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Synthesis of novel fluoronitroaryl triazenes in liquid phase
and on solid support have been described; mild displacement
of the fluoride ion with various nucleophiles provides access
to substituted arenes which in turn can be cleaved to provide
a unique access to 1-alkyl-5-nitro-1H-benzotriazole.

The nucleophilic displacement of activated haloarenes is an
indispensable tool for the synthesis of highly substituted arenes.
Fluoronitroarenes especially have served as excellent pre-
cursors in this transformation. The Sanger reagent (2,4-dinitro-
fluorobenzene) has been widely used because of its smooth
reaction with amines at room temperature without activation,1
however it is claimed to be possibly carcinogenic.

Fluoronitroarenes have also been immobilised on solid
support using a carboxy linkage giving rise to the formation of
heterocyclic structures.2,3 Functionalization of the nitro group
led after elaboration to the synthesis of arylamines, thioethers,
oxazocines, and benzo annelated heterocycles such as benzo-
thiazepin-4-ones, benzothiazocin-5-ones, benzodiazepin-
2-ones, benzothiazin-3-ones quinoxalinones (benzopiperazi-
nones), benzimidazoles, benzimidazolones, 2-thiobenz-
imidazoles, and 2-aminobenzimidazole. Especially 4-fluoro-
3-nitrobenzoic acid and, less frequently, 2-fluoro-5-nitro-
benzoic acid are suitable building blocks.

Recently, the triazene T1 linker has been introduced as a
multifunctional anchor for arenes.4,5 It has been shown that this
linker could be converted into various functional groups upon
cleavage. Moreover, the triazene group activates the arene by
lowering the electron density of the core.6

Thus, it was appealing to combine the SNAr reaction with the
flexibility of the diazonium chemistry. Therefore, an im-
mobilized fluoronitrophenyl triazene would be an equivalent to
the Sanger reagent.1 First, the reactions were studied on a liquid
phase model having a dibenzylamino core.

Starting from commercially available 4-fluoro-3-nitroaniline
(1), diazotation and coupling to dibenzylamine produced the
corresponding triazene 3 (Scheme 1). During the optimisation it
was observed that excess of the amine rapidly reacts with the
triazene 3 to give the p-dibenzylamino derivative 5 (Nu =
NBn2). The reaction of the diazonium ion 2 with exchange of
the fluorine atom seemed to be slower because of starting from
equimolar ratios of the starting materials; the non-substituted
triazene was formed in 67%. The hydrolysis of diazotised
4-fluoro-3-nitroaniline was reported earlier to proceed under
mild conditions.7

Similarly, the regioisomeric triazene 11 was synthesized
from 2-fluoro-5-nitroaniline (9). In this case, a substantial lower
reactivity towards nucleophiles was observed.

After these encouraging results, the reaction on solid support
was examined. Therefore, benzylamino methyl polystyrene
(Novabiochem or Polymers Labs, approx. 1 mmol g21,1–2%

crosslinked with divinylbenzene) was treated with the fluoroni-
trobenzene diazonium salt 10 to give the triazene 12. At this
point, it was crucial to avoid hydroxylic solvent as e.g. methanol
in the washing step since the fluorotriazene reacts with this
solvent. Acetone has been found to be a good substitute for
methanol. According to 19F gel phase NMR spectroscopy, IR
and elemental analysis, the loading efficiency was excellent.

During the attempts to prepare the analogous resin 4, the
temperature stable diazonium resin 15 (cf ref. 8) was formed in
nearly quantitative yield (IR stretch at 2016 cm21). However,
after variation of the coupling procedure and reagents, the
formation of diazonium salt 15 could be suppressed using
trifluoroacetic acid. A slight drawback of this method is the
occurrence of partial substitution of the fluorine atom by
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Scheme 1 Reagents and conditions: i, BF3OEt2, isoamylONO; ii,
RCH2NHBn, THF; iii, NuH, pyridine, 60 °C, 48–90 h.
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trifluoroacetate, which leads to the formation of the appropriate
phenol (after hydrolysis). The nucleophilic substitutions on
resin were examined with primary and secondary amines in the
presence of caesium fluoride and caesium carbonate at 60 °C in
DMF and were found to proceed in good conversion within
48–90 h to yield the resins 6. Cleavage of the resins 6 with
trifluoroacetic acid give the diazonium salts 7.9 Alternatively,
cleavage with TFA–trimethylsilyl azide in dichloromethane at
room temperature furnished aryl azides 8 (Fig. 1) in excellent
purity after 5 min of reaction time.10

Although the preparation of 1-alkyl and aryl benzotriazoles
from symmetrical and unsymmetrical diamines by diazotation
in moderate to good yields is well-known,11 a synthesis starting
from triazenes has not been reported to our knowledge.
Benzotriazoles are important intermediates, protecting groups
and final products in Organic Synthesis.12 Furthermore, benzo-
triazoles are indispensable tools for the synthesis of various
functional groups. Various 1-alkyl benzotriazoles are bio-
logically active and show nanomolar binding affinities to
various proteins although this structural unit could not be found
in nature.13 The antiemetic and neuroleptic Alizapride (Vergen-
tan®) is a 3-unsubstitited 3H-benzotriazole and used for the
treatment of side effects in chemotherapy caused by Cisplatin.14

Recently, benzotriazoles have served as linkers and auxiliaries
in solid phase synthesis.15 Therefore, we investigated the
conversion of the polymer-bound fluoronitroarenes 14 to
1-alkyl benzotriazoles. To our delight, the cleavage of triazene

bound anilines 14 with trifluoroacetic acid in dichloromethane
proceeded smoothly at room temperature within minutes to give
the desired 1-alkyl benzotriazoles 16 in excellent yield and
purities (Scheme 2).

In conclusion, we developed a new synthesis of substituted
arenes suitable for the triazene T1 linker and a novel synthesis
of 1-alkyl-5-nitro-1H-benzotriazole suitable for automated
synthesis.

Financial support from the DFG (BR 1750/2), Bayer AG and
Grünenthal GmbH is gratefully acknowledged. We are indebted
Dr Stephan Müller (Boehringer Ingelheim) for bringing this
problem to our attention.

Notes and references
1 F. Sanger, Biochem. J., 1949, 45, 563–574.
2 A. Ivachtchenko and N. Sepetov, Chim. Oggi, 2000, 18, 19–21; R.

Armstrong, in Solid-Phase Organic Synthesis, ed. K.Burgess, John
Wiley & Sons, 2000.

3 S. M. Dankwardt, S. R. Newman and L. Krstenansky, Tetrahedron Lett.,
1995, 36, 4923–4926.

4 S. Bräse, S. Dahmen and J. Heuts, Tetrahedron Lett., 1999, 40,
6201–6203; S. Bräse, S. Dahmen and M. Lormann, Proceedings of
ECSOC-3, The Third International Electronic Conference on Synthetic
Organic Chemistry, http://www.mdpi.org/ecsoc-3.htm, The T1 Linker
Multidirectional Cleavage for Solid Phase Organic Synthesis, 1999; S.
Bräse and M. Schroen, Angew. Chem., Int. Ed., 1999, 38, 1071–1073; S.
Bräse and M. Schroen, Angew. Chem., 1999, 111, 1139–1142; S. Bräse,
S. Dahmen and J. Heuts, Tetrahedron Lett., 1999, 40, 6201–6203; M.
Lormann, S. Dahmen and S. Bräse, Tetrahedron Lett., 2000, 41,
3813–3816; S. Bräse, D. Enders, J. Köbberling and F. Avemaria,
Angew. Chem. Int. Ed., 1998, 37, 3413–3415; S. Bräse, D. Enders, J.
Köbberling and F. Avemaria, Angew. Chem., 1998, 110, 3614.

5 S. Bräse and S. Dahmen, Chem. Eur. J., 2000, 6, 1899–1905.
6 A. de Meijere, H. Nüske, M. Es-Sayed, T. Labahn, M. Schroen and S.

Bräse, Angew. Chem., Int. Ed., 1999, 38, 3669–3672; A. de Meijere, H.
Nüske, M. Es-Sayed, T. Labahn, M. Schroen and S. Bräse, Angew.
Chem., Int. Ed., 1999, 111, 3881.

7 M. Hagedorn, R. R. Sauers and A. Eichholtz, J. Org. Chem., 1978, 43,
2070–2072.

8 S. Dahmen and S. Bräse, Angew. Chem., Int. Ed., 2000, 39, 3681–3683;
S. Dahmen and S. Bräse, Angew. Chem., 2000, 112, 3827.

9 S. Bräse, M. Lormann and H. Vogt, Proceedings of ECSOC-4, The
Third International Electronic Conference on Synthetic Organic Chem-
istry, http://www.mdpi.org/ecsoc-4.htm, Scope and Limitation of a Tin
Promoted Amidation on Solid Phase: A New Monitoring for the T1
Triazene Linker September 1–30, 2000S. Schunk and D. Enders, Org.
Lett., 2000, 2, 907–910.

10 F. Avemaria, V. Zimmermann and S. Bräse, J. Comb. Chem.,
submitted.

11 J. C. Muir, G. Pattenden and T. Ye, Tetrahedron Lett., 1998, 39,
2861–2864.

12 A. R. Katritzky, X. F. Lan, J. Z. Yang and O. V. Denisko, Chem. Rev.,
1998, 98, 409–548.

13 G. W. Rewcastle, B. D. Palmer, A. J. Bridges, H. D. H. Showalter, L.
Sun, J. Nelson, A. McMichael, A. J. Kraker, D. W. Fry and W. A.
Denny, J. Med. Chem., 1996, 39, 918–928.

14 K. Munstedt, I. Wunderlich, E. Blauth-Eckmeyer, M. Zygmunt and H.
Vahrson, Oncology, 1998, 55, 293–299.

15 A. R. Katritzky, M. Qi, D. M. Feng, G. F. Zhang, M. C. Griffith and K.
Watson, Org. Lett., 1999, 1, 1189–1191; A. Paio, A. Zaramella, R.
Ferritto, N. Conti, C. Marchioro and P. Seneci, J. Comb. Chem., 1999,
1, 317–325; A. R. Katritzky, S. A. Belyakov and D. O. Tymoshenko, J.
Comb. Chem., 1999, 1, 173–176; K. Schiemann and H. D. H. Showalter,
J. Org. Chem., 1999, 64, 4972–4975.

Fig. 1 Arylazides prepared.

Scheme 2 Synthesis of benzotriazoles 16.
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