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Abstract

The amidation of a benzoic acid derivative attached to solid support via the T1 triazene linkage has been
described. In the presence of a tin amide reagent, smooth amidations take place with primary and
secondary amines to give benzamides. Anilines failed under the reaction condition employed. The
progress and the success of the reaction were monitored by 1H NMR spectroscopy using a novel direct
cleaving method.

Introduction

The solid phase synthesis of organic compounds has gained a renaissance for the last years to due the
fact, that parallel reactions necessary for high-throughput synthesis can efficiently be used operating with
resin chemistry [3]. Among the various linkers applied for attachment and detachment of organic
fragments [4] multifunctional cleavage, [4e] i. e. functionalization by detachment, promised additional
diversity, which would not bias the libraries produced. Especially the triazene linker for arene, called T1
linker, has been described to show the versatility of diazonium type anchoring and its suitability for
multifunctional detachment [5]. Although cleavage methods are investigated to a larger extent,
modifications on the bead to show the scope and limitation of this linker are somewhat still lacking.

Amidation reaction
The synthesis of amide bonds is (due to its relevance in natural product and drug like synthesis) a very
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important tool in solid phase synthesis. Various methods exist for the coupling of carboxylic acids to
amines (peptide coupling procedures). The presence of a free carboxylic acid function might be
problematic when using the acid sensitive T1 linker. The conversion of esters to amides might be more
practical in the sense of stability of intermediates. The direct amidation has been conducted with the
amine component as the solvent at 70-100 °C [6a,b], a process that is suitable for simple amines. Lithium
or sodium bases have been used to facilitate the carbon nitrogen bond formation [6c,d]. The most
promising method was reported by Roskamp et al., who used a bis(bis(trimethylsilyl)amino)tin (II),
Sn[N(SiMe3)2]2, for the smooth conversion of esters to amides [7a]. The yields reported by Roskamp et
al. encouraged us to use this reagent on solid support.

Thus, starting from ethyl p-aminobenzoate (1), diazotation and coupling to the amine resin 2 [8] resulted
in the formation of the triazene resin 3.

Initial experiments with piperidine as the nucleophile in the amidation reaction revealed, that an excess of
the amine and Sn[N(SiMe3)2]2 was crucial for the success of this reaction. Besides this, a temperature of
80 °C in toluene was required to force this reaction to completion. After this optimization, we used
various amines for this reaction on the Bohdan Miniblock [9]. While primary and secondary amines such
as 4a-f are nucleophilic enough for this coupling, anilines such as p-bromoaniline or p-chloroaniline
failed completely.



 

Since the triazene T1 linker could act as a multifunctional anchor [5g], various types of benzamides are
anticipated.

Possibilities of the T1 linker system[5g]



In-situ Cleavage and Monitoring

Monitoring of reaction on solid support is always much more difficult than in liquid phase. During the
experiments above, we also encountered this problem. Initially, the success of the reaction was
determined using elemental analysis, since the amide formation increases the nitrogen content
substantially. As a rule of thumb, one nitrogen atom increases the amount of nitrogen in the elemental
analysis by one percent if a resin with a loading of 0.7 mmol/g is used. This method requires only a
small amount of material (3-5 mg), however, on-line analytics is difficult to achieve and the accuracy of
the results is not very exact. Similarly, these drawbacks are present for IR spectroscopy although for the
amidation reactions the IR stretchings of the starting material (strong, 1700 cm-1) change visibly upon
product formation (strong, 1640-1625 cm-1). Thus, we developed a system, which allows a rapid
monitoring of reactions conducted with the T1 linker. 

A small amount (50-100 mg) of resin [3] was placed in a glass pipette containing a plug of glass wool. A
mixture of [D]-trifluoroacetic acid in [D4]-methanol (10% v/v) was used to cleave the diazonium salt
directly into a NMR tube at room temperature. 

The use of [D]-trifluoroacetic acid instead of TFA was not crucial, however, in 1H spectra with
prolonged recording times (e. g. 2D experiments) a shift of the signal corresponding to the acidic proton
was observed. This cleavage reaction was used for various T1 resins and so far, both electron deficient
and electron rich diazonium salts are suitable, however, some diazonium ions decompose within 24
hours. For the amidation reaction, the progress of the transformation could be followed easily because of
the characteristic signal of the ester group [6.45 ppm (quart, 2 H, J = 7.14 Hz), 1.46 ppm ( t, 3 H, J =
7.14 Hz).

It is interesting to note, that the solvent used in the last washing step was incorporated in nearly all cases
to a measurable extent into the resin, regardless of the nature of the solvent and the drying time/pressure. 

Conclusion

The Roskamp reagent for conversion of esters to amides was successfully employed for the T1 linker.
While secondary and primary amines react smoothly to give the desired products, anilines failed so far.
The reaction progress was monitored using a new in-situ cleaving method utilizing standard 1H NMR
spectroscopy.
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General: The polymeric compounds were characterized by IR and elemental analysis; the products



obtained after cleavage were characterized by NMR methods (1H NMR, partially 13C NMR) and MS.
The purity was controlled by NMR, HPLC, LC-MS, GC and/or GC-MS. Merrifield resin (1-2% cross-
linked, 0.63 mmol g-1, 200-400 mesh) and benzyl amine resin was obtained from CalBioChem-
NovaBioChem. All resins were washed sequentially by using a vacuum reservoir connected to a sintered
glass frit.
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