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Carbohydrates

€
00
%
o i Produced by photosynthesis
Photosynthesis () In plants.
~ e
S |
5 & - The major source of energy
= @e,gy.\)’_) & from our diet.
ﬁ « Composed of the elements C,
H, and O.
Cn(HZO)n
Respiration
Photosynthesis
6CO, + 6H,0 + energy : > C;H,,04 + 60,

Respiration
glucose



Carbohydrates

- The most abundant organic compounds in nature (50% of the
earth’s biomass).

- 3/4 of the weight of plants

- 65% of the foods in our diet.



Classification of Carbohydrates

. H* or enzyme .
1. Monosaccharide + H,O A no hydrolysis

. : H*or enzyme : :
2. Disaccharide + H,O ™, two monosaccharide units

o0 -0

. H* . .
3. Polysaccharide + many H,O e . many monosaccharide units




Monosaccharides (Simple Sugar)

A carbohydrate that cannot be split or hydrolyzed into smaller carbohydrates.

Monosaccharides are carbohydrates with:

« The simplest carbohydrates

« 3-9 carbon atoms C.(H,0),
« Acarbonyl group (aldehyde or ketone) C.H,.0,
« Several hydroxyl groups
i
C—H
H— C—OH
H— C—OH




Monosaccharides - Aldose

Aldose is monosaccharide: O
- With an aldehyde group and many 1C—H / aldose
hydroxyl (-OH) groups. I
I
- triose (3C atoms) H—C—OH
 tetrose (4C atoms) |
- pentose (5 C atoms) H— C —OH
* hexose (6 C atoms) |
CH,OH
“Aldo-" + suffix(ose) an aldotetrose

(Erythose)



Monosaccharides - Ketose

Ketose IS monosaccharide:

With a ketone group and many
hydroxyl (-OH) groups.

* triose (3C atoms)

+ tetrose (4C atoms)

« pentose (5 C atoms)
* hexose (6 C atoms)

“Keto-" + suffix(ose)

1 CH,OH
2C=0
H—C—OH
H—é—OH
H—é—OH
imm4

a ketohexose

(Fructose)

ketose



Monosaccharides (Simple Sugar)

*The simplest aldose is glyceraldehyde.

*The simplest ketose is dihydroxyacetone.

/ aldehyde ————> aldose ketone ——— > ketose
(|3HO C|)H20H
H—C|>—OH C|):O
CH,OH CH,OH
glyceraldehyde dihydroxyacetone
C3HgO4 C3HgO4

Constitutional Isomers



Some important Monosaccharides

Glucose (Dextrose)

(C¢H,04, aldohexose) — Blood sugar H O
\ 7/
The most abundant monosaccharide C|:
H—C—OH
* |Is found in fruits, vegetables, HO—(|3—H
corn syrup, and honey. |
H—Cll—OH
* |s found in disaccharides such as H—C—OH
sucrose, lactose, and maltose. |
CHZOH

- Makes up polysaccharides such as
starch, cellulose, and glycogen.




Some important Monosaccharides
Glucose (Dextrose)

- Normal blood glucose levels are 70-110 mg/dL.

- Excess glucose is stored as the polysaccharide glycogen.

- Insulin (a protein produced in the pancreas) regulates blood glucose
levels by stimulating the uptake of glucose into tissues or the
formation of glycogen.

- Patients with diabetes produce insufficient insulin to adequately

regulate blood sugar levels, so they must monitor their diet and/or
Inject insulin daily.



Some important Monosaccharides

Fructose

(CsH,,04, ketohexose), (EHZOH
C=0

* |Is the sweetest of the carbohydrates. |

HO—C—H

* |Is found in fruit juices and honey (fruit sugar). H—(l:—OH
|

- In bloodstream, it is converted to its isomer, H—(l:—OH

glucose.

CH,OH

* |Is bonded to glucose in sucrose (a

disaccharide known as table sugar).



Some important Monosaccharides

Galactose

(C¢H,04, aldohexose),

Has a similar structure to glucose
except for the —OH on Carbon 4.

« Cannot find in the free form in nature.

- Exist in the cellular membranes of the
brain and nervous system.

«  Combines with glucose in lactose (a
disaccharide and a sugar in milk).

H O
N
T
H—C—OH
HO—C—H
HO—C—H
H—C—OH
CH,OH



Disease - Galactosemia

Galactosemia

missing the enzyme that convert galactose to glucose

Brain damage

Cataracts

Accumulation of galactose in the blood and tissues. @\\ _ Jaundice

U

Mental retardation and cataract

If a galactosemic
infant is given milk,

) unmetabolized milk

' sugars build up and
damage the liver, eyes,
kidneys and brain

FADAM.
Solution: removing the galactose from food: no milk.



Chirality( Stereochemistry)

All carbohydrates have 1 or more chirality centers.

Glyceraldehyde, the simplest aldose, has one chirality center, and
has two possible enantiomers.

Two enantiomers of glyceraldehyde

CHO CHO
chirality center = =~ chirality center
Hw—C-=0OH HOw»-C—=H
CH,OH CH,OH
naturally occurring isomer unnatural isomer
D-glyceraldehyde L-glyceraldehyde

R S



D and L Configuration of Carbohydrates In 1906 by a New York University chemist, M. A. Rosanoff,
is often the preferred way of describing the stereochemistry

H 0O Ho _O of sugars. This strategy uses the D and L notation and is
z \C’ determined based on the chiral carbon farthest from the

C=0 carbonyl group

Locate the chiral center
farthest from the C=0

e \

H=-C—=0OH HO=C=—=H In D-sugars the OH group on the chiral center farthest from the carbonyl
is on the right.

D and L are not related to the optical rotation

I I
CH,OH CH,OH
In L-sugars the OH group on the chiral center farthest from the carbonyl
OH on the right OH on the left is on the left.
D-sugar L-sugar

The D and L notation is applied in reference to glyceraldehyde which naturally occurs in the D form.



Fischer Projections
- Horizontal lines represent bonds projecting forward from the stereocenter.
- Vertical lines represent bonds projecting to the rear.

- Only the stereocenter (tetrahedral carbon) is in the plane.

(?:HO Convert_ to Fischer CHO
- PI’OjeCtlon

H e C—=mt OH > H_I_OH
o CH, OH

3D 2D



Fischer Projections

1. Carbon with four different groups bonded to it.

2. The chiral carbon furthest from the carbonyl group (-CHO).

CHO
H——OH

HO——H
H—f*=-OH
H—=OH
CH, OH

D - glucose

Naturally occurring enantiomer

CHO
HO——H

H——OH

HO——H

HO—= H

CH,O

_I

L - glucose



Cyclic Structure — Haworth Structure

Aldehydes and ketones react with alcohols to form hemiacetals.

ﬁ )
/C\ + ROH <—= R—C—OR
R H |
aldehyde alcohol H
hemiacetal
Unstable

A hemiacetal contains a hydroxyl group (OH) and an alkoxy group (OR)
on the same carbon.



Cyclic Structure — Haworth Structure

Cyclic hemiacetals form readily when the hydroxyl and carbonyl groups
are part of the same molecule.

1
4
Y\)‘\H _

O-H

4-Hyd roxypentanal [\ /O<
/V
O-H

A cyclic hemiacetal

Stable



Cyclic Structure — Haworth Structure

1

Alpha (a) Beta ()

More stable form
Anomers



Converting a Fischer to a Haworth

Step 1: number carbons, and draw in the Fischer stereochemistry
("the arms come out to hug you")

1
CHO ?HO
H OH H — C--IOH
HO——H HO™= C--H
H——OH = H——C-—IOH
H——OH Hom— C-- OH
CH,OH |
CH.0I Converting a Fischer to a Haworth

Step 2: Rotate the Fischer 90° (on its side)

1
CHO

Hom C—OH’-\mtate 90° CW
HOI--C--H

H-—C—-OH :>

H—-C-IOH

°CH,OH



Converting a Fischer to a Haworth

Step 3: Bond rotation on Cs Step 4: Closure of the ring

bond rotation (Cs) ring closure (form O-C,)

H H
(Iilf; Ii'4 ('): ’2 E . ‘il':}zli: (')I: ’2 r?
HECIIH--C (i-cl—(i-.ullc — HOm» C—(i':——(i—(i--u"c\
v "'H i 1°H
HE\_I:IO O H OH HHO H OH
(after proton
transfer)

CHO ’ CH,OH ° CH,OH
H——OH 5 (0] . 5 O. OH
HO——H OH or p OH
H__DH 2 2 a 2

——0 - - OH ’
H ) OH OH
CH,OH OH OH

a-D-glucopyranose p-D-glucopyranose



'HGC'H';'-?;- H
E—— ’  T—

index card

rotate
and
cyclize




The two diastereomers of glucose in its "pyranose"” form are called
the alpha (o) and beta () isomers, which differ in the orientation of the OH
at C-1

"alpha" (a) isomer:

HO

OH

a-D-Glucose

are on opposite faces of

C5-CH,0H (up) and C4-OH (down) CH,OH
H O_ H
H
OH H
OH OH
H OH

the ring

opposite face

a=D-Glucose

"Haworth Projection"

drawn as "chair"

"beta" () isomer:

OH /_v

OH

OHI"
H

p-D-Glucose

drawn as "chair"

C5-CH,OH (up) and C;-
OH (up) are on the same
face of the ring

same face

H O, OH
H
OH H

OH H
H OH

p-D-Glucose

"Haworth Projection”



Anomeric carbon

- the hemiacetal carbon of a cyclic sugar. A chiral center which results from
ring closure upon an aldehyde or ketone in an acyclic sugar

HO OH anomeric CH,OH 0 HO OH anomeric
0 . carbon — «— carbon
HO H CH,OH

OH | OH



Cyclic Structure — Haworth Structure

1

CHO
H—2C—OH
3 This OH group is the right distance
HO—C—H away from the carbonyl for cyclization
4 to a six-membered ring.
H—C—OH /
H—50—OH
6CHZOH

D-glucose



Cyclic Structure — Haworth Structure

CH,OH

a-D-Glucose

CH,OH

OH

OH

a-D-Galactose

CH,OH

B-D-Glucose

CH,OH

OH

OH

OH

B-D-Galactose




Cyclic Structure — Haworth Structure

lCIZHZOH
Anomeric carbon 2 ~_ 1CH OH
- &0 CHOH 51T 2
HO——H . #* C=0
H HO /5
H——OH i
H=—OH «— OH H
CH, OH

\THZOH HOCH, O OH
2 ' 2

OH H\H HO/ cH,0oH

OH H

a-D-fructose B-D-fructose



Cyclic Structure — Haworth Structure

CH,OH CH,OH

O

1
OH |
O OH
04
OH OH
a-D-Glucose B-D-Glucose

Humans have a-amylase (an enzyme) and they can digest starch
products such as pasta (contain a-glucose)

Humans do not have [3-amylase (an enzyme) and they cannot digest
cellulose such as wood or paper (contain B-glucose)



Chair Conformation

B-D-Glucose
(Haworth projection)

6
4 CH2 OH

O

5

’ OH 1 OH(B)

B-D-Glucose

(Chair conformation)



Mutarotation

Change in specific rotation that accompanies the equilibration
of @ and f anomers in aqueous solution.

CH,OH
H 8 (?H
&1 H —
OH H
H
B-D-glucose Open-chain form a-D-glucose
[a]= +18.7° (acyclic) [a]= +1120

64% < 0.02% 36%



Alpha (o) and beta () isomers ("anomers") differ in the orientation of the OH
at the C-1 hemiacetal carbon

Example: D-glucose

"ﬂ'fpha" {EI‘) isomer: "beta" (ﬂ) isomer:

Cs-CH,OH (up) and C-OH (down)
are on opposite faces of
OH the ring

Cs-CH,0OH (up) and Cy-
OH (up) are on the same
face of the ring

f-D-Glucose

a-D-Glucose .
drawn as "chair"

drawn as "chair"

Specific rotation: [a]p2® + 112° Specific rotation: [«]p2? + 18.7°

N Ve
Note different specific rotations!



Mutarotation

When 100% pure a-D-glucopyranose is dissolved in water, the specific rotation
slowly changes from +112° to + 52.5° over a few hours.

Dissolve in water specific rotation decreases
L. over several hours, until
reaching stable value of +52.5°

OHI '
OH

a-D-Glucose (pyranose form)
Specific rotation: [a]p2? + 112°

Similarly, when 100% pure B-D-glucopyranose is dissolved in water, the specific
rotation slowly changes from + 18.7° to + 52.5°.

Dissolve in water specific rotation increases
- over several hours, until
reaching stable value of +52.5°

p-D-Glucose (pyranose form)

Specific rotation: [a]p2° + 18.7°

(This is called "mutarotation” ("muta” = change, so "change of rotation") )




Why the change in specific rotation?

The alpha and beta anomers are each in equilibrium with the "linear" form,
and therefore with each other.

"alpha" (a) isomer: OWH "beta" (f) isomer:

H——0OH

HO—r—H
=——= H—FOH  —=
H—- OH

o CH,0OH

a-D-Glucose 8-D-Glucose
36% D-Glucose 649

(at equilibrium) ("linear" form) (at equilibrium)

At equilibrium the mixture consists of 36% a-D-Glucose, 64% p-D-Glucose,
and traces of the linear and furanose forms.



Anomeric Effect

Hyperconjugation Dipole Minimization

The thermodynamic preference for polar groups bonded to C-1 (the anomeric carbon of a
glycopyranosyl derivative) to take up an axial position.



s N\
Mutarotation

* When pure alpha- and beta- anomers of sugars are dissolved in a solvent, their measured
specific rotations will change over time, until converging on an intermediate value.
 This change in observed specific rotation is called, “mutarotation”.

Example: D-glucose "beta" () isomer:
dissolve ~ Specific rotation  jjsso)ye OH
in water changes over in water "
several hours - HO
™ until reaching HO\ =~ OH
a stable value DHH |
of +52.5
) T'i?'”m’_“ B-D-Glucose
alpha” (a) isomer: Specific rotation: [a],2 +18.7°]
$p‘E‘Ciﬂc rotation: [U.]Diu + 112° for pure form

for pure form

- This intermediate value reflects an equilibrium mixture of the alpha- and beta-

anomers, which can interconvert through the intermediate open-chain form.
\. J




C-anomer

{:r:,.-stalize
below 98 °C

U-O-*)glucopyranose
Mp 146 °C; [2p=+ 112.2°

EqUiIibI’iUITI mixture of & and B

CHO
H—-0H
Ho—l_H
H—oH
H—oH
CH-0OH

Dp.Ef‘l Cchaijn formn
D-,{+:,-gluwse

[2)p=+52.7"

{:FE.-S['EIIEE
akhove 98 °C
HoO

E-D-{"' ]-glllﬂ-ﬂpyfﬂnﬂﬂ&
Mg 150 al.‘:; [']']D= +18.7°



Any sugar” containing a hemiacetal is a reducing sugar.

“for our purposes here, "sugar" refers to mono- and di-saccharides, not
complex carbohydrates like starch, glycogen, and cellulose

Recall the difference between hemiacetals and acetals:

e ™ 4 A
HO,£ O-R - one OH group and one R-0_ O-R | .twoO-R groups
>< O-R group attached to FI><H attached to same carbon
R H same carbon * not in equilibrium with
* in equilibrium with Acetal aldehyde/ketone

. Hemiacetal

~/  aldehyde/ketone L (Ketal) ) ("locked")

Sugars with a hemiacetal are in equilibrium with a ring-opened form containing an
aldehyde and will react as a reducing agent toward certain (oxidizing) metal salts
such as Cu?* (Benedict's test, Fehlings aolution) and Ag* (Tollens test)

Examples:

CH,0OH - Other monosaccharides

emiace CH,OH
H O_ H 0 H such as galactose, mannose,
J ribose...
OH H /t H HO
OH OH HO CH.OH Certain disaccharides
o H 2 such as lactose and

maltose

a-D-glucose D-Fructose



A sugar without a hemiacetal is a non-reducing sugar

Acetals are "locked" and not in equilibrium with a ring-opened form with an
aldehyde. They will therefore not react as a reducing agent.

Examples:
CHOH CH,OH CH,OH
acetal H 0) H /
OH H
OH O~CH,
H OH

a-D-glucose
methyl glucoside

Sucrose

(a disaccharide; no hemiacetal present!) _
no hemiacetal
Why is this important?

An important test for quantifying blood glucose (Benedict's solution) relies on a
reaction where Cu?* is reduced by an aldehyde, resulting in a color change.



The "Tollens Test" For Aldehydes

®
0 [Ag(NHg);] j\
M > R” “OH +Ag
R H "Tollens'
reagent”
Aldehyde Carboxylic acid

This is a redox reaction:
- The aldehyde is oxidized by silver(l) to the carboxylic acid

0

silver "mirror"

- Silver(l) is reduced by the aldehyde, forming atomic silver, which

forms a mirror on the reaction flask

Three Common Tests for Aldehydes
Benedictstest  Fehling’s solution  Tollens Test

4 FLEE
| _!..-""'-I._ o) [ r II \ele
‘ " .-1. LY I-r i
0 g5 ¥

Control Positive Control Positive Control Positive
(blue) test (blue) test (clear) test
(red) (red) (silver
mirror)

In each case the aldehyde has been oxidized to a carboxylic
acid and the metal salt (Cu?*or Ag*) has been reduced.



Monosaccharides with a hemiacetal are also "reducing sugars"
since their open-chain form contains an aldehyde (or alpha-hydroxy ketone) Lactose and Maltose are also reducing sugars
and give a positive Benedict test

CH,OH hemiacetal CH,OH

Maltose:
O_ H OH
H J M H J~ aldehyde CH,OH CH,OH
OH OH —— OH  OH R
OH OH OH
H H H H
D-Mannose D-Mannose (open-chain aldehyde)
CH,OH e CH,OH Lactose:
OH O_H J OH OH| H i~
OH H — OH H 0 aldehyde
H OH H OH Ol
OH
D-Galactose D-Galactose (open-chain aldehyde) H
% H
CH,OH alpha- CH,OH
0O H hydroxy H
- ketone \
/-L H HO ~ o
HO 1 CH,OH CH,OH
OH

D-Fructose D-Fructose (keto form)



Sucrose is a non-reducing sugar

The structure lacks any hemiacetal functional groups
and is therefore "locked" in its cyclic form

Another example of a non-reducing sugar: a "glucoside" of glucose

CH,OH o
H o) H/
OH H
OH O~CH,4
H OH

a-D-glucose
methyl glucoside

no hemiacetal



Fehling's solution

i) Preparation of the solution:

CuSO0O, * 5H,0 + NaOH +
Copper (ll) sulfate Sodium
pentahydrate hydroxide

ii) Use in oxidation reaction

.t

Cu?* (ditartrate complex) R H

Aldehyde

OH O

Potassium sodium

tartrate

e

(0]

N

R OH

Carboxylic
acid

Heat
F

"Fehling's solution"

+ CUzo

(red precipitate)



Benedict's Solution

(longer shelf-life than Fehling's solution) ) .
. . . 0.0 NNa

P t fth lution:
i) Preparation of the solution 0 0 Note: for the

- ® O @ .  Quantitative test,
CuS0Q, - 5H,0 + Na,CO, + N 0 O, potassium thiocyanate
HO is also added
Copper Sodium Sodium citrate
sulfate carbonate

ii) Use in oxidation reaction

0O 0
+ > + Cu,0
Cu? (citrate complex) HJI\ H FIJI\OH
(red precipitate)
Aldehyde Carboxylic

acid



Tollens Test

i) Preparation of the solution:

AgNO,; + NaOH —_—
Silver nitrate Sodium hydroxide

2 AgOH —_—
Silver hydroxide

Agﬂ) +4NH3 + PEO R

Silver oxide ammonia water

ii) Use in oxidation reaction

S
2 Ag* + 2 OH + JI\

Aldehyde

AQOH + NaNQO3

Silver hydroxide

Agﬂ)

Silver oxide

@ ©
2 Ag(NHs;), + 2OH

Silver ammonia hydroxide ion
complex
O
> +Ag°
RJI\OH
(metallic
Carboxylic silver)

acid



Physical properties of Monosaccharides

- Colorless

- Sweet Tasting

- Crystalline solids

- Polar with high melting points (because of OH groups)

- Soluble in water and insoluble in nonpolar solvents
(H-bond because of OH groups)



Chemical properties of Monosaccharides

1. Formation of Glycosides (Acetals)

2. Oxidation

3. Reduction



~c#
H—1—O0H
HO——H
H—r—O0H
H—r—O0H
—OH
D-Glucose

(open-chain form)

Carbonyl
group
isomerized CH,OH
to C-2 |
relative C=0
to p-glucose
HO—— —H
H——OH
H—r—O0OH
—OH
D-Fructose

Lobry de Bruyn—Alberda van Ekenstein transformation

Epimerized
- at G-2
H&C;ﬁo HHCEG Haﬁﬁﬂ relative
| I to p-glucose
—:C—0OH C—0OH HO——H
HO™ H,0
HO——H <«— HO—FH — HO——H
H——OH H—r—OH H—r—CH
H——0H H—r—OCH H—r—CH
—OH —OH —OH
Enolate ion D-Mannose
” ) Aldose-ketose transformation
H,O || HO
. OH
H_(0 e OH
H O -~
C—OH A R™ 9 0
_tautomerization HO——H
] H—1—OH FIGURE 22.5 Monosaccharides
undergo isomerizations via enolates
H——0OH and enediols when placed in agqueous
| oH base. Here we show how p-glucose

Isomerizes
p-fructose.

to p-mannose and to




Formation of Glycosides (Acetals)

- Exist almost exclusively in cyclic hemiacetal forms.
- They react with an alcohol to give acetals.
- Acetals are stable in water and bases but they are hydrolyzed in acids.

anomernc
CH,OH  carbon
/L Q OH "
OH + CH3 OH -
HO H “H 0
H glycosidic
D-GI oH CH, OH bond CH, OH

§ ucose o O‘CISy o
H H
OH + OH
H OH H OH

Methyl B-D-Glucoside Methyl a-D-Glucoside



HON == OH 40N O T B
OH OH ‘-
C
HO— 00
HO-) WYy + HO
DH{:{J& hottem
CHyCH-OH attacks oxocarbenium ion CHaCH-OH attacks
from top j from bottem
OH OoH
HO-- 4~ OCHaCH4 HO-
o OH
+EH:H3C.H3
HEj‘i B HE’||1 B
OH OoH
HO- ., - (OCH;CH; HO- _
OH OoH
OCH3CHa
Mglycoside ce-ghycoside

major product



Protecting Groups in Carbohydrate Synthesis

Benzyl Ether Formation

OH OBn OH OH
0 C,H,CH,Br 0 0 -OH 0 .
HOo N NaH in DMF, heat Bn Bno™ HD@%TwOCH H(}muw@CH ;  CH,—O0SO,CH,
OMe OMe HO D_\J J
Bn = C¢H:CH, Methyl glumside
OCH,
Benzyl Ether Cleavage q&/,S' mpemd CH.O 0
+QCH methylatmns CEH 0 OCH
BHO + 4CH.CH,
Bn Pentamethyl derivative
H__-O
OCH
3 H——O0CH,
O O+ —1
CH,0 - IL H.CO——H
CH.O 3 0 H——0CH
s OCH,
H——OH
Pentamethyl derivative —QCH
3

2,3,4,6-Tetra-0 -methyl-D-glucose




- - Ot CH,
g ewmane e Lo o
HaC” "0 “CH3 —— ™  HaCCO. \_OCCH;Z
4 0CCH;
4
p-D-glucose penta-O-acetyl-§ -D-glucose

Acylation of Monosaccharides

Q HA ><0
o ~-OH +)LH — D‘Lf + HOH

1,2-Diol Cyclic acetal

If the 1,2-diol is attached to a ring, as in a monosaccharide, formation of the cyclic
acetals occurs only when the vicinal hydroxyl groups are cis to each other. For
example, a-p-galactopyranose reacts with acetone in the fol lcrwmg way:

OH OH

O
% HZSD + 2H.0

Conversion to Cyclic Acetals




Oxidation of Monosaccharides

HO\C¢O
-1 an aldonic acid
mild oxidizing 1
agent . only the aldehyde
N Is oxidized
CH,OH
strong oxidizing
agent HO< =0
B an aldaric acid
—1—  both the aldehyde and
e 1° OH are oxidized
C~



Oxidation of Monosaccharides

Bromine Water Oxidation: Mild Oxidising Agent

Bromine
O
water

—P
Oxidation
OH OH OH

H OH

Glucose

0

Gluconic acid



Bromine Water Oxidation: Mechanism

p-D-glucopyranosides
more stable

- HBr

Lactone form
axial



Nitric Acid Oxidation: Strong Oxidising Agent

Cyclic hemiacetals are always in equilibrium with the open chain form and can also be oxidized

OH
H OH
O HO H
HO <«

HO OH H OH
CH H——OH
B-D-glucose CH,OH

D-Glucose

HNO,, H,0

heat

HO< .20
H——OH
HO——H
H——OH
H——OH
Cx

D-Glucaric acid

an aldaric acid



Periodic Acid oxidation: Oxidative cleavage of polyhydroxy
compounds (Malaprade reaction)

&om 0
S + HO, — 2 C_ + HIO, + H0
—C—OH
| C=0
—C—OH —C50, O /
v 1o Ao, L o — 105-
—C—OH —C~0 © \
C==0
/




Mechanism:

HaC

HsC

4

H3‘3>e<
i
H

1

P

[ w5 g
3
e, 4

HaC ME‘“&H

9

l

H

Hsch:'
i r(;,,c:H

,HO" O OH



(formaldehyde)
H” OH
H
| +
H —(.l?—OH TI)
H—C—OH 2107 — C (formic acid)
—————— —— ) H” “OH
H—C—OH +
| o
Glycerol (l_l, (formaldehyde)
H” OH
j ]
formic acid
H/ \OH ( ) H /C\ (formaldehyde)
Oy M + H (‘: OH S
— LU +
Ne” I [
""" A . | c=0 + 2l0] — 0=C= (carbon dioxide)
H—C—OH + 210, —> _C (formic acid) | ------ boeeeee-
_____________ +
i H® "OH H—C—OH
H—C—OH + | 0
IL O H “
Glyceraldehyde (”3 (formaldehyde) Dihydroxyacetone /C\ (formaldehyde)
H/ \H H H




Reduction of Monosaccharides

/ H, adds to the C=0. H H Alditols
H—C=0 H—C|)—C|) CH,OH
H—Cl)—OH H—C—OH H—C—OH
HO—(:D—H + H, P—d> HO—(:J—H = HO—(:J—H
H—C—OH H—C—OH H—C—OH
H—(|3—OH H—(|3—OH H—(|3—OH
CH,OH CH,OH CH,OH
D-glucose glucitol The alditol contains an
(D-sorbose) (sorbitol) OH group on every C.

Sugars alcohols: sweetners in many sugar-free (diet drinks & sugarless gum).

Problem: diarrhea and cataract



Reaction of Monosaccharides :

_0
H——OH
HO——H o pn"
H——0OH

H——OH

:N—NH—@
—MN—NH @

— = HO——H
H——OH

H——OH

~OH

H
H. O HaN”
T \ T
H—C—OH = H—C—OH
! )k
H,0
1 2
C:H
HITI..-' &' 5
Hﬁﬁ?{,m_w'
C M
R™ SN “CgHs

H
H| N—N—CeHs

‘\ [
N %S0
HaM

NH; + @
3
H
e
H
Ho _N—N—CgHs
| H,O

Osazone Synthesis



Amadori Rearrangement

Glucose:
HC——0
CHOH PhNHNH,
CHOH one mole
(Cron),
CH,OH
HC ——NNHPhH
C—=NNHPh PhNHNH,
one mole
(CHOH)y | .
CH,OH

QSa720Ne

7N

N——NHPh

HC ——
‘-ﬂ-\ H
c—

ROH

(CHOHE

CH,OH

Amadori
rearrange-
ment.

MNH

PhNHNH,

one mole




Osazone synthesis: Fructose

Fructose
CH,OH HO
C==0  PhNHNH,
e
CHOH one mole
( ),
CH,OH
HC NNHPh
C=——=NNHPh PhNHNH.
one mole
CHOH
( v,
CH,OH

0SaZONE

HC:/___
O —MNNHPh -fklﬂﬁdﬂn rearrange-
men
»
CHOH
( ),
CH,OH
HC NNHPh
C——=NH PhNHNH,
one mole
( cHoH),

CH,0H




Osazone formation of monosaccharides involves only C1 and C2.
Amadori rearrangement does not occur beyond C2

This is due to the fact that the osazone so formed is stabilized through
intra molecular hydrogen bonding and forms stable 6-membered cyclic
ring. Two hydrogen bonded structures are possible which are shown
below.

/' SN——Ph NHPh
HC
| | | intra molecular
N .
C o~ T e hydrogen bonding
/ e, HL ™~ *
fo A N H
| HOHC' ]
i
! ) i . ) .._‘__.'-.-.:_""\-\.H
1. . NHPh [uanrY = —N
{ .M 1|| | 184 I . | ™ ""'-\.F\
intra molecular v 3

hydrogen bonding CHAC
= el ks



Crystals of different osazone

" 2 - ’ . -. . -~ _— i 2 y . . : . —
' : ( ; . . .
: ¢ - . . 2=
: N e -
. Q} ) ;\ ' i ' v : ‘, ’V‘~ N\J A
N AL o~ “

Needle shaped crystals (Glucose) Needle shaped crystals (Fructose)

‘ o . : : .. ', ’ .z‘#. ‘:’
AR N - ;

Balls with thorny edge shaped crystals (Galactose) Fine-long needle shaped crystals (Xylose) Sun flower shaped crystals (Maltose)



D-glucose and D-galactose are epimeric at carbon-4
Epimers
He =0 Ho=0
H——OH { Epimers ] H——OH
HO——H HO——H
H—t—OH -«— Onlyone chiral —» HO—T—H
H——OH center with H——OH
H.1.0
z z o
H=+—H :NNHCEHE HoO—~—H configuration
D-Gl D-Galact
HO=—H = CEHENHNth HO——H B 3 CgHeMHMNH: Ho—2H ucose alactose
H-21—0H H——oH H—2-0H
SCHo-0OH CHo-0H BCHz-0H
D-{+)-glucose common D-0sazone O-{ +)1-mannose

An epimer is one of a pair of diastereomers The two epimers have opposite configuration at only one stereogenic
center out of at least two.All other stereogenic centers in the molecules are the same in each. Epimerization is
the interconversion of one epimer to the other epimer



Step-Up & Step-Down Synthesis of Sugars

s

Kiliani-Fischer Synthesis - extending sugars by one carbon

1) KCN/R,0 O 1 H Oy i H
O~2H (cyanohydrin C C
‘3 o formation) H—}-OH HO——H
H H - +
R H—-—OH H—5 OH
CH,0H 2)Pd/BaSO, 3 S on
4 H,, H,0 EHon k
Nitrile reduction/ mixture of C-2 epimers
hydrolysis
(2R, 3R) (2S, 3R)

The Ruff Degradation - shortening sugars by one carbon

O%C,H Br, N _OH
H,0 H,0, OIH
H—>-OH 2
H—-OH L H——OH Fe;(S0y)3 12
(oxidation) 2 CH.OH
EHEDH CH.OH  (oxidation + 5 2

decarboxylation)




Killiani-Fischer Synthesis

The Kiliani-Fischer Synthesis
Step 1: Nucleophilic attack

by cyanide ion
O~ _H @0
5 K CN
H OH o
H,O

CH,OH
3

D-Glyceraldehyde

N new chiral
n center JL
c *~ “u C 1
HEE_ OH N HO EE_H
H—B—OH H—?OH
R R
CH,0OH CH,OH
4 4
(2R, 3R) (25, 3R)

mixture of compounds
(diastereomers)



Step 3: Hydrolysis of Imines

Step 2: Hydrogenation
N new chiral H H
n - center " | |
C1 a4 Ci N% 1{H N\\Q&fl'l
H—{—OH , HO—H  PaBaso, c
H——OH H—}—OH > H—zOH HO—H
3 3 H, + H——OH
CH,OH CH,OH H—3-OH 3
4 4 CH,OH CH,OH
4
mixture of compounds - 4 _
(diastereomers) two diastereomeric imines
H,O
Q;-.cf Ne”
The result of this synthesis H—-OH HO—>-H
is a mixture of two H——0H + H——OH
chain-extended aldoses 3 3
(sugars) CH,OH EHzUH
4
D-Erythrose D-Threose

(2R, 3R) (2S, 3R)



CHO
HO=—1—H

CH,OH

CN
HO ——H
HO——H Heat
—_—
H—+—0OH H;D
H——OH
CH,OH

CH,OH

O
O
OH
0
OH 0

CHO
H—t—OH
Na  HO—t+—H
——-
H—+—OH
CH,OH

CHO




Ruff Degradation

The Ruff Degradation

Step 1: Oxidation of aldehyde
to carboxylic acid

Step 2: Loss of CO»
and formation of aldehyde

O'b"l‘é""H O%C/OH
1
0] H
H—=—0H B2 H—|-oH "0 1
- +COZ
H—S—OH H,0 H_ES_OH Fe,(S0,)3 H B OH
4 4 3
2+ 3+ . .
Fe v H202 —— Fe 4 HO + HO
0 oV o 0=6=0
— 3+ O
i,[ v 2 (Fe HeF
A OH p° R o Fe”*
H,0 R

Reaction Mechanism of Ruff Degradation



H—C—OH
H—C—OH

OH

Wohl degradation

H,N—OH

Lo

NaOCH, / MeOH

C’:’:’f"l\l
|
H—(|3—OAC
AcO—C—H
NaOCH, / MeOH H—C—OAc
- |
- NaCN H—C—QOAc
-5 AcOCH, H
H OAc

(Ac),O
AcONa
AcOH



Application: Using The Ruff Degradation In Proving Configuration (1890's)

Upon Ruff degradation, D-Glucose and D-Mannose Further degradation gives D-glyceraldehyde
each form the same product (D-Arabinose)
indicating that they are epimers

configuration at C-2 is
only difference!

GHO \,  CHO
Os_H :
H=——0OH HO——H Ruff Degradation N El;if)f Degradation
HO——H HO——H > HO——H —
H——OH + H——OH - H——OH — "
H——OH — —t
H=T~OH  Kiliani-Fischer =~ H—OH H——OH
CH,OH CH,OH CH,OH CH,OH

D-Glucose D-Mannose D-Arabinose D-Glyceraldehyde



CHO

. H OH
Family Tree: D- Aldoses TR
-Glyceraldehyde
A
' B
CHG CHO
H——0H HO——H
H——OH H——0OH
CH,OH CH,OH
D-Erythrose p-Threose
A A
£ ™ . ™
CHO CHO CHO GHO
H——GH HO——H H——OH Hc:—i—n
H——0OH H——OH HO——H HO——H
H——0OH H—{— M H—1—0OH H—T—CH
CH;0H CHyOH CH, O CH, 0
D-Rihnl:fl:g nﬂrahina;eo D-mtﬂ“ D-Lyxose {5
: o bl Ll o ! ¥, b h ] Bl = R ]
CHO CHD CHO CHO CHO CHO CHO CHO
H——OH  HO——H H—OH  HO——H H——OH  HO——H H——OH  HO——H
H——OH H——OH  HO——H HO——H H——OH H——0OH  HO—T—H HO——H
H——CH H——0H H—7—0H H—1—QH HO—1—H HO——H HO—1—H HO—1—H
H—|—CH H——CH H——OH H—{—QH H——0OH H—{—0OH H—{—0H H—{—0H
CH,OH CH.OH CH.OH CHLOH CH,OM CHOH CHLOH CH,OH
p-Allose DeAltrose o-Glucose D-Mannose o-Gulose p-ldose b-Galactose D-Talose

2 3 4 5 6 7 8



Cl.‘.HO
HCOH

Aldotriose
CH,OH
p-Glyceraldehyde
C|:H0 (ltHO
HCOH HOCH
| | Aldotetroses
H(i‘,OH HCOH
CH,OH CH,OH
pD-(—)-Erythrose p-(—)-Threose
C|}H0 (l.‘-HO (|3HO (|}HO
HCOH HOCH H(|:OH HO?H
HCOH HCOH HOCH HCOH Aldopentoses
HCOH HCOH H(i':OH H(i':OH
CH,OH CH,OH CH.OH CH,OH
p-(—)-Ribose p-(—)-Arabinose D-(+)-Xylose D-(—)-Lyxose
/7 N\ /7 \ /7N /7 N\
CHO (|3HO (|3H0 (|3HO CHO (ISHO (|3H0 (|3HO
HC|)OH HO(|3H HCOH HO(|3H HCOH HOCH H(|;OH HOCH
HCOH H(l)OH HO(|3H H0(|3H HCl}OH H?OH HOCl)H H0(|)H Aldohexoses
HCOH H(l:OH HCI:OH H(|30I-I HOCl:H HO-(i‘,H HO(l‘:H HO(liH
|
HCOH H(i‘,OH H(IJOH HC|20H H(.l'IrOH H(|30H HCOH HCOH
CH,OH CH.OH CH,OH CH,OH CH.OH CH,OH CH.,OH CH,OH
p-(+)- p-(+)- D-(+)- p-(+)- D-(—)- D-(+)- p-(+) p-(+)-
Allose Altrose Glucose Mannose Gulose Idose Galactose Talose
1 2 3 4 5 6 7 8



Evidences for the ring structures of sugars

The cyclic structures of the sugars accounts for the following
facts:

1. It fails to undergo certain reactions typical of aldehydes
Schiff’s Test , bisulfite test.

2. Exists in two anomeric forms o and - glucose.
3. Exhibits mutarotation.



Determination of ring size

Reaction Sequence for Determining Ring Size of Cyclic Monosaccharides

CH2OCHS
H3CO O Hz0"
HaC O OCHz
CHaO By
pentamethyl D-glucose
[i or co-anomer
1C02H
H-S—0CHs
HzCO-34—H
4202 H
C4-C5
cleavage

Dimethoxy succinic
acid

CH2OCHS 20
H3CO < H=—0CHz
H3CO OH «—— |HzcOo-3—H
CH30 || HH—0CH;
tetramethyl D-glucose H-L—0H
f-anomer & CHzOCH;
HMC 3
1C0aH 1C0-H
HE—DCHg H_E_C”:HS
HgCG—§—44 HMO 5 HECG—E—+4
H-—0CH H-H—0CHs
SCOaH SE=0
denvage 6CH20CH;

Trimethoxy glutaric
acid




Monitoring Glucose Levels

OH OH OH
0 o glucose HO o
H ..‘_—"'"'- H + + H,0
ﬂﬂ ﬂu on * O oxidase > "Ho -2
HuﬂH HO HO "0
o-D-glucose [f-D-glucose oxygen !IJ-sgII:gnt:::; l;ﬁ;i?::
%)

>




Disaccharides

A disaccharide:

» Consists of two monosaccharides linked by a glycosidic bond (when
one —OH group reacts with another —OH group).

Glucose + Glucose Maltose + H,0O
Glucose + Galactose —, Lactose + H,O

Glucose + Fructose ———  Sucrose + H,0O



Disaccharides

Disaccharides have at least one acetal carbon (a carbon atom singly bonded
to two OR (alkoxy) groups.

hemiacetal acetal
0 / 0 /
QOH + CH40H > QOCHg + H,0O

hemiacetal glycosidic linkage

;. o) >—0 0 / 0
4<:>TOH + HOOOH — onQOH +  HO
3 2 3 2

general structure
of a disaccharide




Disaccharides

The glycosidic bond joining the two rings can be alpha (o) or beta (B).

H 0. H H o H H< O>TH
QO K >y

a glycoside B glycoside

The gl ide bond is down.
SHEESIE RENEIISEOER The glycoside bond is up.

1—>4-a-glycosidic linkage S
1—4-B-glycosidic linkage



IUPAC Nomenclature of disaccharides

H OH H OH

Maltose (reducing)
4-O-{ce-p-glucopyransyl}-o-glucopyranose
or O-u-D-glucopyranosyl-(1— 4)-c-D-glucopyranoside

CH,OH

Sucrose (non-reducing)
a-D-glucopyranosyl-f-o-fructofuranoside
or {B-o-fructopyranosyl)-o-D-glucopyranoside
or O-w-0-glucopyranosyl-(1— 2)-f-o-fructopyranoside

H Lactose {reducing)
4-0-{p-n-galactopyranosyl)-o-glucopyranose



Disaccharides

Maltose:

 Is a disaccharide of two glucose molecules, obtained from
p?rtial hﬁ/drolysis by acid or enzymatic hydrolysis by diastase
of starch .

- Hasaa-1,4-glycosidic bond (between two a-glucoses).
* |s obtained from the breakdown of starches.

* Is used in cereals and candies.
° |sa reducing sSugar (carbon 1 can open to give a free aldehyde to oxidize).

i ik CHZOI-l—l 4-gl cosidi(:HZOH
© O O\ ’b?)r)]/d
1 >
o OH OH + i\ 4OH iy " OH 1 + HZO
8 1, OH OH
a-glucose a-glucose OH OH

Maltose ( 4-O-a-D-glycopyranosyl-D-
glycopyranose



Structure of Maltose: Elucidation

The structure elucidation of maltose can be made on following facts:

1. When 1 mole of maltose is subjected to acid-catalyzed hydrolysis, it yields 2 mole of
D-(+)-glucose.

2. Maltose gives positive tests with Fehling’s, Benedict’s, and Tollens’ solutions.
Maltose also reacts with phenylhydrazine to form a monophenylosazone.

3. Maltose exists in two anomeric forms: a-(+)-maltose, [a],> = +168, and B-(+)-
maltose, [a]*> = +112. The maltose anomers undergo mutarotation to yield an
equilibrium mixture, [a],% = +136.

Fact 2 and 3 points out that one of the glucose ring Is present as pyranose and other as
glycoside. The linkage about the two units is inferred as a, as maltose was hydrolysed
by a- glycosidase enzyme not by p-glycosidase enzymes,



OH
HO © OH
"o Ho
o 0
HO
H

-OH at C4 is involved
in the glyosidic linkage

O “oH
Maltose
b
(@) ‘ (b) (1) CH,OH, H*
Br,/H,0 l (2) (CH,),S0,, HO-
OH OCH,
HO'&% OH H,CO 0 OCH,
HO H.CO
HOO,&H s CH,0 | o
HO CO_H H.CO -
HO = 2 ¢ CH,O “ocH,
Maltonic acid
(CH,),SO, l HO*
HO-
OCH, OCH,
OCH,
H.CO o + HO Q
3
Hgi—?gcé\% s 1CO0 ch,0 1S9 ch0
OH OH
| CHBO O’&)CHS 3 3
H.CO CO.CH 2,3,4,6-Tetra-0- 2,3,6-Tri-O-
d CH,O 208 methyl-p-glucose methyl-p-glucose
(as a pyranose) (as a pyranose)
1H30+

OCH

lCIiCH:a C .
HECO&O{A + HO &CHS
H.CO H3CO CO.H
2 CH,0 “OH CH,O ~ ?
2,3,4,6-Tetra-O-methyl-

p-glucose
(as a pyranose)

2,3,5,6-Tetra-O-methyl-
p-gluconic acid

Pathway (a) gives an idea about the glycosidic linkage between two glucose units
Pathway (b) gives an idea about the size of rings present maltose



Disaccharides
Lactose:

* |Is a disaccharide of galactose and glucose.
- Has a B -1,4-glycosidic bond (between g-galactose and a-gulcose).

 Is found in milk and milk products (almost no sweet).
* |s a reducing sugar (carbon 1 can open to give a free aldehyde to oxidize).

-1 4-glvcosidic bond CHZOH

O _oH B

OH

[-Galactose rr=-Grlucose

B-lactose (4-O-B-D-Galactopyranosyl-D-glucose)



H—C=NNHCgHs
i’IJ=NN1105H5
HO—(I:'—H
H—C—OH
H—C—OH
CH,0H

p-Glucosazone

H NN‘C'}! 5

\Cff/fC=NNHC5H5

Lactobionic acid

18e. 10

CH,0H"

Lactose (8-anomer)



Disaccharides
sucrose:

 Is found in table sugar (obtained from sugar cane and sugar beets).

- Consists of glucose and fructose.

 Has an a,8-1,2-glycosidic bond (between o-glucose and p-fructose).
 Is not a reducing sugar (carbon 1 cannot open to give a free aldehyde

to oxidize).
CH,0H
0
i
HO e a, 3-1,2-glycosidic
bond
OH e——/
’ ce-Glucose O
HOCH/O\ Sucrose
OH/*
CH,OH
OH

g-Fructose  2-O-(a-~glucopyranosyl)-f-fructofuranoside



1. Sucrose has the molecular formula C,H,,0,

2. Acid-catalyzed hydrolysis of 1 mol of sucrose yields 1 mol of d-glucose and 1 mol

of d-fructose. 0f o on OH OH OH OH
2 D # G e‘J
6 H HO _ oH - HGW.
H4 - OH
OH H HO OH HO OH
Fructose
(as a f-furanose)

3. Sucrose Is a nonreducing sugar; it gives negative tests with Benedict’s and Tollens’
solutions. Sucrose does not form an osazone and does not undergo mutarotation.
These facts mean that neither the glucose nor the fructose portion of sucrose has a
hemiacetal group. Thus, the two hexoses must have a glycosidic linkage that involves
C1 of glucose and C2 of fructose, for only in this way will both carbonyl groups be
present as full acetals (i.e., as glycosides).



4. The stereochemistry of the glycosidic linkages can be inferred from experiments

done with enzymes. Sucrose is hydrolyzed by an a-glucosidase obtained from yeast

but not by p-glucosidase enzymes. This hydrolysis indicates an a configuration at the
glucoside portion. Sucrose is also hydrolyzed by sucrase, an enzyme known to hydrolyze
fS-fructofuranosides but not a-fructofuranosides. This hydrolysis indicates a
configuration at the fructoside portion.

5. Methylation of sucrose gives an octamethyl derivative that, on hydrolysis, gives
2,3,4,6-tetra-O-methyl-d-glucose and 1,3,4,6-tetra-O-methyl-d-fructose. The identities
of these two products demonstrate that the glucose portion is a pyranoside and that the
fructose portion Is a furanoside.



2,3,4,6-tetra-O-methyl-d-glucose 1,3,4,6-tetra-O-methyl-d-fructose



Disaccharides

Sucrose:
Sucrose is very sweet, but contains many calories.

To reduce caloric intake, many artificial sweeteners have been developed.

Copyright © The McGraw-Hill C jies, Inc. Permission required for fon or display

TABLE 201 Relative
Sweetness of Some

Carbohydrates and
Artificial Sweeteners

Compound  Relative Sweetness

Sorbitol 0.60 .
Zr— = Aspartame, Saccharin, Sucralose

Sucrose 1.00

Fructose 7S

Aspartame 150 These artificial sweeteners were discovered accidentally.
Saccharin 350

Sucralose 600




Artificial sweeteners

Aspartame:

It (sold as Equal) is hydrolyzed into
phenylalanine, which cannot be processed by
those individuals with the condition phenylketonuria.

NH,

| H
Hozc:CHQ—oH—<|:|—N—<|:H—CH2

o CO,CHj

aspartame
(Trade name: Equal)




Artificial sweeteners

Saccharine:

It (sold at Sweet'n Low) was used extensively during World War I.

There were concerns in the 1970s that saccharin causes cancer.

@
NH ] 7
4 4 g
AN | 2
| " B
saccharin

(Trade name: Sweet'n Low)



Artificial sweeteners

Sucralose:

It (sold as Splenda) has a very similar structure to sucrose.

CH,OH
Cl O H

H

OH H
H

H OH 4
CH,Cl_o
H HO
H CH,CI —
OH H ‘
C

sucralose MaD

SUGAR SO
IT TASTES LIKE SUGAR

(Trade name: Splenda)



Polysaccharides

Polymers of many monosaccharides units.

( Amylose (20%) (starch that stores glucose in plants such
as rice, potatoes, beans, and wheat - energy storage).

Starch <

| Amylopectin (80%)

Glycogen (an energy storage in animals & humans)

Cellulose (plant and wood structures).




Polysaccharides

Amylose:

* Is a polysaccharide of a-glucose in a

continuous (unbranched) chain (helical or coil
form).

- Has a-1,4-glycosidic bonds between the
a-glucose units (250 to 4000 units).

a-1,4-glycosidic bond

CH,OH CH,OH CH,OH CH,OH

( ( ( (
H OH LA« ALOH (WH
\KQ\:/Q ( /Q 0 o

(MH H ¥H H



Polysaccharides
Amylopectin:

* Is a polysaccharide of glucose units in branched chains.

- Has a-1,4-glycosidic bonds between the a-glucose units.
+ Has a-1,6 bonds to branches of glucose units.

(at about every 25 glucose units, there is a branch).

+ Both forms of starch are water soluble.

CH,OH CH,OH CH,OH

O O O
i= 1 6-glycosidic
OH h nd to branch

t- 1,4-glycosidic bond
CH,0H CH,OH CH,OH CH,
O 0 O O

OH OH | ' OH OH Py

0 O 0
OH OH OH OH




Polysaccharides

Glycogen:

- It is similar to amylopectin (more highly branched-every 10-15 units).

- It is an energy storage molecule found in animals/humans.

- It is stored mainly in the liver and in muscle cells.

- When glucose is needed for energy, glucose units are hydrolyzed
from the ends of the glycogen polymer.

- Because glycogen is highly branched, there are many ends available
fo r hyd ro Iy S I S . Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display

; g N
\ 2 3 A1
X ./
\ y
X Mt
' glycogen in liver cells

© Dennis Kunkel/Visuals Unlimited

glycogen



Polysaccharides

Amylose, Amylopectin (starch)

H* or a-amylase (enzyme in saliva)

v

Dextrins (6-8 glucose units) Digestion process

H* or a-amylase (enzyme in pancreas)

v

Maltose (2 glucose units)

H* or a-maltase (enzyme)

v

Many a-D-glucose units



Respiration

glucose

Fermentation

Yeast

Ethanol



Polysaccharides
Cellulose:

* |Is a polysaccharide of glucose units in unbranched chains with
B-1,4-glycosidic bonds (2200 glucose units).

« Has rigid structure (H-bond) and insoluble in water.
 |Is the major structural material of wood & plants (cotton: 100%).

« Cannot be digested by humans because of the
B-1,4-glycosidic bonds (needs an enzyme: B-glycosidase).

Cellulose

B-1,4-glycosidic bond




Polysaccharides

Cellulose:

- Cellulose makes up the insoluble fiber in our diets.

- It passes through the digestive system without being metabolized.

- Fiber is important in adding bulk to waste to help eliminate it more
easily (even though it gives us no nutrition).




Useful Carbohydrates

Amino Sugars
They contain an -NH,, group in place of an -OH group.

- The most abundant amino sugar in nature is D-glucosamine.

- Glucosamine helps keep the cartilage in joints healthy. But natural
glucosamine levels drop as people age.

- As a supplement, glucosamine is most often used to try to
ease the joint pain caused by arthritis.

CHO
H—=-NH. CH,OH
HO—H i Q OH
H--OH CCIY
H—OH OH &
CH, OH H  NH,

D-Glucosamine



Useful Carbohydrates

Amino Sugars

- The second most abundant amino sugar in nature is Chitin.

- It is a polysaccharide formed from N-acetyl-D-glucosamine units
joined together by 1,4-3-glycosidic bonds.

- Its structure is similar to cellulose (insoluble in water).

CH,0OH P
O
CH,0H H A o
} glycosidic linkage H 0 OH H
(shown in blue) CH,OH H O H
0 OH H
CH,OH H { 0 H H NHCOCH,
H A0 | o S g H  NHCOGH,

OH H H  NHCOCH,

H NHCOCH, chitin




Useful Carbohydrates

Glycosaminoglycans (GAGS)

They are a group of unbranched carbohydrates derived from alternating
amino sugar and glucuronate units.

Hyaluronate: extracellular fluids that lubricate joints and in the
vitreous humor of the eye.

CH,OH
_ H O
COO # O—y
H O H
H OH ? H
b ) H H NHCOCH,
H OH

hyaluronate
B-glycosidic bond



Useful Carbohydrates

Glycosaminoglycans (GAGS)

Chondroitin: a component of cartilage and tendons.

CH,OH
_ ~0,80 O
CcOO0 3 H O—j
H O H
H O : H
O H H NHCOCH,
H OH

chondroitin - B-glycosidic bond

Heparin: stored in the mast cells (allergy cells) of the liver, helps

prevent blood clotting.
COO~ CH,O0S05™
H O H H O H

OH H 5 OH H O%

H 0S0O,;~ H NHSO;™
heparin
a-glycosidic bond



Useful Carbohydrates
Blood Type

- There are four blood types—A, B, AB, and O.

- Blood type is based on 3 or 4 monosaccharides attached to a
membrane protein of red blood cells.

- Each blood type has the monosaccharides below:

CH,OH H CH,OH
OH O H H O_ H H O H
H CH, H
OH H H OH OH H
H OH OH OH OH OH
H OH OH H H NHCOCH,

D-galactose L-fucose N-acetyl-D-glucosamine
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Useful Carbohydrates

Blood Type

Type A blood contains a fourth monosaccharide:

CH,OH
OH O H
H
OH H
H OH

H NHCOCH;

N-acetyl-D-galactosamine

Type B contains an additional D-galactose unit.

Type AB has both type A and type B carbohydrates.



Useful Carbohydrates

Blood Type
N-acetyl-D- N-acetyl-D-
Type A — glucosamine D-galactose — galactosamine
L-fucose
Type B — i-acolyD- — D-galactose — D-galactose

glucosamine

L-fucose
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Blood Type

N-acetyl-D-

glucosamine =~ D-galactose

L-fucose

Type O —



Group A

Group B

Group AB

Group O

Red blood
cell type
\/ ) () N/
s (

Antibodies /\§“</I\ J\”fv v§|l</_, /\QH\&,\
: N\ — /A N N N—
in plasma =0 ry O AT A

Anti-B Anti-A None Anti-A and Anti-B

Antigens in
red blood
cell

?

A antigen

¢

B antigen

*t

Aand B
antigens

None




ABO blood group system: diagram showing the carbohydrate chains that determine the
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Useful Carbohydrates

Blood Type

- The short polysaccharide chains distinguish one type of the red blood
cell from another, and signal the cells about the foreign viruses, bacteria,
and other agents.

- The blood of one individual may contain antibodies to another type.

- Those with type O blood are called universal donors, because
people with any other blood type have no antibodies to type O.

- Those with type AB blood are universal recipients because their
blood contains no antibodies to A, B, or O.
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TABLE 20.2 Compatibility Chart of Blood Types

B B, O B, AB
AB A, B,AB, O AB
0 0] A, B,AB, O



