Syllabus

1. Occurrence and Functions of Peptides in Nature and Every Day Life
...hormones, neurotransmitters, therapeutics, artificial sweetener, ...

2. Peptide Synthesis
a) Aspartam: Properties of amino acids; nomenclature; solution phase synthesis
b) Glucagon: Solid phase peptide synthesis
c) Fuzeon, an anti HIV drug: Solution and solid phase peptide synthesis

3. Peptide Structures — Nanostructured Materials — Self-assembly
a) Fuzeon: a-helices and coiled-coil structures
b) Amyloids: f-sheets
c) Collagen: PPII helices

4. Applications of Peptides in Chemistry, Biology and Material Sciences
a) Peptide-based materials
b) Therapeutically active peptides
b) Cyclic peptides and cancer imaging
c) Asymmetric Catalysis with Peptides — Combinatorial chemistry

Prof. H. Wennemers



Die Entdeckung von Aspartam - Serendipity in Science

Gastrin =
H-Glp-Gly-Pro-Trp-Leu-Glu-Glu-Glu-Glu-Glu-Ala-Tyr-Gly-Trp-Met-Asp-Phe-NH,
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Hormon, das im Magen durch G-Zellen freigesetzt wird und die Bildung von
Magensaure anregt.

« fur physiologische Aktivitat nur die vier C-terminalen Aminosauren notwendig
H-Trp-Met-Asp-Phe-NH,
1965 - James M. Schlatter (G. D. Searle & Company, heute: Monsanto)
sucht nach einem Wirkstoff gegen Magengeschwure und stellt

H-Asp-Phe-OCH, her
Prof. H. Wennemers ....und tut etwas, was man nicht tun sollte......



Solution Phase: Calcitonin (salmon)
]
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Solution Phase: Calcitonin (salmon)
]

NH,

Z- 17-18 iN,H; H- 19-23 i:OMe Z,- 24-28-OH H-{ 29-32 -
Z- 11-12 :OMe Z- 17-23 {OMe Z,{ 24-32 -NH,
Z- 11-12 iN,H, H4 13-16 ;OMe  Z- 17-23 iN,H, H4{ 24-32 -NH,
Boc4 1-6 {OMe Z- 11-16 lOMe Z4 17-32 -NH,
Bocq{ 1-6 iN,H; H4 7-10-OH Z- 11-16 iN,H, H4{ 17-32 -NH,
Boc- 1-10-OH Z- 11-32 -NH,
Boc4{ 1-10-OH H4{ 11-32 -NH,
Calcitonin (protected)
Calcitonin (crude)
Calcitonir|| (purified)
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Solution Phase Peptide Synthesis — Scale
T

- Produced since

- Synthetic steps

- Purification

- Derivatives needed

for the production
of 1kg

Calcitonin
1986
104

CCD
two-dim. HPLC

158 kg

- Time for completion 2.5 years

BACHEM Holding AG | Company Presentation

slide by Dr. Thomas Friih, CEO Bachem



Syllabus

1. Occurrence and Functions of Peptides in Nature and Every Day Life
...hormones, neurotransmitters, therapeutics, artificial sweetener, ...

2. Peptide Synthesis
a) Aspartam: Properties of amino acids; nomenclature; solution phase synthesis
b) Glucagon: Solid phase peptide synthesis
c) Fuzeon, an anti HIV drug: Solution and solid phase peptide synthesis

3. Peptide Structures — Nanostructured Materials — Self-assembly
a) Fuzeon: a-helices and coiled-coil structures
b) Amyloids: f-sheets
c) Collagen: PPII helices

4. Applications of Peptides in Chemistry, Biology and Material Sciences
a) Peptide-based materials
b) Therapeutically active peptides
b) Cyclic peptides and cancer imaging
c) Asymmetric Catalysis with Peptides — Combinatorial chemistry

Prof. H. Wennemers 12



Solid Phase Peptide Synthesis (SPPS)
(Nobelprize for Chemistry 1984: Bruce Merrifield)

Peptidsynthesizer
1966

Prof. H. Wennemers
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Solid Phase Peptide Synthesis (SPPS) — Fmoc/tBu Strategie

CI/\@\
O
Wang Linker

in the example: Wang Linker

R1
X 1
T At
FmocHN™ ~“CO, Cs : FmocHN)\n/o\ Linker Ha
DMF O
2
R 3 equiv. f

Piperidine:DMF 1:4 : . N/'\’(O\ — FmocHN” COLH :
(1x 3 min, 1x 7 min) 2 :I‘@

0 3 eq. PyBOP, 3 eq. iPr,NEt

repeat Fmoc deprotection/AA couplings

O R
FmocHN\:)]\N/'\"/O\ Linker —— to desired peptide length
re 10

R™ o R'

R . O R
N O
O R? O

Prof. H. Wennemers

NPRTFA T\IJ\']/H\)LN)\H/OH
Linker \ 3 :
I‘@ (scavengers) o r N 4
side-chain deprotected peptide

14



Kupplungsreagenzien

Carbodiimide
R\ R = R" = cyclohexyl: N,N’-Di-Cyclohexyl Carbodiimid (DCC)

N=C=N\ R =R’ = jso-propyl: N,N"-Di-Isopropyl Carbodiimid (DIC)
R R=Et, R'=CH,CH,CH,NMe, : N-Ethyl-N"-(3-Dimethylaminopropyl) Carbodiimid (EDC)

Phosphonium Reagenzien Guanidinium/Uronium Reagenzien

G /N/ / /N/ /

NM62 N
+ I
NMGQ

PFe +P' N(j N N
—_ \ —_
s PF s PF
NMe2 ©: N 6 | P N 6
/ ' N+ N N +

BOP PyBOP HBTU HATU
(Castro's Reagent) / /

Ns N (@)
N -
| I v, BF4
N\O/ P\OEt @ I/N
OEt N+ TBTU

0 DEPBT 5
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Commonly used acid sensitive protecting groups for the
functional groups of the amino acid side chains

Fmoc: a-NH group

Boc: Lysine, Tryptophan, Histidine
Pbf: Arginine
Trt: Cysteine, Aspartic acid, Glutamic acid

Acm: Cysteine

tBu: Serine, Threonine, Hydroxyproline, Tyrosine

Prof. H. Wennemers 16



Linker fur die Festphasensynthese
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o-Nitrobenzyl Kenner Safety Catch
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Peptidsynthese an fester Phase
(Nobelpreis fur Chemie 1984 fur Bruce Merrifield)

Peptidsynthesizer
1966 heute
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Examples of Crude Purity
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Solid Phase: Glucagon (1-29, human)

HSQGTFTSDYSKYLDSRRAQDFVQWLMNT
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Insulin and Glucagon

Glucagon
(Secretin Family)

Insulin

(Insulin Superfamily)
inactive hexameric form — bound to Zn?*:
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lnsull~ take up more

glucose

Beta cells
of pancreas stimulated
to release insulin into

Blood glucose level
declines to a set point;
stimulus for insulin
release diminishes

the blood Liver takes
up glucose
High blood and stores it as
glucose level glycogen
Stimulus:
Rising blood glucose
level (e.g., after eating
a carbohydrate-rich ‘ ‘ v —
meal) Homeostasis: Normal blood glucose level
(about 90 mg/100 mL)

Blood glucose level
rises to set point;
stimulus for glucagon
release diminishes

Liver
breaks down
glycogen and
releases glucose
to the blood

Alpha

cells of
pancreas stimulated
to release glucagon
into the blood

Stimulus:
Declining blood
glucose level
(e.g., after
skipping a meal)
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Glucagon =~

Copyright © 2005 Pearson Education, Inc. Publishing as Pearson Benjamin Cummings. All rights reserved.

21



Comparison: Solution vs. Solid Phase
]

- Produced since

- Synthetic steps

- Purification

- Derivatives needed

for the production
of 1kg

Calcitonin
1986
104

CCD
two-dim. HPLC

158 kg

- Time for completion 2.5 years

Glucagon

1996

56

three-dim. HPLC

29 kg

0.6 years
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