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3.9: The Anomeric Center
When a sugar cyclizes via donation of a hydroxy lone pair to the carbonyl, it forms a "hemiacetal". We have already seen that
hemiacetals are unstable with respect to further substitution. Pi donation from an oxygen in the hemiacetal can displace the other
oxygen. A second nucleophile can then donate to the pseudo-carbonyl that results.

The hemiacetal position in the sugar is called the anomeric center. The anomeric center is special for two reasons. First, as you
have already seen, the anomeric center is a chiral center. This new center can form with either of two configurations. The sugar,
which is already chiral, can become either of two diastereomers when it cyclizes. Second, the anomeric center is a site of enhanced
reactivity in the sugar, in terms of substitution of the carbonyl.

Anomeric reactivity involves pi donation from one oxygen to push off the other oxygen. This mode of reaction should be familiar.
The C=O+ unit that forms resembles a carbonyl. Furthermore, the positive charge on the oxygen brings to mind an activated
carbonyl. This position is especially attractive for nucleophiles.

It isn't an accident that in many sugar-containing biomolecules, substituents are found at the anomeric center. For example,
nucleosides sub-units found in DNA and RNA are all substituted at this position. A number of other biological agents contain this
motif as well.

Substitution at the anomeric position can be accelerated if a proton source is available. Show why.

Answer

Exercise 3.9.1

https://libretexts.org/
https://creativecommons.org/licenses/by-nc/3.0/
https://chem.libretexts.org/@go/page/195893?pdf
https://chem.libretexts.org/Bookshelves/General_Chemistry/Book%3A_Structure_and_Reactivity_in_Organic_Biological_and_Inorganic_Chemistry_(Schaller)/III%3A_Reactivity_in_Organic_Biological_and_Inorganic_Chemistry_1/03%3A_Addition_to_Carbonyls/3.09%3A_The_Anomeric_Center


3.9.2 https://chem.libretexts.org/@go/page/195893

Show the stereochemical results of substitution at the anomeric center of glucose with methanol.

Answer

Nucleotides, which form DNA and RNA chains, are just like nucleosides, but they all have a phosphate at a specific position.
Explain what is special about this position that could make it form a phosphate more easily than the other hydroxyl sites.

Answer

Add texts here. Do not delete this text first.
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Show the products of the following substitution reactions.

Answer

Although sugars contain a number of chiral centers, characterizing them by polarimetry is complicated. Optical rotation
measurements are done in solution, in a polarimetry cell. Polarimetry is always a little bit complicated, because the optical rotation
varies with the concentration of the solution and the length of the polarimetry cell. When a pure enantiomer of a sugar such as
alpha-D-glucose is dissolved, usually in water, its optical rotation also varies with time. In other words, the reading keeps changing,
eventually settling out far from the initial value. That means care must be taken in measuring this information, and in interpreting
the data.

Show why alpha-D-glucose would exhibit a changing optical rotation value after being dissolved.

Answer
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Suppose a one gram sample of alpha-D-glucopyranose is dissolved in 1 mL of water and its optical rotation is measured in a a
1 dm cell. Initially, a value of 100 degrees is recorded. After several hours, the value has stopped changing, and is 48 degrees.

The experiment is repeated with beta-D-glucopyranose.

a. What can you predict about the initial value with beta-D-glucopyranose?
b. What can you predict after several hours?

In water, alpha-D-glucopyranose predominates over the beta form in solution. Explain why.

Answer

In less polar solvents (compared to water) such as dichloromethane, beta-D-glucopyranose predominates over the alpha form.
This phenomenon is thought to result from the influence of lone pair-lone pair repulsion.

a. Show why this factor might favor one isomer over the other.
b. Show why this factor is less important in water.

Answer
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