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Tantalum-or Titanium-Catalyzed Peptide Synthesis

Significance: The development of elegant syn-
thetic methodologies for peptide-bond formation 
is a highly demanding task in organic synthesis. A 
substrate-directed, Lewis acid-catalyzed, racemiza-
tion-free amidation method has been developed to 
access various peptides.

Comment: The tantalum-catalyzed substrate-di-
rected peptide-bond-formation reaction proceeds 
with various amino acids under solvent-free condi-
tions and delivers peptides in high yields without 
racemization. This method further extends titani-
um-catalyzed oligopeptide synthesis.
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Method A: 
Ta(OMe)5 (10 mol%)

1 (1.0 mmol)
 2 (2.0–3.0 equiv)

40–70 °C, 72 h

Method B: 
Ta(OMe)5 (10 mol%)

1 (2.0–2.5 equiv)
  2 (1.0 mmol)

40–70 °C, 72 h
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Method C:
 Ta(OMe)5 (10 mol%) 

TMSIM (2.0–2.2 equiv)
3 (2.0 equiv)
2 (1.0 mmol)

30–50 °C, 72 h

Method D: 
Ta(OMe)5 (10 mol%)
TMSIM (2.2 equiv)
3 (2.0–2.5 equiv)
2·HCl (1.0 mmol) 
30–50 °C, 72 h
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Boc-L-Gly−L-Ala-Ot-Bu
>99% yield, >99:1 era
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Boc-L-Ile−L-Ala-Ot-Bu
>74% yield, >99:1 drc

Boc-L-Val−L-Ala-Ot-Bu
97% yield, >99:1 drc
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Boc-L-Glu−L-Ala-Ot-Bu
64% yield, >99:1 drb

81% yield, >99:1 drc
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Boc-L-Gln−L-Ala-Ot-Bu
59% yield, >99:1 drd,e
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Boc-L-Ala−L-Ile-Ot-Bu
93% yield, >99:1 dra
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Boc-L-Ala−L-Phe-Ot-Bu
95% yield, >98:2 dra
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Boc-L-Ala−L-Leu-Ot-Bu
95% yield, >98:2 dra

PG-peptide-OH
Ti(Oi-Pr)4 (10 mol%). TMSIM (2.2 equiv)

peptide-Ot-Bu
(2.0 equiv)

40–50 °C, 36–72 h
PG-peptide−peptide-Ot-Bu

Cbz-Gly–Gly–L-Phe−L-Leu-Ot-Bu
72% yield, dr = 94:6 (in DMSO)

Cbz-Gly–Gly–Gly–Gly−L-Ile-Ot-Bu
99% yield, dr > 99:1, (2 mol% Ti, in DMSO)

Boc-L-Ala−L-Met−L-Ala–Gly–L-Ala–L-Ala-Ot-Bu
98% yield, dr > 99:1, (in CHCl3)

a Prepared by following method A. b Prepared by following method B. c Prepared by following method C. 
d Prepared by following method D. e 0.5 mL CHCl3 solvent used. TMSIM = 1-(Trimethylsilyl)imidazole.
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Titanium-catalyzed peptide coupling reaction

Selected examples
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