Organic Chemistry lli

% 8% {615 (Yuki Goto, Bioorganic Chemistry Lab.)

“Organic chemistry of biomolecules”



Strictly speaking, every/each electron movement should be shown for complete representation of the mechanisms.
But, we often omit simple proton transfer steps.
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Practice quiz: Reaction mechanism?
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You are right. After the reaction finishes, the product exist as its carboxylate form in the reaction mixture.

1. In the subsequent purification step, the product will be neutralized for isolation.
2. By convention, we generally provide chemical structures as their neutral form in reaction schemes
unless a specific charged form is relevant in the reaction.
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This step is an equilibrium reaction (i.e., isobutene can be protonated to regenerate the carbocation under the acidic conditions).
And, the pKa is not very low enough to efficiently generate isobutene.

But, the product isobutene can be liberated from the reaction mixture, so most of the carbocation species will be eventually
converted to isobutene.

Review:; fate of carbocations
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Actually, this is also aromatization upon deprotonation.
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Structure Match
Substructure (335]
Similarity (27 <)

Analyze Structure Precision

Chemscape Analysis

Visually exp ore strucrure similarity
with & sowerful naw tool,
Learn more anout Chemscape

Create Chemscape Analysis

Structure Match
As Drawn (C)

Substructure (0)

Similarity (280)

Chemscape Analysis
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6/24 (Fri) no class!

6/8 (Wed) Goto sugar #1

6/10 (Fri) Goto sugar #2

6/15 (Wed) Goto sugar #3 & amino acids #1
6/17 (Fri) Goto amino acids #2 & peptides #1
6/22 (Wed) Goto peptides #2

6/29 (Wed) Goto peptides #3

7/1 (Fri) Suga carbonyl #4
7/6 (Wed) Suga carbonyl #5

7/8 (Fri) Suga ribosomal synthesis of peptides
engineering of translation

7/13 (Wed) or 7/15 (Fri) no class!

7/22 (Fri) Final exam



Final Exam

July 22nd (Fri)10:25~11:55
on-site (Chemistry main bldg., 3F lecture room)

guidelines

« There will be a 15-minute "cheating time" during 10:55-11:10. During this time, you may
see the textbook, lecture handouts, notes, memos, etc. that you brought.

However, viewing/using electronic devices such as PCs, tablets, and cell phones is
prohibited.

« Consultation/discussion with other students is also prohibited.
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Topics
« synthesis of peptides

- protection of amino group
- Boc group
- Fmoc group done
""""""" - activation of carboxyl group
- condensation agents
- additives
- solid phase peptide synthesis
- condensation agents
- additives

o structure of peptides

- properties of amide bonds
- secondary and tertiary structures of peptides

o reactions of peptides

- Edman degradation
- cleavage by CNBr



Chemical synthesis of peptides
If you try to synthesize H-Ala-Leu-OH by condensation of Ala and Leu...
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Chemical synthesis of peptides

To selectively and efficiently obtain H-Ala-Leu-OH,

1. Protection of amino group
2. Activation of carboxyl group

are required.

Only these two
positions can react



Activation of carboxyl groups in peptide synthesis

In general organic chemistry, acid chlorides and acid anhydrides are often used
for amide formation.
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But, acid chlorides and acid anhydrides are not generally used in peptide synthesis.

o) o)

racemization
BocHN » BocHN
; Cl Cl

(Also, reaction conditions to prepare acid chlorides are generally harsh.)




Activation of carboxyl groups in peptide synthesis

Use of condensation agent ({5 #l) carbodiimide
N,N'-Dicyclohexylcarbodiimide (DCC) -

| transfer | H | |
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Overall change; better
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Activation of carboxyl groups in peptide synthesis

Use of condensation agent ({5 #l)

N,N'-Dicyclohexylcarbodiimide (DCC) Good

leaving group
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Amide Amide dicyclohexylurea
easy to be crystalized



Activation of carboxyl groups in peptide synthesis
other carbodiimides

1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC)

residual urea
removable by extraction

)\NécéN\( > \rN\ﬂ/"‘\(

residual urea
soluble in organic solvents



Activation of carboxyl groups in peptide synthesis

Use of condensation agent ({5 #l)

B L L

% \)‘L J\ racemization 0 J\
BocHN BocHN
o° 0 NH > o° w)‘\o NH

C G s
R A
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prone to racemize




Activation of carboxyl groups in peptide synthesis

Use of condensation agent (#& 5 #l) and additives to generate activated esters
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Efficient and facile solid phase peptide synthesis

(E1HSERX)

Efficiency and facility are critical in peptide synthesis

Even if the yield of one cycle of coupling/deprotection is 90% ...

yield of 10-mer peptide is 0.910 = 35% in 20 steps
yield of 20-mer peptide is 0.920 = 12% in 40 steps
yield of 30-mer peptide is 0.930 = 4% in 60 steps

Nobel Prize in Chemistry (1984)

"for his development of methodology for chemical synthesis on a solid matrix"

Robert Bruce Merrifield



Efficient and facile solid phase peptide synthesis

(E1HSERX)

Loading an amino acid onto solid support (resin)

0
\ °
FmocHN /H‘/ resin

o)



Efficient and facile solid phase peptide synthesis
(EtE & hRk)

Elongation of peptide chain on solid support * N

20% v/v 4-6 eq.

0 N
O F HN\)I\ N
mocC
N . OH 7

R, R,

/I\’(O\ piperidine /k’(o\ _ : HOBt
FmocHN resin > HN resin >
o DMF o DMF

(A) (B)

o n n-fold repetition
o of steps (A)/(B)
F HN\E)I\H&‘/O\ resin P FmocHN/k’r; \)L} /kn/ resin

R, o
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Automated solid phase peptide synthesis




Properties of backbone amide linkages

resonance structure of amide o
R Iil/

H

Thus, -« the C-N bond has a partial double bond character
- the amide oxygen has (weak but significant) nucleophilicity

isomers of amide bond 0 0
)I\ R )]\
Review point R N R NH
conformation of conjugated dienes H I!{
s-trans S-Cis

rigidity of peptide chain

only two rotatable bonds
in each residue




Structure of peptides

Secondary structures

B-sheet

(a) Top view
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Amino Carboxyl
terminus terminus

(b) Side view

polypeptide backbone is extended and flat

side chains alternately extend into
::nga;::azf&”Biology,SixthEdition OppOSIte SIdeS Of the Sheet

© 2008 W.H. Freeman and Company



Structure of peptides

Secondary structures
a-helix

Amino terminus

l .,__ P
5

ues/turn

Carboxyl terminus

Figure 3-4
Molecular Cell Biology, Sixth Edition
2 2008 W. H.Freeman and Company

S

.---—
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hydrogen bonds

top view

between C=0 of n th residue
and N-H of (n+4) th residue

side chains extend into
outside of the helix
with various directions



Structure of proteins

Tertiary structures
) COO-
hydroph.oblc —CH,C—N—He ® s0—CH,—
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(sidechain-backbone) 4 / 2

H;N disulfide linkage



Organic reactions of peptides
Amide bonds are chemically stable, but there are some reactions to cleave them
Edman degradation

overall reaction

R H o} R ..
| Ph—N=C=35
+ .N. . Q: + L LR J
HaN T Phenylisothiocyanate
e B H o Review point
cleaved isocyanates generated
by Curtius rearrangement
v
Ph
| 0 R
\/\ + HSN%.. /KH/.Q:
. N
3 |
/ R H =



Organic reactions of peptides

Amide bonds are chemically stable, but there are some reactions to cleave them

Edman degradation
i .0 :S: R @k
2 N Ph )k N T
Ph—N=C=3S§ + . N - e ~.:e .o o .o
N HN Nw N N N
Phenylisothiocyanate H H H H
:0: R e -0: R
: A thiourea
Ph—NH s (1)
\ Ph—NH
>—S sulfur acts as ()
/ H a nucleophile R
H—N: /N MW Rest of - HN/ Ng:
X / peptide \ / H
/>—\/§\ chain / ~ NAAMAAARest of
R/ Cou e peptide
£ R :OH chain
A
Side chain of 'Y proton
amino terminus A| transfers
amino acid \ i
|
Pa—NH Ph—NH
Ph l Good leaving
group
.S. .N. 6 + . /74‘\\ - = ‘5/ \\\ .
Sy --\V///.. H,O/H,0 f\{ Se __ deprotonation cleavage ‘N S
g / < N/ = -~ \ [/ H
\.. 4 NAAAMARest of
/N v \ / b + i
, \ / D:  H.Aaen Rest of ¢ i peptide
H R " . peptide R hoH chain
A phenylthiochydantoin A thiazolinone chain

Intact peptide chain,
one amino acid shorter,
is here generated



Organic reactions of peptides

Amide bonds are chemically stable, but there are some reactions to cleave them
selective cleavage of Met sites by CNBr

overall reaction

R T 08 R T :0: R
R | |
H {51 H 0 H 108

:SCH, CH,S:
Methionine Methionine
lBrCN
R H R H R
”||\J \/> +  H,N + HQN/\W’J
\
H :0: o :0: /L\ :0:
@) O
" "

Lactone Lactone



Organic reactions of peptides

selective cleavage of Met sites by CNBr

N=C—|

/E‘/
Methlonme
T *0:
N ) 0
g N
R }L HQQ :T

H
proton

transfers

AR

Sulfonium ion (an

excellent leaving group) '!.B.r'_

i Yujrw*“

addition—elimination
intramolecular
82

INC—S—CH,

A

addmon
of HQO

T :0: 0
elimination _ _deprotonation 02 H,N
- N .. + 2 A
R H o} R H

Homoserine lactone






Protective group of amines in peptide synthesis
2. 9-fluorenylmethoxycarbonyl (Fmoc)

Q carbamate
[ >y
I ,

Deprotected under basic conditions (secondary amines such as piperidine)

H —_— . H
$ o A= N
H
0] (0]

k:B

Practice quiz: Which proton in Fmoc group is
the most acidic? Answer with your reason.
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Protective group of amines in peptide synthesis
2. 9-fluorenylmethoxycarbonyl (Fmoc)

}/carbamate

Deprotected under basic conditions (secondary amines such as piperidine)
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