Organic Chemistry lli

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

“Organic chemistry of biomolecules”
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6/24 (Fri) no class!

6/8 (Wed) Gotosuga #1

6/10 (Fri) Goto suga #2

6/15 (Wed) Gotosuga #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) Final exam

7/20 (Wed) or 7/22 (Fri)
7/27 (Wed)



Examples of biomolecules?



Contents you will learn in my classes

“Organic chemistry of biomolecules”

Organic chemistry of saccharides
Organic chemistry of amino acids
Synthesis and reaction of amines

Organic chemistry of peptides



Today’s topicis ... Carbohydrates
also called “sugars” or “saccharides”

g - RIK1EY) - 18E - B8

Examples of carbohydrates

CH,0OH  OH
0

OH OH

o)
HO H
HO 0

OH

* serve as energy storage
. general formula: ChH2mOm

* contain many functional groups and chiral centers



Classification of carbohydrates

CH,OH  OH
o}
\

monosaccharide (. 1E)

OH OH

0]
HO H
HO g

OH

disaccharide (—1E)

D-Galactose D-Glucose

HO
s_—OH g..-OH
4 O 4 O
o % O 5 2
HO X 1 HO y
OH 2 OH OH

trisaccharide (=#&), ... polysaccharide (Z#E)



Topics

e 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



Classification of monosaccharide

OH OH OH (0]
HO\/k/'\”/H HO\/k/”\/OH
OH O OH
monosaccharide aldose aldotriose (C3)

aldotetrose (C4)
—— aldopentose (C5)
______ aldohexose (C6)

ketose ketotriose (C3)
ketotetrose (C4)
Ketopentose (C5)
ketohexose (C6)

\

1)

) hexose (7 KR/

d |

pentose (A X




Classification of monosaccharide

Quiz-1: Classify the following monosaccharides

(a) H\Céo

|
HO>$<H
H»?«OH
CH,OH

LA —2X
threose

(b)  CH,OH
c=0
H»é«OH
H»é«OH
éHQOH

) JO—2X
ribulose

(c) CH,OH
=0
HO»é«H
HO—C=H
H>é<OH
éHZOH

2H k=2
tagatose

H=—C—H

H—é«OH

H—é«OH
éHZOH

2-TAFF )R —X
2-deoxyribose



How to draw structures of sugars

Fischer projection (Fischer}Z=2 )

H 20 H 20
H——OH H—(I:—-OH
HO——H HO-—Cli--H
H OH H-—(|I<-OH
H——oH H—Cli--OH
CH,OH (ISHQOH
1

This looks like a planar structural formula but
indeed indicates the following stereochemistry.

E/-< %5 £ HIZ Pressand project the structure onto
BLD3 the bottom paper bonds sticking
‘ out from paper



Tips for Fischer projection drawing

1. (Inthe cases of saccharides,) put the aldehyde/ketone group above.

And, align the carbon chain vertically.
Carbons are numbered starting with the top carbon.

2. Inthe projection of each carbon, make the adjacent carbons land first.

3. You can rotate a Fischer projection 180°.
(You must not rotate it 90°)

4. You can fix one substitution and rotate the remaining three groups.



Tips for Fischer projection drawing

Let’s use a simple aldotriose, (R)-glyceraldehyde, as a model case.

1.

2.

|EDFRIIC bonds sticking
Zex H 244 out from paper

’
CHO CHO CHO
‘ P s = H-—-é-—-OH = H j}n =
| 4" CHa0H g ki

EILBEE
CHa0H CH20H bonds sticking
into backward

o9

(R)-7 1) eI TILFER
Fischer #%525¢

b

(In the cases of saccharides,) put the aldehyde/ketone group above.
And, align the carbon chain vertically.
Carbons are numbered starting with the top carbon.

In the projection of each carbon, make the adjacent carbons land first.
Tpuzzling, K< EEZX S |



Tips for Fischer projection drawing

3. You can rotate a Fischer projection 180°.
(You must not rotate it 90°)

@ 180 2
& . ¢
s e CHO CH,0H Y
Ton - wdn Te
@‘4 ‘ 3
CH,OH CHO |
(R)-glyceraldehyde (R)-glyceraldehyde ®
@
fa CHO':)% H ] 33
88 H—{foH N HOCH;{*}—CHO ¢% ¢ @
- \*~C'H:LQ>H OH < 9 ®
9 (R)-glyceraldehyde (S)-glyceraldehyde

4. You can fix one substitution and rotate the remaining three groups.

a. fix this group
N = ) ,_QHO/' cHo & »
H——OH = HO‘—“CH,“QH 1
- 2 + ’ o a
-4 kCH.\OHD H 5 1 ® -
® | N =

(R)-7 U EILTIFER (R)-7 Y ILTILFE KR



Fischer projection drawing

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

OH OH

OH o)

Quiz-3: Designate the stereogenic carbon of the following compounds
as either (R) or (S).

(@ CHO - (b)  CHj

M P W

CHs CH,CHa



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



D/L nomenclature

In organic chemistry, we generally use R/S nomenclature to designate stereochemistry.

In biochemistry and even organic chemistry of biomolecules, we also use D/L nomenclature!

mirror

H\C/O | O\C/H
HO——1—H H—1—0H

H——OH = HO——H
HO——H ' H—1+—0H
HO H H OH
CH,OH CH,OH
L-glucose D-glucose.

(very rare in nature)



How complicated sugars are!

Here, only D-sugars are shown. Imagine there are also enantiomers of these sugars as L-sugars.

. O%C/H
D-aldotriose
H OH
CH,OH
D-F I TITENR
D-glyceraldehyde
D-aldotetrose
O\C/H O\C/
R/L H——OH HO——H
2R H——OH H——0H
CH,OH CH,OH
D-L!) bA—X D-FLF—2X
D-erythrose D-threose

D-aldopentose
O\C/H O\C/H O\C/H
RIL H——OH HO——H H——OH
2R2L H——OH H——OH | HO——H
4R H——OH H——OH H——OH
CH,OH CH,OH CH,OH
D-1) R —2X D-7SE/—X D-¥MO—2X

D-ribose D-arabinose D-xylose

CH,OH

bR V=R
D-lyxose



How complicated sugars are!

Here, only D-sugars are shown. Imagine there are also enantiomers of these sugars as L-sugars.

p=Et FE=& D= s e~ A
D-erythrose D-threose
D-aldopentose
O\C/H O\C/H O\C/H O\C/H
R/L H=—1—0H HO==r=FI H——OH HO——H
2R2L | H——OH H——OH | HO——H HO——H
4R H——0H H——OH H——0H H——Q#
CH,OH CH,OH CH,OH CH,OH
D-)R—2X D-7SE/—X D-¥A—2X D-)F¥v—2X
D-ribose D-arabinose D-xylose D-lyxose
D—aldohexosie
OEC/H O\C/H O\C/H O\C/H O\C/H O\C/H O\C/H O\C/H
R/L H—Z——OH HO——H H—i—0OH HO——H H——OH HO——H H——0OH HO=—H
2R/2L H—3——OH H——OH HO~r—H HO——H H——OH H——0OH HO——H HO—=H
aR/AL  H-Y—OH H——OH H——OH H——OH  HO——H HO——H HO——H HO——H
8R Hi—OH H=—1=0H H=r—=0H H=r=0H H——OH H=—0H H——OH H——0OH
6
CH,OH CH,OH CH,OH CH,OH CH,0OH CHoOH CH,OH CH,OH
p-7A—X D7) bA-—X |D-YIOA-X| D7 /—X D~/ A—X D=4 F—=X D=HZ27 ;=X b-2O—A
D-allose D-altrose D-glucose D-mannose D-gulose D-idose D-galactose D-talose

(7 K O%E)



Fischer projections are not real form of the sugars

H\Céo H\Céﬁ
H OH

=== H=C—~=OH y

HO——H ==}

H——OH H=—C—OH OH H o
H O H=—C—OH HO

CH,OH CH,OH H  OH
D-glucose

Review quiz:

O

cat. H+
)]\ + R’OH < >

R H




Formation of cyclic sugars via hemiacetal formation

HO,
\
CH
HCOH
O
HCOH
CHO [ J HCOH Tetrahydrofuran
HCOH close with
HCOH -
OH at C(4) CO CHQOH
c() HCOH CH,OH A furanose N 0
HCOH s furan
HCOH \CH
C(5) k! HO OH
CH,OH :
B e close with HCOH
n aldohexose
t
et HCOH O = HO o) ( O
HCOH Tetrahvd
etrahydropyran
ik P HO CH,OH

CH,OH A pyranose < :0



Formation of cyclic sugars via hemiacetal formation

e.g. D-glucose’s case

RO, O, new chiral center!
CH CH——
HO OH N\
\ / H———OH H—+—OH </OH
" 0 o) 0
Pl s
o1 o4 = HO——H HO——H B = vo N _ \
HOA//N"%
— H——+—OH OH 'CH
e H——OH H— 4
CH,OH CH,OH “Squiggle” indicates
D-Glucofuranose D-Glucopyranose

both stereocisomers

AN A :
are present (mixed)
close w |t\ _/close with
OH at C(4) \ /" OHatC(5)
O, H
N\ /L
\C =
H—1—OH &}
HO—+—H
H——OH - |
H—t—OH -
CH,OH

D-Glucose



Formation of cyclic sugars via hemiacetal formation

“Squiggle” indicates
both stereocisomers
are present (mixed)

D-glucopyranose

.

new chiral center! “anomeric position”

-
-="
-
-
-
-

* 4 N
(OH N
O q
s )
7 e )
HO — '
HO T\A‘ = . 37
OH ;!
OH k
o Anomer N
a-D-glucopyranose
K “anomers”
%V
OH
<o
HO" /&/ = 63
OH
f Anomer

B-D-glucopyranose

If the OH on the new chiral center is located on the same side with the OH on

in Fischer projection, it is“a-anomer”.

Review quiz: |[dentify the new stereogenic carbon in the a and 3 anomers as either (R) or (S).



Formation of cyclic sugars via hemiacetal formation

Quiz-5: Here is the Fischer projection of D-mannose.
Draw the structure of 3-D-mannopyranose in chair structure.

SNPPR
HO——H
HO——H
H OH
H——OH
CH,OH

D-mannose



