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Here we start from slide 22 as we may mention additional information. 

 Carbohydrates can be classified into aldoses or ketoses.  

If aldehydes react with alcohol we get hemiacetal. 

If ketones react with alcohol we get hemiketals. 

 For both two reactions if we add more ROH we get acetals and ketals respectively; they 

are important in the formation of a ring structure of sugar. 

  
Notice that in hemiketal and ketal molecules there is an extra carbon (R group) attached 

instead of the hydrogen atom in hemiacetal and acetal molecules.  

 

As the ring structure is more stable, sugars are rarely found in the chain form. 

The ring structure can be either hemiacetal (most of sugars in the slides) or hemiketal 

by the reaction of hydroxyl group and the carbonyl group within the same chain. 

*we have two forms of ring structure: 

* 

 

 

 

 

 

Pyranose sugars are more stable than furanose sugars, so most of sugars we see are in 

pyranose form. 

 **This picture is not from slides. 

Furan – a five-ring  -if the reaction is between hydroxyl and carbonyl groups on both carbons 

1,4. a 5 membered ring is formed (one of the components is oxygen) . 

Pyran- a six-ring -if the reaction is between hydroxyl and carbonyl groups on both carbons 

1,5. a 6 membered ring is formed . (one of the components is oxygen). 
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*In ring structure all hydroxyl groups are fixed (they don’t rotate) except for the 

hydroxyl group that is connected to the Anomeric carbon; so. by what we mentioned 

Anomeric carbon is the atom which is connected to the hydroxyl group that can 

undergo muta rotation to form either α or β sugar. 

* Anomeric carbon is the functional group -carbonyl- in aldehyde it is number 1 but in 

ketones it is not. 

 

 

* Also, fructose can form α or β sugar. 

* fructose is a furanose sugar- unlike glucose-. As fructose is ketose sugar. Its Anomeric 

carbon is not number 1 ……it is 2, because it is the functional group. 

**Note : the doctor said that he will bring an D sugar not L sugar in exams because 

sugars that are present naturally in organisms like our cells are always D sugars ,and if 

we eat something that contains L sugars we can not digest it because our enzymes can 

not recognize on these sugars . except in bacteria,they can digist L-sugars . 

Now let’s talk about glucose  

 

-Notice that the 1st and 3rd 

structures are ring structures 

but drawn as fischer 

projection. 
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-As we can see if the 1st hydroxyl group is oriented to the right then it’s α sugar. 

-The opposite is correct. 

NOTE: in the ring structure of glucose, the O comes from the hydroxyl attached to  

carbon number 5, where the Oxygen of the carbonyl group connects with Hydrogen. 

When sugar is in the chain form and wants to become in the ring form, it always rotates 

to the right. So, if the hydroxyl group is oriented to the right in the chain, it will be 

underneath the ring and vica versa. 

* this is a way to convert between a chain and ring strucures. 

See the picture bellow and pay attention to the red lines. 

 

  Now let’s take a look at this picture and try to distinguish between Glucose, Galactose 

and Mannose. As they are the required aldoses. 

 

In glucose 2nd and 4th OH are downwards while the 3rd is upwards. 

In galactose 2nd is downwards while 3rd and 4th are upwards. 

1 

2 3 

4 
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In mannose 2nd and 3rd are upwards while the 4th is downwards. 

Mannose and glucose are epimers at carbon number 2, galactose and glucose are also 

epimers at carbon number 4-- (diastereomers with a different in one chiral carbon). 

 

*sugars can undergo modifications such as oxidation and reduction. 

Remember ..when ROH is oxidized it becomes either aldehyde or ketone, if it is primary 

alcohol it becomes aldehyde and if it is secondary alcohol it becomes ketone , 

sometimes it becomes carboxyl depending on oxidizing agent. 

* for Glucose -ring structure- when hydroxyl on carbon number 6 is oxidized it becomes 

carboxyl, this structure is known as Glucoronate if it is not protonated. If it’s protonated 

it becomes Glucuronic acid.  

* remember the R in Glucoronate comes from the ring. 

Also, we can have oxidation of hydroxyl attached to carbon number 1. Thus there will 

be no ring structure. This compound is known as Gluconate if it is not protonated. If it is 

protonated it becomes Gluconic acid. 

 

In the 2nd structure if there was Galactose instead of Glucose, it is named Galactonic 

Acid. 

**Also, we can have oxidation on both 1st and 6th carbons by the presence of a strong 

oxidizing agent to form a Dicarboxylic Acid. 
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*Using enzymes we can have oxidation on carbon number 6 to get either Glucoronic 

Acid or Galactoronic Acid. 

 

Oxidation of ketones 

Ketone groups can’t undergo oxidation. But ketones 

do indirectly.  

How??..... ketones interconvert to aldehydes then 

they oxidize. 

 

* there are many tests to determine whether the solution contains a saccharide or not. 

- one of them is Benedict test- used to test whether a solution contains a 

monosaccharide or not, whether it’s Aldose or ketose sugar. 
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- by heating a solution with 

a copper and other 

reagent. If a copper is 

reduced it precipitates- red 

colour-.

 

- depending on how much sugar is in the solution the intensity would be determined. 

Note that ketones can also reduce copper-but not directly- As they are in equilibrium 

with their Aldehydes. 

** there is another test known as tollens test, by which we react monosaccharides with 

silver. 

-when the sugar is oxidized, it forms a lactone-ring structure that contains an acetyl 

group. 

-when reaction occurs, a mirror of silver is formed on the container. 

 

 

 

 

****  

* sugars can also be reduced. 

A side note : vitamin c is a lactone which is important in the formation of collagens, in 

case of oxidizing it, there will be a deficiency in collagen which leads to many medical 

problems such as scurvey. 
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When aldehyde is reduced we get a primary alcohol. And when ketone is reduced we 

get a secondary alcohol. 

- one of the secondary alcohols is sorbitol which is a very sweet sugar. 

Also, sugars can be reduced by the substitution of OH with H leads 

to the production of deoxyribose, which is found in the DNA. 

* sugars can be also esterified, one of the most important 

esterification reactions is known as phosphorylation- attachment of 

phosphate group to the carbon. 

* in terms of Glucose, it can be 

phosphorylated (esterified) by the 

addition of phosphate group on both 

carbons 1 and 6, to form Glucose 1-

phosphate and Glucose 6-phosphste 

respectively. 

 

 

* when sugars react with other molecules, they form what is known as glycosides (sugar 

that it is linked to another 

molecule at its Anomeric 

carbon), and the bond 

between them is known as 

glycosidic bond. 

* if Anomeric carbon reacts with alcohol, it forms O-

glycoside. 

*** we know that sugars are in equilibrium between ring 

and chain structure (mostly ring). But when a Glycosidic 

bond is formed, the ring structure is fixed. 

* O-glycosidic bond is used when building 

disaccharides. 
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*We also have N-Glycosides -when the Glycosidic bond is between sugar and Amino 

group like in (DNA, ATP, Nucleotides, etc..). 

* NOTE that in the 1st ring here the bond is C-Glycosidic bond. 

*NOTE: Glycosides derived from furan are called furanosides , and Glycosides derived 

from pyran are known as Pyranosides. 

* we said that N-Glycosides are produced by the reaction of a sugar with Amino group 

at the Anomeric carbon. 

*when the Amino group is replaced by 

Hydroxyl group not attached to the Anomeric 

carbon, we call it Amino sugar. 

*an example of Amino sugars is Glucosamine 

which can be further modified by the addition 

of acetyl to form n-Acetyl Glucosamine. 

 

 

Disaccharides 

-They are molecules made of two Monosaccharides, each Monosaccharide is known as 

residue. 

-A residue is molecule that is a part of a larger molecule. For example, each Amino Acid 

in the protein is known as residue. 

-When the two residues are the same, the molecule is known as a Homo Disaccharide, 

and when they are different, it’s a Hetero Disaccharide. 

-Same thing with Polysaccharides. 

-Formation of Disaccharides involves Enzymes known as Glycosyltransferases.  

-As a glycosidic bond is formed, the OH attached to the Anomeric carbon is fixed, so 

Disaccharides don’t undergo mutarotation. 

*we need to identify Disaccharides, and there are many classifications to realise them: 

-we start from the left and look at the two residues one by one from left to right. 
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-we need to identify whether residues involved are L or D sugars (just D sugars are 

required). 

-the name of each sugar and what carbons are involved in the linkage. 

-the Anomeric configuration of each sugar, it is α or β . 

**for more clarification, let’s take an example: 

* at first we talk about Maltose (represent malt ) 

-from left to right – 

-Its sugars are Glucose, Glucose. 

-Carbons involved in linkage are 1,4. 

-Its Anomeric configuration is α,α. 

* to identify it we say that it’s an α –Glucopyranosal that 

forms a Glycosidic bond between carbons 1,4 with α-

Glucopyranose.  

Try to identify Lactose( represent cow's milk)   

   For sucrose get to know that it is composed of glucose and fructose and the glycosidic 

bond involves carbon 1 and 2. 

It’s a Glucopyranosal 1,2 fructo furanose. 

** new terms we have to know about, reducing sugar and non-reducing sugar. 

 -A reducing sugar is a sugar that has the ability to reduce other molecules and get 

oxidized. 

-We call the sugar which has a free Anomeric carbon a reducing sugar. 

-So, by definition all Monosaccharides are reducing sugars. Even ketoses-they don’t get 

oxidized directly. Rather, they interconvert to aldehydes then get oxidized-. 

Let’s go back to the previous image and try to know which sugars are reducing sugar. 

As we can see, both of Maltose and Lactose have a free Anomeric carbon, so they are 

reducing sugars, while sucrose doesn’t have a free Anomeric carbon. So, sucrose is non-

reducing sugar. 
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 Here are a set of questions: 

-for this molecule, what is the anomeric 

configuration of the 2nd Monosaccharide? 

-β 

What are carbons involved in the linkage? 

1,4 

For the 2nd picture 

-what are Monosaccharides in the 

1st sugar? 

Glucose, Glucose 

is the second Disaccharide a reducing or Non-reducing sugar? 

Reducing sugar 

 

for the 3rd picture  

is this a reducing or Non-reducing sugar? 

It’s a Non-reducing sugar 

PAY ATTENTION: both Anomeric carbons 

are occupied. 

Sugars in our life  

A commercial product known as Splenda, which is an artificial sugar used in homes as a 

sweetener. 

It’s a modified sucrose known scientifically as sucralose. 

It’s not metabolized. So, it contains ZERO calories- healthy 

sweetener-. 
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There are medical cases that are related to sugars. 

One of them is Lactose intolerance. 

People who have lactose intolerance have a deficiency of the enzyme lactase, this 

enzyme digests lactose and we know that lactose is the sugar of milk. So, people who 

suffer from lactose intolerance can’t digest 

milk. 

When milk is not digested and gets into colon, 

it helps bacteria to have a free food. Thus, 

bacteria digests lactose. causes gasses, 

diarrhea and bloating. 

 

Another case connected with sugar is the Galactosemia. 

Galactosemia is a case when we have a missing enzyme 

that metabolizes Galactose. 

In this case Galactose accumulates in cells. Retina in 

particular. 

It can cause cataract. 

 

 

 

 

You can not start the next chapter of your life if you keep re –reading your last one ……<3 


