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Definition and Classification:

[Carbohydrates j
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Monosaccharide
can not be hydrolyzed
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to simpler compounds.
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Disaccharide )

can be hydrolyzed to

two monosaccharide
molecules.

N— _

Y
Aldose

contains an aldehyde

—

group (-CHO)
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Ketose
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contains a keto group
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Monosaccharides
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Polyhydroxy aldehyde or ketone
ose n=3,45,6
|I I'
| |
Aldoses Ketoses

According to no. of carbon atom

."IN".

Tri Tetra Penta Hexa



andll gSula Glycoaldehyde is the only diose



Aldotriose
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Glyceraldehyde
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Ketotriose
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Aldotetrose

CHO ~

H——OH
H——OH
CH,OH

Erythrose
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Tetroses

Assym. Catom=N -2

Assym. C atom =N -

Ketotetrose

Erythrulose
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Aldopentose

Ketopentose
CHO CHO CH,OH CH,OH
H——0oH H——OH C=0 C=0
H——OH HO——H H——OH HO——H
(H——0H) [H__ﬂ",) [H —LOHj H—"OH
CH,OH CH,OH CH,OH CH,OH
D-Ribose D-Xylose D-Ribulose D-Xylulose
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CH,OH CH V|
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L-Ribose L-Xylose
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Aldohexose

CHO CHO CHO
H——OH HO——H H——OH
HO——H HO——H HO——H
H——OH H——OH HO——H
H—OH H——OH H—1" OH

CH,OH CH,OH CH,OH
D-Glucose D-Mannose D-Galactose
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Ketohexose

CH,OH
C=0
HO——H
H——OH
H——OH
CH,OH

D-Fructose
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Optical activity of monosaccharides
Al o€ Ly audy Asymmetric 5BUa 8 S o) S 53 o S all (o gia) 1))
Optically L Yad ¢ < oS jalld (Ailida c¥asiul gl o s giad 0928 5)3) Chiral
Aga¥) Galas¥l g Ala¥) cly Sud) 8 Jall g LS active

£ polarimeter CUaEiLY e s (e Chilua ggaal daja pal Ladied 4ile g
9 (+) A Jans osd) Gl oS pall 098 Ly )9l La) Ghilisall ¢ gl plad o8 Jslaall
(L)s (<) A 3asms st el 988 1w )93 ) (D)

& Bobla 8 ol Alilaia 8 Baalg 098 3,0 4 da g waall s camaly) DG Sl
JS oS pal) 138 2a gy N Gilaliosal) ¢ guaall 00 gieUindy All g (dadd) 2 a8 G2 800 5 )

L <D La& Stereo isomers (x93



Jorx) Epimers

'CHO ¢ cpimers ' CHO
HoZ-H|  |H3oH
HO-+—H HO~H gy epimers

H-4—OH ‘Hi-oH]
H-+—OH H-—OH
°CH,OH °CH,OH

D-mannose D-glucose

'CHO

H-3
HO—
HO—

H-4

—OH
—H
—H
—OH

°CH,OH

D-galactose

D-erythrose

VCHO' oo | CHO
:H;—OH(__WHol—H
H——OH H—1—OH

*CH,0H ‘CH,0H

D-threose

Epimers are carbohydrates which vary in one position for the
placement of the -OH group
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Chair Conformation for Glucose
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H-C-0H
HO——H : | HO— Vv —0
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H—1* OH 4 H.{I;.QH DHDH
CH,OH * H-C-0—
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H——OH
HO——H
H——OH
H——OH
CH,OH
D-Glucose

(Fischer projection)
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CH,OH
OH H

OH H

H  OH

Pyranose form
(Haworth projection)




Anomers of Glucose
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anomeric carbon

N )

L ™ (N '.|| d N
H—C—OH HC=0 | HO—C—H
H——OH H——OH | H——OH
HO——H = HO—+H /== HO—+—H O
H——OH H——OH / H——OH
H ’ H——0OH H /

CH,0OH CH,OH CH,0H

a-D-glucose 3-p-glucose



Tautomerization

Tautomerization is a net process by which protons are transferred
from one site to another by a series of steps in which the solvent is
an intermediary.
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H{C—O C 0 5 0
= SN [ e - ’—Q_ “—Q\ H——0O—
—0O, »——Ol/_\ = N v | - + .
| w . HO—+—H == HO—1—H H HO——H
o 2 HO—+—H ] H——OH H——OH
H——0H H—r—OH
H—+—OH H——OH H—1—OH
H—t—OH H——OH H——OH CH,0H CH,0H
CH,OH Ene-diol CH,OH D-Glucose
CH,OH

D-Fructose b



Tautomerization

H-B
)]
H O / B CH,0H
_OH

/\ HC—OH H ~ —=
B: f\ ‘1 " 2 H HO—+—H
base S = g_H B — E——DH
H—1—0H HO H
H—{~OH H——OH L W
CH,OH H—1OH S
CH,OH
D-Glucose - o-Fructose -

open chain form ene-diol open chain form



Reactions of Monosaccharides
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Sugar alcohols

Reduction m) e eh e

BYESY
523 Or De-oxy sugar

Reaction With NH; ey Sugar amine
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Example

__aldehyde acid CHO COOH
L ‘D%CEDH‘ H——OH H——OH
i Br | A -
(CHOH), > (CHOH), MU By~ HOTH
2 | H,O

H——OH z H——0OH
CH,OH CH,OH
aldose aldonic acid H——0OH H——OH
I ic acid
(glyconic acid) CH,OH CH,OH
glucose gluconic acid
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Nitric Acid Oxidation
il (el aladiuly 8 ausY)

Example
CHO COOH
H——0OH H——0OH
aldehyde | CHO | acid I_CDDH
| HNO, | HO——H HNO, HO——H
(CHOH), —> (CHOH), -

! o — H—t+—OH H-——0H

aleohol | CH,OH acid | COOH |
H—+—OH H——0OH

aldose aldaric acid
(glycaric acid) CH,OH COOH
glucose glucaric acid

Saccharic acid
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Tollens and Benedict’s reagents

aldehyde | CHO acid|COO | NH;
H OH H OH
/]_‘ CH,OH o “
5] = HO—H Ag(NH,)t ~“OH HO——H
= [TlH”.I.'II'-..]I:iI"-’I.'IIl".’ + A;'I'l'
HD,J.. k“‘* H—0OH TR H——0OH
OH .
H H H——0OH H——0OH Silver
B-p-glucose mirror
o CH,OH CH,OH
open-chain form gluconic acid

(+ side producis)

Aldoses have an aldehyde group, which reacts with Tollens reagent to give
an aldonic acid and a silver mirror.

51 CadlS ae Jeliy Laxie @l Y (ads ) 5oV Jeaty o

Sugars that reduce Tollens reagent to give a silver mirror are called reducing
sugars.

dpuhﬁuwu)ﬂyjuﬂmglulﬂJ @Jiub)s.u.ﬁ .

Tollens test is used as a qualitative test for the identification of aldehydes.



Reduction of Simple Sugars

* C=0 of aldoses or ketoses can be reduced to C—OH by
NaBH, or H,/Ni.

* Name the sugar alcohol by adding -itol to the root name of

the sugar. HAdl (A Js8 - &hﬁ.« ol

* Reduction of D-glucose produces D-glucitol, commonly

called D-sorbitol. JJLJJ“ “ ..3(.533 SS. &‘J SS.S\ d.“..

* Reduction of D-fructose produces a mixture of D-glucitol

and D-mannitol. d&ﬁL‘J djs SS. L;j‘ JJKJSJ\ dfdég



3 HO—C—H
4 H——C—OH

S5 H—C—O0H

D-Glucose

D-Glucitol
(sorbitol)



CH,OH CH,OH CH,OH

C=0 H——0H HO——H
HO——H NaBH, HO——H HO——H
H——0OH H——0H H——0OH
H——0H H——0H H—0OH
CH,OH CH,OH CH,OH
open-chain ketone -glucitol +  Dp-mannitol il
JJSSJQ a mixture ot alditols
O
|| CH,OH
C—H
HO ——H o
| Reduction HO ——H
HO——H
— H——OH
H——OH
H—— OH
H——OH
CH,OH
CH-OH
D-Mannitol

JJJLA D-Mannose dJﬁL“



Reaction with NH,
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Glucose Glucosamine
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Important Disaccharides

 Maltose
e Lactose

e Sucrose
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Palmitic Acid - Saturated Fatty Acid

0 :
HO
Oleric Acid - Monosaturated Fatty Acid
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Linoleic Acid - Polyunsaturated Fatty Acid
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glycerol 3 fatty acids triglyceride

(triester of glycerol)
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A triglyceride molecule can be formed from any combination of fatty acids.




Esterification : Y|

-

-

~N
CH,- OH
CH-OH

CH,- OH

1 mole of

3 moles of

1

I
CH,-O-C-R,

O

I

- CH-0-C-R, +3H.0
| 0

[

CH,-O-C-R,

1 mole of fat

l l
glycerol )

. fatty acid )




Saponification reaction : (uaill Jolds
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H,C OH
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Lauric Acid (C12)
Fatty acid

j\/\/\/\/\/\/\/\ The most important characteristic
HO

Palmitic Acid (C16)

is the chain length

Soap with long chain fatty acid is
more harder and less soluble in
water

Oleic Acid (C18)
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