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Introduction. Solid-phase combinatorial chemistry has
frequently been employed for the rapid generation of libraries
because of the increasing demand for new molecules with
pharmacological and medicinal properties or biological
activity.1-3

Many such compounds that possess biological activity are
derived from heterocyclic structures that frequently appear
in natural products. Therefore, the one way to ensure the
success of organic synthesis in the drug development process
is to first achieve the synthesis of such heterocyclic
structures.4,5 Benzoannelated nitrogen heterocycles have been
especially well-recognized for their pharmacological proper-
ties.6 Among them, benzotriazinones have displayed a broad
range of biological activities, including their affinity for
5-HT1A receptors;7 cytotoxicity;8 antipsychotic,9 antimicro-
bial, and antitumor effects.10 Related structures have other
such interesting properties displayed as antiinflammatory
agents,11 thromboxane synthetase inhibitors, and antihyper-
tension agents.12 In addition, 3-phenyl-1,2,3-benzotriazin-4-
ones show herbicidal activity.13

The benzotriazinone core structure is, in contrast to open-
chained triazenes,14 less susceptible to ring cleavage under
acidic conditions. This skeleton is a useful intermediate for
the synthesis of new fungicides.15 In addition, the cytotoxic
and mutagenic properties of antitumor triazene compounds
are well-known.16 Dacarbazine (DTIC)17 has been used in
the treatment of malignant melanoma and Hodgkin tumors.
Recent studies have been developed new triazine prodrugs
such as the novel agent Temozolomide (TMZ, Temodar),18,19

which is used against malignant melanoma and brain tumors.
Mitozolomide20 is another example of an antitumor imid-
azotetrazine (Figure 1).

Despite their usefulness, however, a combinatorial access
to this benzoannelated heterocycle using solid-phase methods
has not yet been reported. In this paper, we present the
synthesis of 3-substituted 6-aryl-(1,2,3)-benzotriazin-4-ones
using polymer-bound triazenes.

Recently, we introduced the triazene T1 linker system as
a viable method for the construction of arenes libraries using
the flexible chemistry of the diazonium group.21-23 In
addition, cinnolines24 and benzotriazole25 libraries have been
synthesized using ortho-substituted arenes. Therefore, we
intended to expand the scope of the triazene linkers to the
important class of benzotriazin-4-ones.

Results and Discussion.Starting from anthranilic acids
1{1-5} (Figure 2) and benzylaminomethyl polystyrene (2),
triazene carboxylate resins3{1-5} were prepared on a 5-g
scale. This was achieved by diazotation of the aminobenzoic
acids withiso-amyl nitrite, coupling to the benzylamine resin
2, and subsequent treatment with triethylamine according to
the synthesis of polymer-bound 4-aminobenzoates26,27(Scheme
1). The resins are indefinitely stable at room temperature.
The only exception is the iodo-substituted resin3{2}, which
should be stored at low temperatures and in the absence of
light.

The triazene carboxylate resins3{1-5} were coupled with
different amino acids and amines4{1-7} (Figure 3),
employing 2-chloro-1-methylpyridinium iodide as a coupling
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Figure 1. Antitumor imidazotetrazines.

Figure 2. Anthranilic acids1{1-5} used for library synthesis.

Figure 3. Amines4 used for library synthesis.

Scheme 1.Synthesis of the Triazene Resins3
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reagent26,27 (Scheme 2). This reaction has been carried out
with different amino acid methyl esters and alkyl and aryl
primary amines4{1-7} to introduce another point of

diversity. Even amines with a low degree of nucleophilicity,
such as 2-fluoroaniline (4{6}), can be used. In general,
hydrochlorides of the corresponding amines are tolerated.

Table 1. Benzotriazinones6{1-5,1-7} Prepareda

a Purities determined by GC. Identification by1H/13C NMR spectroscopy and MS.
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The benzotriazinones,6{1-5,1-7}, were obtained in
solution by cyclization after acidic cleavage. Thus, after
treatment of the triazenes,5{1-5,1-7} with 5% TFA in

dichloromethane at room temperature, the mixture was
filtered, and the solvent was removed by evaporation. The
benzotriazinones6{1-5,1-7} were isolated in good overall

Table 2. Benzotriazinones10 Prepareda

a Purities determined by GC. Identification by1H/13C NMR spectroscopy and MS.b Order of coupling is reversed.

Scheme 2.Amide Coupling on Solid Support

Scheme 3.Cleavage-Cyclization of Benzotriazinones
6{1-5,1-7}

Figure 4. Boronic acids7{1-7} used for library production.

Scheme 4.Suzuki Coupling on a Solid Support

40 Journal of Combinatorial Chemistry, 2004, Vol. 6, No. 1 Reports



yields (27-81% over three steps) and sufficient purities (67-
99%) without any further purification (Scheme 3).

The mild cleavage conditions allow the synthesis of
various functionalized arenes with halo and ester function-
alities (Table 1).

The next modification on the bead was exemplified by a
Suzuki coupling28,29 to introduce an arene functionality in
the 4-position. The polymer-bound aryl iodide3{2} was
coupled with arylboronic acids7{1-7} (Figure 4) via Suzuki
reaction to form the triazene biaryl resins8{1-7}. Different
palladium catalysts, Pd2(dba)3, Pd(OAc)2, and Pd(PPh3)4,
were tested. Among them, Pd(PPh3)4 with dimethylform-
amide (DMF) as the solvent gave the best results after 12 h
at 85 °C (Scheme 4). It is remarkable that the carboxylate
moiety remains intact during the coupling. However, since
the nitrogen content of the resin decreases to 70-80% of its
initial value, the counterion may be exchanged.

Finally, the triazene carboxylate resins,8{1-7}, were
coupled with phenylalanine methyl ester,4{3} and finally
cleaved from the resin with diluted TFA to provide the
benzotriazinones,10{1-7} (Scheme 5) in acceptable yields
and purities.

The order of the coupling steps (amide formation, Suzuki
coupling) was reversed for one case. Thus, the polymer-
bound aryliodide,3{2}, was first reacted with phenylalanine
methyl ester under improved reaction conditions to yield the
corresponding amide and subsequently coupled with 4-meth-
oxybenzeneboronic acid via the Suzuki reaction. The purity
of the benzotriazinone,10{7}, obtained after cleavage with
TFA, was 58%. In this case, the purity of the corresponding
benzotriazinone is slightly higher when the amide formation
is made prior to the Suzuki coupling.

In addition, the benzotriazinone6{1,1} was synthesized
in liquid phase to compare the efficiency of the solid-phase
approach (Scheme 6). According to the solid-phase proce-
dure, diazotation of anthranilic acid withiso-amyl nitrite,
and coupling to diethylamine gave the triazene,11. The latter
was then coupled with glycinemethylester. Finally, the
benzotriazinone6{1,1} was obtained by cyclization after
acidic cleavage of12 in a 62% yield. When the synthesis
was carried out in solution, the purification of the intermedi-

ates required tedious purification by chromatography, and
the final product was contaminated with diethylamine
hydrotrifluoroacetate. Sidestepping the handling of the quite
carcinogenic triazenes is an additional advantage to the solid-
phase procedure.30

Conclusion.We have demonstrated a new synthesis for
the T1 triazene linker31 to yield benzotriazinones. Since this
moderately sensitive heterocycle is formed on (at) the final
step, this synthesis is applicable to various transformations
on the arene core. Further applications toward the synthesis
of other heterocycles are currently being investigated and
will be reported in due course.
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(24) Bräse, S.; Dahmen, S.; Heuts, J.Tetrahedron Lett. 1999, 40,
6201-6203.

(25) Lormann, M. P. E.; Walker, C. H.; Es-Sayed, M.; Bra¨se, S.
Chem. Comm. 2002, 1296-1297.

(26) Schunk, S.; Enders, D.Org. Lett. 2000, 2, 907-910.
(27) Schunk, S.; Enders, D.J. Org. Chem. 2002, 67, 8034-8042.
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