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Abstract: Nitroacetic esters are prepared in good yield by reaction, at 0 °C, of nitroacetic 

acid with various alcohols in the presence of DCC. These reaction conditions were 

applied to the preparation of Merrifield resin-bound nitroacetate. © 1999 Published by Elsevier 
Science Ltd. All rights reserved. 
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Nitroacetic ester chemistry has been the subject of numerous investigations [1]. The 

presence of an active methylene group makes these esters remarkable intermediates for the 

formation of carbon-carbon bond. They readily undergo nucleophilic addition with a wide range 

of electrophiles such as alkyl halides, carbonyl compounds and also 1,4-addition with Michael 

acceptors. In addition, the nitro group can easily be reduced into an amine function or oxidized 

into the corresponding ketone (Nef reaction) [2]. The combination of these transformations 

allows the access to structural and functional diversity. Thus, nitroacetic ester is a suitable 

building block for the development of original combinatorial solid phase synthesis. 

However, anchoring nitroacetic acid to the solid support (Merrifield resin) appears to be 

problematic. Nitroacetic acid is a very sensitive compound which, under basic conditions, readily 

undergoes decarboxylation and decomposes in the presence of oxophilic reagents because of 

the reactivity of the activated nitro group. Therefore, classical esterification procedures can not 

be used for the preparation of nitroacetic esters. In consequence, most of the studies concerning 

nitroacetic ester chemistry are confined to commercially available methyl and ethyl nitroacetates. 

These esters are prepared by refluxing nitroacetic acid in methanol or ethanol in the presence of 

sulfuric or hydrochloric acid [3]. 
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The prevalent reactions to prepare other alkyl nitroacetates are trans-esterification of the 

methyl or ethyl ester under acidic conditions [4], nitration of the corresponding alkylacetate, 

alkylbromoacetate or alkyliodoacetate [5], deacylation of the corresponding 2- 

nitroacetylacetonate [6]. However, these reactions proceed in poor yields via a multistep process 

and thus can hardly be considered to anchor nitroacetic acid to Merrifield resin. 

Being concerned by the development of nitroacetic ester chemistry on solid support, we 

reinvestigated the preparation of alkyl nitroacetate by esterification of nitroacetic acid [7]. To 

avoid decomposition of the acid, we attempted several reaction conditions that are known to 

proceed smoothly. We first tested the reaction of nitroacetic acid and benzyl chloride under 

basic conditions. The utilization of dicyclohexylamine, cesium carbonate or silver carbonate as 

bases resulted in the decarboxylation of nitroacetic acid. No ester formation was detected. We 

then tried the coupling reaction between nitroacetic acid and benzyl alcohol. The Mitsunobu 

conditions, DCC/DMAP, DCC/HOBt or mixed anhydride procedures were tested, but none of 

them resulted in the formation of the desired benzyl nitroacetate. 

Finally we found that the slow addition, at 0 °C, of a solution of DCC in THF to an 

equimolar mixture of nitroacetic acid / benzyl alcohol in THF yielded the desired ester. Using this 

procedure, the benzylnitroacetate was obtained in 87 % yield after purification. If the reaction is 

carried out in methylene chloride instead of THF the ester is obtained in only 54 % yield, 

presumably because of the poor solubility of the nitroacetic acid in this solvent. It is noteworthy 

that the presence of DMAP, even in catalytic amounts, leads to the decarboxylation of the 

nitroacetic acid. Similarly, if the temperature rises up during the addition of DCC instantaneous 

loss of CO 2 is observed. We tested various alcohols for the synthesis of nitroacetate esters by 

conducting the reaction under the above mentioned conditions (Table 1). 

This DCC coupling procedure allows a one step synthesis of various nitroacetic esters in 

yields ranging from 65 to 90 %. The indicated yields are based on nitroacetic acid conversion 

after silica gel chromatography of the nitroacetate ester. 

Under these reaction conditions, acid sensitive alcohols (e.g. allyl-, propargyl-, tert-butyl-, 

3,4-dimethoxybenzyl-) led to the corresponding nitroacetate ester in good yield. Also, substrates 

bearing acid sensitive protecting groups like acetonide and tetrahydropyranyl ethers undergo 

facile esterification without degradation. Sterically hindered esters such as menthyl and tert- 

butyl esters were obtained in 78 and 65 % yield, respectively. Thus, contrary to the previously 

reported methods that were limited to structurally simple alcohols, it appears that our conditions 

are compatible with numerous alcohols and afford the corresponding nitroacetate ester in good 

yield, in a one step procedure. 
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Table 1 

We then applied an analogous procedure to anchor nitroacetic acid to hydroxylated 

Merrifield resin. A solution of DCC in THF was added, at 0 °C, to a mixture of hydroxylated 

Merrifield resin and nitroacetic acid. However, even if the reaction was conducted carefully, a 

slight loss of CO 2 was observed and the derivatization never went to completion. In 

consequence, we inverted the order of addition (i.e. nitroacetic acid to a mixture of 

hydroxylated Merrifield resin and DCC). This modification resulted in an efficient derivatization 

of the resin [8] (scheme 2). 

O 

OH HO ~ NO2 
+ DCC '= 

THF, 0 °C 
2 % crosslinked, 1.1 meq/g 

NO2 

Scheme 2 

A solution of nitroacetic acid in THF was slowly added to a mixture of hydroxylated 

Merrifield resin and DCC at 0 °C. The heterogeneous reaction mixture was sonicated overnight 

at room temperature. The resin was then thoroughly washed. After drying under vacuum, IR 

analysis of the resin showed characteristic nitro and ester absorption at 1563 and 1752 cm 4 

respectively and microanalysis showed a loading of 0.95 meq/g that is close to that of the 

starting resin. 
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In summary we report a convenient procedure for the preparation of various alkyl 

nitroacetates. This simple process represents an improvement for the synthesis of acid sensitive 

alkyl nitroacetates. The latter are usually prepared via a multistep synthesis and are obtained in 

poor yields. The above reported procedure also allows the preparation of nitroacetate- 

functionalized resin, which is currently used to develop original chemistry on solid support. 
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