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Low MW synthetic peptides: 
catalysts for an increasingly wide array of asymmetric transformations

Epoxidation of alkene with peracid 
first reported in 1909:

Architecture of catalytic domain unveiled:
Nat. Commun. 10, 97 (2019)
Nat. Commun. 10, 888 (2019)

shared reliance on AA sequences
to deliver 3D structures for sub. act.

shared mechanistic features 
underlying effective catalysis
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Juliá-Colonna epoxidation:
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mechanism:                                                                                                                                  model for stereoselectivity:
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proven hypothesis: high performing (enantioselective) Juliá-Colonna catalysts 
                               predominantly exist as helices: β turn, α helix, 310 helix…
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mechanism:                                                                                                                                  model for stereoselectivity:
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proven hypothesis: high performing (enantioselective) Juliá-Colonna catalysts 
                               predominantly exist as helices: β turn, α helix, 310 helix…

Examples of effort to staple the peptide backbone:

  (b). Including α,α-disubstituted residues to induce the formation of helices

5% H-(Leu)n-OMe
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proven hypothesis: high performing (enantioselective) Juliá-Colonna catalysts 
                               predominantly exist as helices: β turn, α helix, 310 helix…

Examples of effort to staple the peptide backbone:
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Aspartyl peracid-based epoxidation:

Evidence of HB?

when peptide =

various point mutation to delete the key HB donors and acceptors:
i+1 C=O of the loop amide is essential for HB with the carbamate of substrate.

peptide, DIC,
H2O2, DMAP

NHPh

O

NHPh

O

O

63% conv
92:8 er

26% conv
94:6 er

Me

R=H (unfunctionalized alkene): 
>98% conv, 58:42 er

R=F (fluoroalkene): 
>98% conv, 76:24 er
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Aspartyl peracid-based epoxidation:

From

To

Difficult to predict the folded secondary 
structures of specific peptide sequences 
w high selectivity for particular transformations.

Solution: one-bead-one-catalyst (OBOC)  

-> Workflow for OBOC synthesis, screening, &
identification of hit sequence.

NHPh

O

Me

Me

Me Me

OH



Aspartyl peracid-based epoxidation:

Evolution of Site-Selective Catalyst:

as the solid support 
can interfere in 
enantioinduction, er 
is only measured in 
solution.



Aspartyl peracid-based epoxidation:

Evolution of Site-Selective Catalyst:

as the solid support 
can interfere in 
enantioinduction, er 
is only measured in 
solution.

i+2

i+1

i

N-H(i+2)…
O(i) γ-turn N-H(i+3)…

O(i) β-turn
i

i+1

i+2

i+3

helical HB

sub-pept HB



Aspartyl peracid-based epoxidation:

Application in total synthesis - overturn inherent selectivity of indole oxidation:
a. Movassaghi group, JACS 2011 133 9104:

b. Sarpong group, Nature 2014 509 318:

NO O
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N
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cat, DMAP
DIC, H2O2 NO O

CO2Et

N
HN

HO
(R)

cat = H3C(CH2)6CO2H:
59% yield

69:31 dr(R/S)

cat = peptide:
75% yield

92:8 dr(R/S)
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[O] = 3 equiv oxaziridine
favor ent-

(pdt: ent-pdt = 1:1 to 1:4)
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DIC, H2O2:

83% yield of pdt
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Baeyer-Villiger oxidation:
Adolf von Baeyer & Victor Villiger, 1899

catalyst control over a torsion angle in BV:                                                     recall Juliá-Colonna epoxidation:

R1 R2

O peroxyacid
or peroxide

R1 O

O
R2

enantioselectivity determined solely by the dihedral angle of the C-C-O-O 
bond, which dictates which C-C bond will migrate.

(challenging)

R1 R2

OH
OHO

H R2

OR1
OHO

enantioselectivity achieved via discrimination of 
the enantiotopic alkene faces



Baeyer-Villiger oxidation:
Adolf von Baeyer & Victor Villiger, 1899

…solved by dual cat potential of peptide-based peracid?

R1 R2

O peroxyacid
or peroxide

R1 O

O
R2

O

pept
N O

BocHN

OHO

H2O2,
DMAP,

DIC

O

pept
N O

BocHN

O
H O

O

R1

R2

R3

R1

R2

R3

O

Electrophilic
Epoxidation

peracid as E



Baeyer-Villiger oxidation:
Adolf von Baeyer & Victor Villiger, 1899

…solved by dual cat potential of peptide-based peracid?

R1 R2

O peroxyacid
or peroxide

R1 O

O
R2

O

pept
N O

BocHN

OHO

H2O2,
DMAP,

DIC

O

pept
N O

BocHN

O
H O

O

R1

R2

R3

R1

R2

R3

O

Electrophilic
Epoxidation

peracid as Eperacid as Nu

O

R4

O O

R4

Nucleophilic
Baeyer-Villiger



Baeyer-Villiger oxidation:
Adolf von Baeyer & Victor Villiger, 1899

…solved by dual cat potential of peptide-based peracid?

R1 R2

O peroxyacid
or peroxide
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Baeyer-Villiger oxidation:

Ex. 1: a kinetic resolution (JACS 2014 136 14019)

rotation of the peracid dihedral -> 
regioselectivity of the product

vrel of reaction for ketone enans ->
enantioselectivity of the product

Would catalyst control reverse the inherent migratory aptitude 
through precise control of the C-C-O-O dihedral angle?
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Ex. 1: a kinetic resolution (JACS 2014 136 14019)



Baeyer-Villiger oxidation:

Ex. 1: a kinetic resolution (JACS 2014 136 14019)

<- the general tendency of 2.68 to 
reverse the inherent migratory aptitude 
(2.65 : 2.66).
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Ex. 2: a dual substrate (ACS Cent Sci 2016 2 733)

as Nu as E



Baeyer-Villiger oxidation:

Ex. 2: a dual substrate (ACS Cent Sci 2016 2 733)

as Nu as E



Baeyer-Villiger oxidation:

Ex. 2: a dual substrate (ACS Cent Sci 2016 2 733)



Baeyer-Villiger oxidation:

Ex. 3: from aspartyl peracid to Brønsted acid (ACS Catal 2019 9 242)
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O
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Baeyer-Villiger oxidation:

Ex. 3: from aspartyl peracid to Brønsted acid (ACS Catal 2019 9 242)
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CPA to Criegee intermediate



Baeyer-Villiger oxidation:

Ex. 3: from aspartyl peracid to Brønsted acid (ACS Catal 2019 9 242)

2.82: HB
2.83: Steric

β-hairpin



Baeyer-Villiger oxidation:

Ex. 3: from aspartyl peracid to Brønsted acid (ACS Catal 2019 9 242)



Questions?


