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Biomolecules

( :0), They are Called carbohydrales
ydrogen ang axygen In the sam
Mpounds haye been found, wh;
10 the formula C,(H

€ propartion as

chare Carbohydrates by chemical behavioyr

In water. Howoyer
but do not conform

Carboh drata

No. of un|ts (on hydro) sis) '
onosncchandes 1or single unit (cannol be hydmtysed} Glucosa, Fruclose Galactose
Ollgosacchandes Sucroge, Mallose, Laclose
Polysaccharidas ‘Emm_
(B) Ciasnlﬂcallon on the

. Cellulose, Gums, Resing elc
basic of functiona) groups

_'-—n-_-

S.No.[ ¢

arhoh!draln No. of functional roup Examglos
Aldehyde
CH=0

Glyccraldehyde, Erythrose,
| Threose, Ribose & .
L Altoss (CHOH), Deoxynbose Glucose,
| Mannose, Allosa
CH,0H
Ketone
CH,0H ¢
| n=0; Ketotriose,
C=0 N =1 Kelotetroses,
2 Kelose | n=2 Ketopentoses,
(CHOR), N =3, Ketohexoses
I
CH,0H =
e d produ
(C) Classification of monosaccharides on basjs of carbon atoms in hydrolysad p —
Keton
neral term Aldehyde 556
S.No. Carbur:; atoms Tn'oG:;: AldoiToss }é::g::?:,ga
1 a Tetrose Aldotetrose Kelopeniose
4 5 Penlose Aldopentose Kelohexose
) Hexose Aldohexose Ketoheplose
A ° Heolosa Aldoheptoss
9

-
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H
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Optical isomars of Aldohoxosos : Aldohexoses have
have sixteen oplical is

Omers oyt of which 8 are D and B are
D-vanety of them are as fol

2\

lour asymmetri

T—

carbon atoms, therefore they
i Lvariety (overal| Elght pairs of enantiomers)
; (:HQQH CHO CHO CHO
HO H H OH HO H
H—1—0H H— OH HO H HO H
H—1—0H H OH H OH H OH
H'—-C‘;O?-iH H OH H OH H OH
. 'H“; o CH.0H CH,0H CH,0H
(u; = {?lfumm D(+)glucose D(+)-mannosa
o ) {0 (V)
CHO
ag CHO CHO
:______0: HO—— H——oH HO——
0 H——oH HO——H HO——¢
HO——H HO——K HO——¢ HO——{
H——0H H—1—0H H——0K H——0H
CH,0H CH.OH CH,0H CH,0H
D(-)-guiose D{~}dose D{+)-galactose D(+)-alosa
A V1) v
Note: 1, D-aldohaxoses shown above have epimeric/ diastereomeric relationship with each other
2. D-aldohexoses Can be elther dextro (+) or laevo (-)
4, Structure of aldohexosas All form of Aldose or ketose may axist in Open chain form as well as in
cyclic pyranose orfuranose form.
0] Open chain structure of mono saccharide
Carbotrydralg Structure Functional Group Typical nature
HC=Q
H——oH
HO——H
D - Glucose NSO e ()
CH,OH
HC=0
H——0H
H——0aH
D - Aliose :‘_::gﬂ ik No (L)
CH,0H
HC=0
HO—~—H
D - Mannosa :O-—_--—_-atii aldshyde 22149
H—1—OH
CH,OH
HC=0
H—1—0H
H;—'H akiehyde 3,4 (1)
D - Galatose ﬁt-_—_oili
CH,0H
CH,~ OH
- 3@
D - Fruclose HO—JJ*H Ketona
H _E -0H
H- E - 0OH
éH, ~0OH l

.‘.i."' z
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Cyclie structure of monosaccharida

Carbohydrate I Cyclic structure |
Glucose
«®=(199)
p-D-glucopyranose
Allose
Mannose
-D-Mannopyranose -D-Mannopyranocse
B G 4 6
O (o)
S 2
HH HO OH SH H HO -
Fructose f 4 3 4 3§H,OH
OH H OH H
a-fructofuranose B-fructofuranose

« Anomers:

Anomers are diastereomers that differ in the configuration atthe acetal or hemiacetal C atom of a sugarin its
cyclic form orAnomers are epimers whose conformations differ only atanomeric carbon. (Anomeric carbon:

A carbon bonded with two ‘O’ atoms). For example, « D(+) and B -D(#) glucose are anomers. a-D(-) and B-
D(-) fructose are anomers.

= 0><OH —-0><0-R
R R
Hemiacelal functional group Acetal functional group

City Mall, Jhalawar Road, Kota (Raj)-324005
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Biomolecules s
- Epimers : Dastereomers with more than one stereocentra that differ in the configuration about only one stereocentre
pre called epimers
| D-Erythrona and L-lhrecse aro eplmers
. D-plucose and D-galactose ars C-4 epimers and
il D-idose and D-lalose are C-3 epimers

-

N D-glucose and D-mannoso are C-2 epimers
i Epimensation of glucose at C-2 gives mannose
Vi Epimenisation of glucose at C-3 gives allose;
il Epimensation of glucose at C4 gives galactose
CHO CHO CHO CHO
H—}—o0H HoO—}—H H—}—o0H H OH
HO—1—H HO——H R e OHIEHO ==
H—— - O H——OH M ORiss IHO H
H——OH H—1{— OH H——OH H OH
CH,0H CH,OH CH,0H CH,OH
D(+)-glucose D(+)-mannose D(+)-allose D(+)-galactose

] | C2-Epimer T C3-Epimer T CA4-Epimer I

Reducing and non Reducing properties of (Sugars) :

() Reducing sugars (Il) Non Reducing sugars
1 Reduces Tollen's reagent, Fehling's solution Don't reduce Tollen's, Fehling's &
& Benedicls's solution, Benedict's solution.
2. Should have atieasl one hemiacetal or Should have acetal linkage.
hemiketal functional group.
X All Mono and Oligosaccharides Ex. All Polysaccharides and
except Sucrose few Oligosaccharides (Ex. Sucrose)
MONOSACCHARIDES

@ because |t occurs

gent (reduces both
o and

(a) Glucose : Glucose is the most common monosaccharide. |t is known as Dextros

in nature principally as the optically active dextrorotatory Isomers. Itisactas a reducing a
Fehling's solution and ammonical silver nitrate solution ; Tollen's reagent). It Is known as dextros

found as grapes, honey, cane sugar, starch and cellulose,

(b) Preparation : : e
i) By acid hydrolysis of canes sugar (a disaccharide) : in equal
e d with dil. HCl or H,SO, in alcohelic solution. Glucose & fructose are obtained in eq

If sucrose is boile
amount
—HoM= e HI0 +CH IO
CﬂHZIOH 6 1276 6 '12°08
Disaccharides a-glucose p-fructose

Sucrose J
h by bollin
(il) By enzymatic action over starch : Glucose is obtained by hydrolysis of starch by

H,S0,at383 K under pressure.

g itwith dil.

Starch —D=sse_, Maltose _Malase , Glucose
Polysaccharides Disaccharides hgn‘:snocjlarldes
(CsHmoeJn (Cqu:Ou) (CeHyz e B T TERTE
Near Ci i
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l 8 omolecuias
f

' (c) Structure of Monosaccharides

Opon chain structura (Fishor prejoction) and Cyclic structure (Haworth projection) : _
Ing aldehyde group , glucose does not give schilf's test & does not form hydrogen sulphite

(1) Despite hav

(bisulphite) addition
product with NaHSO p

(2) The pentaacelate of glucose does not react with hydroxylamine Indicating the absense of free —CHg

group

This behaviour could not be explained by open chaln struciure. [t was proposed that one of —OH group add

|
o CHO group, forms a cyclic structure ; il
These two cyclic hemlacetal form of glucose diffare only in configuration of the hydroxyl group at C,, called

/ anomenc carbon. Such isomers |.e. a-form & f-form, are called anomers.
HO H

H A%

| o aler—n——in o
{fj H—;-'———'OH
. D-Glucese 8 CH,OH 6 CH,OH
f Spocific rotatlon (+52.79) a-D-glucose
I o p-D-glucose
| Specific rotation (+112°) Specific rotation (+19°)

' Haworth projection _
The six membered cyclic structure of glucose is called pyranose structure («- or f-), in analogy with pyran.

and five membered cyclic structure of monosaccharides is called pyranose structure (a or ) in analogy with

furan

[ Pyran Furan
I
anomeric anomeric
carbon 6CH,0H carbon
4 1
H
3
H  OH
Specific rotation (112°) Specific rotation (19°)
a-D-glucose p-D-glucoss
B-D-glucopyranose

a-D-glucopyronose

aand B-Glucose are anomer’s of each other (L.e change in configuration of 1* carbon atom only)

4 6 CH,0H
0 68CH,0H

a-D Glucose B-D-Glucose

® |Corpornle Office: CG Tower, A48 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Ra
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Blomoleculos

41
when

observed. When the a-anomer di
+412° to +52 7°. When the pure i anomer dissolves, iis
same value of +452.7°. This change (mutat

happening to each solution ?
Initially solution with only one

The open chain forms (s in Intermediale in the proces

ion) in the specific rotation is called mutarota

Properties of Anomers : Mutarotation
one of the pure glucose anomers dissolve in water, an intersting change in the specific rotation is
ssolves, ils specific rotation gradually decreases from an Initial value of

specific rotation gradually Increases from + 19%to the
tion. Whatis

anomeric form, undergoes equilibrium to the same mixture of a-and p-forms

s of equilibrium. For mutarotation alleast one hemiacetal

group must be present in the sugar therefore all reducing sugars will mutarotate

anomeric
;:-tsrbon

Spacific rotation (1127)
a-D-glucose
a-D-glucopyranose
5. Chemical Reactions o
(1) Reaction due to OH

8

H H
Open chain form

anomaric
carbon

H,0H

&CH,oH
(o]

H
2H

H

H OH
Specific rotation (197)

6CH,0H
- H b H
; P‘H H/M
3 2H
H OH
p-D-glucose

{p.glucnpymnos.a}

Note :

—OH groups.

(B) After Hydrolysis
hence hydroxy of C,
(C) (i) Sugars in the fo

(ii) In the formation of

glycosides are
(iv) After acidic hydrolysi
(2) Reactio
In aqueou
open chain forms (0.02

S

(A) Acylation with acid halide or ace

aly
presentin the hemiacetal form with one o
(lii) Glycosides are known re
stable (cyclic form

s solution, a-Anomer or
%), inwhic

product of penlamethyle derivatives, aldehy
is involved in the hemiacetal formation.
rm of acetals are called glycosldes. (glucose

ribose —» riboside, fructose — fructoside etc).
cosides only one mole of alcohol

tic anhydride gives pentaacetates wh

ducing and will not show mutaro

cannot open
of glycosides product formwillhave

n due to aldehyde :
f-Anome
h carbonyl group is regenerate

of -D-glucose {-D-glucose
a specific (+ 52.7%) (-D-glucopyranose
f Anomers (Glucose)
group
6CH,OCOCH,
Pynfmo —Q 0COCH,
cH,Cocl 4K BAcH {Acylation)
or 2H
(CH.CG),O COCH,
Glucose penta acelales
6CH,0CH, 1CH=0
£ " H—2—OCH,
W _HO' HcoO—=+—H
A A
H QCH,
H—4—OH
*CH,0CH,

(Formation of Acs\al)
Non reducing sugars

H
ad {}-Mothy\glumslda

or methyla & [}-D-glumpwanoshda

ich confirms the presence of five

de group and hydroxy of C, regenerated

—» glucoside, mannose — mannoside,

{s required sO monosacchardies are already
and carbonyl group.
tation because in neu
to the free carbonyl compound).

reducing property andal

rou
f the hydroxyl group \ral are basic condition

50 show mutarotation.

um with each other by small amount of

¢ remains inthe equilibr :
g reactions.

d and gives variou

-
r, A48 & 52, 1PIA, Near City Mall, Jnalawar Road, Kota Aol 1324005
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CHN

HCN "Cl"l—‘OH Olucocyanahyiiin

(1) (C, Fplmer)

gHo [?I 10H),
FHOoH CH,0H
HOH ?H-—H-GH
HOM f:‘g” (CHOM),  (Gluco axime)
HOH 4
CH,OH
il CHAN-NH-p
ucos . h
(#)3-Glucose 3) LHINNHPh |
(9 (?HOHL (Gluco phﬂﬂ‘)‘hydfcxmg)
CH,0H

CH = NNHC M,
I

C = NMHC,H,
(Gluco Osazons)

AT HPB(-NH,

~H,0, —-NH,
~PhNH,

(4)

(CHOH),

CH,0H
(5) Mo reaction
(@) Nao reaction
) Schiff's reageant No renciion
I COOH

B, « ;0

|
' (8) (CHOH), Gluconic ocid

l
CH,OH

NH,OH + AgNO, or
Ap,O aq. or

Ag(NH,) OH™

| (2
/ (Tollen's reagent)

coo®

|
(CHOH), + Ag
{Silver mirror)

CH,0H
coo®

I ;
{(CHOH), + Cu,0 (Cuprous oxide)

NaOH + CusoO,
+ Na/K Tartrale

(Fehling’s soiution) (10)

(Benodict's solution) (11) |NaOH + Cuso, Cl:H ot (Red precipitate)
+ Na/K Cilrate 1
FOCIH
(CHOH),
|
COOH
Saccharic acid
(13) 5HCOOH + HCHO
CH,0H CH,0Ac
" Ac,O
(14) (CHOH), _ "%° | (CHoAc),
| !
CHZDH CHzoAC
Glucitol (Hexa - O - acslylg luctol)
(Sorbilol) {(Hexa - O - acotylsotsmi)

(15) Rod B n-Hexana

@ [Corpora ] ] mﬁ.JMIwRoad.Kou R
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e FRUCTOSE

Fructose preparation @
(1) By acid hydrolysis of cane sugar
'

H,01H*

CllHﬂO“ COH!ION+CRH!?OI
Sucrose a-glucose  -fruciose

Disaccharndes

P —
- ——.

m e L

(2) By enzymalic action of sucrose.

C,HpO, —nvedass , Glucose + Fructose

! Sucrosa
. Note :
! Glucose & fructose obtained by acid hydrolysis of sucrose can be separated by treating with Ca(OH), which
H forms calcium glucosale & calcium fructosate. Calclum fructosale, being waler insoluble, is seperated oul
easily.
d
! Structure of fructose -
X |
It also exist in two cyclic forms which are obtained by the additon of =OH at C5 to the (\/C*-‘O) group.
1_
'CH,—OH
| HOCH; oH HO CH,~0OH
O
=)
HO-C—-H
I _ HO H + HO H
H-'C-0OH o o
| H H
' H 35— OH OH oH
| H
r| CH,— OH H
[| CH,OH CH,OH
D-fructose a-D-fructose p-D-fructose
Specific Rotation (—1337)

Specific Rotation (—21%)

n : Fructofuranose
& |s named as furanose with a

Specific Rotation (—92°)

Haworth projectio

The five membered ring nalogy to the compound furan.

6CH,OH
o H,OH anomeric carbon
5 carbon
H G}?,OH
oH H
Specific rotation (-21%) Specific rotation (-133%)
a-fructose p-fructose
p-{mclofuranosa

a-fructofuranose

A-48 & 52, \PIA, Near City Hall, Jhalawar Road, Kola a
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Chemical Reactions of Fructoso :

h
Roactio Some hig
(1) It fo n dua to OH group at 2™ carbon : 1 S:ni
MS fructose pentaacatate with acetyl chloride : 202
6 Pyridine ) Int
Ma
CH'DC’: (CH.C0O),0 L Ma
il 7 o0s:
H
b > nuc
¢ 3 (!:H'GH Fn?ctgpnnlnnmlaln
OH H
P -D-fructose
(P -D-fructofuranose) (2} Mathyl = & [§ .D-fruciofuranoside X
(2) Reaction due to keto group :
ﬁ}r_HCN—u Fruclose cyanohydrin
(2) HNOH . Fructo oxime |
t3)[ HNNHPh | Fruclose phenyfhydrazono |
(“‘H,NNHP!‘\{J mole),  osozona
—OH NaHSO,
:6 (51[ . > Ve | : o
H H 6) DNP____, _vo | :;‘r
on —a’-’ Schiff's reagent
H OH 2 e !
CH,0H ®) ] Br, + H,O , —vo |
DA+Hructosa
(Ketoses) coo? y

{Tun‘un'n reagent {CIZHDH}‘ e
(Sliver mirror)

I
CH,OH
L}
(Fehling's solution) (10) faCH * CuSO, €00
LiseiCTarmlo (CHOH), + Cu,0 (Cuprous oxide) |
NaOH + CuSO,

I
CH,0H

' l
(Benedict's solution) (11) (Red precipilate) ]
+ Na/K Cilrale
(I'.:OCJH | .
c=0
HNO i \
{2 l ©  (CHOH), 5
COOH :
(13) HIO. |  2HCH=0+3HCOOH + CO, +H,0 J
CH,0H CH,0H 7.
H———F——0H HO———H
14) H, + NI _ Ho—1—H HO-———-—'—I-Cl) :
¢ or Na—Hg + H,0 5 H—————0H + H—t—
or NaBH, or LIAIH, H ol H OH
CH,0H CH,OH
Sorbitol Mennitol
(15) Red P+ HI n-Hexane Suc

te Office: CG Tower, A48 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.)-324005
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Soma highlights :

1. Since glucose & fructosa (Aldoses/Keloses) reacts vith HON, H.NOH, H NNHPh vAhich indicates the presence
of carbonyl group butthey don't react with DNP, NaHSO, & Schilf's reagent (weak reagents) therefore we can
conclude that carbonyl group 1s not free, but remains in the form of cyclic structures.

2 In the formation of osazone, C, & C, are only Involved so glucose, fnictose and C-2 epimers (Glucose &
Mannose, Threose and Erythrose) give same osazone. i
3. Osazone are crystalline solid having sharp melling point so used for identifying the carbohydrales. In the

osazone formalion three molecules of NH.NHPh is overall consumed out of which two mole react with
nucleophilic addition/elimination reaction forming hydrazone whereas one molecule undergoes redox reaction,

G

CH-NH-NH-Ph

CH=0 CH=NNHPh e o P
aulomerisalion
H——OH + H,N.NH.Ph (1 mol) —=s,g * H—1—CH WH
R R
R
CH=NNHPh CH=NH
HHN-HHPR{2 mad) 'I
=N.NHPh = c=0
—H,0 |
R R
(Osazone)
3. Both glucose and fructose gives test with Tallen's reagent, Fehling's solution and Benedict's solution because

in basic medium, ketoses remains in the form of dynamic equllibnum with Aldoses (C-2 epimers) by the
process of tautomerisation/enediol rearrangement as below.

H~OH ﬁH-O—H CH=0 CH=0

C=0 —0-—H H OH HO H

HO——H HO —T_H HO H HO H
H—+—0OH Taulomerism H——0oH Taulomensm H OH H
H—H—OoH — 2 H—4—OoH —  — * h OH H
CH,OH CH,OH CH,0H CH,.OH

Enediol of D-Glucosa D-Glucose D-Mannose

Enediol of D-Mannose

Enediol of D{rucloss
D-fructose

Intermediala '
4 Only Bry/H,O is used for the Identification of Aldoses & Ketoses. (Mild oxidising agent like bromine waler
' Neutral) Oxidises only aldehydic group). )
5 {Oxidatio)n with HNO,, gives information that one primary alcohol Is present in aldoses and two pnmary
' lcohols are present in ketoses, _ S
6 Fazgcd)ucuon product with Na/Hg and H,O gives only one alcohol with aldoses and two alcohols with kelos
‘ C-2 epimers) e lineary
7 lgiedur.‘iion product with Red P & HI, gives n-Hexane which indicates that all the six carbon atoms ar
' amranged.
Disaccharides
sidic bond), gives
Condensation of two monosacharides after loss of water molnc\:h:“'fs‘:co
disacharides. Common examples are SUcrose, maltose, lactose, cellu .
Sucrose :

: i ' ter.
y Sucrose Is a white crystalline solid, soluble in wa as caramel.
8:)) When heated above its melting point, it forms a brown sau;;;!:ance KOO

(iiiy Sucrose is dextrorotatory, Its specific rotation being + 00.9". lecular mixture of D(+)-glucose and
(iv) On hydrolysis with dilute aclds sucrose ylelds an equime

D(_)-fructose :

Corporale Office’ CG
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HCI H, O
C,,HDOII ¢ HHO ———— C,H;;04 + Ce uﬂ:"
D - phaxae 0~

= r
o] = ot e Jalm ot s fol==ia2 5
Since D(-)-fructose has agrealer specifie rotntion than D(+)-glucos

the resulting mixlure is laewrolatory

in place of original dcxlrumlaloq.
el SApeRaer (sucrone) 9ans Janvoromtury; s:r::::ﬂnorl"cnnoaugar orInversion of
solution therefore hydrolysis of cane-sugar i3 also known as the In

-Fructose.
Suc ar Ex. D - Glucose & D
rose and the mixture of sugars are known as Invert sug

me Inveriasa which i1s found |
The inversion (i e, hydrolysis) of cane-sugar may also ba affected by the enzy
yeast.

! Tollen's reagnet It does
(v) Sucrose is not a reducing sugar, e.g., It will not reduce Ft:g:lgns 'js’:::[:::!z;les e groupz
tarotation.
form an oxime or an osazone, and does not undergo mu
not present in the rings

Sucrosa (Cane sugar) — 9", a-glucose + p-fructoso

- of walerm

In sucrose two monosaccharides are joined logether by on pecenioos mml?:k?;f?r? between Cy ¢
Such linkage through oxygen atom Is called glycosidic linkage. In sucrose e
glucose and C2 of p-fructose. Since the reducing group of glucose & fructose are bona
formation, sucrose Is non reducing sugar.

CH,0H

,E, -D-glucose + C, -D-f;-uc[o_sﬂ

HO

I H H Glycoskiic OH H
| linkage
/

! a-D-Glucose f-D-Fructose.
/

! Maitose :

Maltose (mait sugar), c_H_o

12" Y, IS produced by the action of malt (which contains the enzyme diastase)
J on starch :

Ci,H;0,, _H0® | 2C H,.0, a-D-Glucose
When it is hydrolysed with dilute acids or by the enzyme maltase, maltose yields two molecules of

D (+)-glucose. Maltose Is a reducing sugar, e.g,, It reduces Fehling's solution or Tollen's reagent; it forms ap

oxime and an osazone, and undergoes mutarotation. This indicates that at least one hemiacetal group (of
the two glucose molecules) is free in mallose.

Maltose (Malt sugar) _ H,0* y a-glucose + a-glucose
Formation of Maltose (C;H,,0,)

Ea—D—Giucose + C,a-D-Glucose ]
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Blomelecules /

CH,OH

I Glycosidic bond I
betweon C, & C,
Non Reducing Reduang
Ring Ring

Lactose :

dextrorotatory. It is hydrolysed by dilute acids or by the

Lactose occurs In the milk of all animals and is
D(+)-glucose and D(+)-galaclose. Lactose is a reducing

enzyme lactase, to an equimolecular mixture of
sugar.
Lactose (Milk sugar) 40" | -galaclose + p-alucose

Formaton of Lactose (C,;H_O,))

CH,0H

CH,OH
B-D-Glucosa Glycosidic bond ‘
between C, & C,
Non Reducing Redudng
Ring

Ring

[C. —oGalactose + C, -D-Glucose

The linkage is between C-1 of Galactose and C-4 of Glucose.
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