Organic Chemistry lli

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

“Organic chemistry of biomolecules”



QandA

2. While pKa values of general carboxylic acids in water are 4~5, those of a-amino
acids are 1.8~2.8. Explain why the COOH groups in amino acids are unusually acidic.
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The reason is an inductive effect.
This NHz* 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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QandA

intramolecular H-bonding

and several other students provided similar answers.

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

Frequently observed inaccurate/wrong answers < D1
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Do not confuse amino group (-NH2) with ammonium group (-NHzt).
Amino group is an electron donating group in inductive effect.

The amino group in glycine is present as an ammonium (NHs+) group
around the pKa of the COOH. And, the ammonium group is a strong
electron withdrawing group.



Qand A

Frequently observed inaccurate/wrong answers < D2
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Electronegativity is not the critical determinant as supported by the
pKa values of lactic acid and Ac-Gly.

X = 3.04 X = 3.44
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Frequently observed inaccurate/wrong answers < D3
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QandA

Frequently observed wrong answers = ®3
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the low pKa.
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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.



Qand A
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glycine

OH
HO™ > N\)J\OH

bicine
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Good ideal!
Actually, simple amino acids are often
used as a component of common buffers.
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(sulfonic acid)
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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 Mg?+.
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Is the carbonyl carbon in fructose the 5th position?
No, C2.



Qand A

Please try to see biomolecules by yourself.

a popular molecular viewer software; Pymol

-

https://pymol.org/2/ Free version available. P P

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

N P
https://www.rcsb.org D B

PROTEIN DATA BANK
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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!

Like planes!

J Biol Chem, 2009 284, 36186-36190. Science, 2011, 333, 1279-82.
doi: 10.1074/jbc.M109.034611. doi: 10.1126/science.1208386.
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Synthesis of amino acids-1 amine synthesis

Sn2 of a-halo acids with NHs

’ THE GENERAL CASE \

:Br INH,
eXCcess ‘
R cooH NHs R Ncoo M,
(Sn2)

SPECIFIC EXAMPLES

- COO™
/COOH 1. tNH,/H,0: el
-
‘ 48 'h,25°C ‘
:Cls 2. neutralization NH3™
Glycine
(65%)
COOH 1, :NHy/H,0: elolop
e
285 h..55°C
:Br: 2. neutralization NH5*

2-Aminohexanoic acid
(norleucine)
(65%)



SyntheSiS Of primary amines (general organic chemistry)

* Sn2 of alkyl halides with NH3

_X
X NH R “
R + NH; — R” 2 > p~ SR
pKaH: 9.21 10.63 10.98
(R = Et)
X R X R
il I!l i R IL@ R
> > R—N—
R R |



SyntheSiS Of primary amines (general organic chemistry)

* Sn2 of alkyl halides with Ns- (phosphine)
RsP other reductants:
X 4 NaN; — -Ns , __NH,
R + NalN3 R R Pd/C & H,, LAH, etc.
] [ O
* Gabriel synthesis
NH
0
1 / base
R—X >  R—NH,
2. NH,NH,
.............................................................................................................. o
o N-H
H,O X H—'!\l\/ 0 o NH;

O
O :OH o 0
isolatable, storable l
0
0
O NH /.NH2
NH iyt — ON-h = N:
\ + A5\
NH ! H H
R o) hNi
R
o) \:%,H gOD
\



Synthesis of amines (general organic chemistry)

* Reductive amination ((ZITTH 7= /1b)

aldehydes can be also the SM.

THE GENERAL CASE

~R H ~R
N~ SN
NHR J NaCNBHs can be performed in one-pot
,/// \\\ // \\ 4 \\\\ . L] L]
R R R” R R™ A\ H often done in weak acidic cond.
SPECIFIC EXAMPLES
5 N'/CH3 Hw_ _-CHs
CHaNH, H NaCNBH,
—_— ~ M —_— P ~
{’/\‘ <G, CH:OH { /\I CH, | ’ \\T/ SCH,
o N A
78%
CH:),NH H H
)J\ (CHa); / /K Review Quiz
\ NAONBH, \ Show the mechanism of imine formation and
\ \ / . . . . .
T explain why reductive amination reactions are

often performed in weak acidic conditions.




Synthesis of amino acids-2 side chain addition

* Alkylation of acetamidomalonate

: Note; _
1. Base i homologous to malonic ester synthesis

2. R-X : see P957 of Jones OC 5th Ed.

O\\ |_Ii 3. Ht, A Fﬁ 1. Base
C_N_C_COOEt = H2N_C_COOH : '_li 3: H+ A [ :
%A | I R-CTCOOR e (RECSCOOH, |
Gl COOEt H : COOEt H
ZEh;PZERYOVESIFIL I YOVEYIFIL

: : : (diethyl malonate)
(diethyl acetamidomalonate)

{ SOEt (¥
LR R-X
O\\ | [1] O\\ (\ e
G~N=C—COOEt ¥ C-N-C-COOEt + EtGH
CHs; ' COOEt a CHs; ' COOEt
Sn2|[2]
R
| [3] Q a
el e : S C—-N-C—COOEt + X~
lll HO ", A 70l
e CEeE
hydrolysis
&

4 500, o+ . EioH -
(owz) decarboxylation

+ CH,COOH



Synthesis of amino acids-3 COOH synthesis

* Strecker synthesis

‘ THE GENERAL CASE ‘

0L 2?H
| 'NH -H,0: R H kcN
_C_ ——2 = R—C—H ——== ¢~
R H KCN ’ ”
L] H2
Carbinolamine Imine

A SPECIFIC EXAMPLE

0O
ﬂ {. HyO/CH,OH </// N\
I
T SH 4 Naon NHYCOT N
]/ 45 UC,2h \:/

X

O

Z

c|3N . CO,H
H,O:/H.0:
R—=0r—H ——= R—CH
| \
*NH, NH,
*NH, CI”
HCI

2h W ol
J

NG %
r/ \J/ \COO__
\

\/Overall yield
(36%)



cf. Reaction of monosaccharides - 3

Elongation of chains in monosaccharides (kiliani-Fischer synthesis)

“cyanohydrin”
C(1) becomes... .-.G(2)
I I
C C
O
N |
C—H H—C—OH HO—C1+H
H— OH NaCN H——r—OH H OH H,/Pd
—_— + —_—
H—t+—O0H  H.0 H———OH H OH  partial
hydrogenation
H——r—CH H—r—OH H OH
CH,OH CH,OH CH,OH
D-Ribose

Two new sugars, each
one carbon longer than
the starting sugar

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

“imine”
C(@2)

H‘\ //"NH H‘\ //"NH
«C, ~Cf
H——y—OH HO———H
H———OH H———OH
+
H———OH H——1—OH
H———OH H——+—OH
CH,OH CH,OH

Not isolated

H,O | H;0"  hydrolysis

C@2)

CHO CHO
H——OH HO——r—H
H———0OH H——r—O0OH

+
H———0H H——+—0H
H——OH H——OH
CH,OH CH,OH
D-Allose D-Altrose

S

S
Total yield 70-80%



Enantioseparation of amino acids

 Formation of diastereomeric salts

coo~
-+
HaN H
lACZO
COOH
AcNH—F+—H
CH,

COO™  CH;0._ .
AcNH H I |/L
.
CH, CHo >~
O’/
NaOH/H,0
Y
COO
H,N H

S

e H*)»INH:S (B)=o

D/L mixture

COOH
H NHAc

CHg

\N
CHzO\ /,\ ’
/ Xy / \1

CH,C
/)\ /\
Brucme
\j
+ e
/T~NH - INH
\. N\
DS _ -5
f//<\ \ ele) CHOL oy
H+ NHAc I l
EZN \\
§ CH3 CHBO'/ SRR \N/ ~ N\

lNa()H/Hz-I.)
These ammonium salts of
the (R) and (S) carboxylate CcCoo~
anions are diastereomeric
and can be separated by H NH;
fractional crystallization CH,



Enantioseparation of amino acids

* Kinetic resolution

cOO COO
* + A racemic mixture
D/L mixture N H St NHs 5 amino acids
R R
S)=L (R)=D
AC2O
HOAc
COOH COOH
AcNH H 5 H NHAC A racemic mixture of
acetylated amino acids
R R
S)=1L (R)=D

acylase (no reaction with

hog-kidney hog-kidney acylase
D enantiomer)

COO™ COOH
+
HsNﬁi—H + H%NHAC Easily separable mixture
R R
S)=iL (R)=D
Free L enantiomer Acetylated

D enantiomer



(advanced) ENantioselective synthesis of amino acids

* Maruoka catalyst

F Maruoka Catalysts
~_F

Maruoka catalyst



Peptides



Representation of peptides

SR

AQVS

N-terminus E C-terminus

N > C
HGIn-VaI-Ser-OH

V2 LN
rS .S




Representation of peptides

O _NH, HGIn-VaI-Ser-OH

Y A3
H 0
H,N N OH
= (o) /-\ (o) i‘s : Sés
o) NH o NH,
OH OH
o) o) o) o)
2
: N : N : N ; N ~
H H H H
o) = o) /'\ o) = o) /'\ o)



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

e |
+ N NN -C00

HN I T

Ala-Ala

Ala-Leu

A\

E—
Hol” \ﬂ/ - \T/
HoH
Leu-Ala
e "
L |
L N C00

-

|
N CoO™

Further
reactions



acidity/basicity of amino acids

(WA A )

When the pH = pl (5ZE R isoelectronic point),
the net charge of amino acid becomes zero.

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

Quiz Estimate the pl values of Glu, His, and Tyr.
Review Quiz
Explain the aqueous structures of alanine  Quiz
in buffers of pH = 2.34, 6.00, and 9.69. pKa values of general carboxylic acids are 4~5.

Why the pKa values of COOH in amino aci
unusually small?



