Carbohydrates serve a variety of functions
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Carbohydrates are polyhydroxylated aldehydes
(aldoses) and ketones (ketoses)

: H
Base formula: C_ H, O, H  ° |
¢ = triose
H H—C—OH C=0 tetrose
" I | I ——
CI H—C—OH HO—C—H HO—C—H pentose
H—C—OH C=0 H—C—OH H—C—OH
# of carbons
H—CI—OH H—C—OH H—?—OH H—?—OH
H H CH,OH CH,0H ‘-ose’ suffix
Glyceraldehyde, Dihydroxyacetone, p-Glucose, p-Fructose, indicates
an aldotriose a ketotriose an aldohexose a ketohexose
\ J carbohydrate
|
Monosaccharides (sometimes called ‘simple sugars’) —s Saccharide: from
Greek sakcharon
also, r{Oligosaccharides (disaccharides, trisaccharides, ...) = sugar

and ||Polysaccharides (sometimes called ‘complex carbohydrates’)

Formed from monosaccharides linked via a condensation reaction

‘glyc’ (from Greek glykys = sweet) also designates carbohydrate
ex: glycoside, glycolysis, peptidoglycan



Most carbohydrates are chiral, and their
configuration is a major distinguishing feature

. H H
Base formula: C_.H, O, W |
€ H—?—OH
H o I-II H—(C>—OH C=
\ 7 .
d H—C—OH HO—C>-H HO H Chiral carbons:
H—(%)—OH c|=o H—{C)-OH H oH #C- 2 for aldoses
H—CI—OH H—CI—OH H—C3-OH M oH #C -3 for ketoses
H H CH,OH CH,OH
Glyceraldehyde, Dihydroxyacetone, p-Glucose, p-Fructose,

an aldotriose a ketotriose an aldohexose a ketohexose

Number of stereocisomers: 2%, where x is # of chiral carbons

H\/o H\/o H\cfo H\cfo D-aldopentoses H\/o E H\c/o
u—t—on wo—iow  w_c—on wo—i—w are diastereomers mo—d—H | H—d—on
|-|—c|—0|-| H—CI—OH HO—CI—H HO—CI—H H—CI—OH i Ho_cl_H
|-|—c|—0|-| H—CI—OH H—C—OH H—cl—OH D- and L- arabinose H—Cl—OH E HO—C—H
(I:HZOH <|:|-|20|-| C|Hon (IZHZOH are enantiomers CHyOH | CH,OH
p-Ribose | | p-Arabinose p-Xylose p-Lyxose p-Arabinose | L-Arabinose




A carbonyl and an alcohol will readily react to

form a new chiral center
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Mutarotation is the interconversion of anomers

a-D-Glucopyranose D-Glucose B-D-Glucopyranose
(linear form)
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Figure 8-4



A six-membered sugar ring, like glucopyranose,
adopts one of two chair conformations

AXxis AXxis

1 [
ax

ax ax

[
1
ax 1
1

Two possible chair forms
AXxis

H :
H,COH !

OH

i

]

H 1

]

a -pD-Glucopyranose



Modified sugars are important in biochemistry

Glucose family

Amino sugars

CH,OH CH,OH CH,OH CH>OH CHOH
O\ oH e & 0
H /4 H /4 OH H/u OH HO /| OH H L OH
OH H OH H H H
HO H HO H HO H N N H
C=0 B-p-Galactosamine B-p-Mannosamine
I
CH3
B-o-Glucose B-p-Glucosamine N-Acetyl-B-p-glucosamine
Deoxy sugars
CH;—O0—PO3~ CH20H CH20H H
0, {¢) CH3 0,
H H OH H H OH H H OH S L H CHs H
OH H R H R H = H OH
HO H HO H HO H Co0- HO OH
H OH H NH» H i\lIH OH H
C=0
B-o-Glucose '
oy CH3
6-phosphate Muramic acid  N-Acetylmuramic acid B-L-Fucose a-.-Rhamnose
Acidic sugars
A CH
() (0] 3 .
N/ | 0. 0
C CH,0H CH,OH O=C H N/ R=
(6} OHSpt (o) o |
H /%4 OH H /4 ) > H /4 i HN /¢ i e
OH H OH H /°\ OH H H H I
HO H HO (o) HO H OH H—C—OH
I
OH H OH H OH OH H CHOH

B-p-Glucuronate

p-Gluconate

p-Glucono-é-lactone

N -Acetylneuraminic acid
(a sialic acid)




A hemiacetal or hemiketal may condense with
an alcohol to form an acetal or ketal

(I)H HO—R?3 (I)R3
R—C—OR? = e > R—C—OR? + H,0
| 4 |
H HO—R?> H
Hemiacetal Acetal
(I)H HO—R"* clm“
. R—C—OR? = s > R—C—OR? + H,0
I2 { 4 |2
R HO—R R

Hemiketal Ketal



Glycosidic bonds link the anomeric carbon to
other compounds, to form ‘glycosides’

O-glycosidic (or O-glycosyl) bonds (or linkages)

glycosidic
bonds
CH,OH CHZOH CHZOH
" T o 0CH3
H
+ CH3OH —‘- + Hy0
OH H 2 OH H z
HO OH CH3
H OH OH
a-D-Glucose Methyl-a-D-glucoside Methyl-B-p-glucoside
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Can these sugars interconvert?

Figure 8-7



o N-glycosidic bonds
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Condensation reactions link monosaccharides
into disaccharides (and polysaccharides)

CH20H CH,OH
hemiacetal (0]
(_/ H H OH
+
HO OH /’ HO o & H
H OH alcohol H OH
a-D-Glucose B-p-Glucose
hydrolysis || condensation
H20 H20
6CH,OH 6CH,OH
2 acetal = hemiacetal
H H‘/ (_(y
non-reducingend 4 reducing end

Maltose
a-D-glucopyranosyl-(1—4)-p-glucopyranose



