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Chemistry and Biology. Chirality. α-world

Secondary structures of α-peptides

Chemistry: Protecting groups
Chemistry: Peptide Coupling. Solid-phase synthesis

LD-2
Unnatural world

β-amino acids and higher homologues of α-amino acids

Secondary structures of β and γ-peptides
Homologation of α-amino acids

LD-3
Unnatural world
Sulfur and Selenium containing unnatural amino acids
Proline based unnatural amino acids
Cystathionine and Homocysteine families 

LD-4
Peptidomimetics Chemistry
Protein Synthesis: Chemical Ligation

Amino acids chemistry
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Metabolism Structure and functions
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A-world

• 20 R have been found in protein
(22 with selenocysteine and pyrrolysine)

• α-Carbon stereochemistry: (S) in protein

Both configuration in many natural products
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αααα-world



ChemistryChemistry and and BiologyBiology

Life and chirality
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n = # AA
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Complex organism know < 106 ?

#protein = (n)L
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n = 20
L = 100

� 20100 � 10130 protein
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Protein of real world

10130 protein�
n = 20
L = 100
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Accessible by chemical synthesis
�SPPS Methods
�Chemical Ligation
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n = 20
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ChemistryChemistry
Protecting Groups
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ChemistryChemistry

Boc deprotection
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ChemistryChemistry

Chem. Rev. 2009, 109, 2455–2504

Table. Amino-Protecting Groups Removed by Acid
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Table. Amino-Protecting Groups Removed by Acid

Chem. Rev. 2009, 109, 2455–2504
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Table. Amino-Protecting Groups Removed by Base
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ChemistryChemistry

Fmoc
deprotection
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ChemistryChemistry
Table. Other Amino-Protecting Groups
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Protecting Groups

ChemistryChemistry
Table. Carboxylic Acid-Protecting Groups Removed by Acid
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Protecting Groups

ChemistryChemistry
Table. Carboxylic Acid-Protecting Groups Removed by Base
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Peptide Coupling

ChemistryChemistry
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Peptide Coupling

ChemistryChemistry

•Mixed anhydrides 
•Carbodiimmides
•Phosphonium salts
•Uronioum salts
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Peptide Coupling

ChemistryChemistry
•Mixed anhydrides 
•Carbodiimmide
•Phosphonium salt
•Uronioum salt

Fast process
High yields,
Easy work-up

Virtually racemization free
High regioselectivity

Substrate with free OH 
are compatible
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Solution synthesis
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•Mixed anhydrides
•Carbodiimmides
•Phosphonium salts
•Uronioum salts
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Peptide Coupling
Solution synthesis



Peptide Coupling

ChemistryChemistry
•Mixed anhydrides
•Carbodiimmides
•Phosphonium salts
•Uronioum salts
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ChemistryChemistry

1-[3-(Dimethylamino)propyl]-
3-ethylcarbodiimide methiodide
Water-soluble carbodiimmide

N,N′′′′-Diisopropylcarbodiimide
Used specially in SPPS for attachment 
of first residue

•Mixed anhydrides
•Carbodiimmides
•Phosphonium salts
•Uronioum salts

Lgl12-LD1

Peptide Coupling
Solution synthesis
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PyAOPBOP Reagent, BOP, Castros reagent

Peptide Coupling •Mixed anhydrides
•Carbodiimmides
•Phosphonium salts
•Uronioum salts
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Solution   solid-phase synthesis



ChemistryChemistry
Peptide Coupling •Mixed anhydrides

•Carbodiimmide
•Phosphonium salts
•Uronioum salt

Cleavage 

conditions
Swelling proprieties

Lgl12-LD1

solid-phase synthesis
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Wang resin

Rink amide

Trityl linker

Lgl12-LD1

1G  42.60

1G     77.50

1G     93.00



ChemistryChemistry
Peptide Coupling •Mixed anhydrides

•Carbodiimmides
•Phosphonium salts
•Uronioum salts

TFA/CH2Cl2
+ Cocktail    

cleavage 

mixtures

Swelling proprieties

Fmoc
t-Bu, Trt, etc

Lgl12-LD1

solid-phase synthesis



ChemistryChemistry
Peptide Coupling •Mixed anhydrides

•Carbodiimmides
•Phosphonium salts
•Uronioum salts

HBTU

TBTU

COMU

Advantages
• Equal or even superior performance to HATU
• Non-explosive (does not contain benzotriazole
moiety)
• Suitable for solution phase & solid phase peptide 
synthesis
• Retention of configuration – low to non-existent 
racemization
• High solubility and stability in typical solvents
• Visual or colorimetric reaction monitoring 
possible

• Easy removal of water-soluble by-products

HATU

solid-phase synthesis
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•Carbodiimmides
•Phosphonium salts
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Peptide Coupling •Mixed anhydrides

•Carbodiimmides
•Phosphonium salts
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Synthesis 1995, 141-143

Peptide Coupling

ChemistryChemistry



ChemistryChemistry
Peptide Coupling •Mixed anhydrides

•Carbodiimmide
•Phosphonium salt
•Uronioum salts

Lgl12-LD1

Solid-phase synthesis steps:

1. Attachment of first residue Fmoc-Aaa-OH, DIC, DMF

2. Fmoc deprotection 20% Piperidine in DMF

3. Coupling Fmoc-Aaa-OH, DIPEA,HBTU, HOBt, DMF 

4. Iterative steps 2 and 3

5. Cleavage TFA in CH2Cl2, Thianisole, Triethylsilane, 

Precipitation in dry ether

6. Analysis and purification HPLC/MS, Preparative HPLC



V1RVPVPQLQPQNPSQQQPQE20QVPLVQQQQF
LGQQQPFPPQ40QPYPQPQPFPSQQPQLQLQP60

FPQPQLPYSQPQPFRPQQPY80PQPQPQYSQPQ
QPISQQQQQ100QQQQQQQQQQQQQQQILQQI
120LQQQLIPCMDVVLQQHNIAH140GRSQVLQQ
STYQLLQELCCQ160HLWQIPEQSQCQAIHKVVH
A180IILHQQQKQQQQPSSQVSFQ200QPLQQYP
LGQGSFRPSQQNP220QAQGSVQPQQLPQFEEI
RNL240ALQTLPAMCNVYIPPYCTIT260PFGIFGT
N268

Primary Sequence of Recombinant αααα-gliadine

Peptide Coupling

ChemistryChemistry
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Peptide Coupling
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Peptide Coupling

ChemistryChemistry

Solid-Phase Peptide Synthesis

SPPS

1 operator + 2
2 months
< 8000 €

26 PEPTIDES  

L= 20




