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Audience: Learners moving between open-chain sugars, Haworth projections, and anomeric
configurations.

MCAT connections: This guide can assist study of amino acids and proteins, enzymes and
kinetics, energetics and metabolism while keeping general biochemistry as its primary frame.

Carbohydrate ring closure
Track the carbonyl carbon, attacking oxygen, and new anomeric center

State the projection convention before assigning relative configuration

Flintglade Learning Library

About this edition: This standalone edition organizes the material for independent reading with
clear navigation, reusable reasoning frameworks, and print-ready presentation.



Learning goals

Identify the reacting carbonyl and hydroxyl groups
Apply Fischer-to-Haworth conventions consistently
Assign alpha and beta by relative configuration rather than a memorized direction alone

Navigate this guide
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THE MECHANISM — Step by Step
ACID-CATALYZED VERSION (more detail, same skeleton)
MUTAROTATION — Why α and β Interconvert
KETOSE RING CLOSURE (Fructose)
QUICK RECOGNITION KEY
THE MECHANISM IN ONE LINE
ARROW CHECKLIST BEFORE MOVING ON

WHAT IS HAPPENING IN ONE SENTENCE

An open-chain sugar has an aldehyde (or ketone) and multiple -OH groups. One of those -OH groups
attacks the carbonyl carbon intramolecularly (within the same molecule), forming a ring. The product
is a hemiacetal (from aldehyde) or hemiketal (from ketone).

KEY TERMS — Only What You Need

Aldose: A sugar where the carbonyl is an aldehyde (C=O at carbon 1, the end of the chain). Glucose,
galactose, mannose.

Ketose: A sugar where the carbonyl is a ketone (C=O at carbon 2, one position inward). Fructose.

Hemiacetal: The product when an alcohol (-OH) attacks an aldehyde. The former carbonyl carbon is
now bonded to: -OH, -OR (the ring oxygen), -H, and the chain. This carbon is the anomeric carbon.

Hemiketal: Same thing but from a ketone attack. Former carbonyl carbon bonded to: -OH, -OR, and
two carbon groups.



Anomeric carbon: The carbonyl carbon that got attacked. After ring closure, it is the only carbon
bonded to TWO oxygens (the ring oxygen and the new -OH). This is how you spot it instantly in any
ring structure.

Pyranose: 6-membered ring (5 carbons + 1 oxygen). Formed when C5-OH attacks C1. Named after
pyran.

Furanose: 5-membered ring (4 carbons + 1 oxygen). Formed when C4-OH attacks C1 (or C5-OH attacks
C2 in ketoses). Named after furan.

α vs β anomer: After ring closure, the new -OH on the anomeric carbon can point in two directions.
In a Haworth projection: α = -OH points DOWN (same side as the ring reference group), β = -OH points
UP (opposite side). These are two distinct structures, not just rotations. They interconvert through
mutarotation (ring opens, re-closes, can land either way).

THE MECHANISM — Step by Step

This is an intramolecular nucleophilic addition. Same arrow logic as any nucleophilic attack on a
carbonyl, except the nucleophile and the electrophile are on the same molecule.

Starting point: Open-chain glucose (an aldose)

Carbon 1 has the aldehyde: H-C(=O). Carbons 2–6 each have -OH groups. Carbon 5's -OH is the one that
will attack.

Step 1 — Nucleophilic attack

What happens: The oxygen of the C5-OH attacks the electrophilic C1 (the aldehyde carbon).

Why C5 and not C4 or C3? Ring stability. A 6-membered ring (pyranose) is the most stable ring size —
minimal angle strain and torsional strain. C4-OH attacking C1 would give a 5-membered ring
(furanose), which is less stable but does form in some sugars (especially fructose). C3-OH would give a
4-membered ring — too strained, doesn't form.

Curved arrows:

Arrow FROM the lone pair on C5's oxygen TO C1 (the carbonyl carbon)
Arrow FROM the C=O double bond TO the oxygen (electrons shift onto the carbonyl oxygen)

Result: C1 is now bonded to four things (tetrahedral). The former carbonyl oxygen now has a negative
charge (or, in acid-catalyzed version, it simply picks up H⁺ from solution — see below).



Step 2 — Proton transfers (two of them, can occur in either order)

Transfer 1: The C5 oxygen just formed a bond to C1. But it still has its -H from when it was an -OH
group. That proton needs to leave. It is lost to solution (or to a base). Arrow from the O–H bond back to
the oxygen of solution/base.

Transfer 2: The former carbonyl oxygen gained electrons in Step 1. It picks up a proton from solution.
Arrow from a lone pair on that oxygen to H⁺ from solution. This gives it an -OH group.

Net result of both transfers: The ring oxygen (from C5) has no extra H — it is now just -O- bridging
C1 and C5 inside the ring. C1 now has a new -OH group (from the former carbonyl oxygen).

Step 3 — Product: the cyclic hemiacetal

The ring is closed. You now have a 6-membered ring:

C1–O–C5–C4–C3–C2–(back to C1)

C1 (the anomeric carbon) is bonded to:

The ring oxygen (O bridging to C5)
A new -OH group (from the old carbonyl oxygen)
An -H
C2

Two oxygens on C1 = the signature of the anomeric carbon = the signature of a hemiacetal.

ACID-CATALYZED VERSION (more detail, same skeleton)

In biological and lab conditions, ring closure is often acid-catalyzed. The acid provides H⁺ that
accelerates the process:

1. H⁺ protonates the carbonyl oxygen of the aldehyde. This makes C1 even MORE electrophilic
(the oxygen is now pulling electron density away even harder). Arrow from carbonyl oxygen
lone pair to H⁺.

2. C5-OH attacks C1. Same arrows as Step 1 above, but the attack is faster because C1 is more
electrophilic now.

3. Proton transfers as in Step 2 above. The protonated oxygen loses H⁺ back to solution. C5-O
loses its H⁺.

4. Same product. The acid catalyst is regenerated (H⁺ consumed in step 1, returned in step 3).



MUTAROTATION — Why α and β Interconvert

The hemiacetal is in equilibrium with the open-chain form. The ring can open (reverse the
mechanism — the ring oxygen's lone pair kicks out, C1 reforms the C=O, the chain straightens). Then it
can re-close. Each time it closes, the -OH on C1 can end up in either the α or β position — it's a 50/50
chance in terms of which face of the carbonyl the oxygen attacks from.

In solution, pure α-glucose or pure β-glucose will gradually reach an equilibrium mixture (~36% α,
~64% β for glucose) as the ring repeatedly opens and recloses. This process is called mutarotation,
and it can be observed by watching the optical rotation of the solution change over time until it
reaches the equilibrium value.

The β form is slightly favored for glucose because in β, the C1-OH is equatorial (pointing outward
from the ring, less steric clash with neighbors). In α, the C1-OH is axial (pointing up/down, more steric
interactions). Equatorial = more stable = more populated at equilibrium.

KETOSE RING CLOSURE (Fructose)

Same mechanism, two differences:

1. The carbonyl is at C2 (ketone), not C1.
2. C5-OH attacks C2 → forms a 5-membered furanose ring (C2–O–C5–C4–C3, back to C2). Or C6-OH

attacks C2 → forms a 6-membered pyranose ring.

The anomeric carbon is now C2 (it has two oxygens: the ring oxygen and the new -OH).

Arrows and proton transfers are identical in logic. Only the carbon numbers change.

QUICK RECOGNITION KEY

You see... It means...

Carbon bonded to 2 oxygens in a ring That's the anomeric carbon (former carbonyl)

6-membered ring with one O Pyranose (C5-OH attacked C1)

5-membered ring with one O Furanose (C4-OH attacked C1, or C5-OH attacked C2)

-OH on anomeric C points DOWN (Haworth) α anomer

-OH on anomeric C points UP (Haworth) β anomer

Aldehyde (C1=O) in open chain Aldose → hemiacetal on ring closure

Ketone (C2=O) in open chain Ketose → hemiketal on ring closure



You see... It means...

Optical rotation of solution changes over time Mutarotation (α⇌open chain⇌β equilibrium)

THE MECHANISM IN ONE LINE

C5-OH lone pair attacks C1 carbonyl → C=O electrons shift to oxygen → ring closes → proton transfers
complete the hemiacetal → anomeric -OH can be α or β.

ARROW CHECKLIST BEFORE MOVING ON

Arrow from C5-O lone pair to C1 (nucleophilic attack)
Arrow from C1=O bond to oxygen (electrons leave the double bond)
Proton lost from C5-O (it's now the ring oxygen, no H)
Proton gained on former carbonyl O (it's now the anomeric -OH)
Identified anomeric carbon (2 oxygens)
Labeled α or β


