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nthetic strategy has been developed for a new type of conformational constraint 
ereby two L-2-thiol-histidine (Hiss) residues are bridged by a bis-thioether alkane 

of S-alkylation vs. N-alkylation in 
in the presence of nitrogen containing functional groups. 

liquid ammonia would allow cyclization 

Structural features important to the interactions of a biologically active ligand with its 

receptor can often be evaluated through the use of conformationally constrained analogs. 

Studies to determine the importance of specific conformational properties of peptide ligands 

have commonly been facilitated by the use of cyclic peptide analogs generated by formation of 

disulfide or thioether linkages between the side chains of two cysteine residuesl.2. A limitation of 

this approach is that the requisite two cysteine amino acid residues may not mimic the biologically 

active pharmacophore. Therefore, we have studied L-2-thiol-histidine (Hiss), 1, as a synthon for 

forming bis-thioether bridged peptides, and found it to be a useful sulfur-containing amino acid 

with different electronic and steric properties than cysteine. 

1 
Flguro 1. 

la 

While the properties of 1 are very similar to histidine in many respects, 1 has a strong 

absorbance at 257nm (E 19,370). providing a convenient marker for spectrophotometric 

monitoring; in addition, the pK of the imidazole nitrogen of 1 is 2 pH units higher than that of 

histidines (pK 8.5 vs. pK 6.5). Thus 1 could be a surrogate for a histidine residue that is protonated 

in its biologically active state, or could represent a conformationally constrained lysine residue. 

Furthermore, in analogy to 2-mercaptoimidazolels, 1 exists predominantly (Figure 1) in the keto 

form as shown in figure 1 and would not be expected to be susceptible to oxidization. In fact, we 

have found that 1 does not react with 5,5-dithio-bis(2-nitrobenzoic acid) in the Ellman’s test for 

free thiole and does not form a disulfide dimer in the presence of 1,2-diiodoethane. This property 

of 1 offers an advantage over the use of cysteine residues, since disulfide or polymer formation 

can be avoided during peptide synthesis and purification manipulations, but confers the 

disadvantage that disulfide linkages cannot be used directlyto form constrained peptides. 
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The incorporation of 1 into a peptide using the Merrifield solid phase synthesisstrategy (SPPS)7 

requires the temporary protection of the a-amino group and the permanent protection of the 

sulfur on the imidazole ring, which would otherwise be susceptible to modification during the 

repetitive cycles of SPPS. In addition, a lipophilic side-chain protecting group imparts significantly 

improved solubility properties in organic solvents to 2 or 1 compared to 1 (Scheme 1). 
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The sodium and liquid ammonia reaction conditions in Scheme 1 effected alkylation of the 

sulfur, as determined by 13C NMR for 1. The C2 carbon resonance of the imidazole was shifted 

upfield to 134 ppm ascompared to 160 ppm for N-alkylated 2-mercaptoimidazolee. No alkylation 

of either the imidazole or a-amino nitrogen of z was detected. This specificity reportedly could 

not be achieved with 2-mercaptoimidazole using phase transfer catalysis and a base such as 

potassium t-butoxides. 

Compound 1. was then incorporated into peptide 4 (Table I), a model peptide designed in our 

laboratory as a substrate-based inhibitor of the aspartyl protease renin. The synthesis was 

accomplished on 4-methylbenzhydrylamine polystyrene resin using standard SPPS conditionslo. 

The completed peptide was then cleaved from the supporting resin by reaction with HF-anisole 

(90/10) at 0°C for one hour. Surprisingly, we did not obtain concommitant cleavage of the 

4-methylbenzyl (Meb) protecting group from the mercaptoimidazole, even though these 

conditions do cleave the Meb group from S-protected cysteine. We speculate that the electron 

withdrawing effect of the HF-protonated imidazole moiety renders the sulfur of the 2-thiol- 

histidine(Meb) a weaker base than that of cysteine (Meb) (pK = -6.5), and thus the sulfur is not 

protonated by HF (pK z-10) in the requisite first step of the SNl reaction mechanism for 

cleavage1 5. 

To determine the feasibility of a one-pot synthesis to remove the sulfur protecting group and 

form a thioether, model reactions were performed with peptide 3 using either bromomethane or 

1-bromopropane as the alkylating agent to form peptide 2 or 616. When the peptide was treated 

with sodium in liquid ammonia followed by a 45-fold excess of bromomethane, bis-alkylated 

product was obtained. When the same reaction was carried out with a lo-fold excess of 

1-bromopropane, a mixture of mono- and di-alkylated products was obtained. The reaction to 
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form a dithioether cyclic derivative of peptide S_ was then explored using the same high dilution 

reaction conditions as for the model reactions. With 1.5 equivalents of 1,6-dibromohexane 

peptide z was obtained. Only minor amounts of any side products were observed by HPLC of the 

crude reaction mixture. As compared to the intermolecular reaction with 1-bromopropane to 

form a dialkylated derivative, the intramolecular reaction to displace the second bromine in the 

cyclization reaction appears to be highly favored. 

Table I. L-2-thtol-hlstldlne-contalnln9 PePtIdes 

X Y 

N 
A NH N - - 

-p x c--R0 -Ph.-N C-kw+TW~% 
II LI 

Cmpd X Y 

4 --S--CH,(CEHW’, -S-CH,(C,H,)CHS 

5 -S-CH, --S--CH:, 

6 -S-CH2CH2CH3 -.S-CH2CH2CH!, 

7 --SICHzb-S- 

Liquid ammonia proved to be an excellent solvent for the peptides and can impart the 

necessary specificity to allow the alkylation of sulfur in 2-thiol-histidine even in the presence of 

primary amines such as lysine or a free N-terminal amine. However, reduction with sodium in 

liquid ammonia reportedly can cause cleavage of susceptible X-Pro amide bondsl7,le. Thr-Pro or 

Arg-Pro amide is especially labile. In our hands, this side reaction was not a problem, when we 

controlled the addition of the sodium metal by careful titration to a faint blue endpoint using a 

glass encased stick of sodiuml9. After exactly one minute of reaction time the bromoalkane was 

added. In only one experiment did we detect a minor product that resulted from His-Pro 

cleavage. Additionally, we characterized a product from incomplete removal of the sulfur 

protecting group in an experiment that we quenched in less than one minute of reaction time. 

The ease with which His5 residues can be incorporated into a peptide, and then further 

elaborated into a bis-thioether derivative constrained by an alkane bridge, thus provides a new 

method for forming constrained peptide analogs. 
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