (1.0 mmol) for 2 h and then hydrazine
hydrate (0.75 mmol) was added at a different temperature. b Reactions
were carried out at room temperature for 5 h upto intermediate stage,
followed by addition of hydrazine hydrate. c Furthermore, Et3N, other
bases were added while adding hydrazine and reaction was carried
out for given time at mentioned temperature. d Room temperature
was ranging between 30 �C and 35 �C.

‡ Crystal data for 6c (CCDC 1484442): C16H15N3O4S, FW ¼ 345.37, monoclinic,
P21/c, bond precision: C–C ¼ 0.0032 �A, wavelength ¼ 0.71073 �A, cell: a ¼
11.6062(6), b ¼ 18.6702(6), c ¼ 7.5550(3), a ¼ 90�, b ¼ 107.089(5), g ¼ 90�, T ¼
293 K, V ¼ 1564.82(12), Z ¼ 4, Mu (mm�1) ¼ 0.234, R1 [I > 2s(I)] ¼ 0.0467, wR2
¼ 0.1195, R1 [all data] ¼ 0.0592, wR2 ¼ 0.1267.
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To further enhance the scope of starting material, we used
tetrasubstituted thiophene18a (Scheme 3) as a precursor and
performed the reaction with hydrazine hydrate in DMF at 80 �C.
Usual work-up and purication afforded N-aminothieno[3,2-c]
pyridin-4-ones 6 in good yield. Therefore, another protocol
was developed for the preparation of N-aminothieno[3,2-c]
pyridin-5-ones 6 from suitably functionalized tetrasubstituted
thiophenes by condensation–cyclization with hydrazine
hydrate.

Attempts were made to transform methyl 3-amino-10,11-
dihydrothieno[3,2-c]chromene-4-one-2-carboxylate to methyl
3,5-diamino-10,11-dihydrothieno[3,2-c]benzo[h]quinilin-4-one-
2-carboxylate, obtained19 from the reaction of 4-methylthio-2H-
benzo[h]chromene-2-one-3-carbonitrile and methyl mercaptoa-
cetate using Et3N as a base in DMF at 80 �C, but failed and
starting material was recovered. The failure of this reaction was
possibly due to steric crowding present at position C10b.

The structure of one of the compounds (6c) was conrmed by
single crystal X-ray (please see ESI†).

Conclusion

In conclusion, we developed both a one pot and a step wise
approach for the synthesis of methyl 3,5-diaminothieno[3,2-c]
pyridin-4-one-2-carboxylates 6 by the reaction of 6-aryl-4-meth-
ylthio-2H-pyran-2-one-3-carbonitriles 3, methyl mercaptoace-
tate and hydrazine hydrate. During the stepwise synthesis,

Table 2 One pot synthesis of variousN-aminothieno[3,2-c]pyridin-4-
ones 6a

6 Ar R Yieldb%

a C6H5 H 68
b p-OCH3$C6H4 H 70
c o-OCH3$C6H4 H 73
d p-CH3$C6H4 H 75
e p-Cl$C6H4 H 68
f P-F$C6H4 H 72
g P-Br$C6H4 H 76
h 2-Naphthyl H 70
i 1-Naphthyl H 74
j 2-Theinyl H 68
k 2-Furyl H 55
l C6H5 C6H5 60

a All reactions were carried out by stirring 3 (0.5 mmol), methyl
thioglycolate (0.75 mmol) and Et3N (1.0 mmol) at 80 �C in DMF (4.0
mL) followed by the addition of hydrazine hydrate (0.75 mmol) aer
consumption of 3. b Yields are reported aer purication through
column chromatography.

Table 3 Synthesis of methyl 6-aryl-3,5-diaminothieno[3,2-c]pyridin-
4-one-2-carboxylates (6)

6 Ar R Yielda,c% (in DMF) Yieldb,c% (solvent free)

a C6H5 H 77 65
b p-OCH3$C6H4 H 77 84
c o-OCH3$C6H4 H 72 80
d p-CH3$C6H4 H 74 80
e p-Cl$C6H4 H 82 81
f P-F$C6H4 H 82 85
g P-Br$C6H4 H 79 76
h 2-Naphthyl H 78 81
i 1-Naphthyl H 70 76
j 2-Theinyl H 73 80
k 2-Furyl H 60 72
l C6H5 C6H5 70 77

a All reactions were carried out by stirring 4 (0.5 mmol) and hydrazine
hydrate (0.75 mmol) at 80 �C in DMF (4 mL) as solvent. b Reaction
was carried out by stirring 4 (0.5 mmol) and hydrazine hydrate (1 mL)
at 80 �C. c Yields are reported aer purication through column
chromatography.

Scheme 2 A plausible mechanism for the formation of N-amino-
thieno[3,2-c]pyridin-4-ones 6.

Scheme 3 Synthesis of N-aminothieno[3,2-c]pyridin-4-ones 6 from
tetrasubstituted thiophenes 5.
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functionalized thieno[3,2-c]pyran-4-one 4 was isolated and
treated with hydrazine hydrate to afford the desired product.
Analogously, condensation–cyclisation of tetrasubstituted
thiophenes 5 with hydrazine hydrate delivered identical prod-
ucts, thieno[3,2-c]pyridin-4-ones 6 in excellent yields. The
structure of the isolated product 6 was ascertained by spectro-
scopic and single crystal X-ray diffraction analyses. This proce-
dure is simple, efficient and economical. It does not require any
metal catalyst.

Experimental
General remarks

Relevant reagents and solvents were obtained commercially and
used without further purication. 1H and 13C NMR spectra were
recorded on 400 MHz and 100 MHz NMR spectrometers,
respectively. CDCl3 and DMSO-d6 were used as solvents for
NMR. Chemical shi (d) is reported in ppm, considering CDCl3
d 7.24 ppm for 1H NMR and d 77.0 ppm for 13C NMR, and DMSO
d 2.49 and 3.33 ppm for 1H NMR and d 39.51 ppm 13C NMR as
an internal standard. Signal patterns are indicated as s (singlet),
d (doublet), dd (double doublet), t (triplet), m (multiplet), and br
s (broad singlet). Coupling constants (J) are in hertz (Hz).
Infrared (IR) spectra were recorded on AX-1 spectrophotometer
and reported as wave number (cm�1). HRMS was recorded on
Agilent G6530AA (LC-HRMS-Q-TOF) mass spectrometer.

Intensity data for 6c were collected at 298(2) K on a OXFORD
CrysAlis diffractometer system equipped with graphite mono-
chromated Mo Ka radiation l ¼ 0.71073 �A. The nal unit cell
determination, scaling of the data, and corrections for Lorentz
and polarization effects were performed with CrysAlis RED.20

The structures were solved by direct methods (SHELXS-97)21 and
rened by a full-matrix least squares procedure based on F2.22

All the calculations were carried out using WinGX system Ver-
1.64.23

General procedure for the synthesis of methyl 6-aryl-3,5-
diaminothieno[3,2-c]pyridin-4-one-2-carboxylate

Method A. Amixture of 4-(methylthio)-2-oxo-6-aryl-2H-pyran-
3-carbonitriles17 (0.5 mmol) and methyl thioglycolate
(0.75 mmol) in 4.0 mL DMF in presence of triethylamine (1.0
mmol) was stirred for 2 h at 80 �C. Complete formation of
intermediate (3-amino-2-carbmethoxy-6-aryl-4H-thieno[3,2-c]
pyran-2-one) was monitored by TLC. Thereaer, hydrazine
hydrate (0.75 mmol) was added to the reaction mixture and
further stirred for 3 h. Formation of the desired product was
monitored on TLC. The reaction mixture was poured onto
crushed ice with vigorous stirring. Obtained precipitate was
ltered, dried and puried over silica-gel column chromatog-
raphy using 30% ethyl acetate in hexane as an eluent.

Method B. First, we have synthesized 3-amino-2-carbethoxy-
6-aryl-4H-thieno[3,2-c]pyran-2-one (4) according to the previ-
ously reported procedure.18 Then, a mixture of thienopyranone
(0.5 mmol) and hydrazine hydrate (0.75 mmol) in DMF were
stirred at 80 �C for 2–3 h. Formation of the desired product was
monitored by TLC. The reaction mixture was poured onto

crushed ice with vigorous stirring. Obtained precipitate was
ltered, dried and puried over silica-gel column chromatog-
raphy using 30% ethyl acetate in hexane as an eluent.

In another approach, we stirred compound 4 in hydrazine
hydrate (1.0 mL) for 3 h at 80 �C. Aer completion and usual
work-up of the reaction we isolated the desired product. The
product was further puried by silica-gel column chromatog-
raphy using 30% ethyl acetate in hexane as an eluent.

Method C. Compound 6 was also synthesized by stirring 5
(0.5 mmol) and hydrazine hydrate (0.75 mmol) in DMF at 80 �C
for 2 h. The reaction mixture was poured onto crushed ice with
vigorous stirring. Obtained precipitate was ltered, dried and
puried over silica-gel column chromatography using 30% ethyl
acetate in hexane as an eluent.

Methyl 3,5-diamino-4-oxo-6-phenyl-4,5-dihydrothieno[3,2-c]
pyridine-2-carboxylate (6a)

Yield: 68% (107 mg); yellow solid; mp: 198–200 �C; IR (KBr):
3464, 3345, 1680 cm�1; 1H NMR (400 MHz, DMSO-d6): d 3.75 (s,
3H, OCH3), 5.59 (s, 2H, NH2), 6.80 (s, 1H, CH), 7.44–7.45 (m, 3H,
ArH), 7.58–7.60 (m, 2H, ArH); 13C NMR (100 MHz, DMSO-d6):
d 51.1, 93.2, 102.6, 116.2, 127.7, 128.8, 129.3, 134.3, 147.8, 148.4,
152.0, 158.8, 163.8; HRMS (m/z, ESI) calculated for
C15H13N3O3S, (M + H+) 316.0750; found 316.0765.

Methyl 3,5-diamino-6-(4-methoxyphenyl)-4-oxo-4,5-
dihydrothieno[3,2-c]pyridine-2-carboxylate (6b)

Yield: 70% (120 mg); yellow solid; mp: 217–218 �C; IR (KBr):
3470, 3350, 1673 cm�1; 1H NMR (400 MHz, DMSO-d6): d 3.72 (s,
3H, OCH3), 3.77 (s, 3H, OCH3), 5.58 (s, 2H, NH2), 6.74 (s, 1H,
CH), 6.97 (d, J ¼ 9.16 Hz, 2H, ArH), 7.53 (d, J ¼ 9.16 Hz, 2H,
ArH); 13C NMR (100 MHz, DMSO-d6): d 51.1, 55.3, 102.4, 113.2,
115.8, 126.5, 127.8, 130.9, 147.7, 148.5, 152.1, 158.9, 159.8,
163.9; HRMS (m/z, ESI) calculated for C16H15N3O4S, (M + H+)
346.0856; found 346.0866.

Methyl 3,5-diamino-6-(2-methoxyphenyl)-4-oxo-4,5-
dihydrothieno[3,2-c]pyridine-2-carboxylate (6c)

Yield: 73% (126 mg); yellow solid; mp: 187–188 �C; IR (KBr):
3467, 3348, 1673 cm�1; 1H NMR (400 MHz, DMSO-d6): d 3.72 (s,
3H, OCH3), 3.74 (s, 3H, OCH3), 5.45 (s, 2H, NH2), 6.70 (s, 1H,
CH), 7.00 (t, J¼ 7.25 Hz, 1H, ArH), 7.08 (d, J¼ 8.39 Hz, 1H, ArH),
7.26 (d, J ¼ 6.87 Hz, 1H, ArH), 7.43 (t, J ¼ 7.01 Hz, 1H, ArH); 13C
NMR (100 MHz, DMSO-d6): d 51.2, 55.6, 102.9, 110.8, 116.3,
120.2, 123.7, 129.8, 130.9, 145.7, 148.3, 152.1, 156.7, 158.3,
163.9; HRMS (m/z, ESI) calculated for C16H15N3O4S, (M + H+)
346.0856; found 346.0869.

Methyl 3,5-diamino-4-oxo-6-(p-tolyl)-4,5-dihydrothieno[3,2-c]
pyridine-2-carboxylate (6d)

Yield: 75% (123 mg); yellow solid; mp: 198–200 �C; IR (KBr):
3469, 3349, 1675 cm�1; 1H NMR (400 MHz, DMSO-d6): d 2.35 (s,
3H, CH3), 3.74 (s, 3H, OCH3), 5.60 (s, 2H, NH2), 6.77 (s, 1H, CH),
7.25 (d, J¼ 7.63 Hz, 2H, ArH), 7.48 (d, J¼ 8.39 Hz, 2H, ArH); 13C
NMR (100 MHz, DMSO-d6): d 20.9, 51.1, 102.5, 116.0, 128.3,
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129.3, 131.5, 138.6, 147.9, 148.4, 152.1, 158.8, 163.9; HRMS (m/z,
ESI) calculated for C16H15N3O3S, (M + H+) 330.0907; found
330.0907.

Methyl 3,5-diamino-6-(4-chlorophenyl)-4-oxo-4,5-
dihydrothieno[3,2-c]pyridine-2-carboxylate (6e)

Yield: 68% (118 mg); yellow solid; mp: 228–229 �C; IR (KBr):
3469, 3350, 1678 cm�1; 1H NMR (400 MHz, DMSO-d6): d 3.75 (s,
3H, OCH3), 5.58 (s, 2H, NH2), 6.83 (s, 1H, CH), 7.52 (d, J ¼ 9.16
Hz, 2H, ArH), 7.61 (d, J¼ 8.39 Hz, 2H, ArH); 13C NMR (100 MHz,
DMSO-d6): d 51.2, 102.84, 116.4, 127.8, 131.3, 133.2, 133.8,
146.8, 148.4, 152.07, 158.9, 163.8; HRMS (m/z, ESI) calculated
for C15H12ClN3O3S, (M + H+) 350.0361; found 350.0360.

Methyl 3,5-diamino-6-(4-uorophenyl)-4-oxo-4,5-
dihydrothieno[3,2-c]pyridine-2-carboxylate (6f)

Yield: 72% (120 mg); yellow solid; mp: 190–192 �C; IR (KBr):
3462, 3343, 1675, 1508 cm�1; 1H NMR (400 MHz, DMSO-d6):
d 3.72 (s, 3H, OCH3), 5.56 (s, 2H, NH2), 6.78 (s, 1H, CH), 7.01 (br
s, 2H, NH2), 7.26 (t, J ¼ 8.77 Hz, 2H, ArH), 7.60–7.64 (m, 2H,
ArH); 13C NMR (100 MHz, DMSO-d6): d 51.2, 102.8, 114.7 (d, J ¼
22.04 Hz), 116.3, 129.9, 130.8, 131.8, (d, J ¼ 8.63 Hz), 147.0,
148.4, 152.0, 158.9, 162.4, (d, J¼ 246.33 Hz), 163.91; HRMS (m/z,
ESI) calculated for C15H12FN3O3S, (M + H+) 334.0656; found
334.0674.

Methyl 3,5-diamino-6-(4-bromophenyl)-4-oxo-4,5-
dihydrothieno[3,2-c]pyridine-2-carboxylate (6g)

Yield: 76% (149 mg); yellow solid; mp: 207–209 �C; IR (KBr):
3461, 3351, 1674 cm�1; 1H NMR (400 MHz, DMSO-d6): d 3.72 (s,
3H, OCH3), 5.50 (s, 2H, NH2), 6.79 (s, 1H, CH), 7.51 (d, J ¼ 8.39
Hz, 2H, ArH), 7.62 (d, J¼ 8.39 Hz, 2H, ArH); 13C NMR (100 MHz,
DMSO-d6): d 51.2, 102.7, 116.4, 122.5, 124.6, 129.9, 130.7, 137.5,
133.6, 146.8, 148.4, 152.0, 158.9, 163.8; HRMS (m/z, ESI) calcu-
lated for C15H12BrN3O3S, (M + H+) 393.9856; found 393.9853.

Methyl 3,5-diamino-6-(naphthalen-2-yl)-4-oxo-4,5-
dihydrothieno[3,2-c]pyridine-2-carboxylate (6h)

Yield: 70% (128 mg); yellow solid; mp: 194–196 �C; IR (KBr):
3468, 3350, 1675 cm�1; 1H NMR (400 MHz, DMSO-d6): d 3.75 (s,
3H, OCH3), 5.66 (s, 2H, NH2), 6.93 (s, 1H, CH), 7.37 (br s, 2H,
NH2) 7.54–7.60 (m, 2H, ArH), 7.74–7.77 (m, 1H, ArH) 7.93–7.98
(m, 3H, ArH), 8.11 (s, 1H, ArH); 13C NMR (100 MHz, DMSO-d6):
d 51.2, 93.3, 103.0, 116.3, 126.5, 126.6, 127.0, 127.3, 127.5, 128.2,
132.1, 132.3, 132.7, 147.9, 148.5, 152.1, 158.9, 163.9; HRMS (m/z,
ESI) calculated for C19H15N3O3S, (M + H+) 366.0907; found
366.0899.

Methyl 3,5-diamino-6-(naphthalen-1-yl)-4-oxo-4,5-
dihydrothieno[3,2-c]pyridine-2-carboxylate (6i)

Yield: 74% (125 mg); yellow solid; mp: 218–220 �C; IR (KBr):
3465, 3350, 1676 cm�1; 1H NMR (400 MHz, DMSO-d6): d 3.85 (s,
3H, OCH3), 4.91 (br s, 2H, NH2), 6.61 (s, 1H, CH), 7.06 (br s, 2H,
NH2), 7.46–7.57 (m, 5H, ArH), 7.92 (d, J¼ 7.63 Hz, 1H, ArH), 7.97
(d, J ¼ 8.39 Hz, 1H, ArH); 13C NMR (100 MHz, DMSO-d6): d 51.3,

104.0, 117.3, 124.3, 125.1, 126.4, 126.8, 127.4, 128.7, 130.0,
131.2, 131.6, 133.1, 145.3, 148.9, 152.6, 158.7, 164.8; HRMS (m/z,
ESI) calculated for C19H15N3O3S, (M + H+) 366.0907; found
366.0928.

Methyl 3,5-diamino-4-oxo-6-(thiophen-2-yl)-4,5-dihydrothieno
[3,2-c]pyridine-2-carboxylate (6j)

Yield: 68% (109 mg); yellow solid; mp: 209–210 �C; IR (KBr):
3466, 3349, 1673 cm�1; 1H NMR (400 MHz, DMSO-d6): d 3.74 (s,
3H, OCH3), 5.84 (s, 2H, NH2),7.00 (br s, 2H, NH2), 7.16 (t, J ¼
3.81 Hz, 1H, ArH), 7.30 (s, 1H, CH), 7.79 (d, J ¼ 5.34 Hz, 1H,
ArH), 7.88 (d, J ¼ 3.81 Hz, 1H, ArH); 13C NMR (100 MHz, DMSO-
d6): d 51.1, 99.9, 115.2, 126.7, 130.2, 131.9, 133.7, 141.8, 148.7,
152.0, 159.0, 163.8; HRMS (m/z, ESI) calculated for
C13H11N3O3S2, (M + H+) 322.0315; found 322.0315.

Methyl 3,5-diamino-6-(furan-2-yl)-4-oxo-4,5-dihydrothieno
[3,2-c]pyridine-2-carboxylate (6k)

Yield: 55% (83 mg); asparagus solid; mp: 248–249 �C; IR (KBr):
3472, 3353, 1675 cm�1; 1H NMR (400 MHz, DMSO-d6): d 3.74 (s,
3H, OCH3), 5.92 (s, 2H, NH2), 6.71–6.72 (m, 1H, ArH), 7.01 (br s,
2H, NH2), 7.24 (s, 1H, ArH), 7.56 (d, J ¼ 3.05 Hz, 1H, ArH), 7.92
(s, 1H, ArH); 13C NMR (100 MHz, DMSO-d6): d 51.1, 98.7, 112.6,
115.2, 116.8, 137.0, 145.0, 148.2, 151.9, 158.5, 163.8; HRMS (m/z,
ESI) calculated for C13H11N3O4S, (M + H+) 306.0543; found
306.0538.

Methyl 3,5-diamino-4-oxo-6,7-diphenyl-4,5-dihydrothieno[3,2-
c]pyridine-2-carboxylate (6l)

Yield: 60% (mg); pale yellow solid; mp: 256–258 �C; IR (KBr):
3468, 3348, 1677 cm�1; 1H NMR (400 MHz, CDCl3): d 3.78 (s, 3H,
OCH3), 5.02 (br s, 2H, NH2), 7.08–7.27 (m, 10H, ArH); 13C NMR
(100 MHz, CDCl3): d 51.2, 116.7, 127.8, 128.0, 128.3, 128.8,
130.0, 132.4, 135.0, 142.9, 151.6, 157.9, 164.8; HRMS (m/z, ESI)
calculated for C21H17N3O3S, (M + H+) 392.1063; found 392.1063.

Acknowledgements

RP thank Department of Science and Technology, New Delhi
[purse grant], ICMR, New Delhi, India and University of Delhi,
Delhi [R & D Grant] for nancial support. RP thank University of
Delhi, India for providing study leave to visit Kyoto University as
JSPS visiting Prof. SS and RS thank Council of Scientic and
Industrial Research (CSIR, New Delhi) and SNS and Shally
thank University Grants Commission (UGC, New Delhi) for
research fellowship. Authors thank USIC, University of Delhi for
providing instrumentation facility.

Notes and references

1 (a) G. Gentile, G. Bernasconi, A. Pozzan, G. Merlo,
P. Marzorati, P. Bamborough, B. Bax, A. Bridges,
C. Brough, P. Carter, G. Cutler, M. Neu and M. Takada,
Bioorg. Med. Chem. Lett., 2011, 21, 4823–4827; (b) P. Cohen
and S. Frame, Nat. Rev. Mol. Cell Biol., 2001, 2, 769–776; (c)

This journal is © The Royal Society of Chemistry 2016 RSC Adv., 2016, 6, 85515–85520 | 85519

Paper RSC Advances



S. E. Nikoulina, T. P. Ciaraldi, S. Mudaliar, L. Carter,
K. Johnson and R. R. Henry, Diabetes, 2002, 51, 2190–2198.

2 G. Zhao, R. R. Iyengar, A. S. Judd, B. Cool, W. Chiou, L. Kie,
E. Frevert, H. Sham and P. R. Kym, Bioorg. Med. Chem. Lett.,
2007, 17, 3254–3257.

3 P. Song, P. Peng, M. Han, X. Cao, X. Ma, T. Liu, Y. Zhou and
Y. Hu, Bioorg. Med. Chem. Lett., 2014, 22, 4882–4892.

4 N. I. Sweidan, M. Z. Nazer, M. M. El-Abadelah andW. Voelter,
Lett. Org. Chem., 2010, 7, 79–84.

5 (a) A. S. Wagman and M. P. Wentland, in Comprehensive
Medicinal Chemistry II, J. B. Taylor and D. J. Triggle,
Elsevier Ltd, Oxford, UK, 2006, vol. 7, pp. 567–596; (b)
A. Bryskier, Antimicrobial agents: antibacterials and
antifungals, ASM Press, Washington, 2005, pp. 668–788; (c)
T. D. Gootz and K. E. Brighty, Chemistry and mechanism
of action of the quinolone antibacterials, The quinolones,
2nd edn, 1998, pp. 29–80; (d) A. Dalhoff and F.-J. Schmitz,
Eur. J. Clin. Microbiol. Infect. Dis., 2003, 22, 203–221; (e)
L. R. Peterson, Clin. Infect. Dis., 2001, 33, S180–S186; (f)
M. V. N. De Souza, Mini-Rev. Med. Chem., 2005, 5, 1009; (g)
S. Emami, A. Shaee and A. Foroumadi, Mini-Rev. Med.
Chem., 2006, 6, 375; (h) A. Ito, K. Hirai, M. Inoue, H. Koga,
S. Suzue, T. Irikura and S. Mitsuhashi, Antimicrob. Agents
Chemother., 1980, 17, 103–108; (i) H. Koga, A. Itoh,
S. Murayama, S. Suzue and T. Irikura, J. Med. Chem., 1980,
23, 1358–1363; (j) R. Wise, J. M. Andrews and
L. J. Edwards, Antimicrob. Agents Chemother., 1983, 23, 559–
564; (k) D. Felmingham, M. D. O'Hare, M. J. Robbins,
R. A. Wall, A. H. Williams, A. W. Cremer, G. L. Ridgway
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A Base-Mediated 6-exo-trig versus 6-exo-dig Carbocyclization
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Abstract: A base-mediated carbocyclization study has
been performed between two allowed Baldwin cyclization

modes (6-exo-trig and 6-exo-dig) and it was found that 6-

exo-trig cyclization was preferred over 6-exo-dig. Allyl cya-
nide was found to be suitable and efficient pronucleophile

for this investigation and two sp2–sp2 transition-metal-free
C@C bond formations took place in a single operation to
yield two differently functionalized biaryl compounds.

Carbocyclizations of alkenes and alkynes are extremely impor-
tant and useful processes for the construction of carbocycles

and heterocycles, as these skeletons are frequently encoun-
tered in nature.[1] According to the CRC dictionary of natural

products,[2] 90% of chemically individual molecules discovered

in nature contain either a carbocyclic or a heterocyclic subu-
nit.[3] The success of a new synthetic strategy often depends

on the ability to make these key cyclic structural units precisely
and efficiently. In 1976, Baldwin developed a classification

system for the possible cyclization patterns and suggested a
set of general stereoelectronic guidelines to define the favora-

ble modes of ring closure.[4] Over the years, these rules have

been successfully applied in a wide variety of cyclization reac-
tions, with and without metal catalysts, to construct carbocy-

cles and heterocycles.[1, 5]

Apart from well-established metal-catalyzed cyclization strat-
egies[1, 5] metal-free intramolecular cyclization has attracted the
attention of researchers in recent years.[6] Very recently, Wang

et al. reported a base-promoted exo-mode cyclization of alkyn-
yl alcohols (Scheme 1a).[7] Meanwhile, Ram and co-workers
have shown an intramolecular carbocyclization reaction of ma-

lononitrile and cyanamide with functionalized 2H-pyran-2-ones

in the presence of a base to synthesize biaryls and heterobiar-
yls (Scheme 1b).[8] In these ring-transformation reactions, cycli-

zation occurs through a 6-exo-dig manner on a -CN group,

which was the only possible mode of cyclization. In another
approach, Liu et al. described a base-catalyzed cycloisomeriza-
tion through an intramolecular cyclization of 5-cyano-pentyne
derivatives in a 5-endo-dig fashion.[9] Recently, Smith et al. re-
ported a base-catalyzed 6-endo-trig interconversion of diaste-
reomeric indolines in the presence of certain quaternary am-

monium catalysts.[10] While designing the cyclization strategy
for the formation of exo- and endo-selective products, achiev-
ing regioselectivity continued to be the main focus; however,

chemoselectivity remained an untouched issue over the
years.[11] In view of these reports, we wanted to know if there

were two different allowed cyclization modes present in the
same molecule, and then the outcome of the reaction. In this

regard, we report herein a tandem transition-metal-free che-

moselective carbocyclization strategy for the synthesis of
highly functionalized biaryls.

2H-Pyran-2-ones have been extensively explored in recent
years for their diverse applications in organic synthesis.[12] As

versatile intermediates, 2H-pyran-2-ones can readily accept nu-
cleophilic additions or undergo pericyclic reactions. During our

Scheme 1. Base-mediated cyclization strategies for the synthesis of carbocy-
cles and heterocycles.
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ongoing investigations on the ring transformation of 2H-pyran-
2-ones for the synthesis of various aromatic as well as hetero-

aromatic scaffolds,[12,13] we envisioned that 2H-pyran-2-ones
could react with allyl cyanide[14] and undergo two possible

modes of cyclization: 6-exo-trig and 6-exo-dig. Therefore, they
can serve as excellent starting materials for this investigation,

in the presence of a suitable base (Scheme 1, entry iii).
We commenced our study by using 2-oxo-6-phenyl-4-(piperi-

din-1-yl)-2H-pyran-3-carbonitrile (1a) and allyl cyanide (2) as

model substrates in the presence of KOH and DMF at room
temperature. Unfortunately, we did not observe any reaction

(Table 1, entry 1). To achieve the desired result, different bases

and solvents were screened, but they were not suitable at
room temperature. Gratifyingly, when the same reaction was

performed at 60 8C using KOH/DMF, it underwent 6-exo-trig
cyclization to furnish 3a as the major product (68%) and 4a as

the minor product (15%). To access selective 6-exo-trig cyclized

product 3a, other solvents such as THF, DMSO, NMP and differ-
ent bases were used under different reaction conditions such

as conventional heating and microwave irradiation. They were
not found effective and were unable to yield 6-exo-trig cycliza-

tion with complete selectivity (Table 1). However DMSO, NMP
and THF gave 6-exo-trig product 3a in low yields in the pres-

ence of KOH.

On the basis of the studies carried out by our group, we
found that KOH/DMF was the most suitable combination to

furnish the synthesis of biaryl 3a, and structurally interesting
4a was also observed as the minor product. Encouraged by

the result above, we ventured to study other functionalized
2H-pyran-2-ones to assess the generality of the protocol. All

2H-pyran-2-ones 1a–g reacted very well to generate the de-
sired products through 6-exo-trig cyclization. Using this proto-

col, different unsymmetrical highly substituted biphenyls 3a–g
were synthesized in good yields along with 4a–g as the minor

products (Scheme 2). In general, carbocyclization occurred very
smoothly for substituted 2H-pyran-2-ones to yield highly func-

tionalized biaryls, but in the case of strong electron-withdraw-
ing groups such as 4-NO2-C6H4 (3h/4h), no product was ob-
tained.

To explore the scope of this carbocyclization strategy, we
next examined this protocol for the synthesis of substrates
bearing heteroarenes such as thiophene and furan (Scheme 3).
The substrates 5a–c smoothly transformed into the heterobiar-

yls 6a–c in good yields and 7a–c were obtained as minor
products. To further gauge the efficacy of the present protocol,
bridged biphenyls,[15] which are ubiquitous structural motifs in
a wide range of natural products and functional molecules,

were synthesized. For this purpose, substituted 5,6-dihydro-2H-
benzo[h]chromen-2-ones 5d and 5e were treated with allyl cy-

Table 1. Reaction optimizations.[a]

Entry Base Solvent T [8C] t [h] Yield [%][b]

3a 4a 8a

1 KOH DMF RT 10 – – –
2 NaOH DMF RT 10 – – –
3 K2CO3 DMF RT 10 – – –
4 KOH DMF 60 6 68 15 –
5 KOH DMSO 60 6 40 – –
6 KOH NMP 60 6 15 – –
7 KOH THF 60 10 20 – –
8 NaOH DMF 60 6 24 10 –
9 Cs2CO3 DMF 60 6 45 12 –
10 KOH DMF 100 6 46 18 –
11[c] KOH DMF 100 0.25 52 20 –
12 nBuLi THF @78 2 Complex mixture

[a] The reaction was conducted with 2-oxo-6-phenyl-4-(piperidin-1-yl)-2H-
pyran-3-carbonitrile 1a (0.5 mmol), allyl cyanide 2 (0.6 mmol), base
(0.75 mmol) using various solvents (5.0 mL). [b] Yield of isolated product.
[c] Under microwave at 100 8C for 15 minutes.

Scheme 2. Synthesis of biaryls 3 and 4. Reactions were performed at 60 8C
for 6 h by stirring 1 (0.5 mmol), 2 (0.6 mmol) and KOH (0.75 mmol) in DMF
(5.0 mL). Yields of isolated products are reported.
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anide 2 under similar reaction conditions. To our delight, struc-

turally more complex 5d and 5e also cleanly cyclized to fur-
nish 3-methyl-1-(piperidin-1-yl)-9,10-dihydrophenanthrene-2,4-

dicarbonitriles 6d/e in good yields along with 1-(piperidin-1-
yl)-9,10-dihydrophenanthrene-2-carbonitriles 7d/e as minor

products (Scheme 3). It is noteworthy that both of the synthe-

sized biaryl nuclei are interesting and useful precursors for
generating molecular libraries and functional materials.[16,17]

The structure of 3c was confirmed by single crystal X-ray crys-
tallography (Figure 1).[18]

To get some mechanistic insight into the reaction, we per-
formed some control experiments, and it is noteworthy that in

the absence of KOH the reaction did not occur (Scheme 4a),
thereby indicating that the reaction did not proceed via a [4+
2] cycloaddition, which could be another possible way to yield
the desired product. This result also confirms that the first step
is generation of carbanion 2a/2b from allyl cyanide in the

presence of base. Under newly developed conditions, the reac-
tion of 1a and malononitrile 9 was also performed to synthe-

size 6-exo-dig cyclized product 3-amino-5-(piperidin-1-yl)-[1,1’-
biphenyl]-2,4-dicarbonitrile (10) (Scheme 4b). This supports in-
volvement of the cyano group (6-exo-dig) in the carbocycliza-

tion process if no other possible mode of cyclization is pres-
ent.

Based on these experiments, two plausible reaction path-
ways were proposed (Scheme 5). Two carbanions 2a and 2b
can be generated from allyl cyanide 2, which can trigger the

reaction in two different directions to yield 3/6 and 4/7. In the

Scheme 3. Synthesis of heteroaromatic and bridged biaryl compounds 6
and 7. Reactions were performed at 60 8C for 6 h by stirring 5 (0.5 mmol), 2
(0.6 mmol) and KOH (0.75 mmol) in DMF (5.0 mL). Yields of isolated products
are reported.

Figure 1. Perspective view of the molecular structure of 3c.

Scheme 4. Control experiments for mechanistic studies of carbocyclization.

Scheme 5. Proposed mechanistic approach for the synthesis of biaryl com-
pounds.
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first case (path A) a-allyl carbanion 2a attacks at the C6/10b
position of 2H-pyran-2-ones and forms I via 1,6-conjugate addi-

tion, which can further undergo decarboxylation and protona-
tion to yield II. This intermediate II can undergo deprotonation

in the presence of base to provide two conformers III and IV,
which serve as key intermediates for the chemoselectivity

when forming biaryl compounds 3/6 or 8. In this case, chemo-
selective carbocyclization involves the vinyl group through a 6-

exo-trig cyclization, which generates intermediate V. To support

this result and to further check the applicability of the devel-
oped hypothesis, we investigated another nucleophile 2-ben-

zoylacetonitrile (11), which can undergo two cyclization
modes: 6-exo-trig involving the carbonyl group and 6-exo-dig

involving the cyano group. In this reaction, only one product
was observed via 6-exo-trig cyclization involving the carbonyl
group (Scheme 4c). In the next step, V furnishes major prod-

ucts 3/6 via in situ aromatization. Mechanistically, 6-exo-dig
cyclization would also be possible with the nitrile group of

allyl cyanide (intermediate IV) to afford the product 8, but not
observed during the reaction.

In the other case (path B), reaction proceeds via generation
of a g-allyl carbanion, which react at the most electrophilic

center to provide intermediate VI, which further undergoes de-

carboxylation to produce acyclic intermediate VII. In the next
step, VII converts into VIII via deprotonation. In the key step

VIII undergoes 6-exo-trig carbocyclization to yield IX, which
undergoes aromatization via loss of acetonitrile to yield minor

products 4/7.
To explain the specific selectivity towards cyclization for in-

volvement of only 6-exo-trig over the 6-exo-dig mode of cycli-

zation, we proposed that probably both conformers III and IV
are available during the reaction, but the best possible angle

for anionic attack has been obtained for 6-exo-trig and is fa-
vored. If we compare the electrophilicity of the vinyl and nitrile

groups, the vinyl group should not be involved in the cycliza-
tion over the nitrile group. Involvement of an sp2 carbon over

an sp3 carbon also indicates that the angle of nucleophilic

attack is more important than the electrophilicity of the react-
ing center involved.

In summary, an efficient metal-free base-mediated chemose-
lective carbocyclization strategy has been developed for the

synthesis of highly functionalized biaryls. The main focus of
this study was identifying chemoselectivity between 6-exo-trig

and 6-exo-dig cyclization modes. It was found that if two al-
lowed Baldwin cyclization modes (6-exo-trig and 6-exo-dig) are
available within the same molecule, the 6-exo-trig cyclization

will be favored over the 6-exo-dig cyclization in the presence
of base. This hypothesis was further supported by control ex-

periments, where use of 2-benzoylacetonitrile as a nucleophile
afforded the 6-exo-trig cyclization preferentially. Further exten-

sion of this work regarding selectivity is in progress.
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