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Carbohydrates

e Carbohydrate (or Saccharides) are essential components
of all living organisms. Carbs are the most abundant
organic compounds in the plant world. They act as
storehouses of chemical energy (glucose, starch, glycogen).

—Carbs are the body’s main source of fuel, needed for
physical activity, brain function and operation of the organs.

« Carbohydrate: are polyhydroxyaldehyde or
polyhydroxyketone, or a substance that gives these
compounds on hydrolysis
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Carbohydrates
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Classification of Carbohydrates

Carbohydrate may be divided initially into three
principal groups:
» sugars: - Monosaccharide: glucose, galactose

- Disaccharide: sucrose and lactose
» Oligosaccharides: amylose, maltodextrins(s-10)
» Polysaccharides: cellulose, pectins (>10)




Carbohydrates

 Building blocks of all carbohydrates are the
Monosaccharide

They have the general formula Cn (H,O)n

 Aldose : a monosaccharide containing an aldehyde
group
o Ketose : a monosaccharide containing a ketone group
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Monosaccharides

Monosaccharides are carbohydrates that
cannot be hydrolyzed to simpler
carbohydrate; eg. Glucose or fructose

They are further classified according to:

* The number of carbon atoms In its backbone

 The functioning group (aldehyde or ketone)
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Monosaccharids Classification (by C atoms)

Sugar Structure formula Aldoses Ketoses
1.  Triose C,HO, Glyceraldehydes Dehydroxy
acetone
2.  Tetroses C,HgO, Erythrose, Erthrulose
Threose
3.  Pentoses C.H,O, Xylose Ribulose
Ribose
Arabinose
k. Hexoses CHLO Glucose Fructose
Galactose

Mannose



1- Sterioisomerism :ial al Sull (ailliad

* Sugars can exhibit isomerism due to the

presence of asymetric carbon atom.
* Asymetric C-atom - refers a carbon

containing four different atom or group.

* |Isomers are molecules having same
molecular formulas but differ in
arrangement of their atoms.
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Monosaccharides

Glyceraldehyde contains a
stereocenter ¢ 2 S » and exists
as a pair of enantiomers e slas

e Mirror-images  stereoisomers
) i e laa
are called enantiomers




« Enantiomers: stereoisomers
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dae) 8 &Gl yal Yie that are mirror images H 1o

= example: D-erythrose and

L-erythrose are
enantiomers

 Diastereomers: stereoisomers
that are not mirror images
= example: D-erythrose and

D-threose are
diastereomers

H——0H
CH,OH
D-Erythrose
CHO
H——OH
H—T1—0H

CH,OH

D-Erythrose

CH,OH

D-Threose
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— C2-epimers I C4-e;3imersj

CHO 'CHO CHO
HO(l?H H—é—OH H— (|3 —OH
HO (lj H HO—}(lj—H Ho—(!:—H

H (lj OH Hjtli—OH HO—(!J—H
H (lj HO H—S(lj—HO H—(lj—HO
(|3H20H ﬁ(leZOH (leEOH

D-mannose D-glucose D-galactose



2- Optical Activity

The compounds having asymmetric carbon atoms
can rotate the beam of plane polarized light and are
said to be optically active & s Ulad

An isomer which can rotate the plane of polarized
light to the right is called as dextrorotatory (+), and
IS designated as (d)

Example: D- (d)-glucose or it is also known as
dextrose

While the isomer which rotates the plane of
polarized light to left iIs known as levorotatory (-),
and is identified as (I)

Example: D-(l)-fructose



Cyclization of Sugars

In solutions, less than 1% of a sugar will
be In the Ilinear form (Fischer
structure). Over 99% of the sugar will
be In a cyclic ring structure represented
by (Haworth structures).

CH, OH D - glucose
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Fisher structure OH H
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Fischer Projections

* Fischer projection:
Open chain (in a line)
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D,L Monosaccharides

According to the conventions proposed by Fischer:

» D-monosaccharide: a monosaccharide
that, when written as a Fischer projection,
has the -OH on its penultimate carbon on
the right

» L-monosaccharide: a monosaccharide
that, when written as a Fischer projection,
has the -OH on its penultimate carbon on
the left



What Happens If a Sugar Forms a
Cyclic Molecule?

e Cyclization of sugars takes place due to
Interaction between functional groups on distant
carbons, C1 to C5, to make a cyclic hemiacetal

e Cyclization using C2 to C5 results in hemiketal
formation.

* In both cases, the carbonyl carbon is new chiral
center and becomes an anomeric carbon

ALDEHYDE sugar or aldoses + alcohol --- hemiacetal (cyclic ring)

KETONE sugar or ketoses + alcohol --- hemiketal (cyclic ring)
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CH.OH

up on | down on
the ring + the ring

B-Clucose

Fischer projection
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Crroups on lefi side of Fischer
projection are Boing upwards, while
groups on right side are facing
downwards in this representation

P=Tr=Calpcogy ranose

{hemiacetal of D-glucoss)
Haworth projection

cyclic hemiacetals and
hemiaketals, are formed when
an alcohol oxygen atom adds
to the carbonyl carbon atom
of an aldehyde or a ketone



Cyclic Structure

 Monosaccharides have -OH and C=0O groups In
the same molecule and exist almost entirely as
five- and six-membered cyclic hemiacetals
- anomeric carbon (Abgsl gsladi: the new

stereocenter (£/® XS resulting from cyclic
hemiacetal formation

= anomers: carbohydrates that differ In
configuration only at their anomeric carbons




Haworth Projections

s A six-membered .

hemiacetal ring is .. iy
shown by the Infix— Hjjj; % o H\
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Haworth representations
of p}'ranuse structures
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Haworth

{o-D-Glucose)

Chair conformation

@ Brooks/Cole, Cengage Learning

For pyranoses, the six-membered
ring is more accurately represented
as a strain-free chair conformation




Comparison of the Fischer and
Haworth Representatlons
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3-Reactions of Monosaccharides

 Reducing sugar: one that reduces an oxidizing agent

= When the oxidizing agent is Tollens solution < )
(LY s 48l silver precipitates as a silver mirror

CHLO CH,OH
)
Ag(NH;)y' a

: OH
OH HO

(H OH

W SrechaToa, Cargage Lamming



Reaction of Monosaccharides (Cont’d)

e The carbonyl group of a monosaccharide can be reduced

to an hydroxyl group by a variety of reducing agents, such
as NaBH,

CH,OH CH,OH CH,OH CH,OH
c=0 H—C—O0OH H—C—OH cC=0
H—C—0BOH H—C—OH HO—C—H HO—C—H
HO—C—H HO—C—H H—E—1kH H—C—O0H
H—(C—0H H—(C—OH CH,OH CH,OH
CH,OH CH,OH

D-Sorbose D-Sorbitol l}-?{j:litnl I‘n-}{}'luluz-it:-
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