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            Introduction : CARBOHYDRATES are substances with the general formula C x (H 2 O) y , and were called carbohydrates ( hydrates of carbon ) because they contained hydrogen and oxygen in the same proportion as in water . All carbohydrates are polyhydroxy aldehydes or ketones , or substances that yield these on hydrolysis. Carbohydrates are divided into two main classes, sugar and polysaccharides. Both classes of compounds have similar structure and both are produced by plants. Sugars are subdivided into a number of groups as follows: 1. Monosaccharide: These are sugars which can not be hydrolyzed into smaller molecules. All its are reducing sugar. 2. disaccharides: These yield two monosaccharide on hydrolysis, e.g. sucrose, maltose. 3. Polysaccharides: These yield many monosaccharide on hydrolysis, e.g. starch, cellulose. MONOSACCHARIDE A monosaccharide may be further classified. If it contain an aldehyde group, it is known as an aldose; if it contain a keto group, it is known as ketose. Depending upon the number of carbon atoms it contains, a monosaccharide is known as a triose, tetrose, pentose, hexose, and so on. An aldohexose, for example, is a six-carbon monosaccharide containing an aldehyde group; a ketopentose is a five carbon monosaccharide containing a keto group. Configuration of the Monosaccharides : 
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Introduction : CARBOHYDRATES are substances with the general formula Cx(H2O)y , and were called carbohydrates ( hydrates of carbon ) because they contained hydrogen and oxygen in the same proportion as in water . All carbohydrates are polyhydroxy aldehydes or ketones , or substances that yield these on hydrolysis. Carbohydrates are divided into two main classes, sugar and polysaccharides. Both classes of compounds have similar structure and both are produced by plants.
 Sugars are subdivided into a number of groups as follows: 1. Monosaccharide: These are sugars which can not be hydrolyzed into smaller molecules. All its are reducing sugar.
 2. disaccharides: These yield two monosaccharide on hydrolysis, e.g. sucrose, maltose.
 3. Polysaccharides: These yield many monosaccharide on hydrolysis, e.g. starch, cellulose.
 MONOSACCHARIDE
 A monosaccharide may be further classified. If it contain an aldehyde group, it is known as an aldose; if it contain a keto group, it is known as ketose. Depending upon the number of carbon atoms it contains, a monosaccharide is known as a triose, tetrose, pentose, hexose, and so on. An aldohexose, for example, is a six-carbon monosaccharide containing an aldehyde group; a ketopentose is a five carbon monosaccharide containing a keto group.
 Configuration of the Monosaccharides :
 Aldotrioses :Glyceraldehyde is the only aldotriose, and been chosen as arbitrary standard.
 CHO
 CH2OH
 OHH
 D(+)-glyceraldehyde L(-)-glyceraldehyde
 CHO
 CH2OH
 HHO
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Aldotetrose : CH2OH.CHOH. CHOH.CHO. This structure contains two asymmetric
 carbon atoms, and so there are four optical isomers ( two pairs of enantiomorphs ). All are known, and correspond to D- and L-therose and D- and L-erythrose. D(+)-glyceraldehyde may be stepped up by the Kiliani reaction to give D(-)-threose and D(-)-erythrose.
 CH2OH
 OHH
 D(-)-erythrose
 OHH
 CHO
 CH2OH
 OHH
 HHO
 CHO
 L(-)-threose
 H OH
 CH2OH
 CHO
 Aldopentose : CH2OH.CHOH.CHOH.CHOH.CHO. This structure contain three
 asymmetric carbon atoms, and so there are eight optical isomers ( four pairs of enantiomorphs ). All are known. D-erythrose, when stepped up by the Kiliani reaction, gives D(-)-ribose and D(-)-arabinose. Similarly, D-threose gives D(+)-xylose and D(-)-lyxose.
 CH2OH
 OHH
 D(-)-ribose
 OHH
 D-erythrose
 OHH
 CHO
 D(-)-arabinose
 CH2OH
 OHH
 OHH
 HHO
 CHO
 CH2OH
 OHH
 D(+)-xylose
 HHO
 D-threose
 OHH
 CHO
 D(-)-lyxose
 CH2OH
 OH
 H
 HHO
 HHO
 CHO
 Aldohexose : CH2OH.CHOH.CHOH.CHOH.CHOH.CHO. This structure contains four
 asymmetric carbon atoms, and so there are sixteen optical isomers ( eight pairs of enantiomorphs ). All are known, and may be prepared by stepping up the aldopentoses :D-ribose gives D(+)-allose and D(+)- altrose; D-arabinose gives D(+)-glucose and D(+)-mannose; D-xylose gives D(-)-gulose and D(-)-idose; and D-lyxose gives D(+)-galactose and D(+)-talose.
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CH2OH
 OHH
 OHH
 D-ribose
 OHH
 OHH
 CHO
 CH2OH
 OHH
 OHH
 OHH
 HHO
 CHO
 CH2OH
 OHH
 OHH
 D-arabinose
 HHO
 OHH
 CHO
 CH2OH
 OHH
 OHH
 HHO
 HHO
 CHO
 D-xylose D-lyxose
 CH2OH
 OHH
 HHO
 OHH
 OHH
 CHO
 CH2OH
 OHH
 HHO
 OHH
 HHO
 CHO
 CH2OH
 OHH
 HH
 HHO
 OHH
 CHO
 CH2OH
 OHH
 HH
 HHO
 HHO
 CHO
 D(+)-allose D(+)-altrose D(+)-glucose D(+)-mannose
 D(-)-gulose D(-)-idose D(+)-galactose D(+)-talose
 Ketohexose : Fructose is a ketohexose, and natural fructose is laevorotatory. Since D-
 glucose gives same osazone as natural fructose, the latter must be D(-)-fructose. Furthermore, since osazone formation involves only the first two carbon atoms in a sugar, it therefore follows that the configuration of the rest of the molecule in glucose and fructose must be same.
 CH2OH
 OHH
 OHH
 HHO
 C
 CH2OH
 CH2OH
 OH
 H
 OH
 H
 HHO
 OH
 H
 CHO
 D(+)-glucose
 CH2OH
 OHH
 OHH
 HHO
 C
 HC
 O
 NNHPh
 NNHPh
 D(-)-fructose osazone
 3 PhNHNH23 PhNHNH2
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The configuration of the other ketohexoses are :
 CH2OH
 OHH
 HHO
 OHH
 C
 CH2OH
 O
 D(+)-sorbose
 CH2OH
 OHH
 HHO
 HHO
 C
 CH2OH
 O
 CH2OH
 HHO
 HHO
 HHO
 C
 CH2OH
 O
 D(+)-tagatose L(-)-psicose
 Oxidation. effect of alkali: Aldoses can be oxidized in four important ways: (a) by
 Fehling’s or Tollen’s reagent; (b) by bromine water; (c) by nitric acid; (d) by periodic acid. Aldose reduce Tollens’ reagent, as would expect aldheydes to do. They also reduce fehling’s solution. In the first place, they can not be used to differentiate aldose from ketoses. Ketoses, too, reduce Fehling’s and Tollen’s reagent. In the second place, oxidation by Fehling’s or Tollen’s reagent cannot be used for the preparation of aldonic acids from aldose. Both Fehling’s or Tollen’s reagents are alkaline reagents, and the treatment of sugar with alkali can cause extensive isomerization and even decomposition of the chain. Alkali exerts this effect by establishing an equilibrium between the monosaccharide and an enediol structure.
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Osazone formation: As aldehydes, aldoses react with phenyl hydrazine to form phenyl hydrazones. If an excess of phenyl hydrazine is used, the reaction proceeds further to yield products known as osazone.
 Removal of the phenyl hydrazine groups yield dicarbonyl compounds known as osones. For example :
 Two distereomeric aldoses, for example, (+)-glucose and (+)-manose yield same osazone. Osazone formation destroys the configuration about C-2 of an aldose, but does not affect the configuration of the rest of the molecule. It is therefore follows that (+)-glucose and (+)-manose differ only in configuration about C-2, and have the same configuration about C-3, C-4 and C-5.
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Although glucose and fructose are different sugars, both form the same osazone. This indicate that the two sugars differ from only in the two carbon groups which take part in the formation of the osazone. Waygand suggested that osazone formation occurred via the Amadori rearrangement.
 Glucose
 Fructose
 It should be noted that Weygand’s mechanism does not explain why only the first two carbon atoms should involved. Fischer, however, have suggested that the osazone is stabilized by chelation :
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Eimerization: A pair of distereomeric aldoses that differ only in configuration about C-2 are called epimers. Fischer changed an aldose into its epimer via the aldonic acid. The aldonic acid is heated with pyridine, whereupon it is converted into an equilibrium mixture of the original acid and its epimer. These are separated, and the epimeric acid lactone reduced to an aldose.
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The function of the pyridine is to prevent the formation of the lactone of the aldonic acid. This change of configuration of one of the asymmetric carbon atoms in a compound containing two or more asymmetric carbon atom is known as epimerization.
 Method of ascending the sugar series : An aldose may be converted into its next higher
 aldose e.g. an aldopentose into aldohexose, by means of kiliani-Fischer synthesis. In 1886, Heinrich Kiliani showed that an aldose can be converted into two aldonic acids of the next higher carbon number by addition of HCN and hydrolysis of the resulting cyanohydrins. In 1890, Fischer reported that reduction of an aldonic acid (in the form of its lactone) can be controlled to yield the corresponding aldose.
 CHO
 CHOH
 CHOH
 CHOH
 CH2OH
 HCN
 CHOH
 CHOH
 CHOH
 CHOH
 CH2OH
 CHOH
 CHOH
 CHOH
 CHOH
 CH2OH
 CHOH
 HOHC
 CH
 CHOH
 CH2OH
 CN COOH
 Ba(OH)2
 H2SO4
 OC
 OCHOH
 CHOH
 CHOH
 CHOH
 CH2OH
 CHO
 Na(Hg)
 H2SO4
 an aldopentose cyanohydrins aldonic acid aldonolactones aldohexose
 Addition of a cyanide to the aldopentose generates a new chiral center, about which there are two possible configurations. As a result, two distereomeric cyanohydrins are obtained, which yield distereomeric carboxylic acid (aldonic acid) and finally distereomeric aldoses. The pair of aldoses obtained from the sequence differ only in configuration about C-2, and hence are epimers.
 Method of descending the sugar series : There are a number of ways in which an aldose can be converted into another aldose of one less carbon atom. One of this method for shortening the carbon chain is the Ruff degredation. An aldose is oxidized by bromine water to the aldonic acid; oxidization of the calcium salt of this acid by hydrogen peroxide in the presence of ferric salts yields carbonate ion and an aldose of one less carbon atom.
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CHO
 CHOH
 CHOH
 CHOH
 CH2OH
 CHOH
 CHOH
 CHOH
 CHOH
 CH2OH
 CHOH
 CHOH
 CHOH
 CHOH
 CH2OH
 COO-)2Ca2+COOH
 CHOH
 CHOH
 CHOH
 CHOH
 CH2OH
 CHO
 Br2 + H2O CaCO3 H2O2, Fe3+
 CO32-
 +
 an aldohexose an aldonic acid a calcium aldonate an aldopentose
 Conversion of an aldose into a ketose : The aldose is converted into its osazone, which
 is then hydrolysed with hydrochloric acid to the osone. On reduction with zinc and acetic acid, the osone is converted into the ketose.
 CHO
 CHOH
 CHOH
 CHOH
 CHOH
 CH2OH
 CH2OH
 C
 CHOH
 CHOH
 CHOH
 CH2OH
 HC
 C
 CHOH
 CHOH
 CHOH
 CH2OH
 CHO
 C
 CHOH
 CHOH
 CHOH
 CH2OH
 NNHPh
 NNHPh O O
 an aldose osazone osone a ketose
 3 PhNHNH2HCl Zn/AcOH
 Conversion of a ketose into an aldose : The ketose is reduced to the corresponding
 polyhydric alcohol, which is then oxidized to a monocarboxylic acid. On warming, the acid is converted into the γ-lactone which, on reduction with sodium amalgam in faintly acid solution, is converted into the aldose.
 CHO
 CHOH
 CHOH
 CHOH
 CHOH
 CH2OH
 CH2OH
 C
 CHOH
 CHOH
 CHOH
 CH2OH
 O
 an aldosea ketose
 CH2OH
 CHOH
 CHOH
 CHOH
 CHOH
 CH2OH
 OC
 CHOH
 CHOH
 HC
 CHOH
 CH2OH
 COOH
 CHOH
 CHOH
 CHOH
 CHOH
 CH2OH
 OH2/Ni [O]
 HNO3
 Na-Hg
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Ring structure of monosaccharide :When a monosaccharide is dissolved in water, the
 optical rotatory power of the solution gradually changes until it reaches a constant value. E.g. a freshly prepared solution of glucose has a specific rotation of +110 ̊ ; when this solution is allowed to stand, the specific rotation falls to +52.5 ̊ , and remains constant at this value. The final stage can be more rapidly either by heating the solution or by adding some catalyst which may be acid or base. This change in value of the specific rotation is known as mutarotation. All reducing sugars (except some ketones ) undergo mutarotation. To account for mutarotation, Tollen’s suggested an oxide ring structure for D(+)-glucose, whereby two forms would be produced, since, in the formation of the ring, another asymmetric carbon atom ( which can exist in two configuration ) is produced. Tollens assumed that a five member ring was produced (1) and (2).
 CHO
 CH2OH
 OHH
 HHO
 OHH
 OHH
 CH2OH
 OHH
 HHO
 H
 OHH
 OHH
 O
 CH2OH
 OHH
 HHO
 H
 OHH
 HHO
 O
 (1) (2)
 Ring formation of a sugar is really hemiacetal formation, one alcohol group of the sugar forming a hemiacetal with the aldehyde group of the same molecule, thus producing a ring structure which is known as the lactone form of the sugar. This equilibrium between the open and ring forms is an example of ring-chain tatomerism.
 Mechanism of mutarotation : According to Lowry, mutarotation is not possible without
 the presence of an amphiprotic solvent, i.e. a solvent which can function both as an acid and a base, e.g. water. It appears that when mutarotation takes place, the ring must be open and then recluse in the invert position or in the original position. Lowry suggested that in water the aldehydrol was formed as an intermediate product by a concerted mechanism :
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C
 HC
 H OH
 O
 C
 HC
 HO H
 O
 C
 CHOH
 H OH
 OH+ H2O - H2O
 Summery of the evidence for the ring structure of sugars :The cyclic structure of the
 sugar accounts for the following facts :
 1. The existence of two anomers of a given sugar, e.g. α- and β- glucose.2. Mutarotation.3. Glucose and other aldose do not give certain characteristic reactions of aldehydes.4. Glucose penta-acetate does not react with hydroxylamine; this indicates that the
 aldehyde group is absent in this derivative.5. Aldheydes normally form acetals by combination with two molecules of a
 monohydric alcohol; aldoses ( and ketose ) combine with only one molecule of an alcohol.
 6. X-ray analysis definitely proves the existence of the ring structure, and the same time indicates the size of the ring.
 Glycosides :Just as simple hemiacetals react with another molecule of an alcohol to form
 acetals, so can the sugars, in their ring-forms, react with one molecule of an alcohol to form acetal derivative, which is known under the generic name of glycoside; those of glucose are known as glucosides; of fructose, fructosides, etc. for example,
 CH2OH
 H
 OHH
 HHO
 OHH
 O
 OCH3H
 CH2OH
 H
 OHH
 HHO
 OHH
 O
 OHH
 CH3OH+H+
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α-D-glucose methyl α-D-glucoside
 Configuration about C-1 :Aldoses that have similar configuration except C-1 are
 known as annomers. Aldose and their glycosides have cyclic structures immediately rises the question : what is the configuration about C-1 in each of these anomeric structures? In 1909, C.S. Hudson made the following proposal. In the D series the more dextrorotatory member of an α , β pair of anomers is to be named α-D, the other being named β-D. in the L series the more levorotatory member of such a pair is given the name α-L and the other L-β. Thus the enantiomer of α-D-(+)-glucose is α-L-(-)-glucose. Furthermore, the –OH or –OCH3 group on C-1 is on the right in an α-D anomer on the left in a β-D anomer.
 CH2OH
 H
 O
 OHH
 O H
 OH
 CH2OHO
 OH
 H
 HOH2C
 α-D-anomer
 CH2OH
 H
 O
 HHO
 O OH
 H
 CH2OH
 O
 H
 H
 OH
 HOH2C
 β-D-anomer
 Methods for determining the size of sugar : The original experimental approach to the problem of determining the size of the ring present in sugars consisted of essentially is studying the methylated sugars. A more recent method uses the methyl glycoside. Since methylation is so important in the original method, the following account describe briefly the method used.
 1.purdie’s method :The sugar is first converted into the corresponding methyl
 glycoside, and this is then heated with methyl iodide in presence of dry silver oxide. Thus:
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+ CH3OHHCl
 CHOCH3
 CHOH O
 CHOCH3
 CHOCH3 O
 CHOH
 CHOH O
 CH3I
 Ag2O+ AgI
 Purdie’s method is only applicable to glycosides and other derivatives in which the reducing group is missing or has been protected by substitution. 2. Haworth’s method :
 In this method methyl sulphate and aquas sodium hydroxide are added to a well-stirred sugar solution at such a rate that the liquid remains practically neutral :
 CHOH + (CH3)2SO4 + NaOH CHOCH3 + CH3NaSO4 + H2O
 This method is directly applicable to all reducing sugars.
 Pyranose structure :This structure has also been referred to as the δ-oxide or amylene
 oxide ring. As an example of the method used, we shall considered the case of D(+)-glucose. D(+)- glucose (1) was refluxed in methanol solution in the presence of a small amount of hydrochloric acid, and the methyl D-glucoside (2) so produced was methylated with methyl sulphate in the presence of sodium hydroxide to give methyl tetramethyl-D-glucoside (3) and this, on hydrolysis with dilute hydrochloric acid, gave tetramethyl-D-glucose (4). When this was dissolved in water and then oxidized by heating with excess of bromine at 90̊ C, a lactone (5) was isolated, and this on further oxidation with nitric acid, gave xylotrimethoxyglutaric acid (6).
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CHOH
 OHH
 HHO
 OHH
 H
 CH2OH
 O
 CHOCH3
 OHH
 HHO
 OHH
 H
 CH2OH
 O
 CHOCH3
 OCH3H
 HH3CO
 OCH3H
 H
 CH2OCH3
 O
 CHOH
 OCH3H
 HH3CO
 OCH3H
 H
 CH2OCH3
 O
 OC
 OCH3
 H
 HH3CO
 OCH3
 H
 H
 CH2OCH3
 O
 COOH
 OCH3H
 HH3CO
 OCH3H
 OHH
 CH2OCH3
 COOH
 COOH
 OCH3H
 HH3CO
 OCH3H
 CH3OH/HCl
 reflux
 (CH3)2SO4
 NaOH
 HCl
 Br2/H2O 90
 HNO3HNO3
 (1) (2) (3) (4)
 (5)(6)
 The structure of (6) is known, since it can be obtained directly by the oxidation of methylated xylose, and is the key compound to the determination of the size of the ring in the sugar. One of the carboxylic group in (6) must that of which is combined in the formation of the lactone ring in the tetramethylgluconolactone (5). The other is almost certainly the one that has been derived from the non methylated carbon atom. And are three methoxyl group in the lactone ring. Thus there is a 1,5-ring in (1),(2),(3),(4),(5), and glucose is a δ- or pyranose sugar.
 Conformation :D(+)-glucose contain the six-membered , pyranose ring. Since the C-O-C
 bond angle (111̊ ) is very nearly equal to the tetrahedral angle (109.5̊ ), the pyranose ring would be quite similar to the cyclohexane ring and should exist in chair conformation. But there are two chair conformations possible for a D(+)-glucopyranose anomer : 1 and 2 for β-D-(+)-glucopyranose, for example.
 O
 O
 HH
 H
 H
 H
 HO
 HO
 OH
 OH
 HOH2C
 OH OH
 OH
 CH2OH OH
 H
 HH
 H
 H
 More stable :all bulky groups equatorial
 Less stsble :all bulky groups axial
 ß-D-(+)-glucopyranose
 (1) (2)
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Here, (1), in which all bulky substituents (-CH2OH and –OH ) occupy roomy equatorial positions, should certainly be much more stable than (2), in which all bulky groups are crowded into axial positions. In general, for α-D- (+)-glucose and the other aldohexose, the more stable conformation is the one which the bulkiest group, -CH2OH, occupies an equatorial position. In methylated and acetylated pyranoses, too, bulky groups tend to occupy equatorial positions, with one general exception : a methoxy or acetoxy group on C-1 tends to be axial. This anomeric effect is attributed to repulsion between the dipoles associated with the C-1 oxygen and oxygen of the ring.
 OO
 OR
 OR
 anomeric effect
 The EndRefferences
 1. Organic Chemistry, by Morrison & Boyd.2. Organic Chemistry, by I. L. Finar (vol-1 & 2 ).
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