Organic Chemistry lli

1% 8% {61! (Yuki Goto, Bioorganic Chemistry Lab.)

“Organic chemistry of biomolecules”
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8. NIIFIZIVRBEIIFILZIVELDBIBEENTFVNOTIN?
Why is Et3N less basic than EtNH?
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Good question!

We need to consider both
- delocalization of the positive charge by the electron donating alkyl groups
- stabilization of the ion by solvation

Note that steric hinderance is not the issue.



This student feels that the reductive amination is safer than the method using azide.

| would say sodium azide is not necessarily an extraordinarily dangerous reagent.
Similarly, NaCNBH3 used for reductive amination should be handled with care.

Nevertheless, sodium azide is certainly explosive, so we would refrain from using this in a large
scale synthesis. But, we definitely use this reagent routinely for lab-scale synthesis.

PIR, EERAT—=VIFT A



3. V27T N-RR 0 73R miE o R kEEE
AN 0TI
-
R-N~N=N-FRs— [F—Nj""' PRs |— R—N=tps
\[\l“‘N" +
N

Wt DASA dier T MAE) Lraviiers —x

a\hn mechanism of the Wittig reaction.
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This student thinks that the mechanism of the
Staudinger reaction is somewhat unusual.

Good self-study, and good thought.

The full mechanism is shown below.

Agree that the mechanism might be little tricky,
but please note that it is analogous to the

name-reaction.com



* Alkylation of acetamidomalonate :
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Why this synthesis use the N-acetylated derivative rather than N-free aminomalonate?

1. The weak electron donating AcNH- group can increase the acidity of the a-hydrogen?
Good try, but not correct.

An adjacent electron donating group actually decrease the acidity of the a-hydrogen.
See above.

2.The Ac group can mask the amino group and suppress its undesirable reaction with R-X?
Yes, the acetyl group can be regarded as a protective group.
And, free amino group would drastically increase the acidity of the a-hydrogen.



1. Base cf. ethyl acetate

2. R-X
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Many questions about the mechanism of decarboxylation.
Sorry, | guess you have not yet learned the mechanism in the previous classes.
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Monoester of
carbonic acid

Ketone :0:

Why the second COOH does not undergo decarboxylation?

As the mechanism suggests, the decarboxylation of a COOH
group is assisted by the other COOH moiety.
So the remaining COOH does not undergo the decarboxylation.

Note that similar decarboxylation can happen (not only in
malonate derivatives) in B-keto acids as well, yielding ketones.
And, you will perform this reaction THIS WEEK!!!

Recognize that the reaction can be used as a versatile synthetic
strategy for various substituted ketones by changing R-X.
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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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Peptides



Representation of peptides
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Representation of peptides

O _NH, HGIn-VaI-Ser-OH
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Topics
« synthesis of peptides

- protection of amino group
- Boc group
- Fmoc group

- 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

e 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...

H
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Ala-Ala

Ala-Leu
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Further
reactions



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



Protective group of amines in peptide synthesis

Protection

)\ Di-tert-butyl dicarbonate, Boc,O
>
+ —

H3N COO base

+ CO, + tBuOH

Practice quiz: Reaction mechanism?



Protective group of amines in peptide synthesis

LY :carbamate

Deprotected under acidic conditions (e.g. HCI, TFA)

HOA
H H H
. _N_ _O R /o) ‘ N( o . _NH,
YA YA o
(o) (o) (o)
g H™ i
HEA A A®

P e

(gas)



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

Q carbamate
[ >y
I .

Protection Q




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

Q carbamate
[ >y
I .

Deprotected under basic conditions (secondary amines such as piperidine)

o
D &

Practice quiz: Which proton in Fmoc group is
the most acidic? Answer with your reason.



Activation of carboxyl groups in peptide synthesis

In general organic chemistry, acid chlorides and acid anhydrides are often used
for amide formation.

o)

PY o
R4 Cl NH )I\ o
2
+ RZ/ > R1 N d 2
o o
R1)I\O)I\ R,

H

But, acid chlorides and acid anhydrides are not generally used in peptide synthesis.

o) o)

racemization
BocHN > BocHN
E Cl Cl

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




Activation of carboxyl groups in peptide synthesis

Use of condensation agent ({85 Hll) carbodiimide
N,N'-Dicyclohexylcarbodiimide (DCC) :

S S /O
S0k U\N: proton Q\N o ‘N
I v (||3 transfer H (|£ I (||:
+
. N
+
H

Overall change; better
leaving group formed



Activation of carboxyl groups in peptide synthesis

Use of condensation agent ({85 Hll)

N,N'-Dicyclohexylcarbodiimide (DCC) Good

leaving group

)@

}

R N . % N
\ //// step ./ deprotonation (.\ . /
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elimination /,C\\“/,R g protonation /C\\../R +
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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

N,N'-Diisopropylcarbodiimide (DIC)

)\W‘?NY > \(NTN\(

residual urea
soluble in organic solvents




Activation of carboxyl groups in peptide synthesis

Use of condensation agent ({85 Hll)

6 O ¢

\)‘L J\ racemization 0 J\
BocHN BocHN
o° o NH > o° \6‘\0 NH

H
prone to racemize




Activation of carboxyl groups in peptide synthesis

Use of condensation agent (#5755 #ll) and additives to generate activated esters

o) R—N

\}
BocHN \)]\ C\
: OH \

carbodiimide

oH pKa:4.6 —>

N
\N
4

N

hydroxybenzotriazole (HOBt)

(o)

HN\)]\
2 : o/

e

0
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Y (0] NH

s

prone to racemize

0 5«5”
— BOCHN\)I\O/N\Q

activated ester

suppressed racemization

Y ) LiOH
BocHN \)J\ TFA

s

-AIa Leu- OH



1. Show the mechanism of imine formation and explain why imine formation is often

performed in weak acidic conditions.

® more electrophilic!

H
OJ \0(-D

pKa(Hx0): 16 pKa(H30+):-1.7

>
)]\ ) )]\ )
R rR  protonation V R

R—NH,

too acidic conditions +H+
suppress nucleophilicity

@
R—NH,

poor LG good LG!
‘/ H, ‘l’@ H
HO., N— H0_ (" N—
> R > R
> T < (>4
R R proton R R
transfer N
acidic copdltlons -H,0
required!
Y
R H.® _R
N/ \N/
M - N
<€
R R deprotonation R R

imine iminium



Summary of reductive amination

pKa(H20): 16 pKa(H30+):-1.7
|
@ more electrophilic! ;)or LG good LG!
H H
. ©, H H
‘0 J R \O R HO NZ\R N Hzo@g: N\R
)]\ ) )I\ < ><@ < L
R R} protonation R R R R proton R R
transfer N
R—NH,
primary amine -H20
\ 4
R R H_® _R
HN NaBHsCN N~ . aN”
/k ) )]\ < )]\
R R R R deprotonation R R

. imine iminium
secondary amine

~ammonia -> primary amine
primary amine -> secondary amine
secondary amine -> tertiary amine



