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Anomers : 
 
 
 
 
 
 
 
 
 
 
 
 
 

** Anomers : are sugars that differ in the orientation of the OH group in carbon #1 for 
glucose , and carbon #2 in fructose , or sugars in the Furanose form . 

** The crucial carbon that has the OH is known as the anomeric carbon . 

** Mutarotaion : a term used to describe the rotation of the hydroxyl group of the 
anomeric carbon either up or down . 

 
 

Q : How about the other hydroxyl groups ? 

A : They are fixed in their position , only the OH group of the anomeric carbon is 
allowed to move in two directions , either above or below the ring . 

Anomers as Fischer projection : 
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Chain to Ring ( left -up , right – down ) : 

-- Previously we said that sugars in the 
ring form can be drawn in as a Fischer 
projection , but it’s not really that 
common in biochemistry . 

- and we aren’t concerned about that 
in our course - 

Q : How to know the positions of the 
hydroxyl groups in the case of chain 
structure that changed to become a 
ring structure? , ( in other words … how 
to know whether the OH group is 
above or below ?) 

A : If the sugar rotates to YOUR RIGHT , like the hydroxyl group on carbon #2 
between glucose and galactose it is below the ring . (right- down) 

If the sugar rotates to YOUR LEFT  , like the OH group on carbon #3 it is 
above the ring (left- up). 

And when you look at carbon #4 , you see that glucose and galactose are epimers , in 
which the OH of galactose at carbon #4 is above the ring , SO you can differentiate 
between the two molecules in the ring form by looking at carbon #4 ( below the ring 
for glucose , above the ring for galactose ) 

 
 

Now , look at the groups on carbon #3 and carbon #4 in 
fructose , carbon #3 has the OH above the ring , and the 
hydroxyl group on carbon #4 is below the ring . 

REMEMBER : we start numbering the carbons from the one 
that has the aldehyde -functional- group , and continue 
clockwise . 
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Cyclic Aldohexoses : 
 

 

This is called a beta 
sugar because the 
anomeric carbon 
marked in red has 
the OH above the 
ring , it is also a D 
sugar 

 
 

What is the relation 
ship between 
allopyranose and 
glucopyranose? not 
determined . 

It is a hexose and a 
Pyran : because it 
consists of 6 
carbons .(Pyranose) 

You don’t have to 
know this structure 

How to know that it 
is galactose ? 
Because the 
orientation of all of 
the OH groups 
including the one 
on carbon #4 are 
above the ring . 

It’s a hexose and a 
Pyran : because it 
consists of 6 
carbons 

How to know that it 
is glucose ? Because 
the OH groups are 
above the ring at 
one carbon and 
below it at the next 
carbon . 

It is a hexose and a 
Pyran : because it 
consists of 6 
carbons . 

Pay attention to 
the difference in 
ring structure 
between glucose 
and mannose , 
remember that 
they are epimers 
at carbon #2. 

Glucose : since 
the OH at 
carbon #2 is 
oriented 
downward . 

Mannose : since 
the OH group at 
carbon #2 is 
oriented upward. 

Notice that both 
are the same at 
carbon #4 . 

This is called a beta 
sugar because the 
anomeric carbon 
marked in red has 
the OH above the 
ring , it is also a D 
sugar 

This is called an 
alpha sugar 
because the 
anomeric carbon 
marked in red has 
the OH below the 
ring , it is also a D 
sugar 
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Cyclic Ribofuranose : 
 

This is a ribose that can only form a furanose as a ring structure. 
All of the hydroxyl groups in the ribose are oriented to the right , so if the sugar forms a 
ring it rotates to YOUR right , and all of the hydroxyl groups will become below the ring 
(as shown in the second structure) . 

We can have two forms of the ribose (alpha or beta). 

Q : How would the L-ribose look like ? 

A : the CH2OH group will face downward instead of upward . 
 
 

Modified Sugars : 

These monosaccharides ( we’ve studied so far )they could be found either in the 
previous forms or modified by different reactions. 

Sugar acids (oxidation) : 
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Regarding the previous figure : 

We can have sugar acids in different forms ; like glucose for example , in which carbon 
#6 can be oxidized so the alcohol group can be oxidized into a carboxyl group and the 
name of this molecule is glucuronic acid , it can also be named (glucuronate) . 

Q : What is the difference between glucoronate and glucuronic acid ? 

A : The difference is that glucuronate is in the ionized form COO- , and glucuronic acid is 
when we have COOH and that is when it has the ability to donate a proton (acid) . 

This also applies to lactic acid and lactate , in which lactate is the conjugate base of 
lactic acid . 

- Gluconate or gluconic acid : is when glucose is oxidized at carbon #1 ; at the anomeric 
carbon , so in the chain form there is no ether anymore and ( it looks like shown in 
figure 3 above ) . 

 
 

EXAMPLE 1 : 
 

 
 
 

* Oxidation can take place at carbon #1 -the functional group- having gluconate . 
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We have a double oxidation in this figure : 

1) The oxidation of alcohol at carbon #1 to become an ester. 
2) The final oxidation gives gluconic acid . 

 
EXAMPLE 2 : 

We can have oxidations at both carbons #1 & #6 forming a galactaric acid when both of 
the carbons are oxidized . 

 

 
 

EXAMPLE 3 : We can have oxidation at carbon #6 only which results in having 
glucuronic acid . 
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Can ketoses be oxidized as the aldoses we’ve just studied ? 

Yes , but indirectly . 

For example : Fructose can’t be oxidized in the ketone form , what happens is that these 
sugars (like fructose) can be oxidized only if they are converted to their isomers , 
fructose must be converted to glucose then it can be oxidized . 

The mediating molecule between glucose and fructose is known as (ene-diol). 

Q : what is the relationship between fructose and glucose ? 

A : They are constitutional isomers , because the atoms are connected differently . 

- Oxidation of ketoses carboxylic acids don’t occur , but they can be oxidized because of 
formation of enediol form . 
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Benedict’s test : 

Q : How do we know that monosaccharides can be oxidized ? 

A : There are different tests , one of the tests is known as Benedict’s test , whereby you 
can have a reaction between glucose and copper (Cu+2) , and copper can be reduced , 
as a result we can have the formation of a red precipitate (Cu2O . 

- Depending on the content of glucose we can have a range of colors , so the 
more copper reduced , the higher the content of glucose in a sample , and the more red 
the solution would appear . 

 

 

Oxidation of cyclic sugars (lactone ) : 

Sugars that can reduce other molecules are known as reducing sugars , and the other 
molecules are reduced . Another way of knowing if the solution contains a reducing 
sugar , is when we have a reaction with silver nitrate ; which would form a structure 
known as a Lactone in which there is an ester group . 
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The ring structure of the Lactone is related to vitamin 

C or ascorbic acid , which has nothing to do with 

sugars except that it has a ring structure that is also 

called a Lactone , so it also has an ester group . 

- The form of Lactone forms a silver / mirror like precipitate , this is known as Tollen’s 
test , and this is how mirrors are made , and how vases and objects can be turned into 
silver form that looks like a mirror . 

* There is another method to detect the presence of reducing sugars ( Specifically 
glucose ) , it is based on the enzymatic reactions of glucose oxidase . 

 
 
 
 
 
 

Vitamin C (ascorbic acid ) is an unsaturated lactone . 

Ascorbic acid can be oxidized by air resulting in 
hydrolysis of the ester bond , which leads to loss of activity as a vitamin (degredation). 

A lack of fresh food can cause vitamin C defiicences , which can lead to scurvy . 

 
Example : Pirates and sailers in movies always seem to have broken teeth , and that is 
because of deficiency in vitamin C , because in the long term they don’t it sources with 
vitamin C , like oranges, lemons , fruits , which leads to a condition known by scurvy , 
due to the inability to form collagen structure which is an important component of the 
gum . 

 



10 | Pa  ge    

Sugar alcohols (reduction ): 

Sugars can be oxidized as we said before , and they can also be reduced . 

The aldehyde group can be reduced into an alcohol group , same thing : the ketone 
group can be reduced to an alcohol group . 

 

Glycerol : is the alcohol that resulted from reducing the aldehyde . 

Sorbitol : when glucose or fructose are reduced , it is the major component in the 
manufacture of food , candy , gum , and it is very sweet. 

Mannitol : is the resultant of the reduction of mannose. 

Xylitol : is from xylulose (we’ll skip it). 

Deoxy sugars (reduced sugars ): 

We’ll talk about 2 examples of reduced sugars : 

1) The formation of deoxyribose , which is the major constituent of DNA . 
Carbon #2 is reduced , in which one or more hydroxyl groups are replaced by 
hydrogens . 

 



11 | Pa  ge    

2) L-fucose (L-6-deoxygalactose): 
It is found in the carbohydrate portion of some glycoproteins . 

 

Carbon#6 is deoxygenated. 

Sugar esters (esterification) : 

There are two major forms : 

When there is an addition of a phosphate group to the glucose , and this phosphate 
group can be added to carbon #6 or to carbon #1 , so we can have two forms either 
glucose-6-phosphate or glucose -1-phosphate , and these are 2 major metabolites. 

 

O-Glycosides : 

If a reaction happened between the anomeric carbon and alcohol , the result will be the 
formation of a glycosidic bond , which is basically when there is a bond with the 
anomeric carbon , and this bond is the major bond that forms disaccharides 

Anomeric carbon + Alcohol group glycosidic bond -
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N-glycosides : 

Instead of having a reaction with an alcohol group , we can have a reaction with an 
amino group forming an N-glycoside . 

Anomeric carbon + Amino group N-glycoside 

Examples : nucleotides (DNA and RNA ) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

C-glycosides : 

If there is a replacement of the hydroxyl group of the anomeric carbon with a methyl 
group or any other alkyl group , the resultant is C-glycoside. 

This is a nucleotide , and there has been 
a replacement of the hydroxyl group by 
an amino group (the nitrogenous base). 

-
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Glycosides derived from furanoses are called furanosides , and those derived from 
pyranoses are called pyranosides , regardless if they are N- or O- linked . 

Anomeric carbon + alkyl group C-glycoside 
 

Amino sugars : 

If there is an addition of an amino group to a carbon other than the anomeric carbon 

A carbon atom other than anomeric  carbon + amino group Amino sugars 

There is a further modification by acetylation , in which an acetyl group is added to the 
nitrogen in the amino group , the result is N-acetyl-alpha-D-2-glucosamine , which is a 
major component of large molecules . 

What is the reacting functional group? A hydroxyl group. 
 

It is a glucose molecule because carbon #4 has a hydroxyl group that is below the ring . 

-

-



SHORT QUIZ

 The following structure is D-talose. 

1) The open-chain structure of L-talose

a) has three OH groups pointing left.
b) has one OH group pointing left.
c) has four OH groups pointing left.
d) has two OH groups pointing left D-talose

8) The open-chain structure of L-talose

 The following is the structure of D-gulose.

D -gulose

2) The complete name of this structure is

a) α-D-gulopyranose.
b) β-D-gulopyranose.
c) α-D-gulofuranose.
d) β-D-gulofuranose.

3) What characteristic is shared by D-gulose and D-glucose

a) They both are non-reducing sugars.
b) They both contain a glycosidic bond.
c) They both form pyranoses which are mirror images.
d) They both have two anomeric forms.

11) When D-gulose is written in the open-chain form

a) four OH groups are on the right and one OH group is on 
the left.
b) three OH groups are on the right and one OH group is on 
the left.
c) three OH groups are on the right and two OH groups are 
on the left. d) two OH groups are on the right and two OH 
groups are on the left.



4) When D-gulose is written in the open-chain form

a) four OH groups are on the right and one OH group is on 
the left.
b) three OH groups are on the right and one OH group is on 
the left.
c) three OH groups are on the right and two OH groups are 
on the left. 
d) two OH groups are on the right and two OH groups are 
on the left.

5) When comparing D-gulose and a D-ketohexose

a) both can interconvert between α and β forms.
b) both form ring structures that are planar.
c) both form ring structures in which C-1 is anomeric.
d) both form ring structures with four OH groups directly 
attached to the ring.

D. The following structure is a ring form of D-arabinose.

D-arabinose

6) The name of this structure is

a) α-D-arabinofuranose
b) β-D-arabinofuranose
c) α-D-arabinopyranose
d) β-D-arabinopyranose



7) What is the relationship between D-arabinose and D-ribose?

a) They are enantiomers that both give a positive reaction with 
Tollen’s reagent.
b) They are epimers that both give a positive reaction with 
Benedict’s reagent.
c) They are anomers that both form ring structures with a 
chiral carbon-1.
d) They are diastereomers that both contain an acetal bond.

8) When D-arabinose is written in its open-chain form

a) the hydroxyls on C-2 and C-4 point right while the hydroxyl on 
C-3 points left.
b) the hydroxyls on C-2 and C-4 point left while the hydroxyl on 
C-3 points right.
c) the hydroxyls on C-3 and C-4 point right while the hydroxyl on 
C-2 points left.
d) the hydroxyls on C-3 and C-4 point left while the hydroxyl on 
C-2 points right.

16) The α anomer and the β 
anomer of D-arabin

9) The α anomer and the β anomer of D-arabinose

a) are two unstable ring structures that are mirror images.
b) contain axial or equatorial carbonyl groups.
c) contain different numbers of hydroxyl groups.
d) have different configurations around only one carbon atom.



10) Which of the following properties is shared by both D-
arabinose and D- glucose?

a) Both form ring structures with the formula (CH2O)n.
b) Both form planar structures that contain a hemiacetal bond.
c) Both form chair structures that contain four anomeric OH 
groups.
d) Both form furanose structures that are non-reducing sugars

Q1 Q2 Q3 Q4 Q5

Q6 Q7 Q8 Q9 Q10

Answers

B B D B A

A B C D A

ftp.

g.
.


