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Abstract

The present work focused on developing a new protocol of the 1-(benzothiazolylamino) methyl-2-
naphthol derivatives synthesis by condensation of three compounds, i.e. aromatic 2-naphthol, 2-
aminobenzothiazole and aldehyde. Furthermore, this reaction was carried out in the presence of three
heterogeneous phosphate catalysts: monoammonium phosphates (MAP), diammonium phosphate
(DAP), and trisuperphosphate (TSP). Moreover, this method offered many advantages, such as: very
high yields, shorter reaction times, and the catalysts, can be easily recovered and reused without any
loss of their catalytic activities. Copyright © 2019 BCREC Group. All rights reserved
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1. Introduction 2-aminobenzothiazole is mentioned which is
widely used in the fields of medicinal chemistry
and biology [3]. They present anti-inflammatory
[4], anti-fungal [5] antibacterial [6], anticonvul-
sant [7], anticancer [8], antitumor [9] activities.
They also found their application as indicators
of Alzheimer's disease [10], and they are served
as reactive and hair dyes [11-12]. Consequently,
several processes for the synthesis of
1-(benzothiazolylamino) methyl-2-naphthol
using catalysts have been reported in the litera-
ture, such as LiCl [13], sodium dodecyl sulphate
[14], 3-methyl-1-(4-sulfonic acid) propylimidazo-
* Corresponding Author. lium hydrogen sulfate

Email: souizi@yahoo.com (A. Souzi) ([(CH2)sSOsHMIM][HSO4]) [15], and heteropoly-

In the last decades, organic synthesis has
been oriented toward the catalysts used to mini-
mize cost, time and energy. One of the most im-
portant methods is one-pot multi-component re-
actions (MCRs) allowing the synthesis of the
large variety of compounds that present some
activities in medicine domain [1-2].

The compounds containing benzothiazoles at
the basic structure are very interesting because
they possess biological activities. In particular,
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acid (HPA) [16]. The most of these catalysts
present some inconvenient since they are toxic,
expensive and non-recyclable. Taking in consid-
eration all these factors, the aim of this study is
to propose a new, simple, and effective method
for the synthesis of 1-(benzothiazolylamino)
methyl-2-naphthol derivatives using phosphate
fertilizers monoammonium phosphates (MAP),
diammonium phosphate (DAP) and triple su-
perphosphate (T'SP) [17] as natural and cheap
catalysts, which are well known for their valua-
ble catalytic activities and high recycling and
reuse capacity [18-19].

2. Materials and Method

All chemicals used were purchased from
SIGMA-ALDRICH or FLUKA CHEMICAL. All
synthesized products have been identified by
comparing their melting points and their spec-
tral data with those of the literature. Melting
points were determined on a Kofler bench ap-
paratus and were not corrected. 1H NMR and
1BC NMR spectra were recorded on a Bruker
FT-NMR spectrometer in DMSO-ds used as a
solvent and TMS as a standard. The progress of

Table 1. 1-((Benzothiazol-2-ylamino) (phenyl) me-

thyl) naphthalen-2-o0l synthesis?

Entry Catalyst Time (min) Yield %P
1 - 240 Traces
2 MAP 75 94
3 DAP 35 95
4 TSP 80 95

the reactions was verified and monitored by
TLC on silica gel.

2.1 General Procedure for The 1-(benzothiazoly
-lamino)phenylmethyl-2-naphthols Synthesis

In a flask of 100 mL, 1 mmol of aromatic al-
dehyde (0.106 g), 1 mmol of 2-naphthol (0.144
g), and 1 mmol of 2-amino-benzothiazole (0.150
g) were added in presence of the catalysts (1
mg of MAP in 2 mL of CHCIs or 1 mg DAP in 2
mL of cyclohexane or TSP in 2 mL of THF).
The whole was brought to reflux. The progress
of the reaction was monitored by TLC. After
completion of the reaction, the mixture was
washed with acetone and filtered to recover the
catalyst which could be reused three times at
least and then the filtrate was evaporated and
treated with MeOH. The solid obtained was re-
crystallized from EtOH to give the pure
product.

3. Results and Discussion

The synthesis of 1-((benzothiazol-2-yl-
amino)(phenyl) methyl) naphthalen-2-ol was
carried out by condensation of benzaldehyde,
2-naphthol, and 2-aminobenzothiazole. This
synthesis is considered as a model reaction to
optimize the reaction conditions namely sol-
vent nature the amount of catalyst and reac-
tion time. First, the catalytic test was per-
formed using MAP, DAP and TSP catalysts re-
spectively in the presence of chloroform, cyclo-
hexane and tetrahydrofuran; the reaction mix-
ture was refluxed (Table 1).

From the results shown in Table 1, it was
noticeable that in the absence of the catalyst,
the reaction led to the desired product only in
the form of traces. However, using MAP, DAP

Table 2. The solvent effect on the 1-(benzothiazolyamino) methyl-2-naphthol synthesisa

MAP DAP TSP
Entry Solvent Time Yield Time Yield Time Yield

(min) %P (min) %P (min) Y%
1 EtOH 85 65 55 66 100 67
2 CHsCN 65 78 65 68 80 73
3 MeOH 95 72 45 63 90 66
4 THF 80 86 55 82 90 98
5 CHCls 85 98 45 89 95 93
6 Cyclohexane 78 89 50 98 85 87
7 Solvent-free 90 60 65 60 100 62

a Reaction of 2-naphthol (1 mmol) 2-aminobenzothiazole (1 mmol) and benzaldehyde (1 mmol) catalyzed by MAP, DAP and TSP

under reflux conditions.
b Isolated yield.
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and TSP as catalysts in the reaction medium, (Cyclohexane, CHCIs), polar aprotic (MeCN,
the excellent yields of 98% were obtained in THF). Table 2 resumed the obtained yields and
short reaction times ranging between 50 and 90 the reaction time.
min. This result indicates that the catalysts Table 2 shows that the reactions carried out
used here possess an interesting catalytic activ- in the absence of the solvent provided the ex-
ity for the synthesis taken as a model reaction. pected product with average yields of about
It is well known that the yields and the re- 60%. In contrast, the presence of the solvents
action time also depend on other parameters improves the yields; this can be explained by
such as the nature of the solvent and the the important role played by the solvent to fa-
amount of catalyst. For this reason, the reac- cilitate the interaction between the reagents
tion conditions for each catalyst it were opti- and the catalyst. According to the yields ob-
mized. First, the solvent effect, on the yield and tained it is found that the reactions were more
the reaction time, has been studied. The model easily done in aprotic solvents, CHCls (98%),
reaction was performed without solvent and in Cyclohexane (98%) and THF (98%) respectively
the presence of different solvents, namely the for MAP, DAP and TSP. Indeed, the aprotic
apolar aprotic protic polar (MeOH, EtOH). solvents favorite a good charge separation in

the reagents and an easy reaction process.
Moreover, the nature of the used solvent
and the catalyst amount should be a determi-
nant parameter in the reaction medium. Thus
the influence of the amount of catalysts was
studied by varying the mass of MAP, DAP, and
TSP from 0.5 mg to 6 mg. Figure 1 presents the
obtained results.
w0 | —e—Map It can be seen, from the Figure 1, that when
-.-IT?: the catalyst amount increases the yield of the
60 | reaction decreases, this is probably due to the
dispersion of the reagents on the surface of the
50 catalyst which prevent an easy interaction
05 08 ! 2 4 6 between the different compounds involved in
Catalyst amount (mg) the reaction. One can deduce that 1 mg of each
catalyst is sufficient to give the best yield of
the desired product. In term of the gain on the
reaction time, the time was varied it by a step
of 5 min six times in case of each catalyst. The
*Reaction conditions: 2-naphthol (1 mmol) 2- aminobenzothi- obtained results are summarized in Table 3.
azole (1 mmol), benzaldehyde (1 mmol) with an amount of Table 3 shows that the yield of the product

catalyst varying from 0.5 to 6 mg and in the presence of increases gradually with the increasing time.
CHCls, Cyclohexane and THEF as solvents for MAP, DAP, and Thus the sufficient times leading to the best

100 -

90

80

Yield %

Figure 1. Variation of the catalyst amount for
the 1-(benzothiazolyamino) methyl-2-naphthol
synthesis*.

Table 3. Time effect on the yield of the 1- (benzothiazolyamino) methyl-2-naphthol synthesis2

MAP DAP TSP
Entry : : . . . : . . .
Time (min) Yield (%) Time (min) Yield (%)b Time (min) Yield (%)
1 65 88 25 88 70 84
2 70 90 30 90 75 90
3 75 94 35 95 80 95
4 80 96 40 97 85 97
5 85 98 45 97 90 98
6 90 98 50 98 95 98
7 95 98 55 98 100 98

@ Reaction of 2-naphthol (1 mmol) 2-aminobenzothiazole (1 mmol) and benzaldehyde (I mmol) catalyzed by MAP, DAP, and TSP
under reflux conditions.
b Isolated yield.
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yields are 85 min, 50 min, and 90 min for the
MAP (98%), DAP (98%), and TSP (98%), respec-
tively. One can deduce that in the presence of
catalysts there is a considerable increase in the
yields.

Taking into account the optimized condi-
tions for the pilot reaction, the procedure was
applied to prepare some 1-(benzothiazoly-

soN

Scheme 1. 1-((Benzothiazol-2-ylamino)(phenyl)
methyl) naphthalen-2-ol synthesis

amino) methyl-2-naphthol derivatives, by the
condensation of 2-naphthol, 2-aminobenzo-
thiazole using a variety of aromatic aldehyde
differently substituted by electro-donor and
electro-attractor groups (Scheme 2). The re-
sults are collected in Table 4.

From Table 4 it is observed that the yields
of the products obtained remain better whatev-
er the substituent of the aromatic cycle of the
aldehyde (63-98%). For the calculated TON
and TOF, the best values are obtained for the
model reaction in the presence of MAP and
DAP, which are, respectively, 108.1/86.4 h-1
and 125.4/216.2 h-t. For TSP, the best values of
TON and TOF are observed for the condensa-
tion of 4-chlorobenzaldehyde, 2-naphthol and
2-aminobenzothiazole (229.5/153.0 h-1).

Table 4. Generalization of the Synthesis of 1- (benzothiazolyamino) methyl-2-naphthol derivatives®

Melting point (°C)

Entry R-CHO Catalyst ;1;1111:;3 S((;/(j i)d TON rl;glf) Reported

Found [References]
0 MAP 75 94 108.1 86.4

4a ©)‘\H DAP 35 95 1254 216.2 201-203 202-204 [20]
TSP 80 95 2225 167.3
o] MAP 150 87 100.1 40.1

4b /©)LH DAP 45 90 1189 1585 208-210  209-210 [21]
Cl TSP 90 98 229.5 153.0
0] MAP 180 86 98.9 32.9

4c /©)LH DAP 80 82 977 734 210211  200-202 [21]
Br TSP 120 80 187.4 93.6
(0] MAP 150 74 86.3 34.5

4d ﬁH DAP 85 72 951 67.4 183-185  182-183 [13]
Me TSP 100 63 147.5 88.8
0 MAP 165 76 87.4 31.7

4e J@)LH DAP 90 74 99.1 661 173-175  172-173 [20]
MeO TSP 120 67 156.9 78.4
/ \ o MAP 165 78 89.7 32.6

4f o DAP 60 75 99.0 99.0 175-177 176-177 [16]
H TSP 155 77 180.3  69.8

a Reaction of 2-naphthol (1 mmol) 2-aminobenzothiazole (1 mmol) and benzaldehyde (1 mmol) catalyzed by MAP, DAP, and TSP

under reflux conditions.
b Isolated yield.

Copyright © 2019, BCREC, ISSN 1978-2993




Bulletin of Chemical Reaction Engineering & Catalysis, 14 (2), 2019, 242

The spectral data for all products and the 124.13, 125.90, 126.53, 126.65, 128.57, 129.02,
spectra of TH NMR and 13C NMR for the prod- 129.12, 130.03, 131.26, 142.98, 152.59, 153.67,
uct obtained in the model reaction are given be- 166.78.
low:

1-((Benzo[d]thiazol-2-ylamino)(4-chloro phenyl)
1-((Benzo[d]thiazol-2-ylamino)(phenyl) me- methyl)naphthalen-2-ol (Table 4. 4b). mp:
thyl)naphthalen-2-ol (Table 4. 4a, Figures 3 209-210°C. 'H NMR (300 MHz, DMSO-ds): &
and 4). mp: 202-204°C. 'H NMR (300 MHz, (ppm): 6, 98-7.80 (m. 15H. ArH and CH), 8. 82
DMSO-d¢): & (ppm): 6, 97-7.88 (m. 16H. ArH (s. 1H. NH), 10. 21 (s. 1H. OH); 13C NMR (300
and CH), 8. 79 (s. 1H. NH), 10. 16 (s. 1H. OH); MHz, DMSO-de): & (ppm): 53.11, 118.72,
13C NMR (300 MHz, DMSO-ds): 6 (ppm): 53.58, 118.86, 121.39, 121.57, 122.97, 124.10, 125.93,
118.57, 118.88, 119.18, 121.35, 121.46, 122.88, 126.87, 128.42, 128.53, 159.10, 130.27, 131.19,

OH R
Catalysts MAP, DAP and TSP
Solvent , reflux OO
la-f 2 3 4a-f

Scheme 2. Synthesis of 1-(benzothiazolyamino) methyl-2-naphthol derivatives

8
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Figure 2. 1H NMR of 1-((Benzo[d]thiazol-2-ylamino)(phenyl)methyl)naphthalen-2-ol (4a) in DMSO-ds
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131.33, 132.52, 142.19, 152.53, 153.71, 166.68.

1-((Benzo[d]thiazol-2-ylamino)(4-bromo phenyl)
methyl)naphthalen-2-ol (Table 4. 4¢). mp: 209—
210°C. 1H NMR (300 MHz, DMSO-de): § (ppm):
6, 97-7.81 (m. 15H. ArH and CH), 8. 79 (s. 1H.
NH), 10. 18 (s. 1H. OH); 13C NMR (300 MHz,
DMSO-de): 6 (ppm): 53.10, 118.64, 118.68,
118.82, 119.61, 121.39, 121.56, 122.97, 124.10,
125.91, 121.87, 128.79, 129.09, 130.28, 131.32,
131.43, 132.48, 142.65, 152.51, 153.67, 166.64.

1-((Benzo[d]thiazol-2-ylamino)(4-methyl  phe-
nyl)methyl)naphthalen-2-ol (Table 4. 4d). mp:
183-185°C. tH NMR (300 MHz, DMSO-dg¢): &
(ppm): 2.21 (s, 3H, CHs), 6, 96-7.87 (m. 15H.
ArH and CH), 8. 76 (s. 1H. NH), 10. 13 (s. 1H.
OH); 13C NMR (300 MHz, DMSO-d¢): 8 (ppm):
21.03, 53.43, 118.53, 118.88, 119.27, 121.34,
121.42, 122.85, 124.42, 125.90, 126.48, 126.62,
128.99, 129.15, 129.94, 131.22, 132.60, 135.61,
139.89, 152.61, 153.61, 166.717.

1-((Benzo[d]thiazol-2-ylamino)(4-methoxy phe-
nyl) methyl)naphthalene-2-0l (Table 4. 4e). mp:

\\N\V///%A

——166.783
3
52
142
2

319
a8
464
359
82

173-175°C. TH NMR (300 MHz, DMSO-d¢): &
(ppm): 3.66 (s, 3H, OCHs3), 6, 80-7.88 (m. 15H.
ArH and CH), 8. 74 (s. 1H. NH), 10. 11 (s. 1H.
OH); 13C NMR (300 MHz, DMSO-ds): § (ppm):
53.25, 55.45, 114.00, 118.51, 118.88, 119.22,
121.33, 121.39, 122.84, 124.35, 125.89, 126.60,
127.71, 128.99, 129.12, 129.90, 131.18, 132.59,
134.63, 152.61, 153.57, 158.19, 166.730.

1-(Benzo[d]thiazol-2-ylamino)(furan-2-
yl)methyl)naphthalene-2-ol ( Table 4. 4f). mp:
176-177°C. 'H NMR (300 MHz, DMSO-ds): 6
(ppm): 6,19 -8.89 (m. 14H. ArH and CH), 8. 91
(s. 1H. NH), 10. 23 (s. 1H. OH); 13C NMR (300
MHz, DMSO-de): & (ppm): 49.17, 106.87,
110.96, 116.65, 118.63, 118.90, 121.39, 121.54,
122.92, 123.85, 125.96, 126.73, 128.98, 130.26,
131.14, 132.86, 142.34, 152.44, 153.92, 155.00,
166.32.

To obtain these products we proposed the
mechanism presented in Scheme 3. In the reac-
tion medium, the catalysts MAP, DAP, and
TSP having an acid character, release a proton
which activates the carbonyl group of the alde-
hyde, the latter reacts with 2-naphthol to give

—67.496
——53.580
5
2

sk et e e LML&-& L = ""J“‘H'

I T T T T T T T T T

190 180 170 160 150 140 130 120 110

T T T T T T T T T

100 9 80 70 60 50 40 30 20 ppm

Figure 3. 13C NMR of 1-((Benzo[d]thiazol-2-ylamino)(phenyl)methyl)naphthalen-2-ol (4a) in DMSO-de
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the 0-QM, then the catalysts activate the car-
bonyl of ortho-Quinone methides (0-QMs)
which will subsequently react in situ with 2-
aminobenzothiazole to form the desired
products 4a-f.

In order to test the long-term durability of
MAP, DAP and TSP. We studied the reuse of

100% -

95% -

EMAP
mDAP
TSP

90% A

Yield %

85% -

80% -

Cycles

Figure 4. Recycling of MAP, DAP and TSP in
case of the 1-(benzothiazolyamino) methyl-2-
naphthol synthesis

® |MAP
H 1 DAP Catalysts)
K TSP
.

these four catalysts for the synthesis of 1-
((Benzothiazol-2-ylamino) (phenyl) methyl)
naphthalen-2-o0l, at the end of each reaction the
catalysts were recovered by simple filtration,
washed with EtOH, then dried in the oven at
200 °C for one hour, they are then reused for
three times. Figure 4 shows the results ob-
tained.

From Figure 4, it can be seen that after four
cycles, a slight loss of catalytic activity is ob-
served. Therefore, the phosphate fertilizers
used herein can be considered as interesting
and efficient catalysts in the synthesis of
1-(benzothiazolyamino) methyl-2-naphthol de-
rivatives.

4. Conclusion

In this work, a simple and efficient method
has been developed by the application of phos-
phate fertilizers MAP, DAP, and TSP as heter-
ogeneous catalysts for the synthesis of
1-(benzothiazolylamino) methyl-2-naphthol.
The optimization of the operating conditions

R_ (OH
@
H{]
" ar
la-f 2
R

oo

4a-f Product

-H,0

-H

MAP

H {DAP (Catalysts)
R H( TSP

OH
(I ;

°

0-QMs

Scheme 3. Suggested mechanism for the synthesis of 1-(benzothiazolyamino) methyl-2-naphthol de-

rivatives by MAP, DAP, and TSP catalysts
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such as solvent, a catalyst mass and reaction
time to facilitate the obtaining of the desired
products with higher yields in short reaction
times. Also, these catalysts show a good reuti-
lizing capacity such that they can be recovered
and reused several times after the first use
without loss of their catalytic activities, which
is shown the catalytic efficiency of them. The
novelty of this work appears in the fact that the
used catalysts are not toxic, available, and not
expensive. Moreover, the present research can
contribute to the valorization of the natural
phosphate because Morocco 1s considered a
leading producer of phosphate products.
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