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As part of our continuing search for new agents which might be useful for the treatment 

of sickle-cell anemia,2-5 we have synthesized two cyclic tetrapeptide homologs 4b and 5b and -- 
a tetrapeptide lactone homclog 6b -* The intent was that these peptides would mimic a tetra- 

peptide region around the mutation site of hemoglobin S (HbS) and thus be able to bind at the 

acceptor site of HbS and thereby inhibit polymerization. 6 

The mono-cyclization of peptides is often difficult and is still regarded as an unsettled 

problem in organic chemistry, owing to the competition of cyclodimerization and polycondensa- 

tion.7'8 Our attempt at the preparation of 4a by the often used succinimide ester method,7 or - 
the azide method employing diphenylphosphoryl azide (DPPA) 

9 at ambient or subzero 

temperatures, gave predominantly the cyclodimer, and the desired cyclomonomer 4a was present - 
in Only small amount (see Table 1). 
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It is known’-” that in the preparation of a given cyclic peptide the yield during the 

cyclization step is dependent upon the linear sequence. In those cases where cyclomonomer 

formation is disfavored the synthetic operations are varied, usually by trial and error, until 

the right linear sequence is found that gives acceptable cyclization yields. In order to 

avoid this time consuming trial and error method, we performed the cyclization of g (with Hoc 

group removed) under elevated temperatures using different active esters, solvents, and 

catalyst conditions, in a modification of the method of Schmidt, et al. ‘1 (see Table 1). We 

found that cyclization of the Hoc-deblocked 2-nitrophenyl ester le at 85O in the presence of - 
4-dimethylaminopyridine (DMAP, 0.80 eguiv.) and CF3CH20H (TFE, 1.5%) gave an increased yield 

of cyclomonomer 4a (18%) while reducing the amount of cyclodimer. - When the cyclization was 

carried out with the pentafluorophenyl ester 11,12 If in DMF or dioxane in pyridine and varying - 
the catalyst (Table 1) the yield of cyclomonomer 4a was increased up to 46%, while cyclodimer 

formation was almost entirely suppressed. 13 7 Similarly, cyclomonomer 5a could be obtained - 
nearly free of cyclodimer by cyclization of the Hoc-deprotected peptide ester 2f -* 

Table 1. aCyclization Yields of Various Active Esters 
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23 

-10 

85 

90 

85 
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b Solvent 

CH2C12,‘py’ 

DMF,‘DIEA 

DMF/pyr 

diox,/pyr 

diox/pyr 

DMFhyr 
diox/pyr 

diox,‘pyr 

diox,‘pyr 

diox/pyr 

diox,(pyr 

diox,‘pyr 

Catalyst 

Nil 

Nil 

DMAP,‘TFE 

PDP/‘EtOH 

DMAP,‘EtOH 

DMAP,‘TFE 

DMAP 

EtOH 

Nil 

DMAP,‘EtOH 

DMAP,‘EtOH 

DMX’,‘EtOH 

% Yield 

Cycle-Monomer Cycle-Dimer 

2 44 

3 27 

18 traceC 

21 trace 

37 trace 

46 trace 

33 2 

43 6 

31 13 

19 trace 

43 trace 

small amount + several side products 

ayields are based on 3 steps: ester formation, Hoc-group rvval, and cyclization, and are 
galculated from the purified products after chromatography. diox = dioxane, pyr = pyridine. 
Estimated to be less than 2%. 

Maintenance of the temperature at 80-90° seems to be crucial. When the cyclization of 

the Hoc-deprotected 3f was performed at slightly above room temperature considerable side - 
products were formed in addition to a small amount of cyclomonomer fi, whereas at 85O the 

cyclomonomer was formed in a 43% yield and only a trace of cyclodimer was observed (see Table 

1). The catalysts DMAP14 or 4-pyrrolidinopyridine (PDP)ll do not increase the yield of 

cyclomonomer when compared to just EtOH or the absence of catalyst, however they appear to 



5757 

suppress cyclodimer formation. The reason for the catalytic effect of alcohols (EtOH l1 or 

TFE) is not Clear. The molecular weights of the cyclized peptides were established by high 

resolution fast atom bombardment mass spectrometry (FABMS). 
13 

Since these cyclizations involved elevated temperatures in the Presence of a basic 

solvent it was important to ascertain whether the L-configuration of the constitutent amino 

acids was retained during cyclization. To determine this we used the method of Shimohigashi, 

a1.,15 et which is a modification of the well known Manning and Moore 
16 procedure. Thus, 4a - 

was hydrolyzed (6N HC1,'llOO) and the liberated amino acids converted to their L-Leu dipeptides 

and identified by means of an amino acid analyzer 
17 
. We were only able to detect 1.3% of 

L-Leu-D-Pro and no L-Leu-D-Val or L-Leu-D-Thr. Under the conditions used we could not detect 

any L-Leu-D-Clu, however, a large peak for free Leu could have obscured it. Therefore we 

conclude that little or no racemization occurs under these cyclization conditions. 

Our results indicate that linear peptides may be able to be cyclized preferentially to the 

monomer (without having to resort to seguence variation) by conducting the cyclization with 

pentafluorophenyl esters, elevated temperature, correct solvent, and addition of both an 

alcohol and DMAP as catalysts. 
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