such as glycogen, are branched. Both glycogen and cel-
lulose consist of recurring units of p-glucose, but they
differ in the type of glycosidic linkage and consequently
have strikingly different properties and biological roles.

7.1 Monosaccharides and Disaccharides

The simplest of the carbohydrates, the monosaccha-
rides, are either aldehydes or ketones with two or more
hydroxyl groups; the six-carbon monosaccharides glu-
cose and fructose have five hydroxyl groups. Many of
the carbon atoms to which hydroxyl groups are attached
are chiral centers, which give rise to the many sugar
stereoisomers found in nature. We begin by describing
the families of monosaccharides with backbones of three
to seven carbons—their structure and stereoisomeric
forms, and the means of representing their three-
dimensional structures on paper. We then discuss sev-
eral chemical reactions of the carbonyl groups of mono-
saccharides. One such reaction, the addition of a
hydroxyl group from within the same molecule, gener-
ates the cyclic forms of five- and six-carbon sugars (the
forms that predominate in aqueous solution) and cre-
ates a new chiral center, adding further stereochemical
complexity to this class of compounds. The nomencla-
ture for unambiguously specifying the configuration
about each carbon atom in a cyclic form and the means
of representing these structures on paper are therefore
described in some detail; this information will be useful
as we discuss the metabolism of monosaccharides in
Part 1I. We also introduce here some important mono-
saccharide derivatives encountered in later chapters.

The Two Families of Monosaccharides Are Aldoses
and Ketoses

Monosaccharides are colorless, crystalline solids that
are freely soluble in water but insoluble in nonpolar sol-
vents. Most have a sweet taste. The backbones of com-
mon monosaccharide molecules are unbranched carbon
chains in which all the carbon atoms are linked by sin-
gle bonds. In the open-chain form, one of the carbon
atoms is double-bonded to an oxygen atom to form a
carbonyl group; each of the other carbon atoms has a
hydroxyl group. If the carbonyl group is at an end of the
carbon chain (that is, in an aldehyde group) the mono-
saccharide is an aldose; if the carbonyl group is at any
other position (in a ketone group) the monosaccharide
is a ketose. The simplest monosaccharides are the two
three-carbon trioses: glyceraldehyde, an aldotriose, and
dihydroxvacetone, a ketotriose (Iig. 7-1a).
Monosaccharides with four, five, six, and seven car-
bon atoms in their backbones are called, respectively,
tetroses, pentoses, hexoses, and heptoses. There are
aldoses and ketoses of each of these chain lengths:
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CH-0H CH20H
b-Ribose, 2-Deoxy-p-ribose,
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(c)

FIGURE 7-1 Representative monosaccharides. (a) Two Irioses, an
aldose and a ketose. The carbonyl group in each is shaded. (b) Two
common hexoses. () The pentose components of nucleic acids.
p-Ribose is a component of ribonucleic acid (RNA), and 2-deoxy-p-
ribose is a component of deoxyribonucleic acid (DNA).

aldotetroses and ketotetroses, aldopentoses and ke-
topentoses, and so on. The hexoses, which include the
aldohexose p-glucose and the ketohexose D-fructose
(Fig. 7-1b), are the most common monosaccharides in
nature. The aldopentoses p-ribose and 2-deoxy-p-ribose
(Fig. 7-1c¢) are components of nucleotides and nucleic
acids (Chapter 8).

Monosaccharides Have Asymmetric Centers

All the monosaccharides except dihydroxyacetone con-
tain one or more asymmetric (chiral) carbon atoms and
thus occur in optically active isomeric forms (pp. 17—
19). The simplest aldose, glyceraldehyde, contains one
chiral center (the middle carbon atom) and therefore has
two different optical isomers, or enantiomers (Fig. 7-2).
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Three carbons Four carbons FIGURE 7-3 Aldoses and ketoses. The series of (a) n-aldoses and
CHLOH (b) p-ketoses having from three to six carbon atoms, shown as
-2
CH.OH | projection formulas. The carbon atoms in red are chiral centers.
5 C|1=0 In all these o isomers, the chiral carbon most distant from the
CI":O H—C—OH carbony! carbon has the same configuration as the chiral carbon
CH,0H CH,OH in p-glyceraldehyde. The sugars named in boxes are the most
|Di.hydruxym:etone| \D—Erythrulase| commeon in nature; you will encounter these again in this and
later chapters.
Five carbons Six carbons
CH,OH l.’lleOH
CH,OH | e C|!= o
C=0
| H—C—OH HO—C—H
H—C—0H
H—C—0OH H—C—0H
S H—(—O0H H—C—OH
CH,OH
: CH,OH CH,OH
-Ribul 1 1 1
p-Psicose n-Fructose (leD ?HD C|:H0
HO-2C—H H-C—OH H-2C—0H
CH,O0H CH,OH 3
[ [ HO-=C—H HO-=C—H HO-=C—H
CH,OH C=0 C=0 i 4 4
| | | H—C—O0H H—C—OH HO—C—IL
C=0 H—(l_‘,—OH HO—C—H 5 5l &l
o oy g g H—rC—OH H—FC—OH H—GC—OH
H—C—0H H—C—O0H H—C—OH CH,0H CH,0H CH,OH
| | n-Mannose p-Glucose n-Galactose
CH,OH CH,OH CH,OH {epimer at C-2) {epimer at C-4)
p-Sorbose p-Tagatose
FIGURE 7-4 Epimers. n-Clucose and two of its epimers are shown
D-Ketoses as projection formulas. Each epimer differs from p-glucose in the con-
(b)

figuration at one chiral center (shaded red).




