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Introduction 

Natural and synthetic cyclic peptides represent an important class of bioactive molecules that exhibit 
a broad range of biological activities [1] and are considered as promising lead compounds in the search 
for new drugs. In particular, macrocyclic tetrapeptides (MTPs) have potential for development into 
therapeutic agents because of their low molecular weight, small organic molecule-like properties, 
membrane permeability, selectivity, expected metabolic stability to proteases, and improved 
pharmacokinetic properties in vivo [1,2]. However, the small 12-membered ring size can make their 
synthesis difficult, often resulting in low yields of the desired MTP with resulting dimers and 
oliogomers as the major products [3-5]. Generally MTPs in which the amino acids are all the same 
chirality are more difficult to synthesize because the conformations of the linear precursor tetrapeptides 
limit the close approach of the N- and C-termini needed for macrocyclization to occur [5]. Also to date, 
almost all reported synthesized MTPs contain at least one turn inducing residue such as Pro, an N-alkyl 

amino acid, a D-amino acid or an unusual amino acid that 
favors macrocyclization [1,6].  

As part of our long standing interest in peptide ligands 
for kappa opioid receptors (KOR) we are synthesizing 
analogs of the natural product macrocyclic tetrapeptide 
CJ-15,208 (Figure 1) which exhibits modest affinity for KOR 
[4,7]. We use an improved synthetic protocol to prepare 
larger quantities of the macrocyclic tetrapeptide CJ-15,208, 
[D-Trp]CJ-15,208 and their analogs for detailed 
pharmacological evaluation in vivo [8-10]. To demonstrate 
the broad applicability of this methodology, here we describe 
the challenging syntheses of two all L-amino acid 
macrocyclic tetrapeptides (all L-AA MTPs, Figure 2) based 
on the CJ-15,208 scaffold that do not contain a turn inducer 
to promote macrocyclization.  

Results and Discussion 

The cyclic tetrapeptides were synthesized by a combination of solid phase synthesis of the linear 
peptide precursors on the 2-chlorotrityl chloride resin, followed by cyclization in solution [3,4,9]. The 
crucial cyclization step was optimized by modifying the reaction conditions reported previously 
(HATU, DIEA, DMF) [3,4].  

 
 

Fig. 1. Structure of CJ-15,208 and its 
D-Trp isomer [4]. 

 
Fig. 2. Structure of an all L-AA MTP derived from CJ-15,208 that does not have a turn inducing 
residue. 



 

In our optimized procedure we found that several experimental parameters have an influence on the 
yield in the crucial cyclization, namely the concentration and addition rate of the linear tetrapeptide to 
the reaction mixture, and the reaction temperature as well as reaction time. Depending on the particular 
tetrapeptide sequence these four experimental parameters for the cyclization step may have to be 
adjusted to generate the desired macrocyclic tetrapeptide in good yield. Accordingly, the addition rate 
of the linear peptide to the reaction and the concentration of the linear peptide were optimized to 
minimize dimer formation and to increase the yields. The temperature of the cyclization step was also 
slightly increased (from rt to 30-37°C after addition of the linear peptide). The crude MTPs were 
purified using normal phase column chromatography on silica gel. The syntheses of the all L-AA 
MTPs were successfully achieved in modest yields (Table 1). The all L-AA MTP cyclo[Phe-Phe-Phe-
Phe], 1, was generated in significantly higher yield compared to the previously reported minimal yield 
of this cyclic peptide [11]. An analog of 1 which has not been previously prepared was obtained in 
substantially higher yield.  

In conclusion, the use of these optimized conditions for the crucial cylization step permitted the 
synthesis of these all L-AA MTPs that do not contain a turn inducing residue. cyclo[Phe-Phe-Phe-
Phe], 1, was obtained in substantially higher yield than the reported method (15% vs. <1% [11]), and 
an analog of 1 was also synthesized for the first time in good yield (40%). This generally applicable 
optimized synthetic methodology could facilitate the development of a variety of synthetically 
challenging MTPs for potential therapeutic applications.  
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Table 1. Improvements in the isolated yield of all L-AA MTPs using the optimized protocol for 
synthesis and purification. 

Peptide 
Yield of pure cyclic peptide using 

the modified method (%) 

cyclo[Phe-Phe-Phe-Phe], 1 15a 

Analog of 1 40b 

aReported yield for MTP 1 was <1% [11]; bThere is no previously reported synthesis for this all L-AA MTP.  
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