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A new family of bis-tetrazole (BIZOL) BINOL-type ligands
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Abstract—The synthesis and characterization of 5-(1-(2-(1H-tetrazole-5-yloxy)naphthalen-1-yl)naphthalen-2-yloxy)-1H-tetrazole
(BIZOL) as the first bis-tetrazole BINOL-type ligands is described.
� 2006 Elsevier Ltd. All rights reserved.
Despite the scarcity of tetrazoles in natural systems, the
chemistry of this heterocycle has gained increasing atten-
tion since the early 1980s.1 This interest stems from the
ability of tetrazoles to mimic the carboxylic acid group,
which has motivated the incorporation of tetrazoles into
biologically active molecules.2 Another research area of
major interest is the therapeutic application of tetrazoles,
which have been included in pharmacologically active
compounds with antihypertensive, antiallergic and anti-
biotic activities.3 Tetrazoles have also found wide appli-
cation in agricultural biology and in explosives.4
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Asymmetric synthesis5 deals with the development of
stereodifferentiating reactions in which the source of chi-
rality can be present in a stoichiometric (chiral auxiliary)
or a catalytic (chiral catalyst) amount, enantioselective
catalysis6 with transition metals in the presence of a
chiral ligand probably being one of the most popular
research areas in organic chemistry presently. Among
chiral ligands, those containing a 1,1 0-binaphthyl moi-
ety3 have played a central role in this field and when
constituents are introduced into the 2,2 0-positions the
atropisomers become configurationally stable and for
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that reason easily resolvable.7 Apart from the interest in
the design of binaphthyls for asymmetric synthesis, they
can be used in materials science because of the unique
properties derived from their rigidity, chirality and
conjugation.8 As a result of our research on the chemis-
try of tetrazoles,9–13 we herein report the synthesis
and characterization of tetrazoles possessing a
BINOL skeleton. These interesting compounds have
both bis-tetrazole and binaphthyl character.

The preparation of aryloxy tetrazoles has commonly
been achieved by the reaction of phenols with cyanogen
bromide in the first stage followed by the addition of
sodium azide in acetone–water at reflux.12,13

Most phenols give good yields by this method. In the
case of 2,2 0-dihydroxy-1,1 0-binaphthyl, the yields were
lower than expected. In fact, cyanate formation using
this method was easy, however, a mixture of adducts 1
and 2 was produced in the final stage of the reaction
along with recovered starting material, Scheme 1.14

The low yields of 1 and 2 were attributed to the presence
of water. Attempts to eliminate water from the system
prevented the formation of adducts 1 and 2. The same
yields were obtained at lower temperature and in a
shorter reaction time. However, the ease of recovery of
unreacted BINOL and the availability of the starting
reagents make the yields of 1 and 2 workable.

In a similar procedure, the preparation of BINOL tetra-
zole 4 was achieved in high yield when one of the hydr-
oxyl groups was protected using methyl iodide, Scheme
2.15,16 The results of all the reactions investigated using
racemic and optically active BINOL are presented in
Table 1. The specific rotations, yields and melting points
Table 1. Specific rotations, melting points and yields of BIZOL derivatives

Compound Enantiomer Speci

HO

N

NH N
N

O

S-(2) �42.
R-(2) 43.
R,S-(2) —

CH3O

N

NH N
N

O
S-(4) �24.
R-(4) 25.
R,S-(4) —

NH

N
N

N

O

N

NH N
N

O
S-(1) �28.
R-(1) 29.
R,S-(1) —

a ½a�25
D (acetone, c 0.5).

b Yields in parentheses are isolated yields based on recovered unreacted BIN
of enantiomers and racemic mixtures of BIZOL 1, tetra-
zole 2 and 5-(1-(2-methoxynaphthalen-1-yl)naphthalene-
2-yloxy)-1H-tetrazole 4 are listed in Table 1.

Derivatization is a common tool for confirmation of the
structures of tetrazoles. Methylation of BIZOL 1 was
achieved using methyl iodide in acetone, Scheme 3.17

A mixture of 1,1 0-dimethyl BIZOL 1A, 2,2 0-dimethyl
BIZOL 1B and 1,2 0-dimethyl BIZOL 1C was produced
quantitatively. All attempts to separate the three isomers
failed due to their similar polarity.

In conclusion, we have introduced a series of interest-
ing compounds possessing the characteristics of both
BINOL and tetrazole. These compounds can be used
fic rotationa Melting point �C Yieldb

7 128–130 21(54)
3 122–124 20(57)

172–174 22(52)

9 130–132 82
1 128–130 75

236–238 90

9 186–188 18(46)
9 178–180 15(43)

238–240 20(48)
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as new BIZOL ligands for the synthesis of novel
complexes.
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