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All monosaccharides are optically
active except?

. Glucose
Galactose
Fructose

. Dihydroxyacetone

m o O w P

Glyceraldehyde



* Glyceraldehyde and dihydroxyacetone.(They
are intermediates in the break down of
glucose).

?HO LHU CH,OH
H == H RU—C—H C=—0
CH,OH LigUr CH,OH

Primary group

[ D- Glyceraldehyde } [L- Glyceraldehyde } [Dihydroxyacetone }
Dihydroxyaldose Dihydroxyketose

D & L denote the absolute configuration. i.e. D means that OH group on the
subterminal carbon atom is at the right but L means OH group on the subterminal
carbon atom is at the left.



Which of the following monosaccharides has 4 carbon atoms,
the penultimate OH group is to the right and results in rotation
of polarized light towards the left?

D-tetrose |(-)
_-tetrose |(-)
D-tetrose d(+)
D-trirose |(-)
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D-trirose d(+)



Monosaccharides occur in cyclic form:

 Monosaccharides having 5 or more carbon atoms
usually occur in aqueous solution as cyclic ring
structures
JS 5 @l Al (i yi Ale Jslaal monosaccharidesd! <aual Wl
(cyclic ring structures) Al Jsaiy Sl

* Here, the carbonyl group (C1 in aldehyde or C2 in
ketone) forms a covalent bond with the oxygen of
a hydroxyl group along the chain (4t or 5t

carbon)

O as 4asi 3l CJ) (m covalent bond O35 b e i Jsaill (ala
539> 9all OJ) G5 (ketonedb C2 5 aldehydedb C1) 4l ddayl
(=S all s 5 41 4 48 5) subterminal CJe hydroxyl groupd.

e Therefore C/,C; becomes asymmetric Carbon atom.



2 stereoisomers:

— If the OH group is on the right side/ down it is (o) sugar
— If the OH group is on the left side/ up it is (B) sugar

Sl JAIL 5) aar b ohd) dday ) S5~ cyclic structured) 33 s oS jall Lo asy
B sugar e s (4alsl) & e 3) jladldda ) o) @ sugar 4sems s (Jawdd ¢S
e The first carbon is called anomeric carbon atom &the a and
sugars are called anomers .anomeric C atom 1 &) 435 SI e

anomers ax agale Gl (pailill jsomers 2J)

are sugars which have the same
configuration but differ only in the arrangement of groups or

atoms around the carbon atom of active sugar grou

Anomers: These
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e Two types of cyclic ring structure can be
formed:

Pyran ring: a 6 membered ring having 5 carbons.

Furan ring: a 5 membered ring with only 4

carbons.
7 834 3l8 (e hexose) U528 ) )3 5 (e JST S jally saie
&u\LMMGM‘}ALA&J)LJ\)J\\_\‘)J&‘)MMJ“)-\ju‘ﬁsJ

TP %I

6 membered ,5C 5 membered , 4 C

 Pyran Form | " Furan Form
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D - Galactose nal Change

Question: how to project D vs L sugars in ring structure?

058 L primary groupdé D S el S 1 C6 upwards= D sugar
Jaw primary groupd L S s = 6 downwards = L sugar
https://www.youtube.com/watch?vzIQV 14HG
O 3osomm sn Leaisa (B i a8 ) SABSESATS ¢
cyclic structure =S _ll 3 535 covalent bondd) dexd s lie ahalle OJ) (5SS



https://www.youtube.com/watch?v=IOv_I4HG
https://www.youtube.com/watch?v=IOv_I4HGsAE&t=47s
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Fischer Projection Haworth Projection Haworth Projection

D - Galactose
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Fischer Projection Haworth Projection Haworth Projection

D - Galactose

Haworth Projection Haworth Projection

CH,OH
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Mirror

5 |
Cannot be
superimposed
Lefthand ~ Right hand
(a) Chiral objects
) Atk ye .
( asymmetric CJ A
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Flask ' Flask
Ad) LaSIL (b)#hiral objects



H Fischer Projection Haworth Projection

6
C HQOH anomeric

- carbon
90

H 4 Chiral
|-| Carbons

OH “OH

6
5 Chiral
CH2OH OH carbons

D - Galactose
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Anomeric carbon: is asymmetric carbon atom

obtained from active carbonyl sugar group:
lele J paall o _
— carbon number 1 in aldoses

— carbon number 2 in ketoses

Jsnfi 7 5 A s Odb adass yall (s S 353 Jid,
e Jslaa A Lgaia g 220 gsymmetric atomd



Linkage between carbonyl group
and alcohol group

a-D-glucose

Hemiacetal link

HO —

H -

CH,OH

—

-—H
—OH

H_

— OH

CH,OH

D-fructose

Hemiketal link

aul <8 Aldo sugarsd! ¢« Haworthd Js=3 (A S el IS 1A
Hemiacetal link g5 OHJ) s C1d) o adasl )
Hemiketal link L=ul OHJ)s C2J) (s 4y, Keto sugar «S <l (S 5l



* Aldohexoses exist mainly in the 6 membered pyranose ring
which is thermodynamically more stable than the furan

* When fructose is linked to other sugars or when it is

phosphorylated it_assumes the furanose form (e.g. as in

sucrose) % (The addition of PO3 )

* When it is free in solution, it is present in the pyranose
form




Haworth configuration of cyclic sugars

The Haworth formula adds more detail over the
Fischer structure (And adds more isomers)

* All the OH groups on the right side in old ring structure
are written downwards in Haworth formula

* All the OH groups on the left side in old ring structure
are written upwards in Haworth formula

* Cgis outside thering.



H=COH
glucose
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H H
H
= 1OH b !
OH OH
3 2
H OH
a-D-Glucopyranose B-D-Glucopyranose
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a-D-Fructofuranose




-p-fructofuranose

HOH,C mLFHEGH

CH,OH HO Cz=py

=0 ﬁ U
HO——H OH
H——C'H HE —. CH-0OH

_H CHz CHsOH
N
=0

COn HO L HO Y= OH

p-fructose OH OH

a-D-fructopyranose



6CH,0H

up on . down on
the ring \ the ring

D-Fructose
Fischer projection

Emil Fischer
NP 1902
1852-1919

Walter Haworth
NP 1937
1883-1950

a-D-Fructofuranose

(hemiketal of D-fructose)

Haworth projection



4 asymmetric C s2ic 43Y jsomer 16 s2ic glucosed! 4] Wila b <3
Haworthd Jsai W a2 5 agsymmetric C <llia a8y jla L
25 = 32 15 b isomersd) cruai o W Ul

1 H-C=0 c

2 H—(|:— OH H-(I; —OH

3 Ho-clz—H HO—(IJ—H 0
4 H—clz— OH H—(I: —OH

5 H—cl:— OH H-clz

6 ICHz— OH (I:H,- OH

D-glucose, open a-D-glucose, a-D-glucopyranose, j-D-glucopyranose,

Haworth formula Haworth formula

chain projection closed ring structure,
formula Fischer formula

Glucose in solution:
- 2/3inaform
- 1/3in B form



Physiologically important derivatives of

. Z o8 A s b Gl dlgat
monosaccharides )yt o ol L
6C Amino group monosaccharidesd) Claiia

1-Amino sugars (e.g. hexosamines):

sugar

The hydroxyl group attached to carbon number 2_
is replaced by an amino group (NH2)

Amino sugars are constituents of glycoproteins,
glycolipids & glycosaminoglycan.w
linear polysaccharides ¢« 1555 s (mucopolysaccharides) a¢dl (S aul
Exambles: Disaccharides (s |55 aa )0 M

glucosamine,galactosamine&mannosamine.
amine + _Sull aul




H  NH H  NH, H H

‘ a,D-Glucosamine a, D-Galactosamine a, D-Mannosamine

ka1l & Jarinds & s In Cartilage, e hﬁ cﬁ 5
Hyaluronic acid, heparin Chondrosamine in chondritin In glycoproteins

Some antibiotics e.g. erythromycin
contain amino sugars

6 CH, OH 6 CH, OH
(o) o
H /15 H /15
i H i H
4 1 4 1
OH H OH H
OH OH OH OH
3 2 3 2
3] NH, H NH-CO-CH,

2-amino-D-glucose N-acetyl-glucosamine
or glucosamine or GluNac




2-Amino sugar acids

* Formed by addition of acids to aminosugars

* They are occurring in glycoproteins, glycolipids

 Examples include neuraminic_acid (pyruvic acid
and mannosamine)

adde Al | g ey il 43l ie adde Jiasl olie mannosamined! pyruvic acidd) ddlal 24y

* Neuraminic acid is unstable and so, it is present in

an acetylated form called sialic acid (NANA)
XJ
Je il ¢ acetylated formdJdb Neuraminic acidd) (s s

s sl o o (CH3-CO JS5 L) 0835, H 53 3 ,C cui3d il




pyruyic acuigfj\ S i -Lﬂ;dmﬂ-’ COOH
; COOH Pyruvicacid ..~
............................ | c=o0
C=0 e CH,
|/
CH, H-C-OH
/ H-C-OH \ Acetyl group . . CH;-CO-HN-C-H
H2N—-C—H HO-C-H
mannosamined! Jia alal (ala H-C-OH
HO-C-H — pyruvic acidd) adla) caai ey
H—C —OH neuraminic acidd) agie ziis H-C-OH
. TR CH,OH
H—_C — OH Nd\&u\ﬁd&:\ﬁé\uy 2
\_ CH,OH N-Acetyl neuraminic acid
(NANA)
Neuraminic acid (Sialic acid)




2"d example on Amino sugar acids

* Muramic acid:
— Lactic acid added to glucosamine
— It is a component of the cell wall of some bacteria



3-Deoxysugars

* These are sugars in which an —OH group is replaced by a
hydrogen atom.

H-=C=0

e a

 The only important examples are: H = C~ OH

|
H—-C—-0OH

-D-2-deoxyribose, which is found in DNA CHiH
e ohd) g1 580 & (A s 81850 a8 ) Jidd sla Q)Y

-L- fucose ’t(ideoxy—L—galactose) is a constituent of cell
membrane glycoproteins and glycolipids, blood group
antigens

*is one of the few monosaccharides that exists in the L-

configuration. H-C=0
OH-C-H
H - (IZ - OH
H - (II - OH L-Fucose
OH - (|I - H

TS s



4-Sugar acids

* They are obtained by oxidation of
mohnosaccharides. (CransSl ddlizl) S all 3208

* Only the aldehyde carbon (C1) and the
terminal hydroxyl group at carbon 6 of
aldosugars can be oxidized to form carboxylic

group.

So, we have 3 options: /
- oxidation of C1 L
- oxidation of C6

idati Carboxyl
- oxidation of both arboxyl group



O H %_\C{:,G leaa 23 223 CH
/O\C / % oxidhtionJ!

|
H—C —OH
H | H
HO -:|: H |
) =5 O—C—OH
Lo =i 22y C1 H ':|3 OH |
oxidation M CHOH 'ﬁ H

Aldaric: oxidation in both
Aldonic acid: oxidation in Uronic acid: oxidation in groups (e-g- glucaric)

aldehyde group (C1) plzimary group (C6)
| COOH _ ¢ «<»

CH20H

<D D

Glucon.ic a.cid Glucuronic acid Glucaric acid
(aldonic acid) (uronic acid) (Saccharicacid)




3 types:
1. Aldonic acid: oxidation in aldehyde group
2. Uronic acid: oxidation in primary group

3. Aldaric: oxidation in both groups (e.g. glucaric)




Importance of sugar acids

* L-ascorbic_acid (vitamin C) is a derivative of
aldonic acid

* Glucuronic acid, the uronic acid of glucose, is a:

* component of glycosaminoglycans
* used by the liver for the detoxification of aromatic acids &
phenols

* involved in the metabolism of bilirubin

* L-iduronic acid (IdUA) is the 5-epimer of D-
glucuronic acid and it is a component of
glycosaminoglycans




5-Sugar alcohols

ML;J.AReduction of monosaccharides produce the
- corresponding alcohols

2H 48l
* They are produced by hydrogenation of

aldoses and ketoses
-CHO 2H -CH,OH

2H

C=0 -CHOH

Ladd ) Al o sl Lal J) A0 g sl Al iy aleaatV) ad) Jaay**



There are some sugar alcohols of biochemical important as:

CHO .
reduction C¢H:0H
o . |
Glycerol: H__?__OH AN c::HOH
d\ ~.~~\
CH,0H (=) CHOH

The alcohol of glyceraldehyde and it is a
component of triacylglycerols as well as most
phospholipids

* Ribitol: The alcohol of ribose and it is a
component of riboflavin (vitamin B2).



reduction

CHO = CH,0H
H——OH H——OH
H=—+—0H H—t+—0H
H——OH H——OH

CH,0H CH,0H

ribose ribitol

0
HSCHN%NH
H4C N EN/&D

Ch,
H——0H
H——CH
H——0H
CH,

|
OH

riboflavin



* Mannitol: The alcohol of mannose, is given
intravenously to produce diuresis and to
reduce brain edema after brain operations.

Jdsdl 10

* Sorbitol: The alcohol of glucose and it is an
intermediate in the conversion of glucose to
fructose in the seminal vesicles.

Addition of 2H to CHO

CHO
H—+ OH --l[(]OS(.’
HO——H Reductase
H—oH ™
H——OH

cH,0H NADPH.H" NADP
Glucose

Removal of 2H from 2C

ghison Sorbitol CH,0H

H— OH — 0
HO—+—H I)L’]’I}‘(]I‘Ogen(IS(.’ HO-+—H

H—OoH ™% > H—OH
H— OH H—-OH

CH,0H NAD NADH.H' cH,0H
Sorbitol Fructose



* Conversion of glucose to sorbitol is increased
in diabetic subjects

* Sorbitol produces osmotic damage of cells (as
it does not diffuse easily)

BIRTELTE
 This may account for production of diabetic

cataract, retinopathy, nephropathy and
neuropathy.




* Myo-inositol:

H OH
glucose-6-phosphate

-Sugar alcohol synthesized from glucose-6-phosphate (G-6-P). It is abundant in
brain and other mammalian tissues (in humans most inositol is

synthesized in the kidneys) kidneysd! (& aiclia Al

-it is found in animal tissues in the free state as well as in the form of the phospholipid

-It is a constituent of certain phospholipids and hence its role in the mobilization of
fats from the liver (lipotropic action i.e. encourages the export of fat from the liver)

-It forms phosphatidyl inositol that enters in structure of plasma membranes and can
serve as a second messenger in action of some hormones (i.e. mediates cell signal
transduction in response to a variety of hormones)

+» Second messengers are intracellular signaling molecules released by the cell in response to exposure
to extracellular signaling molecules—the first messengers.

© Sual aal ji L ) g0l




In plants myoinositol is hexaphosphate
(hexaphosphoinositol or phytic acid)

It inhibits absorption of Ca*2, Mg*2, Mn*2& Fe*2
from intestine forming phytate salts due to
formation of insoluble salts

It contributes to mineral deficiencies in people
whose diets rely highly on bran and seeds,

such as occurs in developing countries.
Aal) i) (e s e 5 sl e aaina LST 3 88l Jsall ey
dagall Galaall (azy A el 3 ga g daaDla oh #3822 phytic aciddb
alls, 5 Lgualiaial aiay phytic acidd) 43Y | adic awall



6- Sugars esters

* Hydroxyl group of monosaccharides forms esters
with acids

* Types:
1. Phosphate esters:
* Intermediates in carbohydrate metabolism

* Phosphorylation by kinase enzymes

* The phosphate group can be added to the terminal carbon
(glucose-6-phosphate) or to C1 hydroxyl (glucose-1-
phosphate) as well as to other carbons (fructose 2,6
bisphosphate)

e Sugar phosphates are negatively charged which results in
their intracellular trapping (prevents their diffusion out of the
cell) v



Types:
2. Sulfate esters:

* Present in certain types of polysaccharides and
glycolipids (sulfolipids) e.g. B-D galactose 3-sulfate






7- Glycosides

* Are products of condensation of the anomeric
carbon of the sugar with: s H20 ez s e et

* Another sugar (Glycon): formation of disaccharides &
polysaccharides

* Non-Carbohydrate compound (Aglycon): such as
alcohols, phenols or nitrogenous bases.

* Glycosidic bond: covelent between the
hvdroxyl group of anomeric carbon



* The glycosidic linkage is named according to:
— anomeric carbon to which it is attached (o or B)

— according to the parent sugar e.g. glucosidic,
galactosidic or fructosidic bond

* Examples of Glycosides

* 1) Nucleosides are glycosides formed of ribose or
deoxyribose and a nitrogenous base found in nucleic

acids

 2) Cardiac Glycosides: contain steroids component as
aglycone in combination with sugar



* Digitalis, a cardiac stimulant, is composed of
galactose and a steroid alcohol

* Digitalis is used in treatment of heart failure
(stimulate cardiac muscle contraction)
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When are two carbohydrates are
epimers?

a) One is a pyranose, the other a furanose
b) One is an aldose, the other a ketose
c) They differ in length by one carbon

d)They differ only in the configuration around
one carbon atom



2. Which of following is an
anomeric pair?

a) D-glucose and L-glucose

b) D-glucose and D-fructose

c) a-D-glucose and B-D-glucose
d) a-D-glucose and B-L-glucose



