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13. Polysaccharides

13.a Starch and Glycogen (=22t =22 Al)

Starch is the energy-storing carbohydrates of plants. It is a major component of cereals, potatoes, corn, and
rice. It is the form in which glucose is stored by plants for later use.

TH2 D-2RILNZELEY)7 SIS S €278 24 HEL0 HSO0X|= HEFEA O
Egﬁ(amylose)gf Ot 24 El(amylopectin)Q| 22t=20|Ct. 52| 7I+=&dll= maltoseE Tt=11
2ot 7t=E58= glucoseE BHEL

Amlyose: unbranched form of starch

= maltose unit -

(1,4-a-glycosidic bond)

L amylose



Amlyopectin: highly branched form of starch Although each molecule may contain 300 to 5000 glucose
units, chains with consecutive 1,4 links average only 25 to
30 units in length. Because of this highly branched structure,

starch granules swell and eventually form colloidal systems
in water.

1,6-link
(a branch point)

® 1,6 branch points
O C-4 end group
O C-1end group

amylopectin

Glycogen: the energy-storing carbohydrate of animals. more branched than amylopectin




13.b Celluose
unbranched polymer of glucose joined by 1,4-B-glycosidic bond
these linear molecules aggregate to give fibrils bound together by hydrogen bonds = paper, wood, cotton, straw, etc.

ALERE cellulose & A2 S AFEF2 a-glycosidic bond Bt A3} 7t

or
oot

- cellobiose unit -

)

cellulose chain



14. Sugar Phosphates

°CH,OP0;>~

H OH OH OH
a-D -gluc()se— B-D —I‘ibOSC—5-phOSphat€

6-phosphate

important in biological compounds, such as DNA and RNA

15. Deoxy Sugars

4 H =
H \3 2/ H H—/—OH

" noOH group H——OH
Of L CH,OH
2

B -D-deoxyribofuranose
(the sugar of DNA)




16. Amino Sugars

NH, NHCOCH;
D-glucosamine N-acetyl-a-D-glucosamine
a mp 88°C [mp 211°C (decomposes)]

B [mp 110°C (decomposes)]

In its N-acetyl from, B-D-glucosamine is the monosaccharide unit of chitin, which forms the shells
of lobsters, crabs, shrimp, and other shellfish.



Conformational Isomers : Isomers that differ as a result of the degree of rotation around a
carbon-carbon single bond

Conformational isomerism in Ethane

H %> H

V]
H ‘ L - I H H ‘ L - , H
H I - .

Electrostatic Repulsion  Steric Repulsion

staggered 60°
H‘\

H H H H
H
H
H K
H H H
“dash-wedge” “sawhorse” Newman
eclipsed l T E 0
H H
H H
\\\\\\\\ ////’/// H
H g H° "H 5l

“dash-wedge” “sawhorse” Newman
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Addition of Alcohols: Formation of Hemiacetals and Acetals

R’ RO
",,,/ + ) . ]
ROH + C=0 \H:‘ WG—OH A hemiacetal contains both alcohol and ether functional
H R / groups on the same carbon atom.
H
alcohol aldehyde hemiacetal

Alcohols are weak nucleophiles. > An acid catalyst is required. (e.g. sulfuric acid)

H reversible
o/
R R, /% won RO RO
", -3 H* ", - o _.. —gr# _1_..
/C—O L T /CT’OH w R’-.“\)\C QH N "“\\\(—4 QH

R!
H H H H
aldehyde protonated protonated hemiacetal
aldehyde hemiacetal



Problem 8. Write an equation for the formation of a hemiacetal from propanal, ethanol, and H*. Show each

step in the reaction mechanism.

0O=0

CHsOH + CHyCH;~ ~H

Mechanism

C
CHsCH;” ~H

OCH;
CHyCH,—C—OH
H

(l)CH3
H
hemiacetal
o o "
[ I
AN AN
CH;CH, H CH3CH,” + H
CH3OH
H +
~
_y OCHj
CH3CH2—CI;—OH
H



In the presence of excess alcohol, hemiacetals react further to form acetals.

RO RO
‘\}C—OH + ROH _HY ‘\\\\C_OR + HOH acetal : It has two ether functional groups on the same
R L R carbon atom.
]H | H 1 That is, the carbon atom has two alkoxyl groups.
1emiaceta aceta
RO RO R’ RO— H
\ H* \ . HO | %) +¢ +’7w
WwC— OH —*\_ «COH =——— |RO— ~— RO= C
R” / R’ H +H,0 g N %
H L H H |
hemiacetal (SNl reaction) resonance-stabilized carbocation
I\OH/‘ LI\OH
Each step is reversible.
RO RO ¥
\ H* \_
\\\C—O R —,‘— wC—OR
R/ R/ |
H H

acetal

Reaction of this carbocation with alcohol, which is usually the solvent and is present in large excess,
give the acetal.



H H
A 5 b . > o 1
O ~— OH cyclic hemiacetal: the ether group is cyclic
4 5 OH 4 5 @)

5-hydroxypentanal . hemiacetal form formed by intramolecular nucleophilic addition
of 5-hydroxypentanal

3 1l / \H* 3, 1 H _g+ - S
Y0 — o e o ol ——— OH
= 5 0 4 3 O@ 5 0
H

Compounds that is four or five carbons away from the aldehyde group tend to form
cyclic hemiacetals, because the ring size is relatively strain free.

OH

hemiacetal
carbon hemiacetal

carbon



Polarized light

Light Passing Through Crossed Polarizers

Polarizer 1 Polarizer 2
(Vertical) (Horizontal) — \

£
S ':L':

Incident Beam
(Unpolarized)

l\
Vertically

Polarized
Light Wave

Figure 1



Br
- H_E\/ | /7\ s " dextrorotatory
F = (+)
= d
= right
Filt m = clockwise
ilter .
Emeryin = (R)-or (S)-
- v o rudit:ﬂm‘?s
\\/
Cross section of Plane-polarizetion
light beam showing oscilletions Cl = |evorotatory
random orientation of : uBr _—
electromugnetic wuaves > | _,':R e I()
’ \y - left
= counterclockwise
= (R)-or (9)-
- . f ok
Specific rotation = [a |y = (solvent)
| X ¢
la]? = A o : rotation degree, | : sample tube length (dm)
b ZL‘ c : concentration (g/ ml), t: 2 &, A : mpE

Enantiomers 7| 2| = m.p., b.p. density, 8| £ 50| B5 Z 9L} specific rotation@F C}
2c}.



= optically active: enantiomer, chiral molecule, Et=3}=, CtEl & Of0| Al S 22 S

= optically inactive: achiral molecule, &, 25, 322

Examples

* (5)-2-Bromobutane +23.1°
* (R)-2-Bromobutane -23.1°
* D-Fructose —=92.4°

* D-Glucose +52.5°

* D-Sucrose +66.47°

* D-Lactose +52.3°

« Camphor +44.1°

* Cholesterol —31.5°

» Paclitaxel —49°

* Penicillin V +223°

= (R)-something O| + x° O] ™H (S)-something — x° O| C}.
» (R)-somethingO| + x°or — x° QK| = & &= QICt = OfF &

A O|lO
T AT
'CHO 'CHO
HD—zili— H H —zml.—m-u
H—C—OH HO —¢C — H
HD—‘é —H H —‘é — OH
HD—sfl.—H H—S-‘.'l.—GH
Etl:HchH ﬁtl.Hon
L-Glucose D-Glucose

Specific rotation 4f0| 02 2 L} 2FLCY.

Achiral moleculeO|C}. | or |50:50 2| enantiomers (pair)O| C}.




9. Reduction of Monosaccharides

CH=0 CH,OH
CH,OH H——O0OH H——0OH
O HO———H H,, catalyst HO—F—H
HO H——OH  °rNaBH, H——OH
HO OH — H——0OH H——"0H
OH CH,OH CH,OH
D-glucose D-glucose D-glucitol
(cyclic) (acyclic) (sorbitol)
10. Oxidation of Monosaccharides
CH=0 COOH
H—/——O0OH H—/——0OH
HO i H Br2) HZO - HO 1 H
H——OH T H——OH
Ag  or Cu
H—/—"O0OH ——0H
CH,OH CH,OH

D-glucose

D-gluconic acid



O

RCH=O0 + 2Cu?** + 50H" — RCO~ + Cu,0 + 3H,0

blue

solution

CH=O0
H——OH
HO——H
H——OH
H——O0OH
CH,OH

D-glucose

HNO,

red
precipitate

COOH
H——OH
HO——H
H——OH
H——OH
COOH

D-glucaric acid



