
Organic Chemistry III

後藤 佑樹 (Yuki Goto, Bioorganic Chemistry Lab.)

“Organic  chemistry of biomolecules”
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2. While	pKa	values	of	general	carboxylic	acids	in	water	are	4~5,	those	of	α-amino	
acids	are	1.8~2.8.	Explain	why	the	COOH	groups	in	amino	acids	are	unusually	acidic.

H3N
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O

R
The reason is an inductive effect.
This NH3+ group is very strong electron withdrawing group, which can 
induce polarization of C-N bond. This effect stabilizes a neighboring 
carboxylate anion, which increases the acidity of the COOH acid.
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and several other students provided similar answers.

intramolecular H-bonding

Good answer, and it is correct. But, this is actually a minor contribution.
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Q and A

Do not confuse amino group (-NH2) with ammonium group (-NH3+).
Amino group is an electron donating group in inductive effect.
The amino group in glycine is present as an ammonium (NH3+) group 
around the pKa of the COOH. And, the ammonium group is a strong 
electron withdrawing group.

Frequently observed inaccurate/wrong answers その1

×

×
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and many other students.
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Frequently observed inaccurate/wrong answers その2
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Electronegativity is not the critical determinant as supported by the 
pKa values of lactic acid and Ac-Gly.

χ = 3.04 χ = 3.44
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Frequently observed inaccurate/wrong answers その3
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Frequently observed wrong answers その3
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4.23

The net charge = 0 does not explain 
the low pKa.

〇 polarization of the bond
×  high polarity of the molecule
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pH
H 。心望%- 2

. 34
Q 1 、 H 3心

-弎-OH と
が にし

H 。心
、一%、 6.00
三

H 3心 %、

と
HN %、 9.69

が 1 : 1

Q 2
、 NHP と プロトンが 反発 して近付き にくく

なる から

Q 3
、

アミノ酸の 側鎖は覚えた方が いいですか

You do not need to memorize the amino acid list for the exam of this course.
But, the names/structures of the amino acids are very basic knowledge in the field of 
biochemistry/bioorganic chemistry.
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Good idea!
Actually, simple amino acids are often 
used as a component of common buffers.

bicine tricineglycine HEPES
(sulfonic acid)
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有機化学3⼩テスト6/15
2022年6⽉15⽇ ⽔曜⽇ 11:22

The half-life of DNA and RNA in a neutral solution has been estimated.
~ 100 year > 4000 year

But, hydrolysis of DNA/RNA is drastically accelerated in the presence of 
metal ions such as Mg2+.
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No, C2.
Is the carbonyl carbon in fructose the 5th position? 

2
1

6

2 2

22



Q and A

a popular molecular viewer software; Pymol

https://pymol.org/2/

a database accumulating the structural data of biomolecules; PDB (protein data bank)

https://www.rcsb.org

Free version available.

Please try to see biomolecules by yourself.
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Q 2 、
アミノ酸 の の 炭素 は NHi 基 によって 電子 不足 に なっ て いる

ため 、 電子 吸引 的 である

おて カルボキシ基 の 負 電荷 は メ炭素 の 吸引 によって 安定化
さ れる から

、
通常 と 比べ て プロトン を 手放し やすく 、 pka が

小さく なる 、

Comment : セルロース の 溶解 性 が 低い の は層状 に スタック できるから
、

という の は 初めて 知り まし た
、

という ことは 、 セルラーゼ は 重なった セルロース を表面 から 順に
ちまちま 分解 する 効率 の 悪い 酵素 な のでしょ う か ?

Yes, cellulases are very slow (inefficient) enzymes in general.

First of all, it is solid-solution reaction as the substrate (cellulose) is insoluble in water.

In addition, as this student imagines, cellulase degrades only the surface chains of 
multilayered cellulase fibers.

The high-speed AFM movies observing the action of cellulases are worth watching!

J Biol Chem, 2009 284, 36186-36190.  
doi: 10.1074/jbc.M109.034611.

Science, 2011, 333, 1279-82.  
doi: 10.1126/science.1208386.

Like	planes!
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̏ 

pH 2.34 -> 1:1 mixture of ammonium ion and zwitter ion 

pH 6.00 -> mostly zwitter ion 

pH 9.69 -> 1:1 mixture of carboxylate and zwitter ion 

 

2 

Because the COOH form has 1+ charge due to the ammonium ion moiety, electrostatic 

stabilization makes it easier to deprotonate compared to a normal carboxylic acid. This 

hypothesis is consistent with the fact that the pKa value of the ammonium ion of an amino 

acid is also higher than a normal alky amine. 
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多分、細かく砕いて食べたらだいじょうぶ？？
しらんけど。

でも、GABAチョコはリラックスできるし、覚醒作用があるのは確かなの
で、勉強には良いはず。

詳細は分からんけど、複素環系は扱いが難しいものが多いです。
がんばれ。

GABAは血液脳関門を通れないので、中枢（つまり脳）では効きようがない。
ただ、抹消（腸とか）では生理活性（血圧低下）を発揮するらしいです。
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ありがと。

3年ぶり？くらいに学食行ってきました。



Synthesis of amino acids-1    amine synthesis
SN2 of α-halo acids with NH3



Synthesis of primary amines (general organic chemistry)

・SN2 of alkyl halides with NH3

R
X

R
NH2

R

H
N

R+ NH3

R
X

R
N

R

R

R N R

R

R

R
X

R
X

pKaH: 
 (R = Et)

9.21 10.63 10.98

10.75
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Gabriel synthesis

The Gabriel synthesis is an organic reaction used to convert an alkyl halide to a primary amine using

phthalimide with base and followed by hydrazine. The reaction begins with the deprotonation of the

phthalimide which then aHacks the alkyl halide in an SN2 fashion to give an N-alkylphthalimide

intermediate. The intermediate is then cleaved by hydrazine in a series of steps that end with the liberation

of the final primary amine product and phthalhydrazide by-product.[1]

References:
Gabriel, S. Ber. Dtsch. Chem. Ges. 1887, 20, 2224–2236.
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Synthesis of primary amines (general organic chemistry)

・SN2 of alkyl halides with N3-

R
X + NaN3 R

NH2
R

N3
R3P other reductants: 

Pd/C & H2, LAH, etc.

・Gabriel synthesis
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isolatable, storable

(phosphine)



Synthesis of amines (general organic chemistry)

・Reductive amination（還元的アミノ化）

can be performed in one-pot 
often done in weak acidic cond.

Review Quiz 
Show the mechanism of imine formation and 
explain why reductive amination reactions are 
often performed in weak acidic conditions.

aldehydes can be also the SM.



Synthesis of amino acids-2    side chain addition
・Alkylation of acetamidomalonate

1. Base 
2. R-X 
3. H+, Δ

hydrolysis 
& 

decarboxylation

1. Base 
2. R-X 
3. H+, Δ

Note;  
homologous to malonic ester synthesis 
see P.957 of Jones OC 5th Ed.



Synthesis of amino acids-3    COOH synthesis
・Strecker synthesis



Reaction of monosaccharides - 3
Elongation of chains in monosaccharides (Kiliani-Fischer synthesis)

“cyanohydrin”

partial 
hydrogenation

“imine”

Review quiz: Draw the mechanism of the hydrolysis of 
                           the imine under acidic conditions.

hydrolysis

cf.



Enantioseparation of amino acids
・Formation of diastereomeric salts

D/L mixture



Enantioseparation of amino acids
・Kinetic resolution

D/L mixture



(Advanced)   Enantioselective synthesis of amino acids
・Maruoka catalyst

Maruoka catalyst



Peptides



Representation of peptides
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Representation of peptides
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Topics

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

• 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

• 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…



acidity/basicity of amino acids

（双性イオン）

Quiz 
pKa values of general carboxylic acids are 4~5.  
Why the pKa values of COOH in amino acids are 
unusually small?

Review Quiz 
Explain the aqueous structures of alanine 
in buffers of pH = 2.34, 6.00, and 9.69.

Quiz         Estimate the pI values of Glu, His, and Tyr.

When the pH = pI (等電点: isoelectronic point), 
the net charge of amino acid becomes zero. 

In this pH, the amino acid is mainly present 
as zwitterion.


