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N,N,N',N'-tetramethyl-N,N'-bis(sulfo)ethane-1,2-diaminium mesylate
([TMBSED][Oms]2) is used as a highly efficient and dual-functional
catalyst for the one-pot multi-component condensation of 2-naphthol with
aryl aldehydes and thioacetamide under green, mild (70 °C), and solvent-
free conditions. In this reaction, 1-thioamidoalkyl-2-naphthols are
produced in high to excellent yields and in relatively short reaction times.
In this reaction, products are identified by analysis of its 1H NMR, 13C NMR,
and FT-IR data. Moreover, a plausible mechanism based on dual-
functionality of the catalyst was proposed.
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Introduction

In multicomponent reactions (MCRs), three or more reactants are combined into a one-pot process.
This may reduce the time and save the energy and the consumed raw materials. They are
performed without isolating intermediates. MCRs offer the advantage of simplicity and synthetic
efficiency over the conventional chemical reactions [1-8]. 1-thioamidoalkyl-2-naphthol derivatives
are of importance as they can be easily hydrolyzed to the biologically interesting compounds. For
example, one of the most important biologically active compounds, containing a 1-aminoalkyl-2-
naphthol moiety in its structure which has been shown to have hypotensive, antipain, antibacterial,
secretase inhibitory, notch-sparing, and bradycardic activities (Figure 1) [9-12, 17].
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Figure 1. The general structures of 1-aminoalkyl-2-naphthols

The one-pot multi-component condensation of 2-naphthol with aldehydes and thioacetamide has
been used as a practical synthetic route toward 1-thioamidoalkyl-2-naphthols [13-22]. Some
catalysts have been applied for this transformation including, p-toluenesulfonic acid [13], Fe(HSO4)3
[14], 1,3-dibromo-5,5-dimethylhydantoin [15], 1,3-dichloro-5,5-dimethylhydantoin [16], 1,3,5-
trichloro-1,3,5-triazinane-2,4,6-trione [16], trityl chloride [17], triethylaminium-N-sulfonic acid
trifluoroacetate [18], N,2-dibromo-6-chloro-3,4-dihydro-2H-benzo[e][1,2,4]thiadiazine-7-
sulfonamide 1,1-dioxide [19]. Saccharin sulfonic acid [20], tribromo-melamine [21], and P,0s-SiO;
[22]. Tonic liquids (ILs) are generally composed of ions and solvent are considered unique. Ionic
liquids have been widely studied due to their special properties such as high thermal stability,
negligible vapor pressure, good solvation ability, high ionic conductivity, and the principles of green

chemistry [23-26].
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Another important practical technique in synthetic organic chemistry is carrying out reactions in
solvent-free conditions. This technique has many advantages compared with solution conditions,
which consist of compliance with green chemistry, higher yields, shorter reaction times, simplicity
of reaction procedure, workup and purification, increment of selectivity, need for milder conditions,
high effectiveness and minimization of by product/waste synthesis [27-29]. In this research study,
we evaluated the one-pot multi-component condensation of 2-naphthol with aryl aldehydes and
thioacetamide at the presence of catalytic amount of ([TMBSED][OMs].) under green and solvent-

free conditions at 70 °C to produce 1-thioamidoalkyl-2-naphthols.

Experimental

All the chemicals were purchased from Merck, Fluka or Acros chemical companies. Monitoring progress
of the reactions was achieved using the thin layer chromatography (TLC). The 'H NMR (400 MHz) and
13C NMR (100 MHz) were performed using a Bruker avance DPX FT-NMR spectrometer; IR on Shimadzu

IR-60; melting points were recorded using a Biichi B-545 apparatus in open capillary tubes.

Preparation of N,N,N’,N'-tetramethyl-N,N’-bis(sulfo)ethane-1,2-diaminium mesylate
([TMBSED][OMs]2)

A solution of N,N,N',N'-tetramethylethane-1,2-diamine (5 mmol, 0.581 g) in dry CH,Cl; (20 mL) was
added dropwise to a stirring solution of chlorosulfonic acid (10 mmol, 1.165 g) in dry CH2Cl, (200
mL) over a period of 10 min at 10 °C. After that, the reaction mixture was allowed to heat to room
temperature (accompanied by stirring), and stirred for another 4 h. The solvent was evaporated
under reduced pressure, and the liquid residue was triturated with dry petroleum ether (3x2 mL),
and dried under powerful vacuum at 90 °C to give [TMBSED][CI]. [30]. Then, methanesulfonic acid
(10 mmol, 0.96 g) was added dropwise to [TMBSED][CI]. (5 mmol, 1.74 g) over a period of 3 min at
room temperature under pressure of nitrogen gas (to remove the HCl produced during the
reaction). The resulting mixture was stirred for 12 h at room temperature, and 2 h at 60 °C under a
continuous flow of nitrogen gas to give [TMBSED][OMs]; as a viscous light-brown liquid in quantity

yield [31].
General procedure for the condensation of 2-naphthol with aryl aldehydes and thioacetamide

A mixture of 2-naphthol (1 mmol), aryl aldehyde (1 mmol), thioacetamide (1.2
mmol) and [TMBSED][OMs]. (0.20 mmol) was stirred mechanically at 70 °C. The progress of

the reaction was monitored by TLC. After completion of the reaction, the reaction mixture
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was allowed to cool down to room temperature, and the resulting solid was recrystallized from

hot EtOH (95%) to give pure 1-thioamidoalkyl-2-naphthol (compounds 1-12).

Results and discussion

At first, we selected the one-pot three-component condensation of 2-naphthol with 3-
nitrobenzaldehyde and thioacetamide as model reaction to provide 1-thioamidoalkyl-2-naphthol 4.
The reaction was studied in the absence of catalyst under solvent-free conditions at 90 °C in which
the product was obtained in 35% yield after 120 min. Afterward, the solvent-free reaction was
examined in the presence of different amounts of [TMBSED][OMs]. (17-23 mol%) at range of 60-85
°C; the best results for were obtained when 20 mol% of [TMBSED][OMs]. was used at 70 °C (time:
35 min, yield: 98%).
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Scheme 1. The condensation of 2-naphthol with 3-nitrobenzaldehyde and thioacetamide

After choosing the best mol% of [TMBSED][OMs]; and temperature, these conditions were used for
the condensation of 2-naphthol with different aromatic aldehydes and thioacetamide to show the
efficiency and the generality of the method. The corresponding results are displayed in the Table 1.
As seen in Table 1, all the aldehydes including, benzaldehyde and aryl aldehydes bearing various
substituents on the ortho, meta and para positions, afforded the desired 1-thioamidoalkyl-2-
naphthol derivatives in high to excellent yields (89-98%) within relatively short reaction times (25-
70 min) (Table 1, compounds 1-12). These observations confirmed that our method and catalyst
are highly efficient.

To compare the efficiency of our method with the reported methods for the synthesis of 1-
thioamidoalkyl-2-naphthols, we have tabulated the results of these methods to perform
the condensation reaction between 2-naphthol, 3-nitrobenzaldehyde and thioacetamide in Table 2. As
demonstrated in Table 2, compared to the previous studies, our approach revealed better

performance in terms of the temperature, reaction time, and efficiency.
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Table 1. The synthesis of 1-thioamidoalkyl-2-naphthols catalyzed by [TMBSED][OMs]z at 70 °C under solvent-free

conditions
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. Ar)k . C)J\NH [TMBSED][OMs], (200mol%2 on
3 2 Solvent-free, 70 °C OO
Product Ar Time (min) Yield? (%) M.p. °C (Lit.)
1 CeHs 55 91 192-194 (190-193) [17]
2 4-MeCeHa 55 92 181-183 (180-183) [17]
3 4-02NCeHa 45 95 245-247 (243-245) [14]
4 3-02NCeH4 35 98 232-234 (231-233) [18]
5 4-ClCeHa 35 89 244-246 (246-248) [14]
6 4-MeOCsH4 70 97 178-180 (181-182) [19]
7 2-MeOCesH4 55 90 214-215 (213-215) [13]
8 4-HOCeH4 45 94 238-240 (240-242) [15]
9 3-CICeH4 45 91 257-259 (256-258) [19]
10 2,4-Cl2CeHs 45 96 221-223(219-221) [19]
11 2-02NCeH4 35 93 228-231 (228-231) [18]
12 2-FCeHa 25 95 238-240 (new)
a]solated yield

Table 2. Comparison of the results of the reaction of 2-naphthol with 3-nitrobenzaldehyde and thioacetamide

using our method with those obtained by the reported methods

Catalyst Temp. (°C) | Time (min) | Yield2 (%) Ref.
[TMBSED][OMs]2 70 35 98 This work
SASA 70 40 75 [20]
p-TSA 100 60 90 [13]
DBH 130 150 93 [15]
TCCA 120 120 65 [16]
DCDMH 120 135 61 [16]
Trityl chloride 70 30 82 [17]
[TEASA][TFA] 100 15 96 [18]
DCDBTSD 80 30 78 [19]
Tribromo-melamine 130 180 95 [21]

In a plausible mechanism, ionic liquid is a dual-functional catalyst, as it has both acidic and basic
sites (the SOsH group is acidic and the mesylate is basic). Moreover, there are two acidic and basic
sites in the catalyst. This issue is demonstrated in the reaction mechanism, Scheme 2. Two acidic
and two basic sites of the ionic liquid can simultaneously catalyze the reaction. The proposed
mechanism is supported by literature [13, 14, 19]. At first, the basic anion (mesylate) assists 2-

naphthol for the addition to the activated aldehyde by the acidic hydrogen of [TMBSED][OMs]. to
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produce the intermediate I. The removal of the H,0 molecule from I through the assistance of both
the cation and anion in the IL gives the intermediate II. Finally, a Michael-type addition of
thioacetamide to Il affords the product, which is also accelerated by the acidic and basic sites

of [TMBSED][OMs]..
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Scheme 2. The proposed mechanism for the synthesis of 1-thioamidoalkyl-2-naphthol
Conclusions

In this work, we have introduced a new method for the one-pot three-component condensation of
2-naphthol with aromatioc aldehydes and thioacetamide using [TMBSED][OMs]. as an interesting
SOzH-containing catalyst in solvent-free conditions for synthesis of 1-thioamidoalkyl-2-naphthols.
Advantages of this method include high efficiency, generality, relatively short reaction time, high
yield, simplicity, ease of preparation and easy work-up and purification of the products.
Furthermore, the catalytic system is environmentally benign and highly efficient, as well as being

easy to prepare.
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