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Abstract


N→S Acyl transfer is a popular method for the postsynthesis production of peptide C
            α-thioesters for use in native chemical ligation and for the synthesis of head-to-tail cyclic peptides. Meanwhile thioester formation at the side chain of aspartic or glutamic acids, leading to tail-to-side-chain-cyclized species, is less common. Herein we explore the potential for cysteine to function as a latent thioester when appended to the side chain of glutamic acid. Initial insights gained through study of C-terminal β-alanine as a model for the increased chain length were ultimately applied to peptide macrocyclization. Our results emphasize the increased barrier to acyl transfer at the glutamic acid side chain and indicate how a slow reaction, facilitated by cysteine itself, may be accelerated by fine-tuning of the stereoelectronic environment.
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          Synthesis of Dipeptides 15a,b
Cysteine derivative 14a (0.437 g, 1.04 mmol) was dissolved in anhydrous CH2Cl2 (6.0 mL). Fmoc-Glu-OAll (0.512 g, 1.25 mmol) and pyBOP (0.595 g, 1.5 mmol) were added, followed by DIPEA (0.362 mL, 2.1 mmol), and the reaction mixture was stirred at r.t. for 1 h. The reaction mixture was then diluted with EtOAc (50 mL) and washed with sat. aq KHSO4 (1 × 15 mL) and sat. aq NaHCO4 (2 × 15 mL). The organic phase was separated, dried (MgSO4), and evaporated to afford the crude product as a white foam. Purification by flash column chromatography over silica, eluent toluene–EtOAc (5:1) afforded 15a (0.719 g; 85%) as a white foam.
Dipeptide 15a
1H NMR (500 MHz, CDCl3): δ = 7.76 (2 H, d, J = 8.0 Hz, 2 × ArH), 7.62 (2 H, d, J = 7.4 Hz, 2 × ArH), 7.44–7.15 (ca. 19 H, m (overlapped by CDCl3 signal), ArH ), 6.15 (1 H, d, J = 7.6 Hz, CH allyl), 5.93–5.85 (1 H, m, CH allyl), 5.74 (1 H, d, J = 8.0 Hz, CH allyl), 5.35–5.24 (2 H, 2 × d, 2 × NH), 4.64 (2 H, s (br), CH2-allyl), 4.52–4.50 (1 H, m, CHα), 4.43–4.38 (3 H, m, CHα, CH2-Fmoc), 4.23 (1 H, t, J = 7.0 Hz, CH-Fmoc), 2.79–2.54 (2 H, m CH2β-cys), 2.33–1.97 (4 H, m, CH2β-Glu and CH2γ-Glu), 1.45 (9 H, s, tBu). ESI+-MS: m/z calced for C49H50N2O7S: 810.33; found: 811.5 Da [MH]+ and 833.5 Da [MNa]+.
Dipeptide 15b
Procedure as above, 53% isolated as a white foam. 1H NMR (300 MHz, CDCl3): δ = 7.78 (2 H, d, J = 7.5 Hz, 2 × ArH), 7.61 (2 H, d, J = 7.4 Hz, 2 × ArH), 7.42–7.17 (ca. 19 H, m (overlapped by CDCl3 signal), ArH ), 6.39 (1 H, s (br), CH allyl), 5.86–5.83 (2 H, m, 2 × CH allyl), 5.35–5.21 (2 H, 2 × d, 2 × NH), 4.63 (2 H, d (br), CH2-allyl) 4.42–4.37 (3 H, m, CHα-Glu, CH2-Fmoc) 4.23 (1 H, t (br), CH-Fmoc), 3.04 (1 H, d, J = 11.3 Hz, half CH2β-αMeCys), 2.60 (1 H, d, J = 11.3 Hz, half CH2β-αMeCys), 2.36–2.05 (4 H, m, CH2β-Glu and CH2γ-Glu), 1.45 (12 H, s (br), CH3, tBu). ESI+-MS: m/z calcd for C50H52N2O7S: 824.35; found: 825.5 Da [MH]+ and 847.5 Da [MNa]+. 









	
[bookmark: JR000-21]21 
          
            Hang J. 
          
        
          
            Li H. 
          
        
          
            Deng L. 
          
        Org. Lett. 2002; 4: 3321 





Crossref





	
[bookmark: JR000-22]22 
          
            Bayro MJ. 
          
        
          
            Mukhopadhyay J. 
          
        
          
            Swapna GV. T. 
          
        
          
            Huang JY. 
          
        
          
            Ma L.-C. 
          
        
          
            Sineva E. 
          
        
          
            Dawson PE. 
          
        
          
            Montelione GT. 
          
        
          
            Ebright RH. 
          
        J. Am. Chem. Soc. 2003; 125: 12382 





CrossrefPubMed





	
[bookmark: OR000-23]23 Lyophilized peptide 18 was dissolved in ddH2O to a final concentration of 2 mg/mL; 0.5 mL was transferred to a sterile Eppendorf tube and water (0.3 mL) was added followed by 1 M sodium phosphate buffer (pH 5.8, 0.1 mL), TCEP·HCl (5 mg), and sodium 2-mercaptoethanesulfonate (MESNa, 0.1 g). The reaction mixture was shaken (700 rpm) in an Eppendorf thermomixer at 50 °C for 24 h. The cyclic peptide was then purified from the reaction mixture by preparative HPLC; t
          R= 26.5 min, and lyophilized to afford the pure product as fluffy white solid. ESI+-MS: m/z calcd: 912.4; found: 913.2 Da [MH]+. 
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