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What is carbohydrate?

« Carbon + HZO

* Polyhydroxy aldehydes, ketones and their derivatives,

and the polymer derived from these compounds
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Aldose & Ketose A S

Carbon 2




MIAE19 Aldose & Ketose

Carbon

Formula/name

aldose

ketose

C.HO

3 6 3

Glyceraldehydes

Erythrose

Ribose

xylose

Glucose

Galactose

Dihydroxyacetone

Erythrulose

Ribulose

Xylulose

Fructose

Tagatose

Sedoheptulose
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Monosaccharides

Aldose (aldehyde) : Ketose (ketone)

Hin, 50 %
C G5 CH,OH

HO C H or H C OH C=0

CH,OH CH,OH CH,OH
L-iIsomer p-iIsomer

Glyceraldehyde Dihydroxy-
acetone
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Ketose
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Enantiomer

Mirror
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The D enantiomers of sugars predominate in nature.
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Enantiomers & Epimers

H H
| |

ll-l | H C=0 C=0
O 5 "0 HO—H HO—H
H——OH E HO——H HO——H HO——H
H—OH | HO—H H——OH s— HO——H
CHOH '@  CHQOH H——OH H——OH
CHLOH CHLOH
These two aldotetroses are enantioraers. These two aldohexoses are C-4 epimers.
They are stereoisomers that are rimor They differ only in the position of the
irages of each other. hydroxyl group on one asyrametric carbon
(Carbon-4).
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Epimers — a pair of molecules that
differ around one chiral center

CHO CHO
CcHO Carbon 5
2 H—1—OH " HO—1+—H
Sy oo determines
3 HO = H—}—OH
o= - Glucose has 4 e S the Lo il
- - - =
N o chiral centers S [ enantiomeric R 1525
H—1—oH form of
D —-glucose L-glucose
CHO CHO
— 1 on H——OH
& > Glucose and
HO —}—H HO —{ —H
2 galactose 2
—— - o ==ty
- e differ around
H-—%+—OH
. S carbon 4 and

CH>OH arc gpime I'S CHOH
D -glucose D -galactose




Structural Representation

1.Acyclic system

Fischer projections

Wedge-Slash formula
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Fischer projections

Wedge-Slash formula




2. Cyclic system




Hemiacetal
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Cyclization = |<=5:H Pl

“Intramolecular hemiacetals/hemiketals”
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Cyclic sugar

"pyran” (six-membered ring) and "furan” (five-membered ring)
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D-Glucose
(Fischer projection)

Cyclization of

a-D-Glucopyranose B-D-Glucopyranose
(Haworth projection) (Haworth projection)

glucose




Cyclization of ribose
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(Fischer projection)
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OH OH

a-D-Ribopyranose

B-D-Ribopyranose
(Haworth projection)

(Haworth projection)
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OH OH

HOCH, O H

H H A* or
H OH
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a-D-Ribofuranose

B-p-Ribofuranose
(Haworth projection)

(Haworth projection)
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Glucose

Fructose

Down

OH H
B-D-Fructofuranose




Pyranose and furanose forms of glucose

CH,OH
ZE0 ool
yd N
OH |
CH,OH HO f
~ OH
e Ok -_ Pyranose form
OH H
d
L C
Oh CH,OH
O
\ CHOH
OH
\ O
D-Glucose _ OH
OH (
OH

wiz2.pharm.wayne.edu/biochem/enzyme_cofactors.ppt,

Furanose form
By Henry Wormser




Pyranose and furanose forms of ribose

/_/f 0 OH
-~ H(v
CH, OH _ OH OH
OH : H Pyranose form
~ W "
. C
u O
i lon \ CH,OH
-\ 0 N§
p-Ribose | OH
OH OH

wiz2.pharm.wayne.edu/biochem/enzyme_cofactors.ppt, ”
Furanose form
By Henry Wormser




Alpha-/beta-anomers

New chiral center

alpha-D-glucose beta-D-glucose
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Boat

a = axial bond

e = equatorial bond Chair and boat conformations of a pyranose sugar

2 possible chair conformations of B-D-glucose




Monosaccharide Derivatives




H : H
Glucose =0 N =0
H——OH H—+—OH
HO——H G g HO——H
H——O080 2__22 H——OH
. . H——OH 1. H——OH
Derivatives CHOH il CH
D-Glucose-4-Sulfate 6-Deoxy-D-Glucose
Replace OH Reduction of the
Replace OH with NH, C-6 W
with sulfae
- i
CI)H ?—O C=0
C=0 Onddation of the '_ . H——OH
H——OH C-ladehydetw i “¢6 Posiion.  HO——H
a catboocylic acid HO——H -
HO——H = H——OH
H——OH H——OH
H—+—OH H— OH T
S . D-Glucose D-Glucuronic Acid
D-Gluconic Acid (A Uronic Acid)
(An Aldornic Acid) Reducupn of the
anomedc Cathon
Replace OH | I |
writh Phosphate r
H
I CH_OH
¢=0O H——OH TOH
H——OH HO——H H A OH
I':_I_,_OH ‘lﬁ: & CHOH H OH
Ny Sorbitol Look! this too
O- {An Alditol, Polyol) can be drawn in a

D-Glucose-6-Phosphate Haworth projection.




Phosphate Sugar
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(ll‘H;,OH g
|
Ge=D H—C—OH
CH,0P0 @ CH,0PO0 @

Dihydroxyacetone D-Glyceraldehyde
phosphate 3-phosphate

6 6
®0,POCH, CH,OH

a-D-Ribose 5-phosphate 0-D-Glucose 6-phosphate o-D-Glucose 1-phosphate

a A
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CH,OH
O

H O H 2=04PO HyC CH, OPO3%~
H
OH H H HO
HO OPO: H OH
H OH OH H
o-pD-Glucose-1-phosphate o-p-Fructose-1,6-bisphosphate
. . . NHy
Several sugar esters important in metabolism
N ‘ >
N
N N
O
H
H
OH OH

wiz2.pharm.wayne.edu/biochem/enzyme_cofactors.ppt, By Henry mser .
Adenosine-5 '-triphosphate




Deoxy Sugar e/

A% —OH NanuNUNA2e H N\ ¥

6-deoxy-L-galactose

O. OH




o-D-Glucosamine

CH,

N-Acetyl-o-D-galactosamine
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COOH

l

C=0 Pyruvic acid
I

CH,
[
e} H—C—OH O
CH;— CH— COOH I I
Muramic acid CHs—C EN{_ (l‘ —H
HO —C—H
| ~ N-Acetylmannosamine
H—C—OH
|
H— C—OH
|
CH,OH -/
N-Acetyl-pD-neuraminic acid (NeulNAc)
A
-
|
HOOC — C— OH
|
(I:H2 H
e) H—C—OH o) O
Il | [ HCOH HO_ . H H
CH;—C——N—C—H CH;—C—}N I COOH H()Hz(‘?x... COOH
H | HCOH H OH
e) C—H I CH OH
I H CH,OH OH ks e g
H—C—OH H ”‘
|
O
. H
H (I, OH OH H
CH,OH

Fischer projection

Chair conformation

Haworth projection

N-Acetyl-p-neuraminic acid (NeulNAc), a sialic acid




Sugar Alcohol

CH,OH
|
HO—C—H
I
CH,OH

Glycerol myo-Inositol D-Ribitol

oy v

\naulae Carbonyl oxygen lTulaluwganlsngnaaadlaiilu polyhydroxy alcohol
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Sugar alcohols are very useful intermediates 7.,

Mannitol is used as an osmotic diuretic
Glycerol is used as a humectant and can be nitrated to nitroglycerin

Sorbitol can be dehydrated to tetrahydropyrans and tetrahydrofuran

compounds (sorbitans)

Sorbitans are converted to detergents known as spans and tweens (used in

emulsification procedures)

Sorbitol can also be dehydrated to 1,4,3,6-dianhydro-D-sorbitol (isosorbide)
which is nitrated to ISDN and ISMN (both used in treatment of angina)

wiz2.pharm.wayne.edu/biochem/enzyme_cofactors.ppt, By Henry Wormser
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H—C—0nH

4

I

H —5? — OH
+CH,OH
D-Gluconate p-Glucono-d-lactone
(open-chain form)

H —2<|: — OH
HO —,(|: —H

H—— GOk —
H —5(|l' e 8 ) 5
LCO0P
D-Glucuronate D-Glucuronate

(open-chain form) (B pyranose anomer)



AU C 150 Ascorbic acid
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Glycoside e

CH,0H CH,OH CH,OH
H O H H O, H H O 0—cH,
H Acid H H
OH H + CHOH OH H + OH H
HO OH HO 0—CH, HO
H OH H OH H OH
0-D-Glucopyranose Methanol Methyl o-D-glucopyranoside Methy! B-D-glucopyranoside
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Condensation reactions: acetal and ketal formatiop{&—

R_

O H
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C
7N\
R

+ R'—OQOH %

OH
Hemiacetal
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R......._

O R
N\ ./
C
7\
R 0

+ R'—OQOH %

H
Hemiketal




g Pree Glycosidic/acetal linkage = Z

CH,OH CH,OH

] S 0t o (1-6) linkage
H H /
OH H OH H

e 0 O o (1-4) linkage
H OH H OH I

CH,OH CH, fiod

H OOH H O H W¥H O\H
H H H
ce 2 ANOH HAAGAOH HAGAOH HAA,




The anomeric forms of

methyl-D-glucoside

CH,OH
I
H O H
H
Ol 11
HO O CHjy
H OH
Methyl-o-p-glucoside
CH,OH
I
H O oGie
H
HO H
H OH

Methyl-3-p-glucoside
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CHZ%H CH,OH
o)
OH
% 4 !

OH ] BO OH

OH
ﬁ anomer of cellobiose

(ﬁ -D-glucopyranosyl-(C1 —4)-D-glucose)

i@ la by lod (cellobiose; 3 -D-glucopyranosyl-(C1—4)-D-glucose)
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FIG.1 Essential structural features of reducing and nonreducing
sugars.
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Carbohydrate Nomenclature =

o (alpha)- and l3 (beta)-D-Glucopyranose [1,2]

Ol (alpha)- and [3 (beta)-D-Glucofuranose [3,4]




AcOCH, 1,2,3,4,6-Penta-O-acetyl-QL (alpha) -D-Glucopyranose [5]

Table 1 Common Substituent Groups Attached to Oxygen
Atoms

Structure Group Name (Abbreviation)
CH,CO acetyl (Ac)

C H;CO benzoyl (Bz)

C.H,CH, benzyl (Bzl)

C H;CH benzylidene (attached to two oxygens)
CH,CH, ethyl (Et)

CH,CH ethylidene (attached to two oxygens)
(CH,),C isopropylidene (attached to two oxygens)
CH, S0, mesyl or methylsulfonyl (Ms)

CH, methyl (Me)

CH, methylene (attached to two oxygens)
NO, nitro (NO,)

CH,C,H,SO, tosyl or p-tolylsulfonyl (Ts)

CH, SO, triflyl or trifluoromethylsulfonyl (TY)
C.H,0 tetrahydropyranyl (THP)

4-O-acetyl-1,2-di-O-benzoyl-6-O-p-tolylsulfonyl-Ol (alpha) -D-galactopyranose [6]



Methyl-QL (alpha) -D-mannopyranoside [9]

O-(6-O-Methyl-a (alpha) -D-Galactopyranosyl)-(1 4)- a (alpha) -D-Galactopyranose [19]
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HO (o) H
H OH H OH

B anomer of maltose
(a-D-Glucopyranosyl-(1— 4)-B-D-glucopyranose)

o anomer of lactose
(B-D-Galactopyranosyl-(1— 4)-o.-D-glucopyranose)

>
CH on y /
0 _/
N\ OH H
H
H OH

B anomer of cellobiose
(B-p-Glucopyranosyl-(1— 4)-B-D-glucopyranose)

(d) CH,OH

HOCH, _O B

2

H HO
H CH,OH

OH H

Sucrose

(a-D-Glucopyranosyl-(1— 2 )-B-D-fructofuranoside)




Table 2 Common Substituent _
Groups Attached Directly to the Methyl-6-Deoxy-Qt (alpha) -D- mannopyranoside [10]

Carbon Atom Chain

Structure Group Name

amino
bromo 6-Amino-6-deoxy-OL (alpha) -D-glucopyranose [11]
chloro
fluoro
ethyl
iodo
CH, methgrl 6-Deoxy-6-iodo-[3 (beta) -D-galactopyranose [12]
nitro

aAttachment to the carbon atom
chain is at the nitrogen atom.
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Glyceraldehyde H—(I:—OH H—C—OH H—C—OH
||1 H—<|:—0H H—tlz—ou
Ribose |!| I!I

Glucose Galactose

H H H
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Dihydroxyacetone H_é—_ou H —(I:—OH

l!l H —(:)—OH

Ribulose H
Fructose
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