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Abstract. Squaric acid, a green, metal-free and eco-friendly organocatalyst, has been exploited for the
synthesis of biologically interesting 2,3-dihydro-1H-perimidines. The reaction was performed using water as
a green reaction medium and the organocatalyst can be easily recovered and reused up to four consecutive
cycles without much decrease in catalytic activity. Several advantages of the present methodology are low
catalyst loading, excellent catalytic performance, easy catalyst handling, mild reaction conditions, operational
simplicity, ease of product isolation, avoidance of column chromatographic separation, a higher yield of the
desired product in short reaction time, high atom economy and synthesis of benzophenone based perimidine.
Keywords. Squaric acid; organocatalyst; 2,3-dihydro-1H-perimidines; green chemistry.

1. Introduction
Perimidine derivatives are one of the most important
class of nitrogen-containing heterocycles which have
diverse biological and pharmacological properties comprising anti-bacterial, anti-microbial, anti-cancer, antiinﬂammatory activities.1–5 The interest in perimidines
originates from the presence of this heterocyclic system
in various biologically and pharmacologically active
compounds. Due to strong electron-donating character of
2,3-Dihydro-1H-perimidine derivatives, they have been
used as intermediates in the synthesis of symmetrical
squarylium dyes to shift the absorption at NIR region.6,7
In addition, these compounds have also been used as
antioxidant stabilizers,8 photochromic compounds,9
catalysts,10 ligand scaffolds11 and stoppers for supramolecule.12 The structures of a few perimidines with
different applications are depicted in Figure 1.
The reaction of 1,8-diamino naphthalene and acetophenones have been accelerated by various protonic
acids and metal catalysts such as BiCl3,13 RuCl3,14 Yb
(OTf)3,15 HBOB,16 Amberlyst-15,17 CMK-5-SO3H18
and MNPs-TBSA.19 However, the time-consuming
procedures for catalyst preparation, moisture sensitivity

of catalyst, various side products formation resulting in
low yield of desired product, longer reaction time,
laborious work up methods, non-recoverability of catalyst, need of chromatographic separation and high
environmental factor limits the applicability of these
reactions. As every method has merits and demerits,
there is a need for improvement of existing methods.
Recently, organocatalysts have emerged as powerful
catalysts in synthetic chemistry owing to its distinctive
properties such as non-toxicity, selectivity, reusability,
moisture and air insensitivity and operational simplicity.20–27 Squaric acid (quadratic acid), a green
organocatalyst, is a dibasic organic acid which has a
thermal decomposition temperature of 245 °C at ambient
pressure.28 Squaric acid is soluble in water and insoluble
in most of the common organic solvents. The high acidity
of squaric acid in water (Pka = 1.5, 3.4) is attributed to
resonance stabilization of the anion.29 Therefore, squaric
acid has been explored as an acidic catalyst in various
organic transformations such as N-substituted pyrroles
synthesis,30 bis (indolyl) methanes synthesis,31 Mannich
reaction32 and Michael addition.33
The third principle of green chemistry states that solvents should satisfy the different criteria such as
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water (5 mL) at 80 °C for the appropriate time shown in
Table 2. The reaction mixture was then cooled to room temperature and pure products were afforded by ﬁltration of the
reaction mixture with multiple washing of water. Most of the
synthesized compounds (3a-o) being well reported were primarily identiﬁed by melting points.13–17 The synthesized
compounds were further conﬁrmed by 1H and 13C NMR.

3. Results and Discussion

Figure 1. Representative examples containing 2,3-dihydro-1H-perimidines moiety.

non-toxicity, biodegradability, inﬂammability and renewability. Development of water as a green solvent instead
of organic solvents in organic synthesis led to remarkable
progress in recent years as water is more abundant, low
cost, sustainable and environmentally friendly solvent.
Reactions which uses water as a solvent has gained much
attention, as these reactions follow one of the principles
of green chemistry, reduce the environmental factor
(E-factor) and simpliﬁes the isolation and puriﬁcation
processes.34–36 Moreover, water enhances the reactivity
and selectivity of organic reactions due to solvent polarity,
hydrogen bonding, and hydrophobic packing.37,38
In continuation of our research to explore eco-efﬁcient transformations, in the present study, we wish to
report for the greener synthesis of 2,3-dihydro-1Hperimidines from 1,8-diamino naphthalene and acetophenones using squaric acid organocatalyst and
water as a green solvent. This is the ﬁrst report on the
synthesis of 2,3-dihydro-1H-perimidines in water.
2. Experimental
2.1 Materials and instrumentation
Squaric acid, ketones and 1,8-naphthalene diammine
were purchased from Sigma Aldrich. 1H (500 MHz) and
13
C (101 MHz) NMR spectra of synthesized compounds
were recorded on Agilent spectrophotometer in CDCl3 or
DMSO-d6 as a solvent. FT-IR spectra were recorded on
Bruker alpha spectrometer using KBr pellets.

2.2 General procedure for the synthesis of 2,
3-dihydro-1H-perimidine derivatives (3a-o)
The mixture of 1, 8-diamino naphthalene 1 (1 mmol), ketones
2a-o (1 mmol) and squaric acid (10 mol %) was heated in

In order to determine the catalytic activity of squaric
acid in the 2,3-dihydro-1H-perimidines synthesis, we
initiated our study by taking 1,8-naphthalene diamine
(1, 1 mmol) and acetophenone (2g, 1 mmol) as the
model substrates for the synthesis of 2-methyl-2-phenyl-2,3-dihydro-1H-perimidine 3g.
Initially, we inspected the reaction under solventfree conditions at 80 °C using model substrates and
squaric acid as a catalyst but less yield of product 3g
(24%) was observed even after long reaction time
(Table 1, entry 1). Then, the same reaction was repeated in different polar and non-polar solvents for the
synthesis of 3g (Table 1, entries 2-8). After the
screening of solvents, water came out as the best
solvent which not only gave a higher yield of 3g (95%)
but also higher reaction rate (45 min.) (Table 1, entry
2). This is possible because of the good solubility and
high acidity of squaric acid in water. In Ethanol, the
reaction gave 70% yield of 3g in 2 h (Table 1, entry
3). Next, to achieve the maximum yield of 3g, we
standardized the catalyst loading. First, the blank
experiment was performed in the absence of catalyst in
water (5 mL), but the reaction resulted in a poor yield
of product 3g (12%) even after a long reaction time of
12 h (Table 1, entry 9). When the same reaction was
performed in the presence of 10 mol% squaric acid,
the desired product 3g formed in excellent yield (95%)
within 45 min (Table 1, entry 13). Further increasing
the catalyst loading did not result in any substantial
improvement of the yield, but decreasing the catalyst
loading (\ 10 mol %) reduced the product yield
(Table 1, entries 9-12, 14). Further, the study of
reaction temperature was explored and 80 °C was the
optimum temperature for 3g formation (Table 1, entry
18). Consequently, the effect of reaction time was also
studied and 45 min was the adequate time for 3g
synthesis (Table 1, entry 24). From these screening
studies, the optimal reaction conditions for the synthesis of 3g were 1 (1.0 mmol), 2g (1.0 mmol), squaric
acid (10 mol%), 5.0 mL water, 80 °C, 45 min.
Further, we have explored the substrate scope and
generality of this methodology by condensation of
several aliphatic, alicyclic and aromatic ketones with
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Table 1. Optimization of reaction parameters for the synthesis of 2-methyl-2-phenyl-2, 3-dihydro-1H-perimidine 3ga.

Entry
Effect
1
2
3
4
5
6
7
8
Effect
9
10
11
12
13
14
Effect
15
16
17
18
19
Effect
20
21
22
23
24
25

Solvent
of solvent
No solvent
Water
Ethanol
Acetonitrile
Tetrahydrofuran
DMF
Toluene
Dichloromethane
of catalyst loading
Water
Water
Water
Water
Water
Water
of temperature
Water
Water
Water
Water
Water
of time
Water
Water
Water
Water
Water
Water

Catalyst loading (mol %)

Temperature (°C)

Time (h)b

Yieldc (%)

10
10
10
10
10
10
10
10

80
80
Reﬂux
Reﬂux
Reﬂux
Reﬂux
Reﬂux
Reﬂux

12
0.45
2
12
12
12
12
12

24
95
70
16
28
22
NRd
NRd

–
2.5
5
7.5
10
15

80
80
80
80
80
80

12
4
2
1.15
0.45
0.45

12d
24
50
68
95
95

10
10
10
10
10

RT
50
70
80
100

12
4
2
0.45
0.45

NRd
40
74
95
95

10
10
10
10
10
10

80
80
80
80
80
80

10
20
30
40
45
50

25
48
60
84
95
95

The bold values indicate the best results obtained
Reaction conditions: 1,8-diamino naphthalene 1 (1 mmol), acetophenone 2g (1 mmol).
b
The progress of the reaction was monitored by TLC.
c
Isolated yield.
d
No reaction.
a

1,8-diamino naphthalene (Table 2). With aliphatic and
alicyclic ketones, the reactions provided better product
yields in less reaction times than with aromatic
ketones. The low reactivity of aromatic ketones over
aliphatic and alicyclic ketones could be attributed to
the steric crowding of the phenyl ring. Thus, the
reaction with diethyl ketone (2b) completed in 20 min
(Table 2, entry 2) while with acetophenone the reaction (2g) required 45 min (Table 2, entry 7) for

completion. Furthermore, the aromatic ketones containing an electron-deﬁcient group kinetically favored
the reaction compared to the electron-rich group. For
example, the reaction with 4-nitro acetophenone (2m)
was found to be completed within 30 min to afford
96% yield of 3m (Table 2, entry 13), while reaction
with 4-methoxy acetophenone (2k) required 105 min
to furnish 86% of 3k (Table 2, entry 11). Benzophenone generally gives the poor yield of the
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Table 2. Synthesis of different 2, 3-dihydro-1H-perimidines derivativesa (3a-o).

Reaction
time c
(min.)

Yield d (%)

1

20

91

115–11613

116

2

20

90

96–97 17

97

3

20

91

105–107 17

106

4

20

94

5

30

91

Entry

Ketone

Productb

Melting point (°C)
Reported
Observed

84–8517

110–11113

84

110
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Table 2. continued

30

92

226–22717

226

45

95

136–13817

138

8

60

93

129–13017

130

9

70

91

157–15813

157

90

89

118–119 17

118

6

7

10

corresponding perimidine using existing protocols.13–15,17 Interestingly, our protocol gave a 55%
yield of 3o by reaction with benzophenone. The low
yield of 3o can be attributed to steric crowding of two
phenyl rings (Table 2, entry 15).

In order to make the protocol economically and
environmentally more feasible, we also inspected the
reusability of squaric acid. For this purpose, the model
reaction of 1,8-diamino naphthalene 1 and acetophenone 2g in presence of squaric acid in water was
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Table 2. continued

105

86

179–180 17

180

12

120

81

–

196

13

30

96

193–19417

194

40

95

242–244 17

244

360

55

209–210 13

210

11

14

15

a

Reaction conditions: 1,8-diamino naphthalene 1 (1 mmol), ketone 2a-o (1 mmol), squaric acid (10 mol%), water (5.0 mL)
Products are characterized by 1H NMR, 13C NMR and melting points.
c
Reaction progress was monitored by TLC.
d
Isolated yield.
b

J. Chem. Sci. (2020)132:31

Page 7 of 10

31

Table 3. Large-scale synthesis of 2-methyl-2-phenyl-2,
3-dihydro-1H-perimidine 3g.
Entry

Scale (mmol)

H2O (ml)

Yield (%)a

1
20
40
40
40
40
40
60

5
100
120
120
120
120
120
300

95
93
90
88
86
83
81
87

1
2
3
4b
5c
6d
7e
8
a

Isolated yield.
First run.
c
Second run.
d
Third run.
e
Fourth run.
b

Figure 2. Recyclability of squaric acid in the synthesis of
3g.

Figure 3. Overlaid FT-IR spectra of fresh and four times
recycled squaric acid.

carried out. Squaric acid is insoluble in most of the
organic solvents and soluble in water. Thus, after
completion of the reaction, the reaction mass was ﬁltered and thoroughly washed with water. Then the
ﬁltrate was collected and reused up to four successive
cycles without noticeable loss in the catalytic activity
of squaric acid (Figure 2). The recovered squaric acid
after the fourth cycle was then characterized by FT-IR
(Figure 3). There is no change observed in FT-IR
spectra of recycled squaric acid after four runs indicates that the structure of squaric acid remains intact
even after four recoveries.
To check the applicability of this methodology for
industrial applications, we carried out gram scale
experiments for the synthesis of 3g. For this purpose,
the condensation reactions of 1,8-diamino naphthalene
1 and acetophenone 2g in presence squaric acid with
different scales were carried out (Table 3, entries 1–8).
The reactions proceeded smoothly with large scales

and the desired products were afforded in good yields.
These results revealed that the present protocol can be
applied for the industrial synthesis of perimidines.
Based on the experimental results and previous
reports,18,19 the plausible mechanistic pathway for
squaric acid-catalyzed synthesis of 3g is outlined in
Figure 4. First, the highly acidic squaric acid facilitates the condensation between acetophenone and 1,8diamino naphthalene to form Schiff’s base intermediate III via intermediates I and II. Then, the intermediate III undergoes protonation and an intramolecular
cyclization followed by proton abstraction by dianion
of squaric acid to produce the ﬁnal product 3g with
regeneration of squaric acid for subsequent cycles.
Finally, we compared the results of the present
method with that of other reported methodologies for
the synthesis of 3g as shown in Table 4. For non-metal
catalyst (entry 1 and 4), the methodologies gave a low
yield of 3g and required more reaction time for reaction completion (c.f. present methodology). For entry
2, the methodology utilized the metal catalyst BiCl3,
which is moisture sensitive and forms oxychlorides in
presence of water. For entries 3, 5, 6, the methodologies used the metal catalysts and gave less yield of
product in prolonged reaction time. For entry 7,
although the catalyst used for the reaction is recyclable
and metal-free, it required comparatively more reaction time than the present method for reaction completion. Moreover, some of the catalysts mentioned in
Table 4 are non-recyclable and some methodologies
do not give the benzophenone-based perimidines. In
conclusion, the present protocol is superior over the
reported methods with respect to the metal-free catalyst, catalyst loading, catalytic activity, reaction time,
catalyst recyclability, product yield and green solvent.
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Figure 4. Plausible reaction mechanism for the synthesis of 3g.
Table 4. Comparison of catalytic activity of squaric acid with reported catalysts for the synthesis of 3g.
Entry
1
2
3
4
5
6
7
8

Catalyst (mol%)

Nature of catalyst

Solvent

Temp.

Time (h)

Yield (%)a

Refs.

HBOB
BiCl3
MNPs-TBSA
CMK-5-SO3H
RuCl3
Yb(OTf)3
Amberlyst 15
Squaric acid

Non-metal
Metal
Metal
Non-metal
Metal
Metal
Non-metal
Non-metal

Ethanol
Ethanol
Water: ethanol
Ethanol
Ethanol
Ethanol
Ethanol
Water

Reﬂux
RT
50 °C
Reﬂux
RT
RT
Reﬂux
80 °C

2
6
24
7
24
24
1.30
0.45

85
82
82
80
91
82
97
95

[16]
[13]
[19]
[18]
[14]
[15]
[17]
Present work

The bold values indicate our catalyst advantages over other reported catalysts
Isolated yield.

a

4. Conclusions
In summary, we have developed highly efﬁcient and
metal-free, a squaric acid-catalyzed methodology for
the synthesis of 2,3-dihydro-1H-perimidines in water.
Use of green solvent, high recyclability of catalyst,
avoidance of column chromatography and good to
excellent yields of desired products in shorter reaction
time are the key points of this protocol which makes
the protocol green, environment-friendly and sustainable. Moreover, easy handling of the catalyst, low
catalyst loading, easy workup procedure and good

results in gram scale reactions are some of the
advantages for this protocol. We hope, the present
protocol can be valuable for synthetic and medicinal
chemists for academic and industrial purposes.
Supplementary Information (SI)
H-NMR and CNMR data is available at www.ias.ac.in/
chemsci.
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