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Resumen 

Se describe una metodología eficiente y sencilla para la hidrólisis de ésteres y monohidrólisis de malonatos de dialquilo con el uso 

de t-BuNH2/MeOH/H2O con y sin LiBr. El método es de aplicación general debido a que los ésteres de Me, Et, i-Pr, t-Bu, Bn y alilo se 

hidrolizan adecuadamente para dar los ácidos carboxílicos correspondientes con excelentes rendimientos. El alcance del procedimiento 

se exploró para la desprotección de monoésteres alifáticos, aromáticos e insaturados, así como de malonatos de dialquilo. Las reacciones 

son, en general, muy limpias, dan rendimientos altos y no se obtienen subproductos. La selectividad del método se demostró mediante 

la hidrólisis de ésteres en presencia de un grupo protector N-Boc.   
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Abstract 

An efficient, simple protocol for the ester hydrolysis and monohydrolysis of dialkyl malonates by t-BuNH2/MeOH/H2O with or 

without LiBr is described. The method is of general applicability since alkyl esters including Me, Et, i-Pr, t-Bu, Bn and allyl esters have 

been successfully cleaved to give the free carboxylic acids with excellent yields. The scope of the procedure was explored for the 

deprotection of a series of aliphatic, aromatic, unsaturated monoesters and dialkylmalonates. The reactions are, in general, very clean 

with really high yields, and no side products have been isolated. The selectivity of the method was demonstrated by the hydrolysis of 

esters in the presence of an N-Boc protecting group. 
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1. Introduction 

 

Protection and deprotection of carboxylic acids with 

appropriate protecting groups are indispensable steps and 

commonly used transformations in the synthesis of amino acids, 

peptides, natural products and polyfunctional compounds 

(Greene, 1999; Pearson, 1999; Jarowicki, 1999; Jarowicki, 2001).  

Although methyl and ethyl esters are frequently encountered in 

organic synthesis because of their easy preparation, the t-butyl- 

and benzyl-derived esters are the most commonly used to protect 

carboxylic acids. On the other hand, i-propyl, allyl and prenyl 

esters are less frequently used. 

For carboxylic acid deprotection a number of useful and reliable 

procedures are applied (Greene, 1999), including proton (Dhar, 

2003) and Lewis (Marcantoni, 2001), acid- or base-catalyzed 

(Ilankumaran and Verkade, 1999), cleavage, SN2-type 

dealkylation (Parish and Miles, 1973) and hydrogenolysis 

(Mandal and McMurray 2007; Pearson, 1999; Jarowicki, 1999; 

Jarowicki, 2001; Salomon, 1994; Furlán, 1998; Lesutis, 1999; 

Salmar, 2006; Andrés, 2006; Lee, 2013; Bhattacharya, 2009; 

Ghosh and Aubé, 2011; Long and Jones, 2011; Koshikari, 2012; 

Mirgorodskaya, 2012; Hu, 2011; Nakamura, 2011; Ludwig, 2006; 

Durow, 2006; Yadav, 2002; Chee, 2001; Bartoli, 2000; Wu, 2000; 

Kaul, 2004; Kabalka, 2001; Andrés and de Rossi 2003; Um, 2007; 

Poisson,  2005; Morwick, 2006; Liotta, 1981; Li, 2008). Esterases 

are important biocatalysts that have found wide application in 

protecting groups chemistry (Kumar and Jolly 1999; Kadereit and 

Waldmann 2001; Fotakopoulou, 2007; Schmidt, 2005; 

Barbayianni, 2005; Bordusa 2002).  

Recently a process that mimics enzymatic hydrolysis has been 

achieved on the surface of nanofibers formed by aggregation of 

peptide amphiphiles and peptide dendrimers (Delort, 2004; Guler 
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and tupp, 2007). Many enzymatic hydrolytic processes involve 

metal cations that have been assumed to activate a water molecule 

or other nucleophilic groups such as alcoholic residues (e.g., 

serine, threonine) to attack electrophilic substrates such as 

carboxylic esters. Various types of transition metal complexes, 

including micellar and non-micellar systems, have been designed 

to mimic the functions played by the typical central ion, Zn(II), in 

Zn(II)-metalloenzymes. It is worth noting that useful catalysts for 

ester hydrolysis usually contain a transition metal chelated to 

bidentate or tridentate ligand amines such as 

2(hydroxymethyl)pirydine, imidazole, and 1,10-phenantroline 

derivatives (Scrimin, 1992; Scrimin, 1994; Fujita, 1988; Weijnen 

and Koudijs, 1992).  

Macrocyclic amines such as tris(2-aminoethyl)amine,                                                           

tris(2-dimethylaminoethyl)amine, 1,5,9-triazacyclododecane, 

diethylenetriamine derivatives and 2-[bis(2-

aminoethyl)amino]ethanol have also been used (Polyzos, 2007; 

Kimura, 1990; Xia, 2001). In addition, few examples have been 

reported concerning direct participation of amines such as Et3N, 

DBU, DBN, DIPEA, 2-aminobenzoate esters, 2-

dimetylaminoethanol (DMAE), DMF, imidazole and N,N-

diarylamonium pyrosulfate in the ester hydrolysis (Fife, 2002; 

Seebach, 1991; Barton, 1973; Kirsh and Jencks, 1964; Mattsson, 

2007; Giusti, 2014). 

On the other hand, half esters of malonic acid are very important 

building blocks for the synthesis of a variety of significant 

pharmaceuticals and natural products (Niwayama and Cho, 2009; 

Niwayama, 2008; Iosub, 2010; Watanabe and Ishikawa, 1999; 

Bartoli, 2006; Billamboz, 2009). Although the classical method 

for their preparation consisting in monosaponification of 

symmetric diesters has been recently applied with high efficiency, 

other methods using enzymatic, Cs2CO3/EtOH, KF/DMF, 

monohydrolysis of unsymmetrical ethyl t-butyl malonate with 

CeCl3·7H2O-NaI and reaction of esters with LDA/CO2/THF have 

also been reported.  

Even though numerous methods of ester hydrolysis have been 

reported in literature, there is an ongoing need to develop methods 

that require mild conditions especially for compounds with acid 

and base sensitive functionalities. In this paper, we focused on the 

applications of the methodology using t-BuNH2/alcohol/H2O with 

or without LiBr for the ester hydrolysis. So we wish to report our 

studies on the removal of various carboxyl protecting groups, such 

as Me, Et, i-Pr, t-Bu, Bn and allyl esters and monohydrolysis of 

dialkylmalonates using the t-BuNH2/alcohol/H2O system. 

 

 

2. Experimental 

 

General Procedure for the Ester Hydrolysis. To a solution of 

the corresponding ester or malonate ester (0.6 mmol) in MeOH (5 

mL) or EtOH (5 mL) was added water (2 mL), t-BuNH2 (10 equiv, 

0.635 mL) and, when appropriate, LiBr (3 equiv, 0.159 g) and the 

mixture was stirred under reflux for the appropriate time (Tables). 

After complete conversion, as indicated by TLC or 1H NMR 

spectroscopy of the reaction crude, the mixture was cooled to rt 

and diluted with EtOAc (50 mL). The organic phase was washed 

with saturated aqueous of NH4Cl (2 x 30 mL) and brine (2 x 30 

mL). The water phase was acidified with 10% aqueous HCl to pH 

1 and extracted with EtOAc (2 x 30 mL). The organic phases were 

dried over Na2SO4, filtered and concentrated in vacuum to give 

the corresponding carboxylic acid. The identity and the purity of 

the reaction products were established by their 1H NMR data by 

direct comparison with authentic samples. 

 

 

3. Results and discussion 

 

As indicated in Table 1, to screen for suitable reaction 

conditions our experiments were first conducted with readily 

available ethyl phenylacetate 1a as a model substrate by treating 

it with 30 equiv of t-BuNH2 in MeOH/H2O at room temperature 

during 37 h and desired phenyl acetic acid 2 was obtained in 

quantitative yield (Entry 1, Figure 1). The reaction progress was 

monitored until complete conversion by TLC analysis of the crude 

product showed the carboxylic acid 2 (baseline material) and a 

less polar compound corresponding to the methyl ester 1b derived 

by transesterification of 1a with methanol (Suárez-Castillo, O. R, 

2008), which was gradually transformed into 2. After some trials, 

we found substantial reduction of reaction time (10 h) for the 

conversion of 1a into 2 with 10 equiv of base and treating the 

mixture under reflux, affording carboxylic acid 2 in quantitative 

yield (Entry 3). 

 

 
 

Figure 1. 1H NMR spectra (400 MHz) of a): 1a y b) product of hydrolysis 
reaction of 1a, Table 1, Entry 1. 

 

To confirm that t-BuNH2 facilitated the ester hydrolysis 

process, ester 1a was treated under reflux of MeOH/H2O in the 

absence of the base but no carboxylic acid 2 was detected after 10 

h of reaction (Entry 4). For other solvents e. g. THF, MeCN and 

toluene no conversion of 1a into 2 was seen under reflux (Entries 

5-7), showing that MeOH is critical for the hydrolysis reaction.  

For ester hydrolysis we also used the t-BuNH2/MeOH/H2O 

system together with LiBr (Suárez-Castillo, 2008). Although 

hydrolysis of 1a proceeds well with only 1 equiv of LiBr at room 

temperature, the reaction is quite slow and 2 was obtained in 90% 

after 40 h (Entry 8). The reaction time was considerably reduced, 

as expected, when the reaction was carried out under reflux to 

afford 2 in quantitative yield in only 5.5 h (Compare entries 3 and 

9). Screening the reaction varying the equivalents of t-BuNH2, 

LiBr and reaction time (Entries 10-13) allow us to establish that 

the excellent reaction conditions for the hydrolysis of 1a into 2, 
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namely in the presence of 10 equiv of t-BuNH2 and 3 equiv of 

LiBr under reflux, occurred in 2 h (Entry 11).  

Since addition of LiBr to the reaction mixture for the 

hydrolysis of 1a into 2 resulted in better reaction times, we 

pursued the use of this salt as the catalyst for further hydrolysis. 

Hydrolysis of esters without LiBr were also carried out at the same 

time for comparison. Thus, a wide range of structurally varied 

carboxylic esters including aliphatic, unsaturated, aromatic and an 

amino ester underwent hydrolysis by this procedure. Excellent 

yields have been achieved including reactions involving sterically 

hindered esters. The results are summarized in Tables 1-4. As is 

shown in Table 1 (Entries 14-23) the steric effect of the alkoxide 

leaving group influences the efficacy of ester hydrolysis. Under 

similar conditions methyl ester 1b afforded the product 2 in 

quantitative yield in 1.75 h (Entry 15), whereas for i-propyl, 

benzyl and allyl esters 1c, 1e and 1f longer reaction times were 

needed, 10, 8, and 6 h, respectively (Entries 17, 21 and 23). In the 

case of tert-butyl ester 1d (Entry 19) only 67% of 2 was observed 

in the 1H NMR spectrum of the reaction crude even after 92 h.  

 

Table 1. Hydrolysis of aliphatic esters with t-BuNH2/H2O. 

 
CO2R CO2Ht-BuNH2

solvent/H2O

1a-f 2  
 

Entry Compound Equiv of  

t-BuNH2 

Equiv 

of LiBr 

Reaction 

conditions 

Time  

(h) 

Solvent 

/H2O 

Yield  

(%) 

1 1a: R = Et 30 --- rt 37 MeOH Quant. 

2 1a 30 --- reflux 10 MeOH Quant. 

3 1a 10 --- reflux 10 MeOH Quant. 

4 1a --- --- reflux 10 MeOH ---a 

5 1a 30 --- reflux 24 THF ---a 

6 1a 10 --- reflux 10 MeCN ---a 

7 1a 10 --- reflux 10 Toluene ---a 

8 1a 10 1 rt 40 MeOH 90 

9 1a 10 1 reflux 5.5 MeOH Quant. 

10 1a 10 5 reflux 2 MeOH Quant. 

11 1a 10 3 reflux 2 MeOH Quant. 

12 1a 5 3 reflux 6 MeOH Quant. 

13 1a 3 3 reflux 8 MeOH Quant. 

14 1b: R = Me 10 --- reflux 9 MeOH Quant. 

15 1b 10 3 reflux 1.75 MeOH 90 

16 1c: R = i-Pr 10 --- reflux 34 MeOH 92 

17 1c 10 3 reflux 10 MeOH Quant. 

18 1d: R = t-Bu 10 --- reflux 92 MeOH 52a,b 

19 1d 10 3 reflux 92 MeOH 67a,b 

20 1e: R = Bn 10 --- reflux 30 MeOH Quant. 

21 1e 10 3 reflux 8 MeOH Quant. 

22 1f: R = allyl 10 --- reflux 15 MeOH Quant. 

23 1f 10 3 reflux 6 MeOH Quant. 
aStarting material was recovered. 
bCalculated by 1H NMR analysis of the crude material. 

 

 

As is shown in 1a-f the steric effect of the alkoxy group of the 

ester influences the rate of ester hydrolysis in the order Me ≈ Et > 

Bn ≈ allyl > i-Pr >> t-Bu. For the ester hydrolysis of 1a-f in the 

presence of LiBr, the reaction rates were from 2.5 to 5 fold faster 

than in those experiments carried out in the absence of the salt. 
 

Esters of benzoic acid 3a-d were also hydrolyzed with the 

above standard reaction conditions and transformations were very 

clean and gave also very high yields (Table 2). Esters with 

substituent groups other than electron-donating substituents were 

hydrolyzed in very high yield (Entries 1-6), while the reaction for 

compound 3d containing an electron-donating substituent failed 

even after 32 h (Entries 7 and 8). 
 

A comparison of the results obtained by hydrolysis of esters 

1a-f and 3a-d (Tables 1 and 2) led to the conclusion that under 

this protocol a plausible mechanism could be the nucleophilic 

attack at the carbonyl ester group by the ˉOH generated in situ by 

reaction of t-BuNH2 and water. The Li+ should activate the 

carbonyl ester group to improve base catalyzed O-nucleophilic 

attack by the ˉOH ion (Firouzabadi, 1999; Saraswathy and 

Sankararaman 1994; Mojtahedi, 2007). 
 

Table 2. Hydrolysis of benzoate esters with t-BuNH2/LiBr/MeOH/H2O. 

 
CO2R

1 CO2H
t -BuNH2

MeOH/H2O

3a-d 4a-c

R2 R

 
 

Entry      Compound Product Timea,b (h) Yield (%) 

1 3a: R1 = Me, R2 = H 4a: R = H 24 Quant.c 

2 3a 4a 6 94d 

3 3b: R1 = Bn, R2 = H 4a 41 Quant.c 

4 3b 4a 10 Quant.d 

5 3c: R1 = Me, R2 = NO2 4b: R = NO2 11 Quant.c 

6 3c 4b 3 90d 

7 3d: R1 = Me, R2 = N(Me)2 4c: R = N(Me)2 120 ---c,e 

8 3d 4c 32 ---d,e 
aReaction carried out under reflux. 
bReaction carried out with 10 equiv of t-BuNH2. 
cReaction carried out without LiBr. 
dReaction carried out with 3 equiv of LiBr. 
eStarting material was recovered. 
 

 

The nucleophilicity of t-butylamine has been shown to be 

considerably less than that of other primary amines of comparable 

basicity (Minegishi and Kobayashi 2004; Brotzel, 2007; Kumar 

and Jolly 1999; Kadereit and Waldmann 2001; Fotakopoulou, 

2007; Schmidt, 2005; Barbayianni, 2005; Bordusa 2002), 

undoubtedly because of the steric effect of the t-butyl group. For 

this reason, nucleophilic attack of the amine on the carbonyl 

carbon cannot compete with hydrolysis (Table 1, Entries 1-3). The 

possibility that the amine reacts at the alkyl group of 1 in an SN2 

or SN1 manner is ruled out with the observation of the slower 

reactions of benzyl and allyl esters (Table 1, entries 21 and 23). 

The scope of this reaction was also explored with ester 

derivatives 5, 7, 9 and 11, which gave the respective carboxylic 

acids 6, 8, 10 and 12 in high yields as is shown in Table 3. The 

functional group ketone and alkene survived under these reaction 

conditions. As a representative example, Figure 2 shows the 1H 

NMR spectra for the conversion of 7 into 8. 

 

Table 3. Hydrolysis of esters with t-BuNH2/LiBr/MeOH/H2O. 

 
Entry Compound Product Timea,b 

(h) 
Yield 
(%) 

 

 
1 

OEt

O

 
5 

OH

O

 
6 

 

23 
22 

 

94c 
90d 

 
 

 

2 

 

N

H

CO2Me

 
7 

 

N

H

CO2H

 
8 

 
 

40 

19 

 
 

Quant.c 

92d 

 
 

 

3 

 

N

H

CO2Me

O

 
9 

 

N

H

CO2H

O

 
10 

 
 

 

5 
3 

 
 

 

Quant.c 
Quant.d 

 

 
 

4 

 

N

H

O

CO2Me

 
11 

 

N

H

O

CO2H

 
12 

 

 
 

18 

9 

 

 
 

5c,e 

55d,e 

aReaction carried out under reflux. 
 bReaction carried out with 10 equiv of t-BuNH2. 
 cReaction carried out without LiBr. 
 dReaction carried out with 3 equiv of LiBr. 
 eStarting material was recovered. 
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Figure 2. 1H NMR spectra (400 MHz) of crude reaction mixture. Table 3, 

Entry 2. 
 

On the other hand, as the founding of selective deprotection 

methods of a particular functional group in the presence of others 

is still one of the most important transformations in organic 

synthesis, we decided to test the above reaction conditions for the 

hydrolysis of an ester group in the presence of a labile amino 

protecting group such as a carbamate. This selective deprotection 

is very difficult to carried out and only a few methods are reported 

(Marcantoni, 2001; Yadav, 2002; Chee, 2001; Bartoli, 2000; Wu, 

2000; Kaul, 2004). 

In particular, we examined the deprotection conditions on 

enantiopure amino ester 13 bearing a methyl ester and a Boc 

amino protecting group (Table 4). The ester group was selectively 

hydrolyzed while the carbamate protecting group on the nitrogen 

remained intact to give the corresponding protected amino acid 

14, which was obtained with partial racemization when hydrolysis 

was carried out in the presence of LiBr (Entry 2). This result 

provoked a more detailed investigation of the use t-

BuNH2/MeOH/H2O with or without LiBr to obtain product 14 

without racemization.  

 
Table 4. Hydrolysis of amino ester 13 with t-BuNH2/LiBr/MeOH/H2O. 

 

N

H

13 14

NHBoC

CO2Me

N

H

NHBoC

CO2H

t-BuNH2

MeOH/H2O

 
 

Entry Equiv of 

LiBr 

Reaction 

conditions 

Timea 

(h) 

Yield 

(%) 

[α]Db 

(c = 1, AcOH) 

1 --- reflux 16 95 -20.4 

2 3 reflux 5 95 -19.5 

3 --- rt 80 95 -21.2 

4 3 rt 25 98 -20.5 
aReaction carried out with 10 equiv of t-BuNH2. 
 bLit.(Marcantoni, 2001) [α]D = -21.1 (c = 1, AcOH). 

 

 

We found that the reaction of aminoester 13 at room 

temperature produced the amino-protected acid 14 in quantitative 

yield without noticeable racemization, although prolonged 

reaction times were required (Entries 3 and 4). 

 

The evidence that the ester hydrolysis proceeded without 

racemization under this reaction conditions was provided by 

comparison of specific rotation of the amino acid 14 with that 

reported in literature (Marcantoni, 2001). 

We expanded the scope of this protocol to the hydrolysis of 

symmetric diesters of malonic acid derivatives 15-17, 19, 21 and 

23. When dialkyl phenylmalonates 15a, 15b or 16 were used as 

substrates, hydrolysis and decarboxylation occurred to afford 

phenyl acetic acid 2 or 2-indolylacetic acid 8 as the sole products 

in high yield (Table 5, entries 1-4, 6). However, when we next 

examined dialkyl malonates 17, 19 and 21 or benzyl cyanoacetate 

23 as starting materials, pure half esters 18, 20 and 22 or 

cyanoacetic acid 24 were obtained in high yields (Entries 7-14), 

and no decarboxylated products were detected. With these results 

in hand it is evident that once the half esters of 15 and 16 are 

formed, their decarboxylation takes place as the negative charge 

at the alfa position of the respective esters could be stabilized by 

the aromatic ring, unlike half esters 18, 20, 22 and cyanoacetic 

acid 24. 

 
Table 5. Hydrolysis of malonate esters with t-BuNH2/LiBr/EtOH/H2O. 

 
Entry Compound Product Timea,b 

(h) 

Yield 

(%) 

 

 

 
CO2R

CO2R

 

 

CO2H

 

  

1 15a: R = Et 2 11 Quant.a 

2 15a 2 4 97c 

3 15b: R = Me 2 10 95a 

4 15b 2 3.5 Quant.c 

 

 

 

 

N

CO2Me

CO2Me

MeO2C

 

 

 

N

H

CO2R

 

 

 

 

 

 

 

 

5 16 7: R = Me + 8: R = H 3 42 (7), 

47 (8)a 

6 16 8 40 91c 

 

 

 
CO2Et

CO2Et  

 
CO2H

CO2Et  

 

 

 

 

 

 

7 17 18 14 90a 

8 17 18 4 91c 

 

 

 

N

H

CO2Et

CO2Et

 

 

N

H

CO2Et

CO2H

 

  

9 19 20 40 90a 

10 19 20 18 Quant.c 

 

 

 

EtO OEt

O O

 

 

EtO OH

O O

 

 

 

 

 

11 21 22 10.5 Quant.a 

12 21 22 4 Quant.c 

 

 

 

CN

CO2Et  

 
CN

CO2H  

 

 

 

 

13 23 24 4 90a 

14 23 24 3 92c 
aReactions carried out under reflux without LiBr 
bReaction carried out with 10 equiv of t-BuNH2. 
cReactions carried out under reflux with 3 equiv of LiBr. 

 

 

The selectivity in the monohydrolysis of malonate diesters 

using the methodology developed in this work was evidenced 

when longer-chain diesteres such as dimethyl succinate and 

dimethyl glutarate were used since the hydrolysis of these 

compounds afforded not the corresponding half esters 

(Niwayama, 2010; Niwayama, 2000; Niwayama, 2007; Rajsfus, 

2013; Pitsinos, 2012) but the diacids in high yields. 

Although the selectivity for monohydrolysis of malonate esters 

is not clear, Niwayama has proposed that inter- and/or 

intramolecular hydrophobic attractive interactions form 
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aggregates in which further hydrolysis could be prevented 

(Niwayama, 2008).  

 

 

 
Figure 3. 1H NMR spectra (400 MHz) of crude reaction mixture Table 5, 

Entry 10. 
 

 

4. Conclusions 

The present procedure using t-BuNH2/MeOH/H2O in combination 

with LiBr has considerable utility for the carboxylic ester 

hydrolysis and monohydrolysis of symmetric diesters of malonic 

acid derivatives. A variety of esters, including aliphatic and 

aromatic compounds have been subjected to hydrolysis according 

to this procedure. The uniqueness of this protocol was 

demonstrated by the ester hydrolysis in the presence of an N-Boc 

protecting group. The reactions are, in general, very clean and give 

very high yields. Besides, the operational simplicity, the general 

applicability, the low cost of the reagents and the high yields 

enhance its attractiveness and will find useful applications in 

organic synthesis, particularly for ester deprotection in peptide 

synthesis. 
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