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Abstract: The dehydration of a carboxylic acid and an amine to form an amide linkage 
was performed by the use  of a new water-compatible dehydrating agent, 2,2-dichloro-5- 
(2-phenylethyl)-4-(trimethylsilyl)-3-furanone (DPTF). The application of this new agent 
to the peptide bond formation is also described. Copyright © 1996 Elsevier Science Ltd 

The dehydration and linking together of two organic molecules is one of the most fundamental 

transformations in organic chemistry. The intedinkage of important biopolymers like proteins and nucleic acids 
occurs by dehydration of their monomeric units. In vivo, a complex association of enzymes and coenzymes 

permits removal of the elements of water from two specific molecules in the presence of water. It is a challenge 
to achieve dehydration under aqueous conditions by a chemical method. 

A very wide variety of reagents for dehydration of a carboxylic acid and an amine to form an amide 

linkage have been developed, l Those chemical procedures involve (i) the activation of a carboxy group by 

attachment of a leaving group, and (ii) aminolysis of the activated carboxy derivative. Since an amine is more 
nucleophilic than water, aminolysis of the activated carboxy derivative is favored over hydrolysis even under 
aqueous conditions. In contrast, anhydrous conditions are normally preferred for generation of reactive carboxy 

derivatives, like acyl chloride, N-carboxyanhydride, 2 and acyloxypyridinium sal t )  In the cases with 
carbodiimide reagents, a carboxy component can be activated under aqueous conditions in the presence of a 
nucleophilic component, which is directly acylated. 4 Activation with benzoxazolium salts 5 or with uronium 

salts 6 is also operable in aqueous solution. We now report a new agent, 2,2-dichloro-3-furanone which 

performs dehydration in the presence of water. An amide linkage is formed from a carboxylic acid and an attune 
through separate steps of activation and aminolysis. 
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We have recently reported a general preparative method of 2,2-dichloro-3-furanones. 7 Whereas 2,2- 
dichloro-3-furanones undergo methanolysis, they are rather inert toward water. In particular, 2,2-dichloro-5- 
(2-phenylethyi)-4-(trimethylsilyl)-3-furanone (1, DPTF), a crystalline substance, is stable for long-term 
storage. When DPTF was treated with 3-phenylpropionic acid (2) in the presence of two equivalents of 
Htlnig's base in acetonitrile at room temperature for 1 h, a furyl ester (4) was produced in 90% isolated yield as 
a mixture of Z- and E-isomers (ca. 4:1). Recrystallization from hexane-ether gave pure crystalline Z-4. I n 
addition to full spectroscopic and analytical characterization,8 the solid state structure was determined by a single 
crystal X-ray diffraction study. 9 An ORTEP diagram is shown in Figure 1. On the basis of the fact that 
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methanolysis of 1 occurs selectively at 
the 3-position, 7 the following pathway 

seems likely for the formation of 4; a 
carboxylate anion underwent a nucleo- 

philic attack onto the 3-position of 

DPTF, leading to the formation of 

epoxyfuran (3) as a transient inter- 
mediate. Next, de-protonation at the side 

chain of 3 results in a subsequent 
electron shift to open the epoxy ring. l0 
As a consequence, HCI was eliminated 

from 3 to furnish 4. 
In contrast to the cases of carbo- 

diimides, the formation of a symmetrical 
carboxylic anhydride by the subsequent 

reaction of the ester 4 with the carboxylic 
acid 2 was not observed, even when two 

equivalents of 2 were used. This result 

suggests that the ester 4 is far less 
electrophilic than DPTF. However, the 
ester 4 was still reactive with respect to 

aminolysis, with the furyl moiety acting 
as the leaving group. Treatment of 4 

with benzylamine at room temperature 
produced an amide S in 90% yield. 

Isolation of the furyl ester 4 was 

not necessary, and conveniently, both 
steps of activation and aminolysis could 
be sequentially performed in the same 

reaction vessel. As a result, a water 

molecule was eliminated from a 
carboxylic acid and an amine using 
DVI'F as the dehydrating agent. 

It is noteworthy that both DVI'F 
and the intermediary active furyl ester 4 

are considerably inert to water despite 
their moderate electrophilic reactivities. 

This distinguishing property of DPTF 
and 4 rendered it possible to carry out the 
whole process of dehydration under 
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Figure 1. Molecular structure of Z-4 (hydrogen atoms omitted). 
Only one of the two independent molecules is depicted. 
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aqueous conditions. Treatment of 3-phenylpropionic acid (2) with DPTF in a two-phase system, consisting of 
an aqueous solution of NaHCO3 and nitromethane, followed by the addition of benzylamine resulted in 
successful dehydration to produce • in 94% yield. A quaternary ammonium salt (Bu4N=HSO4) was used as a 
phase transfer catalyst to accelerate the reaction. Furthermore, dehydration was also possible even in a 
homogeneous hydrous medium, i.e., in a mixed solvent of acetonitrile and water (9 : 1). The amino group of 
hydroxyamine was selectively acylated to furnish 6 in 84% yield, The rate of aminolysis of an activated ester 
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O DPTF, NaHCOs, cat. BU4N.HSO 4 H2N-CH2Ph p h . , ~  
I, "~'Ph 

H20-MeNO2 (two phases), r t, 1.5 h r t,  5.5 h 5 9 4 %  

OH 0 

DPTF, N E t i P r 2  H2N"~L"ph Ph ~ oTH 

H20-MeCN (1:9),  r t ,1 .5h  r t ,  2d 8 4 %  

was greatly affected by the solvent system, carboxy, and amino components used, although the reaction 
conditions were not optimized for each case. 

The successful activation of a carboxylic acid in the presence of water by the use of DPTF can be 

understood on the basis of nucleophilicity. Under neutral conditions, water is more basic, and accordingly 
more nucleophilic than a carboxylic acid. In contrast, when the reaction conditions are basic enough to convert 

only a carboxylic acid, rather than water, to the corresponding anionic species, the negatively charged 

carboxylate anion is a stronger nucleophile than a neutral water molecule, Thus, the minimal electrophilicity of 
DPTF permits the selective reaction with a carboxylic acid under suitably basic conditions. 

This process in hydrous media was next applied to the dehydration between amino acids forming peptide 

bonds, which would merit special consideration. Sequential treatment of O-benzylated Boc-Ser-OH with 
DPTF and with H-Val-OMe in water-nitromethane furnished the corresponding dipeptide in 88% yield. No 
racemization was observed. Other successful examples of the synthesis of dipeptides in hydrous media were 

exemplified below. All of benzyl (Z), tertiary butyl (Boc), and 9-fluorenylmethyl (Fm(~) carbamates, which 
are the most widely used amino-protective groups in peptide synthesis, are tolerated under the reaction 
conditions. 

DPTF H-VaI-OMe-HCI 
Boe-Ser( Bn) -OH ~ =_ 

aq. NaHCOs-MeNO2, r t, 3.5 h NEtiPr2, r t, 18 h 
Boc.Ser(Bn)-VaI-OMe 

88% 

DPTF, NEtJPr2 H-AIa-OMe-HCI 
Z-Lys(Z)-OH == = Z-Lys(Z)-Ala-OMe 78% 

H20-MeCN, r t, 2 h NEtiPr2, r t, 16 h 

DPTF, NEt iPr2 H-Gly-OMe.HCI 
Fmoc-Ala-OH ~__ -.-- Fmoo.Ala-Gly-OMe 82°1o 

H20-MeCN, r t,  2 h NEtiPr2, r t, 16 h 

The present dehydrating system consists of two separate steps, the pre-activation of a carboxylic acid in 
the absence of an amino component, and the subsequent reaction of the resulting activated ester with an amine. 

Thus, it was made feasible to use a free amino acid, which is sparingly soluble in organic solvents, as the amino 

component, i.e., a "salt coupling" technique. Addition of an aqueous solution of a free amino acid to a 
preformed activated ester in acetonitrile resulted in the formation of a dipeptide having a free carboxy end, 
which could then be subjected to the second activation by DPTF again without any deprotection procedure. The 

subsequent addition of the third amino acid produced the corresponding tripeptide 7. In the synthesis of 7, 
elongation of the chain was carried out at the carboxy end, and therefore, detectable raeemization occurred (LL : 
DL = 92.4 : 7.6 determined by HPLC analysis). 

Z-Gly-OH 
DPTF, NEtiPr2 H-Phe-OH I H20 DPTF, NEtJPr;z H-Val--OMe.HCI 

l,- D.- i~ ,.._ Z-Gly-Phe-VaI-OMe 
MaCN, rt, l h  NEtlPr2, r t ,  2h MeCN, rt, l .5h NEtiPr2, r t ,  l h  7 57% 

(LL : DL = 92.4 : 7.6) 
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In summary, step-wise dehydration is achieved in the presence of water by the use of the new agent 
DPTF, which activates a carboxyl group without additional auxiliaries like N-hydroxysuccinimide, This new 
process was applied to the peptide bond formation, making feasible the "salt coupling" strategy. The solubility 
problem, particularly with longer peptides and even small peptides containing asparagine and glutamine, 11 has 
been one of the most unpredictable difficulties often encountered in the peptide synthesis. Although haloalkane 
solvents like dichloromethane possess high soivating ability, their use has been strictly limited due to their 
environmental impact. The present process allows access to a wide range of multi-solvents systems composed 
of water and other organic solvents, 12 which may provide a solution to these problems. 
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