CARBOHYDRATES (UNIT- 2)

A carbohydrate is an organic compound with the general formula Cn(H,O)m which consists only of
carbon, hydrogen and oxygen. Carbohydrates include sugar, glucose, starch, cellulose etc. They are
important component of genetic molecule such as DNA and RNA.The carbohydrates (saccharides) are
divided into three chemical groups: monosaccharides, oligosaccharides and polysaccharides.

carbohydrates serve for the storage of energy (e.g., starch in plants and glycogen in animals).
C6H1206 +6 02 —>6 C02 +6 Hzo + Energy
Carbohydrates contain mainly two functional group Carbonyl (C=0) and hydroxyl (OH).

Definition -Carbohydrates are polyhydroxy aldehydes or ketones, or compounds that give these product
on hydrolysis and contain at least one asymmetric carbon atom.

Classification of Carbohydrates: Carbohydrates are broadly divided into following classes-

Monoszlccharides Oligosaccharides Polysaccharides
Aldoses Ketoses Disaccharides Heteropolysaccharides
Aldotetroses  Ketotetroses Trisaccharides Homopolysaccharides
Aldopentoses  Ketopentoses Tetrasaccharides

Aldohexoses  Ketohexoses

1. Monosaccharides: These are the simplest carbohydrate which generally contain 4-10 carbon
atoms.that cannot be hydrolyzed into simpler compounds. They may be Aldoses and Ketoses
whether they contain an aldehyde (CHO) group or Keto (C=0) group.

Aldotetroses: Erythreose, Threose
CHO-CHOH-CHOH-CH,OH

Ketotetroses: Erythrulose

0]

CH,0H-C-CHOH-CHOH-CH,OH

Aldopentoses: Arabinose, Xylose, Ribose



CHO-CHOH-CHOH-CHOH-CH2OH

Ketopentoses: Xylulose, Ribulose

Aldohexoses: Glucose, Mannose, Galactose

CHO-CHOH-CHOH-CHOH-CHOH-CH,OH

HC=0O HC=0 HC=0
H—0OH HO——H H——0OH
HO—H HO—H HO——H
H——0OH H—0OH HO——H
H—0H H—0OH H——OH
CH,OH CH,OH CH,0OH
o-glucose p-Mannose p-galactose
Ketohexoses: Fructose, Sarbose
O

CH,OH-C-CHOH-CHOH-CHOH-CH,OH

CH,0H
|
C=0
HO——H
H——OH
H—1—OH
CH,OH

o-fructose

2. Oligosaccharides: (Oligo- few): These are the carbophydrates which can be hydrolysed into few
monosaccharides.They are further classified into following classes.
Disaccharides (C12H2011): Sucrose, Maltose, Lactose
Trisaccharides (C1sH3,016): Raffinose
Tetrasaccharides (C,4H4,031): Stachyose

3. Polysaccharides: These are the carbohydrates which can be hydrolysed into hundereds or even
thousand monosaccharides.
Homopolysaccharides: They contain only type of monosaccharides. Ex. Starch, Cellulose
Hetropolysaccharides: They contain different type of monosaccharides, eg- Inulin
» On the basis of taste carbohydrates are further classified as:
Sugar: All monosaccharides and disaccharides
Non sugar: Polysaccharides

» On thre basis of reducing property:



Reducing Sugar: All carbohydrates which reduce tollen reagent and fehling reagentare knows as
reducing sugar. : All monosaccharide and most of the disaccharides except sucrose are reducing
sugar. ex. Sucrose

Nonreducing sugar: carbohydrates which reduce tollen reagent and fehling reagentare knows as
non reducing sugar.eg. Polysaccharides, sucrose.

D-Sugar: Carbohydrates which follow the configuration D-glyceraldehyde are known as D-

sugar.
HC=0D HC =0
H | OH HO '[ H
CH,0H CH,0H

D-glyceraldehyde L-glyceraldehyde

MONOSACCHARIDES
e Glucose (dextrose)
e Fructose (Laevulose, Fruit sugar)
Reactions of monosaccharides:
Question: Write a note on glucosazone.

1. Reaction with phenyl hydrazine (formation of glucosazone/osazone): When glucose react with
excess of phenylhydrazine it form glucosazone which contain two phenylhydrazine residues per
molecule; a third molecule of the reagent is turned into aniline and ammonia. Osazone is yellow
coloured crystalline solid which is insoluble in water. Formation of osazone is characterstic

reaction of a-hydroxyketone.

HC=NNHC,H;

HC=0 i NH;
H OH / catalytic C=NNHC¢H;
HO H . H" _ HO—H
0 og + 3 hHgNHO — g ou -+ + NH; + 2H0
H OH — H——0OH
CH,OH CH,OH
Glucose Phenylhydrazine Glucosazone
HC=NNHCH; CH,0OH
HC=0 —_ i _ !
H——OH  3HNNH{ L= ININHCHy 3 HyNNH O =0
HO——H HO——H HO—H
H——0OH tal ' H——0OH talvti H—0OH
H——OH i H——OH A H——OH
CH,OH CH,OH CH,OH
p-glucose the osazone of o-fructose

p-glucose and/of p-fructose



Fructose also form same Osazone

Mechanism of formation of Glucosazone

CHO CH=NNHCgHs CH—NH
l CoHNHNH; o] [ ?}NHCBHs
H—C—OH ——» H-*C—OH —_— C—\E"]-H -
o= | (-H,0) - Hydr:ses
CHO CHOH) on
F | . ( | ’ lszsNﬁz
CH,OH CH,OH
Gl Glucose
S phenylhydrazone 'C|H=NH
CH=NNHCgsHs CH=NH C=0
| CgHsNHNH, | CgHsNHNH, |
C=NNHCgHs «—— C=NNHCgHs «—— (CHOH);
| (-NH3) | (—-H,0) ;
(CHOH)3 (CHOH); CH,OH
| [ Iminoketone
CH,0OH CH,0OH
Glucosazone

2. Oxidation reaction:

Fehling Test: When glucose is treated with mixture of Fehling reagent A and Fehling reagent B, they

form brownish-red precipitate of of Cuprous oxide.

(%HO COOH

H
((|:H0H)4 +2Cu(OH), —= ((IZHDH}4 + Cuy0 +H,0
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CH-,OH CH,OH Red
Glucose Gluconic acid Precipitate

CH,OH
! Heat

CO -+ ZCU(OH}Z —_— C6H120? + Cl.lzo iy H?_O
I 2,3,4,5,6-pentahydroxy-

(CH,OH), hexanoic acid Red
precipitate
CH»OH

Fructose

Tollen’s test: When glucose and fructose are treated with tollen reagent (Ammonical solution of silver

nitrate) they form Silver mirror on the inner wall of the test tube.



CHO COOH

War
(CHOH)4 + 2AgOH —— (CHOH),4 + 2Ag + H50
[ | Murror
CH,OH CH,OH
Glucose Gluconic acid
CH-,OH
| Warm

CO + 4AEDH —_— (1.&,]"!130? + 4Ag+ H-O
| 2.3.4.5.6-pentahydroxy- Mirror
(CHOHJ“ hexanoic acid
l 3

CH,OH

[Silver nitrate on treatment of ammonia gets converted into AgOH
purpose of this reaction].

{c) Bromine water : A dilute solution of bromine in water functions a
oxidising agent. Bromine attacks comparatively more labile aldehydic fun
glucose and has no effect on keto group of fructose. Thus, glucose deco
bromine water and fructose does not.

CHO COOH
| Bry/H,0

(CHOH); ———— (CHOH), + 2HBr
l [O] mild |

CH,OH CH,OH
Glucose Gluconic acid

ﬁ_a.ll aldoses can similarly be oxidised into respective aldonic acids. Ket
not oxidised with bromine water.

Structure elucidation of Glucose

Structural elucidation is the process of determining the chemical structure of compound.Structue of

glucose is determined under following heads.

Open chain structure of glucose
Stereochemistry
Cyclic structure

Determination of bring size

m o0 W >

Representation of glucose

A. Open chain structure of glucose

1. Molecular formula: by elemental analysis and molecular weight the molecular formula of

glucose was found to be C¢H 0.



. Straight chain form: Reduction of glucose in the presence of HI/P give n — hexane which

indicate that glucose are arranged in the form of straight chain.

. Presence of carbonyl group: Glucose reacts with hydroxylamine (NH,OH) and form and

form oxime of glucose. Hydroxylamine is carbonyl group reacting reagent which indicate that

glucose contain one C=0O group.

. Presence of aldehyde group: Gentle oxidation of glucose with Br-water give gluconic acid
which contain one COOH group which indicate that COOH gp must be obtained from
oxidation of CHO. So carbonyl group (C=0) of glucose must be in the form of CHO.

. Presence of five hydroxyl group: Glucose react with Acetic anhydride and form Gluco-

pentaacetate. Which indicate glucose contain 5-OH group.

Presence of primary alcohol (CH,OH): Strong oxidation of glucose with nitric acid
(HNO3) give glucaric acid, which contain two COOH group and second COOH group must be
obtained from oxidation of primary alcohol (CH,OH).

All these reaction indicate that in open chain form CHO group & CH,OH must be present on

terminal position hence glucose can be represented as structure I (Bayer’s formula)



Chart 1

COOH CH; (fH=NOH
l :
e (l'!'.‘HOH).; (?th ctlrrimm
11:0011 CH; CH,OH

Glucaric acid n-Hexane Oxime of Glucose

A
HNO, HI -'-l:\g;p\
CN COOH
| l

COOH CHO CH-OH CH,
| Bry/H,0 | HCN | 1.Hydrolysis |
(CHUH:Q — I:CHDH:I.; 4 {(I‘H(}Hh —_— [?th
| 2.HI
,OH CH,OH CH,OH CH;
Gluconic acid Glucose Glucose cyannhydrﬂl n-Heptanoic acid
N
k al
CHO CH,OH CH,0Ac
| l Ac0 |
(CHOAC)4 ((i:HOH)4 N Y ((|:H0Ac}4
CH;0Ac¢ CH,0H CH,0Ac
ﬂkmme—pnu'mutc Sorbitol Sorbitol-hexa-acetate

~ This open-chain structure of glucose as an aldohexose is further
onfirmed by the fact that glucose consumes five moles of periodic
rming formaldehyde (1 mole) and formic acid (5 moles).

CgH206 + 5 HIO;, —> CH,0 + S HCOOH + 5 HIO3

Stereochemistry: in bayer’s formula there are 4 asymmetric carbon atom, n=4, thus total no. of
stereosomers 2" =2* = 16, so there is total 16 possible stereoisomers (8 pair of enantiomers) are available

for glucose. Oot of 16 structure of glucose, Fisher assign following formula for D-glucose:

HC=0
H——0H
HO——H
H——0H
H——0H
CH,OH
o-glucose



B. Cyeclic structure of D glucose: The open chain structure has following limitation-

1.

Glucose does not give some characteristic reaction of glucose such as:
a.Glucose + Shiff’reagent —— » No reaction
b. Glucose + sodium bisulphite ———————No reaction
Mutarotation: D(+) glucose exist in two isomeric form a-D(+) glucose and B-D(+) glucose.
The specific rotation of an aqueous solution of -D(+) glucose gradually decreases from +112°
to +52.7° and specific rotation of - D(+) glucose increases from +19° to +52.7° to

a-D(+) glucose — Equlibrium mixture ———» B-D(+) glucose

[a]p=t112° [a]p=t52.7° [a]p=F19°

Such a change in value of specific rotation to give an equilibrium value is called mutarotation.

Treatment of glucose with methanol & dry HCI give methyl D-glucoside.
Glucose + CH;0H/HCl ————»Methyl a-D - glucoside + Methyl B-D- glucoside

Methyl-D-glucoside is hemiacetal. To explain this, cyclic structure of glucose involves
formation of an intramolecular hemiacetal reaction between CHO and OH of C-5.

So two structure of glucose is possible.

Anomer: Glucose exist in two isomeric form one with OH group on left side and one with
OH on right side of C-1 atom, such a pair of diastereomers which differ in configuration only

at C-1 is reffered as Anomer and C1 carbon atom is known as anomeric carbon.






In Mutarotation o -D(+) glucose and B-D(+) glucose are converted through open chain form into

equilibrium

mixture.

P ST R T

7 V HO—C—‘I'!- % i
H——L—OH H——é—OH i

o |
| o t——._-_...:‘ HO—(]:—H o
—C—OH
H | H—(;_‘—-OH
—OH
H——(I: O -
CH,OH |
CH,OH : CH,OH
A+ Open Chain Structure (B)**
a-D(+)-Glucose (Aldehydic form) B-D (+) Glucose
[alp=+112° +19°

Thus, the easy opening and the closing of the hemiacetal ring accounts
Jor mutarotation.

Mechanism of mutarotation. Lowry 1925, suggested that since water
is an amphiprotic solvent (acts as an acid as well as a base), il helps in
simultaneous addition and elimination of proton. The following concerted
mechanism showing third order kinetics is believed to take place.

H G H H
He Q—ﬂ B (Base) N O
QH-CR' = (+HEB + A =2 (:':é_()\-i-'HQ

C | (Acid) H—C—OH H-—:C

a-D(+) Glucose B-D (+) Glucose

10



D: Determination of ring size:
Strong oxidation of 2,3,4,6- tetra o- methyl D glucose give give trimethoxy glutaric acid and

dimethoxy succinic acid which indicate that C-5 atom of glucose invole in ring formation.

e (‘ZHzﬁl-i ;
 Methyl-B-D-glucoside
CHO
S (l:—OCH3
CH;0— é—H
H— (|3—OCH3
H— é—OH -
(l:H20CH3

2.,3,4,6-Tewa-O-methyl-
D-glucose (Open-chain form)
v

——

HNO; l

1COOH —

a2l _ocw,
CH;0— PR T

B¢ _ocnh,

Cs—Cg cleavage

>

3

C4—Cs cleavage

>

11

= g CHs3

o—C—H
A?——-OC' Hj

0
H=

(l:HzoCH3
Met.hyl-B-Z.3.4,6-wn'a-O-
methyl-D-glucoside

HO— C—H

| .
H— C—OCH;

| O
- H— C—OCHz3

Ho O

|
CH,OCH;
B-2, 3, 4, 6-Tetra-O-
methyl-D-glucose

COOH
. H— él—ocm
CH,O— C—H

H— é—ocm
|

~ COOH ;
Trimethoxyglutaric acid
COOH
H— (l:-—OCHg
CH;0— é——l-l
Dimethoxysuccinic acid




10.

11.

E: Representation of Glucose:

Fructose

Open chain structure of Fructose

Molecular formula: by elemental analysis and molecular weight the molecular formula of
Fructose was found to be C¢H {204

Straight chain form: Reduction of Fructose in the presence of HI/P give n — hexane which
indicate that Fructose are arranged in the form of straight chain.

Presence of carbonyl group: Fructose reacts with hydroxylamine (NH,OH) and form and
form oxime of glucose. Hydroxylamine is carbonyl group reacting reagent which indicate that
Fructose contain one C=0 group.

Presence of five hydroxyl group: Fructose react with Acetic anhydride and form Gluco-
pentaacetate. Which indicate glucose contain 5-OH group.

Presence of Keto group: Strong oxidation of Fructose with nitric acid (HNOj) give
trihydroxyglutaric acid, tartaric acid and glycolic acid, which shows that carbonyl group of

fructose is keto group not aldehyde.

All the reaction of fructose is shown in chart I1

12



l
Hi/p CHCO,H
] NCOOH —— |

— e
A (éHz)s (CHOAC©); ((|3HOH)3 (CHp)s
éH; CH,0Ac CH,OH Hj
~ 2-lodohexane  Fructose Z-Met!\yl ;
it pentacetate - hexanoic acid

(Ac =CH3C0O)

So open chain structure of fructose can be represented as:

CH,0H

t=0

HO-—('?——H HO-}—H
H—-—Cl—OH or H—}—OH
H—(I','—OH H—{—0OH
(|3H20H CH,0OH

13



Cyclic structure of Fructose: Fructose undergo mutarotation like glucose fructose also exist
as

Cyclic structure.

12
HOH,C— (E—UH HO—C—CH,0H
3 I
HO—C—H HO—C—H
4l 0 | 0
H— %—{)H H—C—OH |
5 |
H—C—OH H—C—OH
sl |
H; (——— o S
a-D-(-)-Fructose f-D(-)-Fructose
or or

OH H OH H

o—D(-) Fructose B—Di{-) Fructose

Question: Write a note on Ascending Series of aldoses

Killani Fisher synthesis (Ascending Series of aldoses).In this method aldopentose is

converted into aldohexose. In this method a pair of diastereomeres are generated which are

epimers.(epimers have different configuration at C-2 atom like glucose and mannose)

14



H—-—é—-ﬂ“
éHgQH
An aldopentose
“H,y0
(€) s
~H;0
o —

15

& -
’ L'
H—é—OH i
3
otk |
H,0 4
H__J:_.m-l ey H—é—--DH i
5
i C—on Sé—om
éH:DH H;OH |
(A) (€ ‘:;3
CN  COOH g
A 5
HQ_(]:_..H HO—C—H ug‘
I 1l
HO— C—H HO—C—H | =
H—C—0OH H0" H—C—0OH | 3
Con " wllon|
H—C—OH H—C—0H |.
| 6 o
CH,OH CH,OH-
1] (¥
= jCHO  —
i I
H—C—OH | natp H—C—OH
I () et |
HO—C—H ¢o, HO—C—H
l i
H—(l' H—C—0OH
l
H—C—OH H—C—O0H
i
J_"l-igﬂll CH;0OH |=
{'E)ylmtnne (G Glucose g
{CHO
1
HO—JI—H { HO—&‘.—H g
l
Ho— G N8 HO—C—H
co,
H—(]:— H—(E—DH
H—k—DH H—é—DH
é'HJ(Z)H éHgOH
] (H) o
Y-lactone {+) Mannose



Question: Write a note on descending Series of aldoses

Ruff degradation: (Descending Series of aldoses): In this method aldohexose is converted into

aldopentose
(|200H
H— C—OH
i
Br,/H,0O HO— C—H CaCO,
R — ! .
gﬂ"’ —(i-—OH H— C—OH
H—(I:—OH ' H— (|3——0H
I
CH,OH CH,OH
An aldohexose A glyconic acid
(IfQOCalz
H—C—OH CHO
i :
L HO—C—H HzOz’FE‘S HO_ (E:_*H
. I — |
" H—C—OH H— C—OH + CO3
|
H— C—OH
CH,CH
D-Arabinose
(An aldopentose)

Conversion of Glucose (Aldose) into Fructose (Ketose):

I I
CHOH CHOH
I

O |
CHOH Na/Hg CHOH
> | — |
—H»0 f CO, CHOH
|
CHOH CHOH
I I
CH,OH CH,OH
Diastereomers An aldohexose
y-lactone (say. Glucose)

16



Conversion of Fructose (Ketose ) into Glucose (Aldose):

3 O=C CHO
S
- | |
k CHOH CHOH
i O |
A CHOH Na/Hg CHOH
£ —_ | _— |
| —H,0 C CO, CHOH
E | |
N CHOH CHOH
I |
CH,OH CH,OH
E Diastereomers An alriuhum

LHY - }Il CH=N-NHC¢Hs
OH  3C¢Hs—NNH, é=N—NHC{,H5 1
—_} ’
(&HOH); -2C¢HsCH=N
éHz()H
Glucosazone
CH,0H
Zn/Acetic acid é‘=0
(CHOH)3
H,0H
Fructose

17



Disaccharides

Disaccharides are the carbohydrates which are made up of two monosaccharide unit.

After hydrolysis they give two molecule of monosaccharides.

e Disaccharides H.O > Monosaccharide. + Monosaccharide.
. Ex. Maltose Acidic hyrolysis Glucose + Glucose
H'/OH g

Both monosaccharide are linked with each other by glycosidic linkage.

Examples: Maltose , Lactose and Sucrose

CH,OH CH,OH

6 cH,oH  cu,om
H OH LACTOSE H OH Maltose
CH,OH
H OH
H >
CH,OH
OH
H
Sucrose

Maltose (C1,H2,01;)
Structure:

» By elemental analysis and molecular weight the molecular formula of Maltose was found to be
CsH120s..
» Maltose exist in o-and B-form.

» Maltose undergo mutarotation

18



YV V.V V V V

Maltose is a reducing sugar
Maltose reduce Tollen and fehling reagent.
Maltose + Phenyl hydrazine ——— Matosazone
Maltose + Br- wate———— Matobionic Acid
After Acidic hydrolysis and enzymatic hydrolysis matose give two molecule of glucose
Maltose  Acidic hyrolysis Glucose + Glucose
H'/OH g

Maltose Enzymatic hyrolysis a-D(+) glucose + B-D(+) glucose. °

b cH,0H 6 cr,om

S54——0
H JFI|; \\II
| 4
0

Maltose

Since maltase enzyme only hydrolyse a-D(+) glucoses, it is conclded that maltose contain a-D(+)
glucose. And maltose is disaccharide so both glucose units are joined by a-Glycosidic linkage.

Maltose react with Br-water and form maltobionic acic, and and after methylation and hydrolysis it
give 2,3,4,6- tetra- o- methyl glucose and 2,3,5,6- tetra —o- methyl glucose Which indicate that in

maltose both glucose unit are joined by C;-C,4 - glycosidic linkage.

19



A\

CH,0H CH,OH

H
Y N
N o
H
OH |—— 5 ‘—
H
H  OH
Br-WATER
CH,OH CH,OH
0 ——OH
H
|/ \ COOH

H
OH [—— G ‘—

OH p. Maltoblomc Ac1d
1-METHYLATION
2- HYDROLYSIS(H")
CH,OMe CH,OMe
—OMe
| | COOH
\OMe |—/ ‘ /
1 H
H OMe OMe

2,3,5,6 tetra-o-methyl

2,3,4,6 tetra-o-methyl gluconic acid

glucose

Lactose (C12H,,01;), Milk Sugar
Structure:
By elemental analysis and molecular weight the molecular formula of Lactose was found to be
CsH120s..
Lactose exist in a-and B-form.
Lactose undergo mutarotation

Lactose is a reducing sugar
20



Lactose reduce Tollen and fehling reagent.

Lactose Phenyl hydrazine——— lactosazone

>

>

» Lactose + Br- watee—— Lactotobionic Acid

» After Acidic hydrolysis and enzymatic hydrolysis Lactose give two molecule of glucose
>

Lactose  Acidic hyrolysis Glucose + Galactose
H'/OH" g
> Lactose Enzymatic hyrolysis a-D(+) glucose + B-D(+) galactose
Emulsin g

Since Emulsin enzyme only hydrolyse B- glucosidic linkage so it is concluded that Lactose contain f3-
D(+) galactose. Lactose react with Br-water and form Lactobionic acic, and and after methylation and
hydrolysis give 2,3,4,6- tetra- o- methyl glalactose and 2,3,5,6- tetra —o- methyl glucose acid. Which

indicate that in maltose both glucose unit are joined by C;-Cy4._glycosidic linkage.

21
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CH,OH CHon
OH|—

H
H OH LACTOSE OH
Br-WATER
CH,OH CHon
OH[— \ OH
/ COOH
\OH
H H
OH D-Lactobionic Acid
1-METHYLATION
2- HYDROLYSIS(H+)
CH,OMe CH,OMe
—OMe
OH H
| | COOH
1 H
H OMe OMe

2,3,4,6 tetra-o-methyl- B- 2,3,5,6 tetra-o-methyl
Galactose gluconic acid

Sucrose (C1;H»,01;1), Cane Sugar
Structure:
By elemental analysis and molecular weight the molecular formula of Sucrose was found to be
CsH120s..
Sucrose does not exist in a-and B-form.
Sucrose do not undergo mutarotation

Sucrose is a Non reducing sugar
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>

Sucrose do not reduce Tollen and Fehling reagent.

Sucrose +Phenyl hydrazine ————0 osazone formation

All these reaction indicate that sucrose do not contain free C=0, (carbonyl group)

>

Inver sugar: Sucrose is dextrorotatory but is hydrolytic mixture is laevorotatory, due to this inversion

of configuration sucrose is called invert sugar (honey)

Sucrose — (+) Glucose + (-)Fructose
+66.5° +52.7° -94.4°
After Acidic hydrolysis and enzymatic hydrolysis Sucrose give glucose and fructose.

Sucrose  Acidic hydrolysis Glucose + (-)Fructose

»
»

Sucrose ~ Enzymatic hydrolysis a-D (+) glucose +B-D (-) Fructose

Since Sucrase enzyme only hydrolyse B- glycosidic linkage so it is concluded that Sucrose contain - -

Glycosidic linkage.

Sucrose and after methylation and hydrolysis give 2,3,4,6- tetra- o- methyl glucose and 1,3,4,6- tetra —o-

methyl Fructose. Which indicate that in msucrose both glucose and fructose unit are joined by Ci-C,.

olycosidic linkage.

23
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H/ O\H

CH,OH

Y

OH H/

H OH

rlﬁo
H

Methylation

H OH
CH,OH

OH
H

Sucrose

CH,OMe

H/H

2,3.4,6-tetra-o-

glucose

Me,SO4 OM

oM

CH,OMe

OMe OCTA-O-Methyl sucrose

Hydrolysis

—ay e

+

\OMe H / H\H oM
OMg——— H CH,OMe

H OMe

OMe
methyl H
1,3.4,6-tetra-o-methyl
Fructose

Carbonyl group of sucrose is not free (involve in linkage) due to this reason sucrose —

Sucrose do not reduce tollen and fehling reagent

Does not undergo mutarotation.

Does not react with phenyl hydrazine thus not form osazone.

Polysaccharides

Starch

Molecular formula: (C¢H;¢Os)n
Starch is high molecular wt compound

Starch consist of two component :

24



(a) Water soluble (Amylose- 20%)

(b) Water insoluble (Amylopectin- 80%)

Hydrolysis of starch:

Starch ——»  Soluble starch Pextrin — Maltose (Ci2H2201)
(C¢H100s5)n (C6H1005)n (C¢H100s5)n

Glucose + Glucose

(CeH1206)  (C6H1206)
1. Amylose:
Amylose after hydrolysis gives maltose. And after hydrolysis give two molecule of glucose.
Amylose Maltose Glucose + Glucose
(CsH1005)  (CsH100Os)

Amylose  Me,SO4  2,3,6- Tri- o- methyl glucose + 2,3,4,6- Tetra- o- methyl glucose
—
Hydrolysis
So formation these degradation product indicate that maltose contain 1- 4 glycosidic linkage and

structure of amylose can be represented as follows:

CH,OH ®cn,0m
Q 5
H /4 H
HO\OH H
OH

1,4-Glycosidic linkage

Structure of amylose (Haworth projection formula)

Amylose contain 100 glucose unit which are joined together by 1,4 glycosidic linkage and amylose is

present in straight chain form.

Amylopectin:

Amylopectin ————»Maltose = —G¥hucose + Glucose

Amylose  Me,SO4  2,3,6- Tri- O- methyl glucose (90%) + 2,3,4,6- Tetra- O- methyl glucose (5%)

Hydrolysis  + 2,3- Di- O- methyl glucose (5%)
25



So formation these degradation product indicate that maltose contain 1- 6 glycosidic linkage and

structure of amylopectin can be represented as follows

iuzon lcn,ou
H O H H € O B
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Amylopectin

e Amylopectin contain 1000 glucose unit.
e Amylopectin is highly branched structure and consist of several short chin of about 20 glucose

unit each one end of these chain are joined to C1 to a c¢6 of next chain.

Identification test of Carbohydrates

S.N Name of test Procedure Observation

1 | Molisch’s Test | Take 2 ml of the test solution of carbohydrate in a | Formation of violet colour
test tube and2 drops of a-naphthol solution | at the junction of the two
(Molish reagent). Incline the tube and dropwise add | liquids indicates the
approx 1 ml of conc. H,SO4 along the sides of the | presence of carbohydrates.

tube. Do not mix the content.

2 | Fehling’s Test Take 2 ml of the test solution of carbohydrate in a | Formation of brownish-red
test tube and add equal volumes of Fehling | precipitate of cuprous oxide
A & Fehling B (1:1) reagent and boil the solution | indicate the presence of
on boiling water bath, mix the content. reducing sugar

3 | Tollen’s test Take 2 ml of the test solution of carbohydrate in a | Formation of silver mirror
test tube and add Tollen’ s reagent boil the solution | on the inner wall of test tube
on boiling water bath indicate the presence of
reducing sugar
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4 | Benedict’s Test | Take 2 ml of Benedict's reagent in a test tube, add | Formation of red brown
5-6 drops of the test solution of carbohydrate and | precipitate  indicate  the
mix well. Place the test tube in a boiling water bath | presence of carbohydrated
for 5 minutes
5 | Barfoed’s Test | Take 2 ml of the test solution of carbohydrate in a | Formation of a red colour of
test tube add about 2-3 mL of Barfoed’s reagent. | cuprous oxide in 5 minute
Mix it well and boil it for one minute in the water | indicate the presence of
bath and allow to stand for a few minutes. monosaccharides and in 17
to 12 minute indicate the
presence of disaccharides.
6 | Iodine Test Take 2 ml of the test solution of carbohydrate in a | Formation of  blue-black
test tube and add 2 drops of iodine solution colour indicate the presence
of polysaccharides (starch)
7 | Sulphuric acid | Take 2 ml of the test solution of carbohydrate in a | Formation of black colour
test test tube and add 5 drops of sulphuric acid heat the | indicates the presence of
solution carbohydrates.
Difference between reducing and non reducing sugar
SNo. Reducing Sugar Non Reducing Sugar
1. | All carbohydrates which have capability to | All carbohydrates which have no capability
. . to oxidize other reagent are known as non
oxidize other reagent but get itself reduce are .
reducing sugar
known as reducing sugar
2. | Reducing sugar contain free CHO or C=0 group Non reducing sugar do not contain free CHO
or C=0 group
3. | All carbohydrates which reduce tollen reagent, | Carbohydrates which do not reduce tollen

Fehling Test:
CHO

CH,OH

Glucose

Tollen Test:
CHO

l

CH,OH

Glucose

as reducing sugar.

I
H
((IZHOH)4 +2Cu(OH)y ———3 ((I:HOH)4 % (iuzo

Wa
(?HOH)_, +2AgOH ———; (leHOH)4 + 2Ag

benedict reagent and fehling reagent, are knows | reagent, benedict reagent and fehling
reagent are knows as non reducing sugar.

COOH

CH,OH Red

Gluconic acid precipitate)

COOH

Mirror

CH,OH

Gluconic acid
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Ex. All monosaccharide and most of the
disaccharides except sucrose are reducing sugar

Ex. Disaccharide such as Sucrose
Polysaccharides

and

Ex. Glucose, Fructose,

Maltose, Lactose

HC=0

H OH
HO H

H

H

OH
OH

CH,OH

o-glucose
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Maltose

Ex. Sucrose
CH,OH
i “_0 H HOCH, O
Ol H
HO CH,0H
N 4
H OH OH H
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