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Protein – Peptide Interactions

Identifying Surrogates of Regulatory Proteins 

Protein – Protein Interactions
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Macrocyclic Peptides in Drug Discovery 
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Alternative Template Based Method

N
H

O
R

H
N

O
R

O

NH2 multi-stage electrophile

hydrophobic domains residual from template T

polar domains residual from oligomer

T stable, polycyclic products 
with defined conformations

rod disk sphere

n

6

OCO2t-Bu

G1
Proc. Natl. Acad. Sci. USA (2013) E3753

Tetrahedron (2013) 7683
Chem. Sci. (2016) 4158

O

OSu

≡ OCO2t-Bu

F

G2
Chem. Sci. (2015) 2219

BocN

O

OSu

O≡

OCO2t-Bu

CO2Su

OMe

MeO

G3
J. Org. Chem. (2018) 3090

≡

where R =

OH

O

OH

H2N N

H
N

N
H

NH2

O

N
H

NH

NH2

OH

Me

Participants

Spectators

StBu

SStBu



O

O

N

N

F

INTERMEDIATE REACTIVITY

O

NH2

HN

NH
H
N

NHO

Me

Me O

NH2O

O

O

O

HN
N

O

C-O bonded, switchable selectivity

NH2

HN

HN
H
N

NHO

Me

Me

O

NH2O

O

OHO

N
N

O

C-N bonded C-C bonded, ansa-bridged
1 2 3

N

N

N
H

O

O

H
N

OH

H

Br

O

Me

Me

O

N
H

CONH2

Me

REPRESENTATIVE PRODUCTS

O
O

N

HN

O

H N
O

NH

O

HN

CH3

CH3

further diversification through template engagement

N

O

N
H

O
HN O

HO

H

OH

OCH3

C-C bonded

O

N
H Bn

N

O

HN

O
N

ON
H

O

OH
N

Me

H

7 8 9

N
N
H

H
N

NH2

O

O

O

NH

HN

O

OH

H

F

1

2

4

5

N N

HN

HN

O

O OH

O

H

F

Me

HO

O
NH2

polycyclic, C-C bonded

NH

N
H

N
O

NO
R

H

H

F

polycyclic, ansa-bridged variable macrocycle size

N
H

OH

NH2

O

O

R =

4 5 6

Representative Outcomes 

7

O

O

N

N

F

INTERMEDIATE REACTIVITY

O

O

O

N

N

F

INTERMEDIATE REACTIVITY

O

OCO2t-Bu

OCO2t-Bu

F

OCO2t-Bu

CO2Su

OMe

MeO

G1
Proc. Natl. Acad. Sci. USA (2013) E3753

Tetrahedron (2013) 7683
Chem. Sci. (2016) 4158

G2
Chem. Sci. (2015) 2219

G3
J. Org. Chem. (2018) 3090

O

OSu

BocN

O

OSu

O

TEMPLATE



5

N
H

H
N

NH2

O

O

O
NH

OH

NH

H
N

O

OCO2tBu O

O

H
N

NH

NH
O

O

HN

NH

H2N O

5 mol% Pd(PPh3)4

NH HN HN

NH

NH HN

OH

O

O

O

HN

NH

O

H
N CONH2

OH

O
HN

O

O

H
N

O

N
H

O

CONH2

OH

NH

HN

N

N

N
H

O

O

H
N

H
O

O

NH2

HN
OH

NH2

O

NH

E1 E2

- highly exothermic reactions; indole and phenol (among others) react regardless of distance from the cinnamyl electrophile 

- a single sequence affords multiple macrocyclic strutcures of differing ring size and conformation

7

1

5

7

1
3

3

2

2

1

1

6

6
5

5

1

6
5

acidic conditions can be varied to favor one
 

regioisomeric outcome over others

E3 E4 E5 E6

21
NH

HNNH
NH HN

19
NH

20

NH

HN

HN

NH HN

HN

20
15

N

NH
N
H

16
NH

NH

NH

18

N

17

HN

HN

Representative Outcomes 

Tetrahedron (2013) 69, 7683-7691
8

N
H

H
N

NH2

O

O

O
NH

OH

NH

H
N

O

OCO2tBu

E1

5

7

1
3

2

1

6
5

O

O

H
N

NH

NH
O

O

HN

NH

H2N O

5 mol% Pd(PPh3)4

E21

6
5

5

7

1

3

2

5

NH HN HN

NH

NH HN

OH

O

O

O

HN

NH

O

H
N CONH2

OH

O
HN

O

O

H
N

O

N
H

O

CONH2

OH

NH

HN

N

N

N
H

O

O

H
N

H
O

O

NH2

HN
OH

NH2

O

NH

7

1

3

2
1

6
5

E3 E4 E5 E6



CO2H OH

SH (Me)

OH

H
N

H
N

N

NH2

H
N NH2

NH

CONH2

Established Scope Anticipates a Broad Platform

N
H

OH

O

m
R

(Me)H n
N
H

OH

O

mR

(Me)H n

N
H

OH

O

(Me)H
m

R

N
H

OH

O

(Me)H
m

R

n = 0,1; m = 1,2

H2N
OH

O

N
H

O
R

H
N

O
R

O

NH2 multi-stage electrophile

T

n

N

S

O

N

O

O

S

S

HN

O

O

+ 17 more

OH

O H2N

NH2

O

N
H

NH

NH2

OH

Me

StBu

SStBu0,1 0,1

0,1
with n = 0, m = 1

N
H

OH

O

m
R

(Me)H n
N
H

OH

O

mR

(Me)H n

N
H

OH

O

(Me)H
m

R

N
H

OH

O

(Me)H
m

R

n = 0,1; m = 1,2

H2N
OH

O

N
H

O
R

H
N

O
R

O

NH2 multi-stage electrophile

T

n

N

S

O

N

O

O

S

S

HN

O

O

+ 17 more

OH

O H2N

NH2

O

N
H

NH

NH2

OH

Me

StBu

SStBu0,1 0,1

0,1
with n = 0, m = 1

Pd(0)

H+

9

N

S

O

N

O

O

S

S

HN

O

O

OH

O H2N

NH2

O

N
H

NH

NH2

OH

Me

StBu

SStBu0,1 0,1

0,1
with n = 0, m = 1

with n= 0,1, m = 1,2



Heterocycles Monomers Oligomers Reactions
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Identifying Heterocycles for CPMG
VEHICLE database
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Identifying Heterocycles for CPMG
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Identifying Heterocycles for CPMG
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Heterocycles Monomers
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Convex Hull Sampling of 104 Structures
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Shape Diversity of CPMG Library
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Computationally Guided Application

Clathrin protein MTHFRGIPr
Proc. Natl. Acad. Sci. USA (2007) 104 (35) 13942-13947Nat Struct Mol Biol (2004) 11, 242-248 Biochimie (2021) 183, 100-107
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42 residue binding sequenceknown consensus binding sequence
Thr-Leu-Pro-Trp-Asp-Leu-Trp-Thr-Thr

S-adenosylhomocysteine 
analogue binders
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22

Clathrin protein MTHFRGIPr
Proc. Natl. Acad. Sci. USA (2007) 104 (35) 13942-13947Nat Struct Mol Biol (2004) 11, 242-248 Biochimie (2021) 183, 100-107

42 residue binding sequenceknown consensus binding sequence
Thr-Leu-Pro-Trp-Asp-Leu-Trp-Thr-Thr

S-adenosylhomocysteine 
analogue binders



Computationally Guided Application
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