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Abstract: A new N-methylpiperazine-functionalized polyacryloni-
trile fiber has been developed to catalyze the Gewald reaction be-
tween 2,5-dihydroxy-1,4-dithiane and activated nitriles to afford 3-
substituted 2-aminothiophenes in good to excellent yields (65–
91%). Low catalyst loading (8.0 mol%), simple procedure, high
yields, excellent recyclability, and reusability (up to 10 times with
minimal loss of catalytic activity) are attractive features of this fiber
catalyst.

Key words: Gewald reaction, 2-aminothiophene, N-methylpipera-
zine, polyacrylonitrile fiber, fiber catalyst

2-Aminothiophenes have demonstrated a broad spectrum
of uses, including biologically active products,1–4 dyes,1b,5

and conducting polymers.1b,6 Traditionally, polysubstitut-
ed 2-aminothiophenes with an electron-withdrawing
group such as cyano, ethoxycarbonyl, or benzoyl in the 3-
position and alkyl, aryl, or heteroaryl groups in the 4- and
5-positions are prepared by the Gewald reaction.1 To ex-
tend the scope of the reaction, many alterations have been
made to the original Gewald reaction.1b By varying the re-
action components, α-sulfanylketone and α-sulfanylalde-
hyde were successfully used to react with an activated
nitrile. Furthermore, a wide array of catalysts, including
inorganic solid base,7,8 acid-base catalyst,9 L-proline,10

Lewis acid,4 and ionic liquids11 have been reported to cat-
alyze the Gewald reaction. In addition, microwave3,8,12

and ultrasonic13 irradiation technologies have also been
used to promote the Gewald reaction. However, the draw-
backs of these methods are high catalyst loading (normal-
ly 36–100 mol% or even more), long reaction time,
nonrecoverable catalyst, multi-step synthesis, and low
yield. Accordingly, the development of a simpler and
more efficient catalytic method for the synthesis of 3-sub-
stituted 2-aminothiophenes under mild conditions re-
mains an attractive field.

Heterogeneous catalyzed organic reactions using immobi-
lized catalysts have been proven to be advantageous over
homogeneous ones because of simpler workup, easier re-
covery of the catalyst, and better reusability. Therefore,
heterogeneous catalysts are considered as potential alter-
natives to homogeneous catalysts in the Gewald reaction. 

Polyacrylonitrile fiber (PANF) has excellent mechanical
strength and contains an abundance of cyano groups,

which can be easily transformed into carboxyl, amide, and
other functional groups.14 Consequently, PANF is an ideal
starting material to prepare various functionalized cata-
lysts. 

In this work, we have developed an amine functionalized
fiber catalyst to catalyze the Gewald reaction. This ami-
nated fiber catalyst exhibited excellent activity and reus-
ability. To the best of our knowledge, this is the first
example of a fiber catalyst used to catalyze the Gewald re-
action. 

Commercially available PANF was immersed in an aque-
ous solution of N-methyl-N′-(3-aminopropyl)piperazine
and refluxed for eight hours to produce an N-methylpiper-
azine-functionalized fiber catalyst (P-PANF) and the pro-
cedure is shown in Scheme 1. As discussed in our
previous papers, the amination was strongly influenced by
the reaction time and temperature.15 The modification ex-
tent of P-PANF was measured by weight gain and acid ex-
change capacity (Table 1).16 Moreover, P-PANF was also
characterized by IR (Figure 1), SEM (Figure 2), and ele-
mental analyses (EA) (Table 2).

Scheme 1  Preparation of the immobilized fiber catalyst (P-PANF)

Weight gain of the fiber catalyst was calculated as fol-
lows: weight gain = [(W2–W1)/W1] × 100%, where W1

and W2 are the weights of PANF and the aminated fiber,
respectively. The weight gain of P-PANF was 23.0%.

Acid exchange capacity of the fiber catalyst in aqueous
0.100 M HCl was determined to be 2.32 mmol g–1. And
this data corresponds to a calculated weight gain of 22.1%
(see Supporting Information), which is in accord with the
measured weight gain of 23.0%.

Initial investigations were focused on the catalytic activity
of the fiber catalysts, using the model reaction between
ethyl cyanoacetate (1a) and 2,5-dihydroxy-1,4-dithiane
(2). When the reaction was carried out with N-methylpi-
perazine (N-MP) as the catalyst, a yield of 89% was ob-
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tained, indicating the high activity of the N-
methylpiperazine moiety. Further reactions were carried
out in the presence of the fiber catalyst: PANF, PANPF-
2,17 PANPF-317 [the functional group for PANPF-2 is
N1-methyl-3-(methylamino)propylamino and that for
PANPF-3 is 3-(dimethylamino)propylamino], or P-PANF.
As shown in Table 1, PANF is inactive, PANPF-2 with a
secondary amine functional group exhibits a poor activity
(11%, yield), while PANPF-3 with a tertiary amine func-
tional group performs a good activity (86%, yield), and P-
PANF presents the highest activity (89%, yield) which
equals that of the free N-methylpiperazine. These results
suggest that the tertiary amine fiber catalysts (PANPF-3
and P-PANF) have higher catalytic activity than the sec-
ondary amine fiber catalyst (PANPF-2) in catalyzing the
Gewald reaction. Comparing the two tertiary amine fiber
catalysts, P-PANF shows a better activity than PANPF-3,
this maybe due to the fact that P-PANF has two tertiary
amino groups in each functional unit and the functional
chain is longer and more flexible than that of PANPF-3.
Therefore, P-PANF was selected as an efficient catalyst
for the Gewald reaction. 

The IR spectra of PANF, P-PANF, P-PANF1 (recovered
after the first use in the Gewald reaction) and P-PANF10

(recovered after the 10th run of the Gewald reaction) are
illustrated in Figure 1. The 2244 and 1731 cm–1 bands in
Figure 1a are assigned to the C≡N and the ester C=O
stretching vibrations, respectively. After amination, the
C≡N peak and the ester C=O peak decrease slightly (Fig-
ure 1b), indicating that partial CN and CO2Me groups
have participated in the amination. For the IR spectra of P-

PANF, P-PANF1, and P-PANF10 (Figure 1b–d), the broad
absorption bands from 3700–3100 cm–1 are attributed to
the stretching vibrations of the amide NH. The strong ab-
sorption band at 1663 cm–1 and new broad peak at 1583
cm–1 are assigned to the amide I band and the overlap of
amide II band, respectively. The IR results suggest that
the amine moiety has been grafted on the PANF. More-
over, the IR spectra of P-PANF, P-PANF1, and P-PANF10

(Figure 1b–d) are almost the same, indicating that most of
the functional groups of the fiber catalyst are still there af-
ter being used 10 times in the Gewald reaction.

Figure 1  IR spectra of (a) PANF, (b) P-PANF, (c) P-PANF1, and (d)
P-PANF10

The SEM photographs of PANF, P-PANF, P-PANF1, and
P-PANF10 are illustrated in Figure 2. The surface of the fi-
ber becomes rougher and rougher after the amination and
the catalytic reaction (Figure 2a–d). The SEM photograph
of P-PANF10 (Figure 2d) shows that the surface of the fi-
ber becomes rougher than the newly prepared P-PANF
with partial ruptures simultaneously owing to the length
of stirring time. However, P-PANF has enough physical
strength after being used 10 times in the Gewald reaction.

Figure 2  SEM photographs of (a) PANF, (b) P-PANF, (c) P-PANF1,
and (d) P-PANF10

Table 1 Properties of Different Catalysts and Their Activity in Cat-
alyzing the Gewald Reactiona

Entry Catalyst Weight 
gain (%)

Acid exchange 
capacity 
(mmol·g–1)

Catalyst 
loading 
(mol%)b

Yield 
(%)c

1 Blank – – – 0

2 PANF – 0 – 0

3 N-MP – – 10.0 89

4 PANpF-2 22.1 1.5 10.0 11

5 PANpF-3 38.0 2.8 10.0 86

6 P-PANF 23.0 2.32 8.0 89

a Reaction conditions: ethyl cyanoacetate (1a; 5.0 mmol), 2,5-dihy-
droxy-1,4-dithiane (2; 2.5 mmol), and the fiber catalyst (8.0 mol%) 
were refluxed in EtOH (20 mL) for 4 h. 
b Catalyst loading: 8.0 mol% P-PANF = 0.172 g, thus 0.172 g of 
PANF was used in entry 2. 
c Isolated yields after column chromatography.
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The EA data of PANF, P-PANF, P-PANF1, and P-PANF10

are listed in Table 2. Compared to the original PANF, the
hydrogen content of P-PANF increases as expected. The
increase in the oxygen content going from CN groups to
CONHR groups [R = 3-(N-methylpiperazinyl)propyl]
leads to the decrease of carbon and nitrogen contents. Be-
cause surfactants used in the fabricating process of PANF
were removed during the amination process, the content
of sulfur is reduced in P-PANF. The carbon, hydrogen,
and nitrogen contents of P-PANF1 decrease slightly, while
the sulfur content increases when compared with that of
P-PANF. A putative feasibility is that the sulfur contain-
ing intermediates are adsorbed on the surface of the fiber
catalyst. Compared with the EA data of P-PANF1, the car-
bon, hydrogen, and nitrogen contents of P-PANF10 de-
crease apparently, but the sulfur content of P-PANF10 has
a remarkable increase, which is due to the partial hydroly-
sis of the CONHR group with the release of N-methyl-N′-
(3-aminopropyl)piperazine and the continuous absorption
of the sulfur containing intermediates or product. 

The catalyst dosage was determined next. When 1.6–5.6
mol% of P-PANF was employed, the yield increased from
70 to 85% (Table 3, entries 1–3). When the amount of P-
PANF was increased to 8.0 mol%, the reaction proceeded
efficiently with an excellent yield of 89% (Table 3, entry
5). When the amount of P-PANF was further increased
(up to 12.0 mol%), the yield showed no further increase
(Table 3, entries 6 and 7). Therefore, 8.0 mol% of P-
PANF was selected for all subsequent reactions.

After optimization of the catalyst dose, studies were fo-
cused on the effect of reaction time. These results are list-
ed in Table 3 (entries 5, 8–12). After four hours, the yield
reached its maximum level. However, slight decrease was
observed for longer reaction time (Table 3, entries 10–12),
this may due to the absorption of the product in the P-
PANF and this result was in accord with the increased sul-
fur content in the EA data of P-PANF1 (Table 2, entry 3).
Thus, four hours was chosen as the optimal reaction time
for the model reaction.

Gewald reaction is mainly catalyzed by organic or inor-
ganic base, such as diethylamine, triethylamine, morpho-
line, NaHCO3 and K2CO3.

1b As shown in Table 1, PANF
exhibits no activity for this reaction. When P-PANF was
used as the catalyst, the yield is 89%, indicating a high cat-
alytic activity. 

A possible mechanism of the Gewald reaction is shown in
Scheme 2. The amino groups in the surface of P-PANF
function as Brønsted base to result in the formation of a
nucleophilic carbanion 1′. Mercaptoacetaldehyde was
then attacked by carbanion 1′ to generate the intermediate
3. Thereafter, the sulfur anion 4 was generated by loss of
a proton. The most crucial step in the Gewald reaction is
the final ring-closure process, which is performed as an
intramolecular nucleophilic addition of the sulfur anion 4
to the triple bond of the cyano group. After the cycliza-
tion, target 2-aminothiophenes 5 occur exclusively in the
amino form and are released from the surface of P-
PANF.1b 

Finally, repeated reactions were carried out to test the re-
cyclability and reusability of the P-PANF using the opti-
mized condition. At the end of each reaction, P-PANF
was separated from the reaction system by filtration and
washed with ethyl acetate to remove the adsorbed prod-
uct. Then the recycled P-PANF was dried and used direct-
ly in the next cycle. In Table 4, P-PANF exhibits excellent
recyclability and reusability (up to 10 times) with slightly
decrease in activity.

Based on the above results, a series of activated nitriles
containing different substituents (see Supporting Informa-
tion) were selected to react with 2,5-dihydroxy-1,4-dithi-
ane (2) using the optimized conditions. As listed in Table
5, it can be seen that the reactions proceeded smoothly to
give the corresponding 2-aminothiophenes in good to ex-
cellent yields, indicating that the P-PANF presents high
catalytic activity for the Gewald reaction. Ethyl cyano-
acetate (1a), malononitrile (1b), and cyanoacetamides 1c
and 1d exhibited high yields above 87% for their high ac-

Table 2  Elemental Analyses Data of PANF, P-PANF, P-PANF1, and 
P-PANF10

Entry Sample C (%) H (%) N (%) S (%)

1 PANF 66.06 5.81 24.42 0.25

2 P-PANF 61.18 7.05 22.03 0.10

3 P-PANF1 60.44 6.86 20.85 1.45

4 P-PANF10 56.43 6.32 18.64 4.36

Table 3  Optimization of Reaction Conditionsa

Entry Catalyst loading (mol%) Time (h) Yield (%)b

1 1.6 4 70

2 4.0 4 80

3 5.6 4 85

4 7.2 4 88

5 8.0 4 89

6 9.6 4 89

7 12.0 4 87

8 8.0 2 82

9 8.0 3 87

10 8.0 5 88

11 8.0 6 87

12 8.0 7 85

a Reaction conditions: ethyl cyanoacetate (1a; 5 mmol) and 2,5-dihy-
droxy-1,4-dithiane (2; 2.5 mmol) with varying amounts of the fiber 
catalyst were refluxed in EtOH (20 mL).
b Isolated yields after column chromatography.
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tivity and less steric effect (Table 5, entries 1–4). When
benzoylacetonitriles were used, a little decrease in the
yields was observed due to the electron-donating effect of
the phenyl group. Substrates possessing electron-with-
drawing group such as Cl at the benzene ring (entry 9)

gave the highest yield in all cases of benzoylacetonitrile
derivatives (entries 5–9) as expected. Moreover, steric ef-
fect on the benzene ring was also considered. The o-meth-
ylbenzoylacetonitrile (1f) and its para-isomer 1g gave
almost the same yields (entries 6 and 7), suggesting that
the main effect is electronic in nature rather than steric at
the benzene ring. 

Compared to the other catalysts reported in the literature,
our catalyst system has some prominent advantages such
as lower catalyst loading, shorter reaction time and higher
yields. For example, the reaction between 2-cyano-N-
phenylacetamide (1d) and 2,5-dihydroxy-1,4-dithiane (2)
with 36 mol% of triethylamine catalyst under microwave
irradiation gave a yield of 87%.3 However, our catalyst
system provided a higher yield of 89% with only 8.0
mol% of the fiber catalyst (Table 5, entry 4). Compared to
DBU (60 mol% at 60 °C for 8 h, yield 57%),6 our fiber
catalyst was more efficient for the same reaction between
malononitrile (1b) and 2,5-dihydroxy-1,4-dithiane (2)
(8.0 mol% of the fiber catalyst at 80 °C for 2 h, yield 91%)
(Table 5, entry 2). The reaction between 2-cyanoacet-
amide (1c) and 2,5-dihydroxy-1,4-dithiane (2) with trieth-
ylamine (100 mmol%) conducted at 50 °C for 4 hours
gave only a yield of 72%,2d whereas under our catalyst
system, the reaction yield was 87% using only 8.0 mol%
of the fiber catalyst (Table 5, entry 3). So we can conclude
that our fiber catalyst (P-PANF) can facilely and efficient-
ly catalyze the Gewald reaction. 

Scheme 2 Possible mechanism of the Gewald reaction catalyzed by P-PANF
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Table 4  Recyclability and Reusability of P-PANFa

Recycling run Yield (%)b

1 89

2 89

3 88

4 87

5 86

6 87

7 86

8 86

9 86

10 85

a Reaction conditions: ethyl cyanoacetate (1a; 5.0 mmol), 2,5-dihy-
droxy-1,4-dithiane (2; 2.5 mmol), and the fiber catalyst (8.0 mol%) 
were refluxed in EtOH (20 mL) for 4 h.
b Isolated yields after column chromatography. T
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Table 5  Reaction of Activated Nitriles with 2,5-Dihydroxy-1,4-dithianea

Entry Activated nitrile 2-Aminothiophene Time (h) Yield (%)b

1 1a 5a 4 89

2 1b 5b 2 91

3 1c 5c 4 87

4 1d 5d 4 89

5 1e 5e 5 83

6 1f 5f 6 81

7 1g 5g 6 82

8 1h 5h 7 80

9 11 51 5 85

10 1j 5j 5 83

11 1k 5k 4 83

12 1l 5l 4 82
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In summary, a new fiber catalyst (P-PANF) for Gewald
reaction was prepared directly from polyacrylonitrile fiber
and N-methyl-N′-(3-aminopropyl)piperazine in a one-step
reaction. This fiber catalyst can be utilized to catalyze nu-
merous activated nitriles to react with 2,5-dihydroxy-1,4-
dithiane (2) under reflux in ethanol and the 3-substituted
2-aminothiophenes were obtained in good to excellent
yields (65–91%). At the end of the reaction, the fiber cat-
alyst can be easily separated from the reaction system by
simple filtration and dryness, and used directly in the next
cycle. Moreover, this fiber catalyst also shows excellent
recyclability and reusability (at least 10 times) with mini-
mal loss of catalytic activity. To the best of our knowl-
edge, this is the first example of a fiber catalyst that was
used to catalyze the Gewald reaction. Low catalyst load-
ing, simple procedure, high yields, excellent recyclability
and reusability are attractive features of this fiber catalyst,
which provide a novel and powerful tool for the synthesis
of 3-substituted 2-aminothiophenes through the Gewald
reaction. 

IR spectra were obtained with an Avatar360 FTIR spectrometer
(Thermo Nicolet). Elemental analyses were performed on an
Elementar vario EL analyzer. Philips XL-30 scanning electron mi-
croscope (SEM) was used to characterize the surface of the modi-
fied fibers. Column chromatography was performed on silica gel
200-300 mesh. 1H NMR (400 MHz) and 13C NMR (101 MHz) spec-
tra were recorded on a Bruker Avance III spectrometer in CDCl3,
DMSO-d6, or D2O using TMS as the internal standard. HRMS were
recorded on a Varian 7.0 T FTMS spectrometer. Melting points
were taken on a Yanagimoto MP-500 apparatus and are uncorrect-
ed. Petroleum ether (PE) used was the fraction boiling in the 60–90
°C range. 

N-Methyl-N′-(3-aminopropyl)piperazine
3-(4-Methylpiperazinyl)propanenitrile: Acrylonitrile (58.4 g, 1.1
mol) was added dropwise to a solution of N-methylpiperazine
(100.2 g, 1.0 mol) in EtOH (180 mL) and the mixture was stirred at
r.t. for 3 h. The solvent was evaporated and the residue was distilled
at 117–119 °C/4 mmHg to give 3-(4-methylpiperazinyl)propaneni-
trile as a yellow oil; yield: 150.0 g (89%). 
1H NMR (400 MHz, CDCl3): δ = 2.70 (t, J = 7.0 Hz, 2 H), 2.59–2.40
(m, 10 H), 2.29 (s, 3 H).18

N-Methyl-N′-(3-aminopropyl)piperazine: A solution of 3-(4-meth-
ylpiperazinyl)propanenitrile (46.0 g, 0.3 mol) in anhyd EtOH (360
mL) was treated with small portions of sodium (32.2 g, 1.4 mol).
The reaction mixture was refluxed with stirring until the total con-
sumption of 3-(4-methylpiperazinyl)propanenitrile and sodium. Af-
ter cooling to 50 °C, H2O (150 mL) was added (Caution! traces of
Na). The product was then extracted with CH2Cl2 (3 × 100 mL).
The combined organic extracts were washed with brine (150 mL)
and dried (Na2SO4). Evaporation of the solvent and distillation of
the residue at 94–96 °C/5 mmHg gave N-methyl-N′-(3-aminopro-
pyl)piperazine as a colorless oil; yield: 18.9 g (40%). 
1H NMR (400 MHz, D2O): δ = 2.50 (t, J = 7.1 Hz, 2 H), 2.31–2.24
(m, 2 H), 2.11 (s, 3 H), 1.56–1.46 (m, 2 H). 
13C NMR (101 MHz, D2O): δ = 55.22, 53.31, 51.74, 44.41, 38.96,
28.54.19

N-Methylpiperazine-Functionalized Fiber (P-PANF)
Commercially available polyacryonitrile fiber with a length of 10
cm and diameter of 30 ± 0.5 μm (5.0 g) was refluxed in an aqueous
solution of N-methyl-N′-(3-aminopropyl)piperazine (amine: 100
mL; H2O: 50 mL) for 8 h to produce the N-methylpiperazine func-
tionalized fiber catalyst (P-PANF). Then the fiber was collected by
filtration and repeatedly washed with hot water (65–75 °C) until the
pH value of the solution was 7. It was then dried overnight at 70 °C
under vacuum to give the aminated fiber (P-PANF).

2-Aminothiophenes; General Procedure 
A mixture of activated nitrile 1 (5.0 mmol), 2,5-dihydroxy-1,4-di-
thiane (2; 2.5 mmol), and EtOH (20 mL) was stirred at r.t. for 10
min in a three-necked flask (100 mL). Then P-PANF (0.172 g, con-
taining 0.40 mmol tertiary amine groups) was added and the mix-
ture was heated to reflux with stirring for 4 h [until complete
consumption of the starting material as monitored by TLC, eluent:
PE–EtOAc, 5:1 (v/v)]. After completion of the reaction, the fiber
catalyst was collected by filtration and washed with EtOAc (60
mL). The combined filtrates were concentrated and the crude prod-
uct was purified by column chromatography on silica gel using PE–
EtOAc [25:2 (v/v)] as eluent (Table 5). 

Ethyl 2-Aminothiophene-3-carboxylate (5a)2b 
Yield: 0.792 g (89%); white crystals; mp 43–44 °C (Lit.2b mp 47–
48 °C). 
1H NMR (400 MHz, CDCl3): δ = 6.97 (d, J = 5.8 Hz, 1 H), 6.16 (d,
J = 5.8 Hz, 1 H), 5.98 (s, 2 H), 4.27 (q, J = 7.1 Hz, 2 H), 1.33 (t,
J = 7.1 Hz, 3 H).
13C NMR (101 MHz, CDCl3): δ = 165.54, 162.80, 125.96, 107.16,
106.94, 59.80, 14.56. 

13 1m 5m 6 79

14 1n 5n 8 65

a Reaction conditions: activated nitrile 1 (5.0 mmol), 2,5-dihydroxy-1,4-dithiane (2; 2.5 mmol), and the fiber catalyst (8.0 mol%) were refluxed 
in EtOH (20 mL) for the given time.
b All the yields were isolated yield after column chromatography except 5n, which was purified by column chromatography and recrystalliza-
tion from EtOH.

Table 5  Reaction of Activated Nitriles with 2,5-Dihydroxy-1,4-dithianea (continued)

Entry Activated nitrile 2-Aminothiophene Time (h) Yield (%)b

NC
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O
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2-Aminothiophene-3-carbonitrile (5b)6

Yield: 0.566 g (91%); pale gray crystals; mp 94–95 °C (Lit.6 mp
97–99 °C). 
1H NMR (400 MHz, DMSO-d6): δ = 7.10 (s, 2 H), 6.71 (d, J = 5.8
Hz, 1 H), 6.37 (d, J = 5.8 Hz, 1 H). 
13C NMR (101 MHz, DMSO-d6): δ = 165.13, 125.52, 116.49,
108.62, 83.22.

2-Aminothiophene-3-carboxamide (5c)2a,d

Yield: 0.618 g (87%); white crystals; mp 158–160 °C (Lit.2a mp
160 °C). 
1H NMR (400 MHz, DMSO-d6): δ = 7.22 (s, 3 H), 7.04 (d, J = 5.8
Hz, 1 H), 6.75 (s, 1 H), 6.22 (d, J = 5.8 Hz, 1 H).
13C NMR (101 MHz, DMSO-d6): δ = 167.58, 161.71, 124.90,
107.18, 105.46. 

2-Amino-N-phenylthiophene-3-carboxamide (5d) 3
Yield: 0.971 g (89%); pale gray crystals; mp 154–155 °C (Lit.3 mp
139 °C). 
1H NMR (400 MHz, DMSO-d6): δ = 9.33 (s, 1 H), 7.69 (d, J = 7.8
Hz, 2 H), 7.41 (s, 2 H), 7.37–7.26 (m, 3 H), 7.07–7.00 (m, 1 H), 6.33
(d, J = 5.9 Hz, 1 H). 
13C NMR (101 MHz, DMSO-d6): δ = 164.11, 162.93, 139.40,
128.42, 124.32, 122.86, 120.37, 106.95, 105.69.

2-Amino-3-benzoylthiophene (5e)2c

Yield: 0.845 g (83%); bright yellow crystals; mp 147–149 °C (Lit.2c

mp 144–146 °C). 
1H NMR (400 MHz, CDCl3): δ = 7.70–7.65 (m, 2 H), 7.51–7.41 (m,
3 H), 7.01 (s, 2 H), 6.87 (d, J = 5.9 Hz, 1 H), 6.11 (d, J = 5.9 Hz, 1
H). 
13C NMR (101 MHz, CDCl3): δ = 191.37, 166.34, 140.96, 130.85,
128.27, 127.89, 115.26, 106.20.

2-Amino-3-(2-methylbenzoyl)thiophene (5f)20

Yield: 0.880 g (81%); yellow crystals; mp 151–153 °C (Lit.20 mp
158–159 °C). 

IR (KBr): 3344, 3227, 3113, 1589, 1443 cm–1.
1H NMR (400 MHz, DMSO-d6): δ = 8.36 (s, 2 H), 7.37–7.17 (m, 4
H), 6.29 (d, J = 5.9 Hz, 1 H), 6.18 (d, J = 5.9 Hz, 1 H), 2.22 (s, 3 H). 
13C NMR (101 MHz, DMSO-d6): δ = 191.08, 166.75, 141.18,
133.97, 130.36, 128.81, 126.46, 126.37, 125.29, 114.09, 106.17,
18.97. 

HRMS (ESI): m/z calcd for C12H12NOS [M + H]+: 218.0634; found:
218.0636.

2-Amino-3-(4-methylbenzoyl)thiophene (5g)
Yield: 0.892 g (82%); yellow crystals; mp 146–148 °C.

IR (KBr): 3375, 3254, 3138, 1588, 1442 cm–1.
1H NMR (400 MHz, DMSO-d6): δ = 8.30 (s, 2 H), 7.50 (d, J = 8.0
Hz, 2 H), 7.27 (d, J = 8.0 Hz, 2 H), 6.76 (d, J = 5.9 Hz, 1 H), 6.25
(d, J = 5.9 Hz, 1 H), 2.36 (s, 3 H). 
13C NMR (101 MHz, DMSO-d6): δ = 188.99, 167.10, 140.34,
138.14, 128.68, 127.83, 126.61, 112.96, 106.01, 20.96. 

HRMS (ESI): m/z calcd for C12H12NOS [M + H]+: 218.0634; found:
218.0634.

2-Amino-3-(4-methoxybenzoyl)thiophene (5h)
Yield: 0.933 g (80%); yellow crystals; mp 141–143 °C.

IR (KBr): 3368, 3239, 3127, 1595, 1445 cm–1.
1H NMR (400 MHz, CDCl3): δ = 7.69 (d, J = 8.6 Hz, 2 H), 6.98–
6.89 (m, 5 H), 6.13 (d, J = 5.8 Hz, 1 H), 3.86 (s, 3 H). 

13C NMR (101 MHz, CDCl3): δ = 190.38, 165.85, 161.95, 133.51,
130.52, 127.90, 115.33, 113.53, 106.10, 55.50. 

HRMS (ESI): m/z calcd for C12H12NO2S [M + H]+: 234.0583;
found: 234.0585.

2-Amino-3-(4-chlorobenzoyl)thiophene (5i)2c

Yield: 1.010 g (85%); bright yellow crystals; mp 168–170 °C (Lit.2c

mp 168–170 °C). 
1H NMR (400 MHz, DMSO-d6): δ = 8.39 (s, 2 H), 7.61 (d, J = 8.5
Hz, 2 H), 7.53 (d, J = 8.5 Hz, 2 H), 6.73 (d, J = 5.9 Hz, 1 H), 6.28
(d, J = 5.9 Hz, 1 H). 
13C NMR (101 MHz, DMSO-d6): δ = 187.64, 167.67, 139.50,
135.15, 129.60, 128.30, 126.28, 112.68, 106.43.

2-Amino-3-(2,2-dimethylpropanoyl)thiophene (5j)3

Yield: 0.760 g (83%); light yellow crystals; mp 99–100 °C (Lit.3 mp
101 °C). 
1H NMR (400 MHz, CDCl3): δ = 7.19 (d, J = 6.0 Hz, 1 H), 6.92 (s,
2 H), 6.13 (d, J = 6.0 Hz, 1 H), 1.33 (s, 9 H). 
13C NMR (101 MHz, CDCl3): δ = 202.30, 166.52, 126.38, 112.98,
105.48, 43.81, 28.00.

2-Amino-3-(2-thiophenoyl)thiophene (5k) 
Yield: 0.856 g (82%); bright yellow crystals; mp 122–124 °C. 

IR (KBr): 3362, 3258, 3136, 1584, 1437 cm–1.
1H NMR (400 MHz, DMSO-d6): δ = 8.31 (s, 2 H), 7.88–7.83 (m, 1
H), 7.75–7.71 (m, 1 H), 7.26–7.16 (m, 2 H), 6.35 (d, J = 5.9 Hz, 1
H). 
13C NMR (101 MHz, DMSO-d6): δ = 179.41, 167.64, 145.19,
131.68, 130.44, 128.02, 125.45, 112.13, 106.87. 

HRMS (ESI): m/z calcd for C9H8NOS2 [M + H]+: 210.0042; found:
210.0041.

2-Amino-3-(2-furoyl)thiophene (5l)
Yield: 0.802 g (83%); yellow crystals; mp 113–114 °C. 

IR (KBr): 3337, 3236, 3131, 1587, 1468, 1436 cm–1.
1H NMR (400 MHz, DMSO-d6): δ = 8.43 (s, 2 H), 7.93 (s, 1 H),
7.45 (d, J = 6.0 Hz, 1 H), 7.23 (d, J = 3.3 Hz, 1 H), 6.71–6.65 (m, 1
H), 6.34 (d, J = 6.0 Hz, 1 H). 
13C NMR (101 MHz, DMSO-d6): δ = 174.53, 168.28, 153.21,
145.82, 125.28, 116.19, 112.03, 111.59, 106.74. 

HRMS (ESI): m/z calcd for C9H8NO2S [M + H]+: 194.0270; found:
194.0273.

2-Amino-3-(2-naphthoyl)thiophene (5m)2f

Yield: 1.001 g (79%); bright yellow crystals; mp 152–156 °C (Lit.2f

mp 143–145 °C).

IR (KBr): 3351, 3245, 3139, 1592, 1441 cm–1.
1H NMR (400 MHz, DMSO-d6): δ = 8.40 (s, 2 H), 8.18 (s, 1 H),
8.09–7.95 (m, 3 H), 7.72–7.68 (m, 1 H), 7.63–7.55 (m, 2 H), 6.84
(d, J = 5.9 Hz, 1 H), 6.30 (d, J = 5.9 Hz, 1 H). 
13C NMR (101 MHz, DMSO-d6): δ = 189.00, 167.39, 138.15,
133.70, 132.03, 128.88, 127.83, 127.68, 127.56, 127.39, 126.70,
126.62, 124.92, 113.11, 106.26. 

HRMS (ESI): m/z calcd for C15H12NOS [M + H]+: 254.0634; found:
254.0634.

2-Amino-3-tosylthiophene (5n)2g

Yield: 0.823 g (65%); tan crystals; mp 130–131 °C, (Lit.2g mp 131–
132 °C).
1H NMR (400 MHz, DMSO-d6): δ = 7.79 (d, J = 8.0 Hz, 2 H), 7.38
(d, J = 8.0 Hz, 2 H), 6.98 (s, 2 H), 6.73 (d, J = 5.9 Hz, 1 H), 6.38 (d,
J = 5.9 Hz, 1 H), 2.36 (s, 3 H).
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13C NMR (101 MHz, DMSO-d6): δ = 159.74, 143.18, 140.46,
129.73, 125.85, 124.19, 110.61, 108.07, 20.92.
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