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Epimerization

In base, H on C2 may be removed to form enolate ion.
Reprotonation may change the stereochemistry of C2.

Abstraction of the @ proton

H (0] H 0]
N N
C C
N |
HOF H»=C—=OH “C—OH
HO——H OH | HO——H
%
H——0H H——O0H
H——O0OH H——O0OH

CH,OH CH,OH

D-glucose

enolate

|
c%

CH,OH

Reprotonation

H—— OH
H——OH
CH,0H

D-mannose



Enediol Rearrangement

In base, the position of the C=0 can shift. Chemists use
acidic or neutral solutions of sugars to preserve their identity.

Step 1: Remove Step 2: Step 3: Step 4: Reprotonate on Cl
the a proton Reprotonate Deprotonate
on O the O on C2
H
H_ 0 H_ /o’\v H_ OH H_ OH _|_OH
%\‘OH ﬁ + H,0 ﬁ +j0H ﬁ/: H,0 H (|3 + ~OH
HeC~OH C—OH C—OH cLo C=0

HO——H __ ,HO—+—H __, HO—H _ _,HO——H __, HO——H

«— «— «— «—

H OH H OH H OH H OH H——O0H
H——0H H——O0H H—r—OH H——O0H H——O0H
CH,OH CH,OH CH,OH CH,OH CH,OH

p-glucose enolate enediol enolate Dp-fructose



Osazone Formation
Both C1 and C2 react with phenylhydrazine.

H H
AN i
=0 C=N—NHPh
CHOH excess H,N—NH—Ph C=N—NHPh
(CHOH), Y (CHOH),
<(unaffected portionj
CH,OH CH,OH
aldose osazone
H H
N LY
CHOH C=N—NHPh
C=0 excess H,N—NH—Ph C=N-—NHPh
(CHOH), i (CHOH),
CH,OH CH,OH

ketose osazone



Osazones

CHO CH:NNHC6H5
(CHOH)4 excess C NNHCgH;

CHZOH phenylhydrazme (CHOH)3
glucose and CHZOH
mannose phenylosazone

of glucose,

CH,OH mannose and
C=0 fructose

|
((IZHOH)3

CH,OH

fructose
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Reduction of Simple Sugars

C=0 of aldoses or ketoses can be reduced to
C-OH by NaBH, or H,/NI.

Name the sugar alcohol by adding -itol to
the root name of the sugar.

Reduction of b-glucose produces p-glucitol.

Reduction of b-fructose produces a mixture
of p-glucitol and p-mannitol.
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Oxidation by Bromine

Bromine water oxidizes aldehyde, but not ketone or
alcohol: forms aldonic acid.

Example
. CHO COOH
aldehyde acid

| Br, | . HOTH m HO—H
(CHOH),—/—~ (CHOH), —>

| 10 | H—+oH ™° H—oH
CH,OH CH,OH

aldose aldonic acid H——OH H——OH

(glyconic acid)
CH,OH CH,OH

glucose gluconic acid
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Oxidation by Nitric Acid

Nitric acid oxidizes the aldehyde and the terminal
alcohol; forms aldaric acid.

aldehyde

alcohol

CHO

CH,OH

aldose

HNO,

(CHOH), —

acid

acid

COOH

(CHOH),

COOH

aldaric acid

(glycaric acid)
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Example
CHO COOH
H——OH H——OH
HO——H nNo, HO——H
—
H——OH H——OH
H——OH H——OH
CH,OH COOH

glucose

glucaric acid



Oxidation by Tollens Reagent

 Tollens reagent reacts with aldehyde, but the base
promotes enediol rearrangements, so ketoses react

too

 Sugars that give a silver mirror with Tollens are
called reducing sugars.

H

HO
HO

H

CH,OH
H
H

OH

B-D-glucose

aldehyde | CHO acid|COO™| NH,
H——OH H——OH
HO——H AgnNHf -oH HO——H
(Tollens rea ent)> + Agl
H——OH & H——OH
H——OH H——OH
CH,0H CH,OH

open-chain form

gluconic acid
(+ side products)



BENEDICT’S OR TOLLENS’ REAGENTS:
REDUCING SUGARS

Sugars that give positive tests with Tollens’or Benedict’s solutions
are known as reducing sugars, and all carbohydrates that contain
a hemiacetal group or a hemoketal group give positive tests.

Carbohydrates that contain only acetal or ketal group do not give
positive tests with Tollens’or Benedict’s solution.

@)
U
((I:HOH)n
(I:HZOH
aldose
Cut “(complex) + or — Cu20+ + oxidation products
Benedit's (FHZOH (brick-red
solution CcC=0O reduction
(blue) (c::HOH)n product)

CH>OH SM,BCC
ketose



Nonreducing Sugars

» Glycosides are acetals, stable in base, so they do not
react with Tollens reagent.

 Disaccharides and polysaccharides are also acetals,
nonreducing sugars.

Examples of nonreducing sugars

acetal HOCH2 O CH 20H
/ b
H HO >‘
ﬁ/ OCHj5 H OCH,CHj;
H Ud H N acetal
methyl B-p-glucopyranoside ethyl o-p-fructofuranoside

(or methyl B-p-glucoside) (or ethyl o-p-fructoside)



GLYCOSIDE FORMATION

When a small amount of gaseous hydrogen chloride is passed into
a solution of D-(+)-glucose in methanol, the reaction as follows:

CHO _OH
H——OH H,C
0
HO——H — HO \ CH,OH
. HO -
H——OH CHOH HCl
H——OH OH
CH,OH D-(+)-Glucose
OH OH
-~ .
H,C H,C
HO 0 HO O
HO + HO OCH;
OH OH
OCH,
methyl D-Glucopyranose methyl D-Glucopyranose

(mp, 165 [a]p2° =+158Y (mp, 107 [a]p* =-33%



The mechanism for the formation of the methyl glucosides

OH
ch”’f
D = HED
HO _—
HO +H,0
OH
OH
H,C -~
HO O +
_~OH ——»  HO OHCH;
H,C
OH
HO @f\ .. ]
HO + HOCH-
L -
OH —— H,C
0
HO
HO
OHl .

OHCH,



Carbohydrate acetals, generally, are called glycosides. Foe example:

acetal of glucose —  glucoside

acetals of mannose — mannosides

ketals of fructose — fructosides

In acidic solutions, however, glycosides undergo hydrolysis to
produce a sugar and alcohol:

OH OH
-~ -
H-C H;C

O O
HO " HO
HO H;0,H0 HO

OCH;

OH OH
Glycoside Sugar

OH



ETHERS FORMATION

A methyl glucoside can be converted to the derivative by treating
it with excess dimethyl sulfate in aqueous sodium hydroxide.

HOH-,C HOH,C
0 OH 0
HO HO CH3—0S0;CH;
HO > HO - -
OCH; OCH;
OH 0"
Methyl glucoside
OCH
P 3
H,C
HOH,C
‘ H,CO 0
0 repeated H,CO
HDHD Tvlat i OCH4
och, methylations OCH;
QCH;

Pentamethyl derivative



ETHERS FORMATION

e Convert all -OH groups to -OR, using a modified
Williamson synthesis, after converting sugar to acetal,
stable In base.

. H st 5 & R . bt .
R—Oi’\—;C---I---Ag O0—Ag— /+O'—CH3 >R—0—CH,4
| H U H |
H H
sugar hydroxyl polarized CH,l ether
group
Example
H H
CH,OH CH,0CH;
HO e CHyl A0 CH30 O
HO\H i CH,0QP H
OH CH;0
H OH H OCHj,4

o-D-glucopyranose methyl 2,3,4,6-tetra-O-methyl-o.-p-glucopyranoside



Ester Formation

Acetic anhydride with pyridine catalyst converts
all the oxygens to acetate esters.

10 10 :OF o /O o 0o
1> 9 cH—c” | _0 [
CH,—C—0—C—CH; < CH-‘_({T,Q_C_CH‘ — | 20— C—CHy == CHy—C + HO—C—CH;
Ot
Ho =~ o> A) —0:
R—O—H A R M H R0
sugar acetate ester
Example 0] O
0 | 0 |
HOCH, OH CH;—C—0—CH; (1) 0—E£—CHy
: ; _
- - (CH;C0),0 Cﬁl_}—c\o ﬁ
_—
H CHOH ™0 iidine H CH,0—C— CH,
OH H (0) H
LS
C_CH;

B-p-fructofuranose T
@)

penta-O-acetyl-p -p-fructofuranoside
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Ruff Degradation

Aldose chain Is shortened by oxidizing the aldehyde to
-COOH, then decarboxylation.

CHO COOH
H——OH H——O0OH CHO
HO——H HO———H HO——H
Br, H202
H——OH | 35> | H—[—OH | f-c55=>| H——OH | +CO,t
H——0OH H——OH H——OH
CH,OH CH,OH CH,OH

D-glucose D-gluconic acid D-arabinose



 This process lengt
* A mixture of C2 e

?HO

—_—

(?HOH»

CH,OH

Kiliani-Fischer Synthesis

CN
‘CHOH

nens the aldose chain.

nimers 1s formed.

H,

an aldose

CH,OH

(CHOH),

a cyanohydrin

Pd/BaSO,

SM,BCC

"
C=NH

CHOH

CH,OH

(CHOH),

chain-lengthenedimine

+
H,0

_—

'CHO
‘CHOH

(CHOH),

CH,OH

chain-lengthened

aldose




PERIODATE OXIDATIONS

« Compounds that have hydroxyl groups on adjacent atoms
undergo oxidative cleavage when they are treated with
agueous periodic acid.

 Carbon-carbon bonds breaks and carbonyl compounds
produced.

 This reaction usually takes place in quantitative yield.

|
C—OH
Smmoo- + HIO, >2>=o + HIO3 + H,0
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PERIODATE OXIDATIONS

Three -CHOH groups : gives one molar equivalent of formic acid and two equivalents of
formaldehyde.

H %:O formaldehyde

H
H—C—OH i
et ‘ﬁ’
H____(i___(_jH R H—C—OH formic acid
|
H—C—OH N
| H
H \FO formaldehyde
H
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PERIODATE OXIDATIONS

 Periodic acid dose not cleave compounds in which the
hydroxyl groups are separated by an intervening —CH?2
group, nor those in which a hydroxyl group Is adiacent to an
ether or acetal function.

H
H >: O formaldehyde
| H
— C—OH *
AR S,
L (if_o + 2HIO, 0=C=0 carbon dioxide
H— C—OH N
H
H >:O formaldehyde

H



Determination of Ring Size

« Haworth determined the pyranose structure of
glucose in 1926.

» The anomeric carbon can be found by methylation
of the -OH’s, then hydrolysis.

H CH.OH excess CHsl o H H.0" H CH.OCH
HO 20Hq Ag,O CHZOCI-(IS; _BY g 20T
H CH30 CH30
H OH H H H H
OH 3 3
CHL0 CHO

H H H H H H
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Periodic Acid Cleavage

 Periodic acid cleaves vicinal diols to give two carbonyl
compounds.

» Separation and identification of the products determine the
size of the ring.

H " CH,OH
o M Ho' | T + CHOH
—_— H | — H—/—O0H "CHO
A~ OCH, |
: 6
o 0 ! CH,0H 0
H—C—OH p-glyceraldehyde H—%—OH

methyl B-D-glucopyranoside
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