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Water promoted one-pot synthesis of
2 0-aminobenzothiazolomethyl naphthols and

5-(2 0-aminobenzothiazolomethyl)-6-hydroxyquinolines
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Abstract—A novel one-pot, three-component condensation reaction of an aldehyde, 2-aminobenzothiazole and 2-naphthol or 6-
hydroxyquinoline in water to give 2 0-aminobenzothiazolomethyl naphthols or 5-(2 0-aminobenzothiazolomethyl)-6-hydroxyquino-
lines in high yields at 90 �C without using any catalyst, is described.
� 2007 Published by Elsevier Ltd.
1. Introduction

ortho-Quinone methides (o-QMs) such as 1 and 2 are
highly reactive intermediates that have been extensively
harnessed by Nature. A variety of plants, animals and
insects capitalize upon these types of compound as a
means of defense. However, despite general knowledge
of o-QMs for over a century these intermediates still
lie outside the synthetic mainstream.1,2 Very recently,
Pettus described3 the methods by which o-QMs 1 are
prepared, the benefits and limitations associated with
each method as well as current applications in total
synthesis. The pseudo three-component condensation
reaction of 2-naphthol with aldehydes in the presence
of various catalysts to form xanthenes has been studied
widely. The reaction proceeds through the in situ forma-
tion of ortho-quinone methides 2 with 2-naphthol acting
as a nucleophile.4 However, the three-component
condensation reactions of 2-naphthol and aldehydes
with other nucleophiles is rarely reported in literature.5
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During recent years, water has attracted interest as an
inexpensive and environmentally benign solvent due to
its specific properties. When organic compounds are sus-
pended in water their relative insolubility causes them to
associate, diminishing the water-hydrocarbon interfacial
area.6 In other words, the hydrophobic effect of water
generates internal pressure and promotes the association
of the reactants in the solvent cavity during the activa-
tion process and accelerates the reaction. Any factor,
which increases the hydrophobic effect will increase the
reaction rate.7 This property of water is very efficient
for multi-component reactions (MCRs) in which the
entropy of reaction is decreased in the transition state.

Multicomponent condensation reactions are a powerful
method for the synthesis of organic compounds, since
the products are formed in a single step and diversity
can be achieved by simply varying each component.8

Due to the biological activity of 2-aminobenzothiazoles
and a significant number of compounds containing
this moiety9 and our interest in 2-aminoazole-based
MCRs,10 we report the synthesis of 2 0-aminobenzo-
thiazolomethyl naphthols and 5-(2 0-aminobenzo-
thiazolomethyl)-6-hydroxyquinolines 6 via the one-pot,
three-component condensation reaction of aldehyde 3
and 2-naphthol or 6-hydroxyquinoline 4 in the presence
of 2-aminobenzothiazole 5 as a nucleophile in water at
90 �C (Scheme 1).

To achieve suitable conditions for the above trans-
formation, a series of experiments was carried out
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Scheme 1.

Table 1. Solvent effects on the reaction of 2-naphthol and p-methyl-
benzaldehyde with 2-aminobenzothiazole on the synthesis of 2 0-
benzothiazolomethyl-2-naphtholsa

Entry Solvent Time (h) Temperature (�C) Yield (%)

1 CH2Cl2 24 Reflux 0
2 CHCl3 24 Reflux 0
3 CH3COOEt 24 Reflux 0
4 CH3CN 24 Reflux 0
5 CH3OH 24 Reflux 0
6 [Bmim]Br 24 90 0
7 [Bmim]PF6 24 90 0
8 Water 24 90 81
9 Water 6 90 80

10 Water 3 90 52
11 — 24 90 10
12 — 24 120 35

a 2-Aminobenzothiazole (1 mmol), 2-naphthol (1 mmol) and p-meth-
ylbenzaldehyde (1 mmol).

Table 2. Salt effects on the reaction of 2-naphthol and p-methylbenz-
aldehyde with 2-aminobenzothiazole on the synthesis of 2 0-benzo-
thiazolomethyl-2-naphthols in water after 6 h at 90 �Ca

Entry Saltb Yield (%)

1 — 80
2 NaCl 94
3 NaNO3 96
4 Na2SO4 92
5 LiCl 96
6 LiNO3 93
7 Li2SO4 96

a 2-Aminobenzothiazole (1 mmol), 2-naphthol (1 mmol) and p-meth-
ylbenzaldehyde (1 mmol).

b 0.5 g of salt in 3 ml of water.
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(Table 1). First we investigated the reaction of 2-naph-
thol and p-methylbenzaldehyde with 2-aminobenzo-
thiazole in various solvents, ionic liquids (ILs) and
under solvent-free classical heating conditions. The reac-
tion did not proceed in organic solvents and ILs even
after 24 h (Table 1, entries 1–7). In the absence of sol-
vent, the reaction was very slow and the yields of prod-
uct were 10% and 35% at 90 �C and 120 �C after 24 h,
respectively (entries 11 and 12). We found that the best
solvent for this reaction was water and the reaction yield
was 80% after heating for 6 h at 90 �C (entry 9).
Table 3. One-pot synthesis of 2 0-aminobenzothiazolomethyl-2-naphthols or
sation reaction of 2-aminobenzothiazole, a 2-naphthol or 6-hydroxyquinolin

Product X R1 Yield (

6a CH C6H5– 75 (6)
6b CH 4CH3–C6H4– 80 (6)
6c CH 4CH3O–C6H4– 67 (7.5
6d CH 4Cl–C6H4– 78 (8)
6e CH 3NO2–C6H4– 70 (8)
6f N C6H5– 79 (5)
6g N 4CH3–C6H4– 81 (6)
6h N 4CH3O–C6H4– 69 (7.5
6i N 4Cl–C6H4– 76 (6)
6j N 4Br–C6H4– 73 (7)
6k N 3CH3O–C6H4– 68 (8)
6l N 3NO2–C6H4– 74 (7)

a In the absence of salt.
b In the presence of LiCl.
c Filtered water used three times.
As the hydrophobic effect of water is increased by ionic
solutes,5the effects of LiCl, NaCl, NaNO3, Na2SO4,
LiNO3 and Li2SO4 were examined. As expected, we
obtained an increase in the yield (12–16%) with 0.5 g
of salt in 3 ml of water (Tables 2 and 3).

All the products 6a–l are new compounds, which were
identified by IR, 1H NMR and 13C NMR spectral data
and mass spectroscopy. The 1H NMR spectrum of 6a
exhibited a multiplet at d = 7.00–7.79 for the 15 aro-
matic hydrogens and an aliphatic CH and two singlets
at d 8.79 and d 10.15 for the NH and OH groups, respec-
tively. The 1H decoupled 13C NMR spectrum of 6a con-
firmed the suggested structure and the mass spectrum
shows the expected molecular ion peak. The 1H and
5-(2 0-aminobenzothiazolomethyl)-6-hydroxyquinolines via the conden-
e and an aldehyde at 90 �C

%)/time (h)a Yield (%)/time (h)b Mp (�C)

94 (5) 204–205
96, (96, 96, 95)c (6) 182–183

) 91 (6) 175–176
92 (6) 209–210
91 (6) 198–199
93 (5) 211–212
95 (6) 195–196

) 88 (7) 172–173
91 (6) 209–210
92 (7) 162–163
91 (7) 169–170
93 (7) 184–185
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13C NMR spectra of 6b–l were similar to those of 6a,
except for the R1 and X groups, which exhibited charac-
teristic signals with appropriate chemical shifts.

To explore the scope and limitations of this reaction, we
have extended it to various meta and para-substituted
benzaldehydes in the presence of 2-aminobenzothiazole,
2-aminobenzimidazole, 2-aminothiazole and 3-amino-
1,2,4-triazole. As indicated in Table 3, the reaction
proceeded efficiently between electron-withdrawing or
electron-releasing meta and para-substituted benzalde-
hydes and 2-aminobenzothiazole. However, in the case
of 2-aminobenzimidazole, 2-aminothiazole or 3-amino-
1,2,4-triazole the reaction did not proceed or the yield
of the reaction was very low.

Next, we extended this reaction to phenols, p-nitrophe-
nol 7 on reaction under similar conditions afforded the
product 8 in 43% yield (Scheme 2). However, phenol
and p-methoxyphenol gave only traces of the expected
product under similar conditions after 24 h.

We have not established an exact mechanism for the for-
mation of 2 0-aminobenzothiazolomethyl-2-naphthols,
however, a reasonable possibility is shown in Scheme 3.

In conclusion, we have reported an efficient and envi-
ronmentally friendly approach for the synthesis of
2 0-aminobenzothiazolomethyl-2-naphthols or 5-(2 0-
aminobenzothiazolomethyl)-6-hydroxyquinolines via
condensation of an aldehyde, 2-naphthol or 6-hydroxy-
quinoline and 2-aminobenzothiazole using water as the
solvent. To the best our knowledge, this is the first
report on the synthesis of compounds of type 6 in water
and this new procedure opens an important alternative
to the use of volatile organic solvents.
2. Experimental

General procedure for the preparation of 2 0-aminobenzo-
thiazolo-arylmethyl-2-naphthols or 5-(2 0-amino benzo-
thiazolomethyl)-6-hydroxyquinolines: A mixture of
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2-naphthol or 6-hydroxyquinoline (1 mmol), aldehyde
(1 mmol) and 2-aminobenzothiazole (1 mmol), in the
presence of LiCl (0.5 g, 71 mmol) or in the absence of
LiCl, in water (3 ml) was stirred for the time shown in
Table 3. The progress of reaction was monitored by
TLC. On completion, the reaction mixture was filtered
and the precipitate washed with H2O. The crude prod-
ucts were purified by recrystallization from acetone in
67–96% yields.

Compound (6a): 2 0-Aminobenzothiazolo-phenylmethyl-2-
naphthol: White powder; mp 204–205 �C; IR (KBr)
(mmax, cm�1): 3381, 1599, 1542, 1515, 1449; 1H NMR
(300 MHz, DMSO-d6): dH 7.00–7.79 (16H, m, 15Harom

and CHNH), 8.79 (1H, s, NH), 10.15 (1H, s, OH); 13C
NMR (75 MHz, DMSO-d6): dC 53.55, 118.57, 118.86,
119.16, 121.35, 121.37, 122.88, 124.31, 125.91, 126.53,
128.55, 129.00, 129.05, 130.03, 131.25, 132.63, 132.70,
142.96, 152.60, 153.67, 166.78; MS (EI, 70 eV) (m/z):
382 (M+, 10), 239 (100), 202 (20), 144 (50). Anal. Calcd
for C24H18N2OS: C, 75.36; H, 4.75; N, 7.32; S, 8.38%.
Found: C, 75.15; H, 4.83; N, 7.27; S, 8.47%.

Compound (6b): 2 0-Aminobenzothiazolo-(4-methyl-
phenyl)methyl-2-naphthol: White powder; mp 182–
183 �C; IR (KBr) (mmax, cm�1): 3308, 1624, 1536, 1450;
1H NMR (300 MHz, DMSO-d6): dH 2.23 (3H, s,
CH3), 7.01–7.81 (15H, m, 14Harom and CHNH), 8.80
(1H, s, NH), 10.14 (1H, s, OH); 13C NMR (75 MHz,
DMSO-d6): dC 21.03, 53.53, 118.56, 118.94, 119.32,
121.34, 121.44, 122.86, 124.45, 125.91, 126.51, 126.63,
129.00, 129.16, 129.95, 131.24, 132.65, 135.65, 139.89,
152.64, 153.65, 166.81; MS (EI, 70 eV) (m/z): 396 (M+,
25), 251 (90), 231 (100), 202 (30), 150 (75). Anal. Calcd
for C25H20N2OS: C, 75.72; H, 5.09; N, 7.07; S, 8.09%.
Found: C, 75.96; H, 4.89; N, 6.98; S, 8.16%.

Compound (8): 2 0-Aminobenzothiazolo-(4-methyl-
phenyl)methyl-4-nitrophenol: Yellow powder; mp 189–
190 �C; IR (KBr) (mmax, cm�1): 3418, 1621, 1541, 1511,
1446; 1H NMR (300 MHz, DMSO-d6): dH 2.26 (3H, s,
CH3), 6.50–8.94 (13H, m, 11Harom, NH and CHNH),
11.03 (1H, br s, OH); 13C NMR (75 MHz, DMSO-d6):
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dC 21.09, 55.31, 116.12, 118.78, 121.47, 121.70, 123.65,
125.28, 126.01, 127.69, 129.48, 130.50, 130.93, 136.98,
138.41, 139.94, 152.54, 161.78, 165.58; MS (EI, 70 eV)
(m/z): 391 (M+, 2), 283 (25), 251 (25), 150 (100), 96
(50). Anal. Calcd for C21H17N3O3S: C, 64.42; H, 4.39;
N, 10.74; S, 8.19%. Found: C, 64.18; H, 4.51; N,
10.93; S, 8.29%.
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