C
Lecture 21 (11/5/25)  a totmon

B. Roles
TODAY C. Monosaccharides-Chemistry

*Reading:  Ch7; 229-235 1. Chirality

a. One or more asymmetric carbons
b. Linear and ring forms

NEXT 2. Derivatives: the chemistry of
carbohydrates

. a. Oxidation
*Reading:  Ch7; 236-241 -

i. C6
b.  Reduction

i. c1/c2

ii. Other carbons
c. Ester formation
d.  Amino sugars

3. Polymerization
a. The Glycosidic Bond

b. Non-covalent bonds in macro-molecular
structure

D. Oligosaccharides
1. Glycoproteins & glycolipids
2. O-linked
3. N-linked

E. Polysaccharides
1. Polymers of glucose
2. Polymers of disaccharides

arbohydrates




Carbohydrates

Macromolecules Proteins
(polypeptides)

Nucleic
acids

N Carbohydrates
' (polysaccharides)

T Y

lons and Lipids

small molecules

Carbohydrates

Definition

« Carbo-Hydrate: have formula C,,(H-0), (for n = 3)

+ The precursor-macromolecule relationship is:
— Monosaccharide—polysaccharide (or oligosaccharide)

« Carbohydrates are everywhere (ubiquitous) and versatile
in function; fulfill a variety of functions.

— Can be covalently linked with proteins and lipids; are intimately
involved in nucleic acids

ROLES Monosaccharide Polysaccharide
1. Energy source/storage glucose, fructose, etc. Starch, glycogen
2. Structure glucose, glycerol Cellulose, chitin, lipids & membrane
3. Information ribose (nucleotides) Nucleic acids
4.

Recognition many Glycolipids & glycoproteins




Carbohydrates

- Range from as small as glyceraldehyde (M, = 90
I z e g/mol) to as large as amylopectin (M, >
200,000,000 g/mol)
S h a pe Depends on size and glycosidic bond
EgE
S o I u b I I Ity Very polar, very soluble, until large polymers
EgE
Sta b I I I ty Stable due to glycosidic bond

Carbohydrates

Monosaccharides Cs(H20)3
+ Basic nomenclature:
— Use the suffix “-ose” triose, tetrose, pentose, hexose
— Aldehyde & ketone functions solve problem of a “carbo-
hydrate” H_(Ij=0

H_$_OH = aldoses

aldotriose (triose),
aldotetrose(tetrose),
aldopentose, aldohexose

= ketose

OhK’ V\_Ietkntowdenough H_I —OH Ketotriose (triulose),
¢ et:ms rr1y do tra'lwa ? ketotetrose (tetrulose)...
carbon-hydrate: H (pentulose, hexulose).




Carbohydrates

Monosaccharides

* Analdose is a carbohydrate with aldehyde functionality.

* Aketose is a carbohydrate with ketone functionality.

H 0 H
\C/ H—CI—OH
H-(C5-on d—o
H—C—OH H—(IZ —OH
. ;
Glyceraldehyde, Dihydroxyacetone,

an aldotriose a ketotriose

Carbohydrates

Monosaccharides

Mirror

Glyceraldehyde €HO CHO

@

L-Glyceraldehyde

. i . CH,OH
Chemical Features: CH,OH 5)

— Chirality D-Glyceraldehy
» One or more asymmetric carbons )

+ Linear and ring forms
— Derivatives: the chemistry of carbohydrates

— Polymerization

+ The Glycosidic Bond
» Non-covalent bonds in macro-molecular structure




Carbohydrates

Monosaccharides

CHO

CH,OH

CHO

ey e

H—C—OH

éH 2OH
p-Glyceraldehyde

Fischer projections

Vertical bonds are between
carbons, with highest oxidation
state at the top, AND project
away from you.

Horizontal bonds are pointing

Perspective formulas
( CHO

I
H—(IZ—OH
CH,OH

p-Glyceraldehyde

Fischer projection formulas

toward you.

If hydroxyl is on the left; its L

If hydroxyl is on the right; its D
Here D=R & L=S

It turns out that the L form of glyceraldehyde is
called L because it is “levorotary,” meaning it
will rotate plane-polarized light to the left, or
counter-clockwise. D rotates “dextrorotary.”

GREEN =functional group
RED=highest numbered chiral carbor]

Nearly all sugars
in biology are “D”
(sort of like most

amino acids are “L”).

As Vou do to ] THO nother complete set of 15 L-aldoses] (10
y g L HCOH  xist, and are enantiomers of their D- HO(llH
tetrose, pentose, 3 HCoH faldose relatives shown here. H‘COH
etc., you are 4 CH,0H CH,0H
addin more p-Erythrose p-Threose
aing Rib
chiral carbons. 1 CHO CHO gHo
|
HCOH Rigth HOCH HCOH HOCH
A D- or L-sugar [ \
X X 3 HCOH Rigtt HCOH HOCH HO?H
is defined by the 4 ; Righft HCOH H(‘iOH HCOH
chirality of the 5 CH,OH CH,OH CH,OH CH,OH
higheSt p-Ribose Gl?biT:M p-Xylose G 1 D-Lyxose
A i il AR
numbered s :
1 (1)!(1 CHO CHO (IiH() ‘ (rZH()
carbon. 2 HCOH HOCH HCOH Right] HOCH Snivc2, H(|:0H HO(|2H H(‘LOH HOl‘ZH
3 H‘COH HCOH HOCH Loty H()#H H(|ZOH H(IZOH HO(";H HO(‘:H
4 HCOH H‘COH HCOH Rightl HCOH HO(‘2H HO(‘:H HOCH OnMC4 HOCH
5 HCOH H(‘ZOH Right H(‘IOH H(‘:OH HCOH
6 CH,OH CH,OH CH,OH CH,OH CH,OH CH,OH CH,OH CH,OH
D-Allose p-Altrose p-Glucose p-Mannose p-Gulose p-ldose p-Galactose| p-Talose

Carbohydrate

2

3 CH,OH

b-Glyceraldehyde

Right




Carbohydrates

D-ketoses

The first chiral sugar is a
tetrulose.

There is also another complete set of
7 L-ketoses exist and are enantiomers
of their D-ketose relatives shown here.

DHAP is the ketose form of
glyceraldehyde

Ribulose is the ketose form of
ribose

Fructose is the ketose form of
glucose

CH,OH

CH,0H
Dihydroxyacetonsl DHAP
!
1 CH,0H
2 é 0]
3 H(‘)OH
4 CH,0OH
p-Erythrulose
Rul
1 CH,0H CH,0H
2 ’ é o]
3 H(EOH HO(‘ZH
4 HéOH
5 CH,OH (‘ZHZOH
p-Ribulose| p-Xylulose
7 NFw
CH,0H (!IH7OH ‘CHZOH (‘ZHZOH
C=0 ¢ Right C=0 C=0
HCOH HO&H Left H(‘IOH HO(IIH
HCOH HCOH | migm HOCH HOCH
HCOH Right HéOH H(‘:OH
CH,0OH CH,OH (‘ZHZOH (‘ZHZOH
p-Psicose p-Fructose p-Sorbose p-Tagatose

Carbohydrates

Monosaccharides: Stereoisomer Nomenclature

« Enantiomers

— stereoisomers that are nonsuperimposable complete mirror images

— Example: D-sugars & L-sugars

* Diastereomers

— stereoisomers that are not complete mirror images

— Diastereomers have different physical properties (e.g., water

solubility) H_ 0 H P HQ e H e
— Example: C cI cI CI
H—C—OH HO—C—H H—C—OH HO—C—H
H—CI—OH H—CI—OH HO—CI—H HO—Cl—H
H—C—OH H—CI—OH H—CI—OH H—C—OH
CH,0H CH,O0H CH,O0H CH,O0H
| p-Ribose | | p-Arabinose | | p-Xylose | |D-Lyxose|




Carbohydrates

« Epimers

Example:

« Anomers

Monosaccharides: Stereoisomer Nomenclature

Epimers are stereoisomers that differ at only one chiral center

Epimers are diastereomers; diastereomers have different physical
properties (i.e., water solubility, melting temp)

Four carbons

HO—C—H
H—C—OH
CH,OH

p-Threose

Glc & Man (2 epimer); Glc & Gal (4 epimer); Rib & Ara (2 epimer);
Rib & Xyl (3 epimer)

— Anomers have different chirality at carbon involved in ring formation

Carbohydrates

°CH,OH
p-Mannose
iepimer at C-2)

Left
Left
Right

Right

1

CHO
H—C—OH
HO—C—H
H—C—OH
H—C—OH
°CH,OH
pD-Glucose

Right
Left
Right

Right

Monosaccharides: Stereoisomer Nomenclature
D-Mannose and D-galactose are both epimers of D-glucose.

D-Mannose and D-galactose vary at more than one chiral center and
are diastereomers, but not epimers.

1

CHO
H—ZC_OHRight
HO—=C—H |[eft
HO—2C—H |t
H—C—OHgignt
°CH,OH

p-Galactose

(epimer at C-4)




Carbohydrates

Monosaccharides: The most important sugars

+ Glyceraldehyde and dihydroxyacetone are the simplest (3
carbon) aldose and ketose, respectively.

+ Ribose (Rib) is the standard five-carbon sugar.
* Glucose (Glc) is the standard six-carbon sugar.
+ Galactose (Gal) is an C4-epimer of glucose.

+ Mannose (Man) is an C2-epimer of glucose.

+ Fructose (Fru) is the ketose form of glucose.

+ Ribulose (Rul) is the ketose form of ribose.

Need to know, recognize, draw Fisher Projection, name, abbreviate

Carbohydrates Monosaccharides:
Stereoisomer Nomenclature

* Enantiomers

— stereoisomers that are nonsuperimposable complete mirror images
— Example: D-sugars & L-sugars
+ Diastereomers
— stereoisomers that are not complete mirror images
— Diastereomers have different physical properties (e.g., water
solubility)
— Example: ribose & lyxose
+ Epimers
— Epimers are stereoisomers that differ at only one chiral center
— Epimers are diastereomers; diastereomers have different physical
properties (i.e., water solubility, melting temp)
— Example:
— Gilc & Man (2 epimer); Glc & Gal (4 epimer)
« Anomers

— Anomers have different chirality at carbon involved in ring formation




Carbohydrates

Monosaccharides: What are these “ring” forms?

SUGARS WITH =5 CARBONS RAPIDLY AND STABLY FORM RINGS THROUGH
HEMIACETAL (ALDOSES) AND HEMIKETAL (KETOSES) BONDS.

Hemiacetals - OH
o.M
Y
RLC@)—RZ — R1—CI—0R2
H H
Aldehyde Alcohol Hemiacetal
Not chiral Chiral

* IF the aldehyde (R') and the alcohol (R2) are on the
same molecule, you have a RING!

* Due to the oxygen, the ring is heterocyclic

Carbohydrates

Monosaccharides: What are these “ring” forms?
6 CH,OH

Reducing group
/ Attack sp2

0) H carbon

H OH

NG A from top
- % (’JHZO / a-p-Glucopyranose
H—C—OH C—0OH
| T / | The carbon (with 2
HO—C—H — H 2

==

¢ o’ bonds to oxygen) in
|\?H hl / 3 - now chiral; it's called
RG] HO, t—<¢ the “anomeric” carbon.

H—C—OH L &
CH,OH CH,OH
p-Glucose \\ H 0, OH
(Open-chain form) H H
Anomers OH H ) B
—Anomers are different chirality at carbon involved i H
in ring formation H OH

—These are designated o. (OH down) or B (OH up) g-o-Glucopyranose  *for D-sugars




Carbohydrates

Monosaccharides: What are these “ring” forms?

Hemiketals ?H
R-C=0 + HO —R’ — R-C—OR’
R’ R’
Ketone Alcohol Hemiketal
CH,OH
C=0
| HOH,C  OH  CH,OH HOH,C 0. CH,OH
HO—C—H P |
| — S G H HO /
He e L L™ W OH
| i
H—C—OH OH H
OH H
CH,OH
SIE o a-b-Fructofuranose

(A ring form of fructose)

o (OH down) or $ (OH up)

Carbohydrates

Monosaccharides: What are these “ring” forms?

HC—O

+ Six-membered oxygen- Hc/ \cu

containing rings are called . /
pyranoses after the pyran
ring structure. Pyran

* Five-membered oxygen-
containing rings are called .
furanoses after the furan  Ho

ring structure. H OH
a-p-Glucopyranose

CH,OH

H OH
B-p-Glucopyranose

0}
HC\/ \/CH

C—C
H H

Furan

6
HOCH, _O._ 'CH,OH

SKH Ho A
H OH
)
OH H

a-p-Fructofuranose
B (OH up)
HOCH, _O._ OH

H
CH,OH

OH H
B-p-Fructofuranose

10



Carbohydrates

O _H ,OH \I-Iaworth projections
Gright (0] * Highest carbon with
H—C—OH H . . . |
kift(l-: H hemiacetal/hemiketal alcohol in back;
He cl;@m right oxygen to right.
H_(';_OH doﬁvo If chiral (as for D-sugars), next
CH,OH rng highest carbon up if D, or down if L.
Oﬁwn The anomeric carbon is usually
D-Glucose B-D-Glucopyranose drawn on the right side.
+ Other chiral carbons are down if right
in Fisher projection and up if left in
CHO CHon OH Fisher
H OH right 0
H OH right
H oK * B-D-Gilc pyranose goes up, down, up
- right  [righ
CH,0H Olg-|t Olg-|t down, up as you go from C5 to C1
D-ribose B-D-Ribofuranose + B-D-Rib furanose goes up, down,

down, up as you go from C4 to C1

Carbohydrates

+ Pentoses and hexoses readily undergo intramolecular cyclization.

+ The former carbonyl carbon becomes a new chiral center, called the
anomeric carbon.

+ ALL forms are in equilibrium in solutlon
Process is called “mutarotation”

’K\v\ 5 Fbrm s

—When the former carbonyl ( Pﬂ\omews
oxygen becomes a hydroxyl Furan
group, the position of this
group determines if the
anomer is e or 3. Ho— CH2/ M N
—If the hydroxyl group is on e \I I/ SoH o L
the opposite side (irans) of | (in (IDH HZé/OH o n OH i
the ring as the CH.OH , & N/ -
ietv. the configuration is a-D-Ribofuranose H/_,\T T/, a-D-Ribopyranose
moiety, g - L
@ (l)H éH
—If the hydroxyl group is on Ho— Cte / \ oM o Ribose
the same side (cis) of the o \| ]/\\
ring as the CH2OH moiety, G | - L L
the configuration is S. OH 'CH ust remember, for D-sugars,
o ﬂ B-p-Ribofuranose’ o (OH down) or § (OH up) B-0-Ribopyranose
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