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Monoosaccharide

Aldose 6C: glucose, mannose
5C: ribose, xylose,arabinose
4C: erythrose, threose
3C: glyceraldehyde

Ketose 6C: fructose, sorbose
5C: erythropentulose
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Aldoses (e.g., glucose) have an Ketoses (e.g., fructose) have a keto
aldehyde group at one end. group, usually at C2.
H=° CH,OH
I _
H—C—OH <|3—O
HO—C—H HO—C—H
H—C—OH H—C—OH
H—C—OH H—C—OH
CH,OH CH,OH
D-glucose D-fructose



D vs L Designation

CHO
D & L designations are H
Hu=—C—~=OH
based on the (5: ©
configuration about CH,OH

the single asymmetric = p_glyceraldehyde

C in glyceraldehyde.

CHO
The lower H—C—OH
representations are

CH,OH

Fischer Projections.
D-glyceraldehyde

Sugar Nomenclature

For sugars with more O H
: N\ /
than one chiral center, D C
|

orl refer::: to the H-C—0OH
asymmetric C farthest |
from the aldehyde or HO - (lj -H
keto group. H—(II—OH
Most naturally occurring H_Cl_OH
sugars are D isomers. CH,0H

D-glucose
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CHO
HO>(§<H
éHZOH
L-glyceraldehyde

CHO

|
HO—C—H
CH,OH

L-glyceraldehyde

N\ 7
C

HO—¢—H
H-C-OH
HO—(:Z—H
HO—(Ij—H
CH,0H
L-glucose



11/26/2014

D & L sugars are mirror O H 'e) H

images of one another. \C/ \C/

They have the same name, ! !

e.g., D-glucose & L-glucose. H- C|: -OH HO - C| —H
HO - IC -H H- (I? —OH

Other st'ere0|somers H—C—OH HO-C—-H

have unique names, [ |

e.g., glucose, mannose, H-C-0OH HO-C-H

galactose, etc. ICHZOH C|?H20H

D-glucose L-glucose

The number of stereoisomers is 2", where n is the number of
asymmetric centers.

The 6-C aldoses have 4 asymmetric centers. Thus there are 16
stereoisomers (8 D-sugars and 8 L-sugars).
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Hemiacetal & hemiketal formation

H H
An aldehyde can | |

: =0 + R—OH —0—C—
react with an C|: © OH — R—O0—C—OH

alcohol to form R R

a hemiacetal. aldehyde alcohol hemiacetal

A ketone can Ff Ff

react with an C=0 + "R—OH —» "R—O—C—OH
| |

qlcoho'l to form R’ R’

a hemiketal. ketone alcohol hemiketal
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(Fischer projection) »isé 7 /b o
(Hawoth projection) & sta = )k o
(Conformational projection) (s ssule A # )l
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(Fischer projection)

. /OH

H-C

H—%—OH 1) S o) gk ol 2o
3 Sl AR 4 sagae Djgun 4y

HO;JC—H = o= a2l Y 1 o jledi S

H-cli-OH oS
—|
6l
CH,OH

Fischer projection

(Hawoth projection)
[ |

Pentoses and hexoses cHO
. 1
can cyclize as the
ketone or aldehyde
reacts with a distal "'O—g‘l?—"' D-glucose
OH H—c—on (linear form)
* 4

H—C—OH
5

H—C—OH
2

Glucose forms an intra- ¢ CH20H
molecular hemiacetal, 6
as the C1 aldehyde & o N 5CH20H
C5 OH react, to  form " HooH
a 6-member pyranose
ring, named after OH OH OH H
pyran. H OH H OH
a-D-glucose B-D-glucose

These representations of the cyclic sugars are called
Haworth projections.
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lC|3H20H
,C=0
15
- HO—C—H
3 HOH2C6 O lCHZOH
H—C—OH 5 CH HO 2
|
H—C—OH H | 4 3] OH
5
OH H
6CH20H

D-fructose (linear)  a-D-fructofuranose

Fructose forms either
a 6-member pyranose ring, by reaction of the C2 keto
group with the OH on C6, or
a 5-member furanose ring, by reaction of the C2 keto
group with the OH on C5.

H OH H OH
a-D-glucose B-D-glucose

Cyclization of glucose produces a new
at C1. The 2 stereoisomers are called anomers, o & .

Haworth projections represent the cyclic sugars as having
essentially planar rings, with the OH at the anomeric C1:
o (OH below the ring)
B (OH above the ring).



f

(Conformational projection)

@]

OH
OH

H

a-D-glucopyranose [3-D-glucopyranose

Because of the tetrahedral nature of carbon bonds, pyranose
sugars actually assume a "chair" or "boat" configuration,
depending on the sugar.

The representation above reflects the chair configuration of the
glucopyranose ring more accurately than the Haworth projection.

Ly HSlu 51 50 2d (5 gl S5 &

cyclization of D-glucose
H 0
NeZ HOCHz N “g "
leaplul
ot ’)mﬂ?iiﬁ?ﬁ‘ﬁm
HO H H | b HBt
H OH
HO
H OH
H CH

CHioH p-D-glucopyranose
Fischer projection Haworth projection chair conformation

open-chain form ring (hemiacetal) form, p-D-glucopyranose
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Mutarotation
0, H
CH,OH
CHé'DH H-oH E;.DH
OH Y —= HOTH —/— (OH
1)} AV H—=-0H 0
OH H=-0H OH
CH,OH
a-D-Glueopyranose D-Glucose f-D-Glueopyranose

11/26/2014

10



11/26/2014

(s Claida) Loy )lSlu 9 00 (laard sla (aS)
El iy

Glycosides

Sugar acids

Sugar alcohols

Amino sugars

Deoxy sugars

1- Deoxy Sugars
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HOCH OH HOCH OH Deoxy sugars
y iy N ¥ ¥
{ O O,
C C 0 C H Ly H HO L. OH
L N | s o H
H ¢cooC H H CossmC H
i \ [ ’ OH H OH OH
OH H OH  OH
2-Deoxyrlb039 Ribose B-1-Fucose a-L-Rhamnose
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2- Amino sugars
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" Amino sugars
?HZOH CH;0H CH,0H
¢ o OH 0 0
>4 N HO OH H OH
4(|"\OH /c‘ u HHQN
2
HO %—f i
NH
NHZ D B-D-Galacbosamzine B-n-Mannosamine
B - D — glucosamine
3- Sugar alcohols
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H\C/o
2 H—C—OH

3 HO—C——H

H
1 H=——C ——0H
2 H—Cc——0OH

3 HO =——C=——H

Reduction

4 H—C—OH
5 H—C—oOH
5 H—C—OH

H
D-Glucose

- 4 H—GC—oOH
5 H—C—0OH
6 H—C—oOH

D-Glucitol
{sorkitol)
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4- Sugar acids
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CHO
H ——OH
D- glucoronic acid
- HO——1——H
H ——OH
H ——OH
COOH
CHO .
H ——oH H ——OH
HO I T Brz / H20 HO L H
' a D — gluconic acid H —OH
H ——oOH n o
Sy CH,OH
s
H ——OH
H NQ HO————H
| D — glucaric acid | " Cuw
H ——OH
COOH
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5- Glycosides
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A. Maltose

0 a cleavage product of starch (e.g., amylose), is

a disaccharide with an o(1— 4) glycosidic link
between C1 - C4 OH of 2 glucoses.

0 It is the o anomer (C1 O points down).

6
*CHLOH *CH,OH CILOH

a-D-glucose oa-D-glucose MALTOSE

a-D-glucopyranosyl-(1—4)-D-glucopyranose

o‘ns ’l*
.

30 om g S MEL oS L b (slsl S elany 5L (63 (65K 51
S o o w500l se
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(oS 7L s S0) s ads o5l O
0-a-D-glucopyranosyl {1--34}-c-D-glucopyranose SLsm o S oyled O
O
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. . LACTOSE
0 Lactose, milk sugar, is CHyOH 1,4  CHyOH
0 o i ’—0 H
composed of galactose H{foﬂ H>|\0 Con H>'
& glucose, with B(1—4) L g
. H,0
linkage from the Y <
. CHyOH CH, OH
anomeric OH of & o_ OH n A f—o u
OH H OH H
galactose. H 1 HMH
I OH H OH
GALACTOSE GLUCOSE

Its full name is B-D-galactopyranosyl-(1— 4)-o.-D-glucopyranose

C. Sucrose

Sucrose, common table sugar, has a glycosidic
bond linking the anomeric hydroxyls of glucose
& fructose.

Because the configuration at the anomeric C
of glucose is a (O points down from ring), the
linkage is o(1—2).

The full name of sucrose is

a-D-glucoopyransyl-(1—2)-B-D-fructofuranoside
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a-D-glucose + H0
+
HOéH 2 0 "OH 1 a-1,B-2-glycosidic
link
5 2 CH,oH e
HO
CH ,0OH
" 3
OH
B-D-fructose Sucrose

(Invert sugar) <_ s 28
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(Inversion) Osra syl sy

CH: o)

sucrase

[C(]D(suc) =+66.5

K ? + H 0 mverlas

HOH,,_

glumse

[u]D(glu) =+52.7

\

CHz o
i w

fl‘uﬂﬂ&&

[Alp sy = - 924

[u]D(,nvensugar) = [u]D(qu) +[a], (fru)= (+52.7)+(-92.4)= - 19.8

cellobiose H0C|3H2
CH,OH CH,OH O O CHo
L]
H [l H OH O O
0\\ OH H -'|O OH
H H
1 OH HO
H OH H OH B )
Gentiobiose
CH,OH
O
OH
OH (I)
HO CH,
Trehalose 0
a-D-glucopyranosyl a-D-glucopyranoside OH
OH OH
Isomaltose  OH
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