
D-arabinose with methanol and hydrogen chloride. The size of the ring was identified as

five-membered because only one mole of periodic acid was consumed per mole of gly-

coside and no formic acid was produced. Were the ring six-membered, two moles of

periodic acid would be required per mole of glycoside and one mole of formic acid would

be produced.

HOCH2

H

O H

H

HHO

HO OCH3

Only one site for periodic acid
cleavage in methyl

�-D-arabinofuranoside

Two sites of periodic acid
cleavage in methyl

�-D-arabinopyranoside,
C-3 lost as formic acid

OCH3

O
HO

OH

OH

13

4

2
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PROBLEM  25.20

The �-methyl glycosides of the pyranose forms of all four aldopentoses give the same
product on periodic acid oxidation. What is this product?

25.23 SUMMARY

Section 25.1 Carbohydrates are marvelous molecules! In most of them, every carbon

bears a functional group, and the nature of the functional groups changes

as the molecule interconverts between open-chain and cyclic hemiacetal

forms. Any approach to understanding carbohydrates must begin with

structure.

Carbohydrates are polyhydroxy aldehydes and ketones. Those derived

from aldehydes are classified as aldoses; those derived from ketones are

ketoses.

Section 25.2 Fischer projections and D–L notation are commonly used to describe

carbohydrate stereochemistry. The standards are the enantiomers of

glyceraldehyde.

Section 25.3 Aldotetroses have two chirality centers, so four stereoisomers are possible.

They are assigned to the D or the L series according to whether the

configuration at their highest numbered chirality center is analogous to 

D- or L-glyceraldehyde, respectively. Both hydroxyl groups are on the

same side of the Fischer projection in erythrose, but on opposite sides in

threose. The Fischer projections of D-erythrose and D-threose are shown in

Figure 25.2.

Section 25.4 Of the eight stereoisomeric aldopentoses, Figure 25.2 shows the Fischer

projections of the D-enantiomers (D-ribose, D-arabinose, D-xylose, and

D-lyxose). Likewise, Figure 25.2 gives the Fischer projections of the eight

D-aldohexoses.

H

CHO

CH2OH

OH

D-(�)-Glyceraldehyde

HO

CHO

CH2OH

H

L-(�)-Glyceraldehyde
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Section 25.5 The aldohexoses are allose, altrose, glucose, mannose, gulose, idose,

galactose, and talose. The mnemonic “All altruists gladly make gum

in gallon tanks” is helpful in writing the correct Fischer projection for

each one.

Sections Most carbohydrates exist as cyclic hemiacetals. Those with five-membered 

25.6–25.7 rings are called furanose forms; those with six-membered rings are called

pyranose forms.

The anomeric carbon in a cyclic acetal is the one attached to two
oxygens. It is the carbon that corresponds to the carbonyl carbon in the

open-chain form. The symbols � and � refer to the configuration at the

anomeric carbon.

Section 25.8 A particular carbohydrate can interconvert between furanose and pyranose

forms and between the � and � configuration of each form. The change

from one form to an equilibrium mixture of all the possible hemiacetals

causes a change in optical rotation called mutarotation.
In carbohydrates, the anomeric effect causes an axial substituent

at the anomeric carbon of a pyranose ring to be more stable than an

equatorial one. The effect is believed to be due to delocalization of an

electron pair of the ring oxygen into an antibonding orbital of the

anomeric substituent.

Section 25.9 Most naturally occurring ketoses have their carbonyl group located at C-2.

Like aldoses, ketoses cyclize to hemiacetals and exist as furanose or

pyranose forms.

Sections Structurally modified carbohydrates include deoxy sugars, amino sugars,
25.10–25.12 and branched-chain carbohydrates.

Section 25.13 Glycosides are acetals, compounds in which the anomeric hydroxyl group

has been replaced by an alkoxy group. Glycosides are easily prepared by

allowing a carbohydrate and an alcohol to stand in the presence of an acid

catalyst.

Sections Disaccharides are carbohydrates in which two monosaccharides are joined 

25.14–25.15 by a glycoside bond. Polysaccharides have many monosaccharide units

connected through glycosidic linkages. Complete hydrolysis of disaccharides

and polysaccharides cleaves the glycoside bonds, yielding the free

monosaccharide components.

Sections Carbohydrates undergo chemical reactions characteristic of aldehydes and 

25.16–25.22 ketones, alcohols, diols, and other classes of compounds, depending on

their structure. A review of the reactions described in this chapter is

presented in Table 25.2.

A glycoside

OR

HOCH2
O

HO

HO
OH

H�

D-Glucose � ROH H2O�

HOCH2

H

O H

H H

OHOH

OH

�-D-Ribofuranose �-D-Glucopyranose

H

HOCH2
O

OH
OHHO

HO

H
H

H
H
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TABLE 25.2

ExampleReaction (section) and comments

Reduction (Section 25.17)  The carbonyl group 
of aldoses and ketoses is reduced by sodium 
borohydride or by catalytic hydrogenation. The 
products are called alditols.

Oxidation (Section 25.18)  Bromine oxidizes 
the aldehyde function of an aldose to a 
carboxylic acid. The product is an aldonic acid 
that normally exists as a lactone. The main 
path to uronic acids, carbohydrates that bear a 
CO2H group instead of CH2OH, is biosynthetic. 
Nitric acid oxidizes both the CHO and CH2OH 
ends of an aldose to CO2H. These compounds 
are called aldaric acids.

Chain extension (Section 25.19)  The
Kiliani�Fischer synthesis proceeds
by nucleophilic addition of HCN to an aldose, 
followed by conversion of the cyano group to an 
aldehyde. A mixture of stereoisomers results; 
the two aldoses are epimeric at C-2. Section 
25.19 describes the modern version of the
Kiliani�Fischer synthesis. The example at the 
right illustrates the classical version.

CH2OH

CHO

H OH

H OH

HHO

D-Arabinose

CH2OH

CH2OH

H OH

H OH

HHO

D-Arabinitol (80%)

H2, Ni

ethanol�water

CH3

CHO

H OH

H OH

HHO

HHO

L-Rhamnose

Br2
H2O

57%

H

OHOH

H
H

H

HO

H3C

O

O

�
OH3C

OH
HO

OH

O

6%

L-Rhamnonolactone

CH2OH

CHO

H OH

H OH

H OH

D-Ribose

NaCN

H2O
�

CH2OH

CN

H OH

H C OH

H OH

H OH

H2O,
heat

CH2OH

CN

H OH

C HHO

H OH

H OH

H2O,
heat

separate
diastereomeric
lactones and

reduce
allonolactone
with sodium

amalgam
�

CH2OH

CHO

H OH

H OH

H OH

H OH

D-Allose
(34%)

CH2OH
HO H

H

OHHO

HH

O

O

Allonolactone
(35�40%)

CH2OH
HO H

H

HO

HO

HH

O

O

Altronolactone
(about 45%)

Summary of Reactions of Carbohydrates

—Continued

Enediol formation (Section 25.20) Enolization of 
an aldose or a ketose gives an enediol. Enediols 
can revert to aldoses with loss of stereochemical 
integrity at the �-carbon atom or isomerize to
ketoses. CH2OH

CHO

H OH

D-Glyceraldehyde

CH2OH

CH2OH

C O

1,3-Dihydroxyacetone

CH2OH

CHOH

C OH

Enediol
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TABLE 25.2

ExampleReaction (section) and comments

Acylation (Section 25.21)  Esterification of the 
available hydroxyl groups occurs when
carbohydrates are treated with acylating agents.

Alkylation (Section 25.21)  Alkyl halides react with 
carbohydrates to form ethers at the available 
hydroxyl groups. An application of the Williamson 
ether synthesis to carbohydrates.

Periodic acid oxidation (Section 25.22)  Vicinal
diol and �-hydroxy carbonyl functions in
carbohydrates are cleaved by periodic acid.

Methyl 2,3-di-O-benzyl-
4,6-O-benzylidene-

�-D-glucopyranoside (92%)

C6H5

C6H5CH2O

O
O

O

OCH3
C6H5CH2O

Methyl 4,6-O-benzylidene-
�-D-glucopyranoside

C6H5

HO

O

HO

O
O

OCH3

C6H5CH2Cl

KOH

CH2OH

CHO

H OH

H OH

H H

2-Deoxy-D-ribose

� � �2HIO4

Formic
acid

HCOH

O

Formaldehyde

HCH

O

CHO

CHO

CH2

Propanedial

CH3COCCH3

pyridine

O
X

O
X

Sucrose

O
HOCH2

HO
HO

HO

O

HOCH2

OH

OH
CH2OHO

O
CH2OAc

O

OAc

OAc
CH2OAc

AcO
AcO

AcO

AcOCH2

O

Sucrose
octaacetate (66%)

X
O

(AcO � CH3CO)

Summary of Reactions of Carbohydrates (Continued)

PROBLEMS

25.21 Refer to the Fischer projection of D-(�)-xylose and give structural formulas for

(a) (�)-Xylose (Fischer projection)

(b) Xylitol

(c) �-D-Xylopyranose

(d) �-L-Xylofuranose

(e) Methyl �-L-xylofuranoside

(f) D-Xylonic acid (open-chain Fischer projection)

(g) 
-Lactone of D-xylonic acid

(h) 	-Lactone of D-xylonic acid

(i) Xylaric acid (open-chain Fischer projection)

25.22 What are the R,S configurations of the three chirality centers in D-xylose?

H

CH2OH

CHO

OH

H OH

HHO

D-(+)-Xylose

car47872_ch25_1022-1063  11/15/06  21:54PM  Page 1057


