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Monosaccharides occur in cyclic form:

pentose / bexose [, phoc
* Monosaccharides having 5 or more carbon atoms usually occur

in aqueous solution as cyclic ring structures

 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 5*" carbon) ., %, < e L anomirc carbon J
Blatl U< 5SS o lae8/0

* Therefore C,,C, becomes asymmetric carbon atom)
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Fisher project or fisher ring <ol adls ol Sl
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Haworth configuration of cyclic sugars

The Haworth formula adds more detail over the Fischer structure

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

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

858 yeaty Jleddl (le OH calK 13lg

C, is outside the ring.



* Two types of cyclic ring structure can be

formed: T Glucose or aldoses wé aalgs Catly

Pyran ring: a 6 membered ring having 5 carbons.

Furan ring: a 5 membered ring with only 4
carbons.

0

O
A //

U

O @ S S8 060 SO Gl

Pyran Form Furan Form




pyran ring Jb dals Ml ol SII sae oS¢ gla Jl3s b
¢ Furan ring JL dals ol o liss SI sae oSy

/1 —> oPy chai

@)ucaz

0 s olig S sae... pyran J!
¢ o ol I sae Furan Jly

@ ¢ L Leadbss Gy S gd @il s



Ketoses or fructose 4G Lany (ol JSall Gans Sacls Lyl

Pyran: “owlaw Al IS4G e oS fructose Glsa e Jiled ! JATs disd s4age fructose JI 1l
(LI siae iyaiy sladl 8 ,a80a00) Phosphorolourated K gl o3l 50,8 ¢l g bl oIS ol Lo
s 35 ol sSalal T puic 59l UKt 05Kl Lgasti oI wlshaally Furan ducles Gl J<ub dass

i) oS i aglll

Lulill g SIS @anomire carbon Jl



Cheol - g &

isomer JI sl3y asymmitrec carbon &L ring form Jb o)le Lo way sl g I 2 S5S
s T Cns s JSd (oo suai U il SO (C2) Jledl (ode OH U alaag
cadl K 5 @ <Ky 36819 Lgadse



Furan structure
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Press to exit full screen

H Fischer Projection Haworth Projection
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Fischer to Haworth Projection

Press to exit full screen
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I-I{ Fischer Projection Haworth Projection

6
C HQOH anomeric

carbon

Carbons |
AN
OH
5 Chiral

Carbons
D - Galactose

Question: how to project D vs L sugars in ring structure? t{J‘"u“ﬂr‘ 858, (oIl g ,ua

d | - %
C6 upwards= D sugar Loslall sl cua i

C6 downwards = L sugar

https://www.youtube.com/watch?v=I0v 14HG
SAE&t=47s




2 stereoisomers: sl ol slaadlisomer J)

— If the OH group is on the right side/ down it is (a) sugar = opposite

C — If the OH group is on the |eft sidsA up it is (B) sugar — same side
—pishc/ />

* The first carbon is called anomeric carbon atom &the a and B

sugars are called anomers

e Anomers: These are sugars which have the same
configuration but differ only in the arrangement of groups or
atoms around the carbon atom of active sugar group
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Anomeric carbon: is asymmetric carbon atom
obtained from active carbonyl sugar group:

— carbon number 1 in aldoses
— carbon number 2 in ketoses



>

\

Cannot be
superimposed

Left hand Right hand

(a) Chiral objects
chiral center or chiral atom JL LGuds mirror J!

Mirror asymmetric carbon J!I Ll &liecus Joia

‘l\ M
\ [ B >

f‘ < \" ‘; ~\ Cal’l be ;/yg"
> | ~ superimposed S
Flask Flask
(b) Achiral objects 3ol 4 Lo @) Lalias

asymmetric carbon Lasic Lo (Ul &LSIL Busase slag



Jac oSl Lo any (S e ola¥l (S Laa
Lpacal Liso I 5La 8 Y (any ole sy T

chiral center or asymmetric carbon
isomer ! 3429 e |M5

' J

E;,



Linkage btwn carbonyl group and alcohol
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Aluces<
* Aldohexoses exist mainly in the 6 membered

a-p-fructofuranose

HOMC < CHOH  HOMC _  CHiOH pyranose ring which is thermodynamically
CH,0H Hoé=0 - HO I
e of = A more stable than the furan ring
HO—+—H OH . .
:__$ e, G2 G GHeOH semon  © When fructose is linked to other sugars or
CH,OH N5 Fo H‘S ”°1>|OH when it is phosphorylated it assumes the
p-fructose OH OH

furanose form (e.g. as in sucrose)

a-pD-fructopyranose

 When it is free in solution, it is present in the

AV Wil dalaVaVYalal 'FI\V'M
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pyranose ring which is thermodynamically pyran ring
more stable than the furan ring

* When fructose is linked to other sugars or X . X
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when it is phosphorylated it _assumes the OB & e 58 L S5
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oi-D-Glucopyranose

HOH2C ¢

sl

OH

B-D-Glucopyranose

CH,OH

a-D-Fructofuranose
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2 CH,OH
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C—C OH
OH H

a-D-Fructofuranose

f D-fructose)

Haworth projection

up on  down on
the ring & the ring

D-Fructose
Fischer projection

Emil Fischer Walter Haworth
NP 1902 NP 1937
1852-1919 1883-1950



1-4 il gl dayed a3 a-p-fructofuranose

HOH,C m?HzOH HOH,C 0 CH,OH
CH,0H HO C=zp . HO
=0 / () ) OH
HO~t+-H OH OH
H——0OH H2 CH-0H
C-OH\" " 0 CH;OH
H——0OH \\\\ 'D('::O — 0
CH,OH HO ") .
D-fructose OH OH
m @MH (-D-fructopyranose
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H-C=0
H-é—OH
HO—4—H
H—C—OH
H—C—OH
éHf-OH

D-glucose, open

chain projection
formula

wu-D-glucose,
closed ring structure,
Fischer formula

B-D-glucopyranose,
Haworth formula

w-D-glucopyranose,
Haworth formula

Glucose in solution:
- 1/3 in a form (glucopyranose)
- 2/3in B form (glucopyranose)
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Physiologically important derivatives of monosaccharides

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

o4 2
A — The hydroxyl group attached to carbon number 2
is replaced by an amino group (NH2)

aS o8 A
£ — Amino sugars are constituents of glycoproteins,

glycolipids & glycosaminoglycan.

Examples: glucosamine, galactosamine &
mannosamine
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H NH,

a,D-Glucosamine

Hyaluronic acid, heparin

H N H H

e ———
a, D-Galactosamine a, D-Mannosamine
Chondrosamine in chondritin In glycoproteins

G olira

Some antibiotics e.g. erythromycin

contain amino sugars

6 CH, OH 6 CH, OH

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

JI lg,Simy 13

44 I mannose
OH JI &ty sl
OH ms JLAﬁJl LSJ-‘; 34\5.9\9.0
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2-Amino sugar acids

Formed by addltlon of aC|ds to amlnosugars

¢ omas (19

They are occurring inglycoproteins, glycolipids

Examples include neuraminic acid (pyruvic acid
and mannosamine) s e lola,

Neuraminic acid is unstable and so, it is present in
an acetylated form called sialic acid (NANA)

NeuraminiC ,&ius ye

ole oy Jel&ill 1ia acetyl group ge Jeldis 7 g8
mannoseamine JL <ulill €igs X1
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Neuraminic acid

N-Acetyl neuraminic acid
(NANA)
(Sialic acid)
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3-Deoxysugars
* These are sugars in which an —OH group is replaced by a "~ 77°
hydrogen atom OHbae H=C=H
| i H—-C-OH
I
* The only important examples are: H—C—OH
=D-2-deoxyribose, which is found in DNA CH20H
O s Il 8 C2 I

-L- fucose (6-deoxy-L-gaIactose) is a constituent of cell
membrane glycoproteins and glycolipids, blood group

antigens LAl Hlaa ole Slasags Jsdag « a3l glyco S s
is one of the few monosaccharides that exists in the L-
configuration H-C =0
OH-C-H
I—I—(IZ—()H

I
H-C-0OH L-Fucose
|
OH-C-H

|
CH3



4-Sugar acids

€ 4o 3AL gl H g3l O sl (@ sb mono JI west

* They are obtained by oxidation of monosaccharides

¢ Ligs S 51 J st

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

. 1L g 3 d Ul O LSJAI ..L.uSL\ Lo RES
aldoses JL ¥l .oy L SUgQar aci “(ot( - o
sl (gle I Babts Lo Jelitila giay —C @l oS Slis S
wle Jond Lo by (658 Ola ol (3o 0
Lle < sugre acid Jea! 0 SG H

Carboxyl group
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Aldonic acid: oxidation in
aldehyde group
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Uronic acid: oxidation in
primary group
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Glucuronic acid
(uronic acid)

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

| COOH_

s SIS
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Glucaric acid
(Saccharic acid)



3 types:
1. Aldonic acid: oxidation in aldehyde group

Sugre acid 2. Uronic acid: oxidation in primary group
ST sy

| 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 glucuronic acid Ji Jeruisd asac | o sl ol 21

e used by the liver for the detoxification of aromatic acids &
phenols s

* involved in the metabolism of bilirubin

e L-iduronic _acid HdUA) is the 5-epimer of D-

glucuroniw it is a component of
glycosami ycan




Importance of sugar acids

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

aAltitiiil 40 Il)
Vilhie Uik

* Glucuronic acid, the uronic acid of glucose, is a:
* component of glycosaminoglycans  glucuronic acid Jl dasui pyecd] s sl ol 1

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

* involved in the metabolism of bilirubin?
jaundice J! ooty avuadls Sy ol 30bs

Jaundice




aldoses
5-Sugar alcohols ( B

e L\lal . H2 la!l ,O2 Ayl « JIaal
e Reduction of monosaccharides produce the corresponding
alcohols

}/éJuC‘}ior’)
e They are produced by hydrogenation of aldoses and ketoses
-CHO = -CH,OH
.
2H

C=0 : -CHOH



There are some sugar alcohols of biochemical important as:

CHO
* Glycerol: | Fra=ns

H—C—0H CHOH

| CH-OHL

CH,OH
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)
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( CHO } Jd U ~ CH,OH

e e
H—+—0OH H—+—0OH
H——0OH H—+—OH
H——0OH H——1+—OH
CH-,OH CH-,OH
ribose = ribitol

riboflavin

100 mg per capsule

4 V{TAMIN SUPPLEMENT | 100 CAPSULES
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U ribose and rebulas JI9& sl Al
ribtol Liglhas JI¥a) aglyia,

 Mannitol: The alcohol of mannos

— is given intravenously to produce diuresis and to
reduce brain edema after brain operations

mannitol «a o ;¢ <ull gdael 1536 Jgull jun g8 ¢ odans oyl Gayls oye
£ Loalls dulae ialsle osS

Jilpeall oS15 et £ Lol o libae 4



» Sorbitol: The alcohol of glucose
— it is an intermediate in the conversion of glucose

to fructose in the_.

CHO Aldos ero Sorbitol SHson
H— OH Aldose H-—1OH i ' =0
Hol 1 Reductase HO——H Dehydrogenase yold—n
H— OH H— OH H— OH
H——OH H—1-0H +H—-OH

cH,0H NADPH.H* NADP CH,0H  NAD NADH.H® CH,0H

Glucose Sorbitol Fructose

ool o oI L sorbitol U1 s 35558 J 3sSslall Tslgas aans 0 4sill calmysall o4
sobhas wnSE dlaniy Lasays SOMDItOl daasy 3sSelall JISial ¢ cpilaye (ode 05 Jagaill gia
sorbitol laas Jyal ol 555,800 8 uSe ageally ¢ 543554
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/Conversion of glucose to sorbitol is increased
in diabetic subjects

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

* This may account for production of diabetic

cataract, retinopathy, nephropathy and
o2yl e yemse LML i ysead | oS15 131 Lowa
neuropathy. U o o . gl o
Sl o oSads Lal G acualdly ssanse Sl J i ygead | G 4
<13



* 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) LRIL gias

Sldiysd daa oo ol dlad (S

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

-

s
-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)
Cu¥! O lies

-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)

s Second messengers are intracellular signaling molecules released by the cell in response to exposure to
extracellular signaling molecules—the first messengers.
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Jals &8s I fat JI phospholipid ¢ (< membrane

ol oI WA e fat JI Ji myo JI s 1 J Ll ool Bage Al
waa, lipotropic factor JI 4. lsaias lipotropic action JI ,, wladl
oo Sllee wiag oI 1 fat JI allss mayo JI jeead ciady suy (ol

daoiny Lo oSy o LA Ay fg0ya gam siage LA Suie
Jaa Lo sag Glall Jals lilee 3u8a% Jory Jificwsy bty Ja,
mayo J! sa llls second massenger JL raly ol puaill sla
first massenger J! sa Judiculls gopedl LLS,1 Leaa



//ﬁ\\ AN
clocl ¥ ol Sl L) C U

In plants myoinositol is hexaphosphate (hexaphosphoinositol or
phytic acid) (<)

It inhibits absorption of ‘Ca*?, Mg*?, Mn*?& Fe*? 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
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6- Sugars esters

* Hydroxyl group of monosaccharides forms esters
with acids

* Types:

1. Phosphate esters: |, ., . < .coicn oo
* Intermediates in carbohydrate metabolism oselal s

* Phosphorylation by kinase enzymes .. . Lo i L

* The phosphate group can be added to the terminal carbon
. 2.y] «—8lucose-6-phosphate) or to €1 hydroxyl (glucose-1-
| ’ phosphate) as well as to other carbons (fructose 2,6

o AN sle Jaial e plin S ole ol U
2 b!,Bphosphate) negatively o

* Sugar phosphates are —vely charged which results in their
intracellular trapping (prevents their diffusion out of the cell)

hosphat T Gras LU foa oS0 dlle llew Liny (gaiin Y
PIPPIERS == oy Glall L La, L



Types:

2. Sulfate esters:

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

O~



C.G Ul 536 wul o Uy T
* Digitalis, a cardiac stimulant, is composed of

galactose and a steroid alcohol
D A- qlry<on

e Digitalis is used in treatment of heart failure
(stimulate cardiac muscle contraction)

el ihae Labal e seliw







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

$hle D il C Cleall

JI sle OH JL (6 cotayle slaslaie 193y sl a3y €Y
anomeric carbon

anomers s sus < L,D isomer u Lo L
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OH JI 50 v DL« G of Lall CSGLT S -

furan ring ;ne<S da b ode S, Y

5,551 LS 3L 35Sslall aganly (Sye 2SI chain JI oadsle os<s =¥

O ansaly
D or L «pyran or furan ring. G o W Sye 1 (SYIS Jlsedd) chias

S e laslan cliane 35K 58y a0 duy il

SO sl Bk gle S, G ((Gaie o) £
Glucopyranose Stis
Mannosamine

oSl Sae gl saad ddus cilg ring oS

2584l agale 55, G



Aldonic acid: oxidation in Uronic acid: oxidation in
aldehyde group primary group

oo TN
CH20H @

Gluconic acid Glucuronic acid
(aldonic acid) (uronic acid)

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

<<y

| COOH g

Glucaric acid
(Saccharic acid)

agas

sugar alcohol le Jls aal 825 anaga-V

glycerol JI sa4
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= Mannitol: The alcohol of mannos
— is given intravenously to produce diuresis and to
reduce brain edema after brain operations u,\_l . u

(G . W G K. WK JJ.A‘):"K

4 4 & v ~

e Sorbitol: The alcohol of glucose . -

— it is an intermediate in the conversion of glucose
to fructose in the seminal vesicles.

CcHO CH,OH s CH,OH
i g Aldose - G Sorbirol o
e < Reductase . _HO H Dehydrogenase gyo H
H oHn ™= = H OH H OH
H OH H OH H OH
cH,0H NADPH.H" NADP CH,OH NAD NADH.H CH,O0H
Sorbitol Fructose

Glucose

glucose -6- wle JGs aal phosphate ester J! 41 s yai-\ .
sulfate ester JI ole JGLI (5,259 phosphate
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