Organic Chemistry lli

1% % 1618 (Yuki Goto, Bioorganic Chemistry Lab.)

“Organic chemistry of biomolecules”



Topics

 structure of monosaccharide

- classification
- Fischer projection
- cyclic sugars

e reactions of monosaccharide

- several examples of monosaccharides
- glycoside formation (glycosylation)
- protection strategies of monosaccharides

e structure and functions of oligo and polysaccharide



Review of the previous class

Classification of monosaccharide

aldoses/ketoses, pentoses/hexoses

How to understand/draw Fischer projections
4 tips to draw and modify Fischer projections

D/L nomenclature

convenient way to categorize stereochemistry of biomolecules

Cyclic forms of sugars
hemiacetal formation, furanoses/pyranoses
anomers, definition of a- and 3-anomers



QandA

Can porphyrins be considered a type of biomolecule?

general formula

of porphyrins heme A cyanocobalamin

(vitamin B1y)

Chlorophyll a



QandA
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English explanations for this issue are available in Jone’s textbook.
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Topics

 structure of monosaccharide

- classification
- Fischer projection
- cyclic sugars

e reactions of monosaccharide

- several examples of monosaccharides
- glycoside formation (glycosylation)
- protection strategies of monosaccharides

e structure and functions of oligo and polysaccharide



Reaction of monosaccharides - 1

Simple transformation of functional groups

functional groups in sugars

possible reactions

aldehydes

reduction to alcohol

oxidation to carboxyl group

alcohols

alkylation to ethers

acylation to esters

Review quiz: Give an example(s) of reagents/conditions to achieve each transformation.



Reaction of monosaccharides - 1

Simple transformation of functional groups

e.g. reduction of the terminal aldehyde to alcohol

No aldehyde!



Reaction of monosaccharides - 1

Simple transformation of functional groups

e.g. alkylation of hydroxy groups

“Williamson ether synthesis”



Reaction of monosaccharides - 1

Simple transformation of functional groups

e.g. acylation of hydroxy groups



Reaction of monosaccharides - 2

Truncation of chains in monosaccharides (ruff degradation)

CHO BOO~ Ca2’ racemic
H——OH H——OH s, CHO CHO
1. Fex(SO,)s <
HO——H 1. Brz/HZO o HO——1+—H H20/1 00 oC _ HO——+—H H__OH
HO—+—H  2.Ca(OH), HO——H 2. 30% H,0, HO——H + HO——H
(oxidation) -CO2, -H2 /
H——OH H—+—OH Hg—OH H—+—OH
CH,OH CH,OH ;" CH,OH CH,OH
D-Galactose Ca Salt of ,"," D-Lyxose
D-galactonic acid RIS (41%)

LA 4
LA 4

retention of configuration

Note; Br2 acts as a mild oxidant.
Whereas the aldehyde is oxidized, hydroxy groups are intact.



Reaction of monosaccharides - 3

Elongation of chains in monosaccharides (iliani-Fischer synthesis)

“cyanohydrin” “imine”
C(1) becomes... 2 ...C(2) N C(@2)
ll Il H ___NH H____NH
o G ¢
|
AN
C—H H—C—OH HO—C-H H—+—OH HO—+—H
H——OH \.coN H—+—OH H——OH |, /pq H—+—OH H——OH
R — + —_— +
H—+—OH  H0O H——OH H—+—OH partial H—+—OH H—+—OH
hydrogenation
H—+——OH H——OH H—+—OH H—+—OH H——OH
CH,OH CH,OH CH,OH CH,OH CH,OH
D-Ribose Not isolated

H,0 | H,0" hydrolysis

C(2)
CHO CHO
Two new sugars, each H—1"—0OH HO——H
one carbon longer than
the starting sugar H———OH H———OH
+
H—-—+——O0H H—-—+—OH
. . . . H——OH H——OH
Review quiz: DraYV t.he mechanlsjrrT of the .h.ydroly5|s of . -~
the imine under acidic conditions. p-Allose p-Altrose

o
Total yield 70-80%



Reaction of monosaccharides - 4

Epimerization under basic CO“ditiOﬂS (Lobry de Bruijn-Alberda van Ekenstein reaction)

D-glucose can be slowly converted to D-mannose and D-fructose under basic conditions!

ketosel

epimerized at C2

How!?

Quiz-6: Although D-fructose (open chain form) is here shown to emphasize it is a ketose, it
actually exists in the pyranose and furanose form. Draw Fischer projections for the pyranose
and furanose forms of D-fructose.



Reaction of monosaccharides - 4

Epimerization under basic CO“ditiOﬂS (Lobry de Bruijn-Alberda van Ekenstein reaction)

|

epimerized at C2

ketose! ]




Reaction of monosaccharides - 4

Epimerization under basic conditions (Lobry de Bruijn-Alberda van Ekenstein reaction)

|

epimerized at C2

ketose! ]

protonation
on oxygen

. retention of configuration



Reaction of monosaccharides - 4

Epimerization under basic conditions (Lobry de Bruijn-Alberda van Ekenstein reaction)

D-glucose can be slowly converted to D-mannose and D-fructose under basic conditions!

ketose!

pyranose form furanose form

Quiz-6: Although D-fructose (open chain form) is shown here to emphasize it is a ketose, it
actually exists in the pyranose and furanose form. Draw Fischer projections for the pyranose
and furanose forms of D-fructose.



Reaction of monosaccharides -5

Synthesis of glycosides

If glucose is reacted with alcohols, what can occur?

Remind this
Q cat. H+ H OH cat. H+ H OR’
L emon 222 I e
R H R OR’ R OR’
hemiacetal acetal
in sugar chemistry, cyclic form glycoside
H_ O
C
H——OH
HO——H — < > ?
H——OH
H——OFH

CH,OH



Reaction of monosaccharides -5

Synthesis of glycosides

If glucose is reacted with alcohols, what can occur?

acetal

glycosides: (in a narrow sense,) acetal forms of sugars on the anomeric position

nomenclature - giving the alkyl group followed by the sugar name with the “-ose” replaced with “-oside”

e.g. the name of the glycoside above is “methyl D-glucopyranoside”

Review quiz: Draw the mechanism of the glycoside formation under acidic conditions.



Topics

 structure of monosaccharide

- classification
- Fischer projection
- cyclic sugars

e reactions of monosaccharide

- several examples of monosaccharides
- glycoside formation (glycosylation)
- protection strategies of monosaccharides

e structure and functions of oligo and polysaccharide



Selective protection of monosaccharides

OH "OH
D-glucopyranose

OMe O

; L

IVlel\?eo (o)

(0
OMe"OH j/ o
o=<

Review quiz: Draw the mechanism of the last reaction.



Selective protection of monosaccharides
acetonide - protective group of 1,2- and 1,3- diols
p group OXO Y

OH !
acetone, H+ o o
H 0 > %
%o OAc toluene o OAc

OH OH

OH

o -0
OH acetone, H+ OAc
HO -Q >
OAc toluene
0
OH

Only syn 1,2-diols can be protected by acetonide.

Review practice: Draw the mechanism of protection and deprotection of acetonide group.



Stereoselective glycosylation

0 0
o o o o
//4 . //4 ROH
oo Agzo
o)
i %
0:< :<
B-anomer selective
0 ROH
AcO AcO o
AcO AcO
¢ -~ —> AcO ® —> "%to

O\H o \®

O:< _ 6 ) /O
(0

“neighboring group participation”  resonance stabilized

(BEERS - BEREMR)



If ROH in glycosylation is a sugar ... disaccharides

Dimers of D-glucopyranose

CH,OH a—D'—qucopyranose B—D—glfjcopyranose
O ! CH,OH !
HOHO 1 v " e, , CHOH ¥
~ CH,OH ; 0
A OHl 4 0 HO O
0 A oH HO g'/OH
a-D-glucopyranoside  HO ﬁ/H ! H OF
OF B-D-glucopyranoside H
OH
a(1—4) glycosidic bond B(1—4) glycosidic bond
(maltose) (cellobiose)
lactose (FL% sucrose (3 3 &, HHE)
B-D-glucopyranose _.a-D-fructofuranoside
OH a-D-glucopyranoside GH20H «
CHon ¥ el 1. 2 HO
0 , CHZ0H A O 5
@) CH,OH
HO 10 . OH .
4 OH HO ﬁ/OH HOCH, OH
H OH
B-D-galactopyranoside H g HO

B(1—4) glycosidic bond a(1—2) glycosidic bond



Two important polysaccharides

Both are polymers of D-glucopyranose

amylose (7> 7> DIERER)

CH,OH

Z (0]
HO
CH,OH
OH| 0
HO - CH,OH
o o]
HO
OH
0
HO
a(1—4) glycosidic bond
cellulose
CH,OH
/\ 0 CH,0H
Ho & 0 CH20HO
oHn HO °
oH HO e
OH HO

B(1—4) glycosidic bond

OH
0

CH,OH

OH

see 3D structures

helical structure of amylose

(good energy source)

CH,0H _Q---— H CH,OH o

. 0 o
HO = g0 OH =~

CH,0H 9~

planar structure of cellulose
(we cannot digest this)



topics- roles of polysaccharides in organisms

energy storage - amylose, glycogen, etc.
structural skeleton - cellulose, chitin, etc.

regulation of cellular events

Many different polysaccharide chains are
found on exterior surface of cells.

Different cells display different poly
saccharine chain on the surface.

They play important roles in
- definition/recognition of cellular types
- infection of viruses
- regulation of growth factors

additional additional
N-acetylgalactosamine galactose
, @
- O ®) O 0
Q o2 Q ¥
DA 0 P & 2o & ol Wal
gL ' $ & 2 B & YRQOL
808 BOF 808 0P
O type A type B type AB type

Extracellular

Binding of viruses
and bacteria

Binding of cholera a ’
b toxin and patho- -
Funclu c:n a £ genic Escherichia |
;’;”w:h':a':;m coli 0157 toxin
Intercellular signal  fynctional regulation of

and receptors A
hormones and immunity X,

SE222
RE22222%007

14141
......

Nucleus

Golgi apparatus
b e Transcriptional

regulation of genes
L S

Free sugar chain

g Glycosyltransferase Endoplasmic reticulum
o~

[
& Addition of
sugar chain ‘.

¥ 4, Protein quality
control

https://3c1703fe8d.site.internapcdn.net/newman/gfx/news/hires/2011/exposingthep.jpg



Classification of monosaccharide

Quiz-1: Classify the following monosaccharides

(a) H\C¢O

|
H0—$<H
H—?<OH
CH,OH

NLF—2X
threose

aldotetrose

(b) ?HZOH

C=0
H—é<OH
H>é<OH

éHon

) JAa—X
ribulose

ketopentose

(c) CH,OH
=0
HO—é«H
HO»é«H
H—C=OH
éHzOH

2ABF—2R
tagatose

ketohexose

H=—C—H

H—é«OH

H>é<OH
éHon

2-THFF VK-

2-deoxyribose

aldopentose



Fischer projection drawing

CHO

OH OH H——OH
: H—+—OH
(é)H o) CH,OH
(@  CHO - (b)  CHj
it o
CH CH,CHs
(R) (S)
H H 4

T
H;C OH H;C=C—=0OH
| 3\ i l/

CHO CHO



Fischer projection drawing

Quiz-2: Draw the Fischer projection of the sugar below.

CHO

HO\)\/H‘/H H—1—OH
H H——

OH o) OH

CH,OH

Quiz-3: Designate the stereogenic carbon of the following compounds

as either (R) or (S).
(@) CHO - (b))  CHj
H+OH H—‘—CHO
(R) CHs3 CH,CHs3 (S)
H H 4

T
H;C OH = H3C=C—=OH
| 3\ : l}

CHO 5CHO



Fischer projection drawing

Quiz-4: Use solid-wedge and dashed-wedge notation to write 3D representation

for the following molecule shown in Fischer projection.
CHO

HO——H
H——OH

CH,OH

|
CHO OH

C 0

CH,OH

Hn
O
-



Formation of cyclic sugars via hemiacetal formation

Quiz-5: Here is the Fischer projection of D-mannose.
Draw the structure of f-D-mannopyranose in chair structure.

H\C¢O CHO
HO—1—H HO=—H
Hg——b = HO= "

H——oH A= —OH

H——OH H==T—=0OH

CH,0H CH,OH

D-mannose




Formation of cyclic sugars via hemiacetal formation

Quiz-5: Here is the Fischer projection of D-mannose.
Draw the structure of f-D-mannopyranose in chair structure.

CH,OH CH,OH




Formation of cyclic sugars via hemiacetal formation

Quiz-5: Here is the Fischer projection of D-mannose.
Draw the structure of f-D-mannopyranose in chair structure.

H\ 40 4 N\ H
C H
C HO——H 0
HO——H Ho——n |
O—7TH — wo—t—n O
H——OH
H——OH
H——OH y )
CH,0H

CH,OH




Formation of cyclic sugars via hemiacetal formation

Quiz-5: Here is the Fischer projection of D-mannose.
Draw the structure of f-D-mannopyranose in chair structure.

HL .20 :
HO——H CH,OH
HO—+—H . st
H—t—OH
H——OH
CH,OH H

D-mannose



