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Abstract: An efficient synthesis of N-benzyl-1H-benzotriazoles
utilizing a two-step reductive amination reaction on solid supports
has been achieved. The method is suitable for combinatorial synthe-
sis.
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The benzotriazolyl moiety has shown to be an important,
but still underdeveloped, pharmacophore.1 Recently, we
disclosed a straightforward solid-phase synthesis of 1-
alkyl-1H-benzotriazoles via nucleophilic displacement,2

and of 1-alkyl- and 1-aryl-1H-benzotriazoles via
Hartwig–Buchwald amination.3 The latter reaction allows
a wide range of substituents in 1-position, except for the
1-benzyl substituent, since no reaction could be achieved
between benzylic amines and haloarenes on solid sup-
ports. Thus an alternative entry to 1-alkyl- and 1-benzyl-
1H-benzotriazoles was investigated.

Previously, we reported that stabile imines can be formed
on solid supports with immobilized para-aminoben-
zenes,4 however the formation of ortho-iminobenzenes on
triazene linker and their further modifications with orga-
nometallic reagents have not yet been explored.

In this communication, we disclose the reductive amina-
tion of triazene-bound anilines to give benzotriazoles after
cleavage.

The required ortho-nitroarene triazene resins 3 and 4 were
synthesized via optimized procedures from the corre-
sponding anilines and benzylaminomethyl polystyrene
(1), which is available from chloromethylated polystyrene
(1–2% cross-linked).5,6 The anilines were immobilized on
Merrifield resin under standard conditions via their diazo-
nium salts 2a,b (Scheme 1). The loadings were deter-
mined by elemental analysis. The amino resins 5 and 6
were synthesized by reduction of the nitro resins 3 and 4
by sodium sulfide in the presence of SET- and the phase-
transfer catalyst viologen.7

The reductive amination of various carbonyl compounds
7 with triazene-linked 2-aminobenzenes 5 and 6 was per-
formed via a two-step reaction (Scheme 2). At first, the
corresponding immobilized imines 8 were formed by
heating the reaction mixture at 80 °C in toluene in the
presence of a drying agent. In the second step, the imines

8 were treated with 5–13 equivalents of NaBH3CN, result-
ing in a clean conversion to immobilized secondary
amines 9.

In general, benzaldehydes 7c–l were found to be very
good substrates for the reductive amination reaction.
While cyclohexanone (7a) provided good results, 4-meth-
oxyacetophenone (7b) gave only poor ones. Fluorine,
chlorine and bromine atoms were tolerated, along with ni-
tro, dimethylamino, aceto and etheral oxygen groups.
Electron-withdrawing groups (as in benzaldehydes 7d,j)
as well as electron-donating groups (as in benzaldehyde
7i) were well suitable.

Mild acidic cleavage (5 mol% TFA in CH2Cl2, r.t., 5 min)
of the triazene linker provided ortho-amino-substituted
arene diazonium ions 11, which immediately cyclized to
give the corresponding 1H-benzotriazoles 12 in good to
excellent purities. The results are summarized in Table 1.

Primary and secondary ortho-amino (nucleophilic) sub-
stituents result in quantitative formation of benzotriazoles
12 due to the quick cyclization reaction. The theoretically
possible hydrolysis of 1-substituted benzotriazoles during
the workup was not observed. Thus, this cleavage proto-
col is suitable for analytical purposes, for example for
rapid gas chromatographic analysis. The resulting purities
of the desired benzotriazoles actually reflect the overall
turnover of the two-step reaction on the solid support.

In conclusion, the solid-phase synthesis of diverse N-sub-
stituted benzotriazoles using the two-step reductive
amination9 reaction starting from readily available com-
pounds is shown. The products were obtained in high pu-
rities. The presented work substantially extends the
chemical transformations to be carried out on solid sup-
ports to give the desired benzotriazoles. This route to the

Scheme 1 Attachment of diazonium ions to solid supports
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immobilized N-substituted 2-anilines allows a larger set
of substitution pattern of the N-substituents and gives a
prospect on a straightforward synthesis of novel 1H-ben-
zotriazoles. In comparison to the straightforward alkyla-
tion of benzotriazoles in solution, the presented method
offers the significant advantage of being applicable as a
useful step in a multistep combinatorial synthesis strategy
on solid support, giving access to diverse compound li-
braries.

Table 1 Results of the Two-Step Reductive Amination Reaction8

Resin Reactant Benzotriazole Puritya

5 7a

12a

93%

Scheme 2 Reductive amination with immobilized amines
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a Purity of the water-washed product.
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