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Carbonyl Chemistry Fundamentals

Reading from Vollhardt and Schore
• Sections 17-2, 17-5, 19-7, and 20-1

Lecture Supplement
• Carbonyl Chemistry Fundamentals (Thinkbook pages 33Ð39)

Optional Reading
• OCATSA Carbonyl Chapters (email instructor for access)

Optional Web Site Reading
• Carbonyl Group Basics (www.colby.edu/chemistry/OChem/DEMOS/ketones.html)

Suggested Text Exercises from Vollhardt and Schore
• Chapter 17: 24
• Chapter 20: 1

Concept Focus Questions
1. List at least seven functional groups that contain a carbonyl. Draw a molecule that

contains each functional group on your list. Include all lone pairs.

2. Briefly explain why the carbonyl group can function as both a nucleophile and
electrophile.

3. Why do all the functional groups listed in question 1 undergo somewhat similar
reactions?

4. Name and illustrate the three fundamental carbonyl group mechanism steps (or fates).

5. Name and illustrate the two most common generic carbonyl reaction mechanisms.

6. List and explain the four most important factors that control the relative reactivity of a
carbonyl-containing functional group in an addition or substitution reaction.

7. What factor controls the mechanistic fate of a tetrahedral adduct (also called the
tetrahedral carbonyl addition compound or tetrahedral intermediate) that bears a
negatively charged oxygen atom?

8. Rank aldehydes versus ketones in order of decreasing reactivity to nucleophilic
addition. Briefly explain your logic.

9. Arrange the following in order of decreasing reactivity to nucleophilic carbonyl
substitution: ester, amide, thioester, and carboxylate ion. Briefly explain your logic.
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Concept Focus Questions Solutions

1. 
H3C H

O

H3C CH3

O

H3C OH

O

H3C OCH3

O

Acetaldehyde
aldehyde

Acetone
ketone

Acetic acid
carboxylic acid

Methyl acetate
ester

H3C NH2

O

H3C O

O O

CH3 H3C Cl

O

Acetamide
amide

Acetic anhydride
anhydride

Acetyl chloride
acid chloride

2. Carbon is less electronegative than oxygen, so the carbonyl carbon bears a δ+ while
the oxygen bears a δ-. This renders the carbonyl carbon electrophilic. A combination
of the oxygen δ-, oxygen lone pairs, and C=O pi bond allow the carbonyl group to
function as a nucleophile.

C

O
! "

! +

Electron excess

Lone pairs

Pi bond

Electrophilic carbonElectron deficiency

Nucleophilic oxygen

3. All the functional groups in question 1 contain the carbonyl group. Because chemical
reactions and many physical properties depend upon interactions and changes in
electron density, functional groups with similar electronic structures have similar
chemistry.

4. Nucleophilic attack at carbon:
O

OH2

O

OH2

      Electrophilic attack at oxygen:
O H OH2 O

H

+   H2O

(Electrophilic attack at the pi bond is the same as electrophilic attack at the oxygen as
the products are resonance contributors, and therefore the reactions are identical.)

Enolate formation:

HO         H

O O O

                                                       Enolate resonance contributors
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5. The two most common generic carbonyl reaction mechanisms are addition and
nucleophilic carbonyl substitution. Both involve nucleophilic attack on the carbonyl
carbon. If X is a sufficiently good leaving group, then nucleophilic carbonyl
substitution (also called nucleophilic acyl substitution) occurs:

R X

O

nuc

R nuc

XO

R nuc

O

                                                               Tetrahedral
                                                              intermediate

If X is not a sufficiently good leaving group, then the tetrahedral adduct reacts with
an electrophile, usually a proton source (ÒH+Ó). This gives an addition product:

R X

O

nuc

R nuc

XO "H+"

R nuc

XHO

6. The four factors and their effects are:

Carbonyl carbon δ+: A larger carbonyl carbon δ+ makes the carbonyl group more
electrophilic, and makes for faster nucleophilic attack.

Resonance: Resonance may be lost when the carbonyl is converted to the tetrahedral
adduct. Because resonance is a stabilizing effect, the loss of resonance raises the
transition state energy for this nucleophilic attack. Thus, the more important
resonance is in a carbonyl functional group, the more resistant to nucleophilic attack
it is.

Leaving group: A better leaving group promotes the fragmentation of the tetrahedral
adduct.

Steric effects: If the carbonyl carbon is sterically hindered, nucleophilic attack is
slowed.

7. When the tetrahedral adduct oxygen bears a negative charge, it is driven to dispose of
this charge. This can happen by expulsion of a leaving group (as in the generic
substitution mechanism), or by accepting an electrophile (as in the generic addition
mechanism).

8. In order of decreasing reactivity to nucleophilic addition: aldehyde > ketone. The
factors that control the rate of addition are:

Carbonyl carbon δ+: In general, the charge on an aldehyde carbonyl carbon is greater
than on a ketone because an aldehyde bears one electron-donating alkyl group
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attached to the carbonyl, whereas the ketone has two. There are some exceptions,
such as formaldehyde (H2C=O) and benzaldehyde (PhCHO). Hydrogen atoms and
benzene rings are not electron-donating groups.

Steric effects: An aldehyde has a hydrogen atom attached to the carbonyl carbon,
whereas the ketone has a large group instead. This results in greater steric hindrance
to nucleophilic attack of the ketone carbon, thus making a ketone less reactive than an
aldehyde.

9. In order of decreasing reactivity to nucleophilic carbonyl substitution: thioester >
ester > amide > carboxylate ion. Explanation: The four factors that control the rate of
nucleophilic carbonyl substitution are:

Carbonyl carbon δ+: The magnitude of this charge is controlled in this series by the
magnitude of the resonance interaction between the carbonyl carbon and the
attachment.

• Thioester: Poor resonance because carbon is in the second row of the periodic
table whereas sulfur is in the third row.

• Ester: Better than thioester because both carbon and oxygen are on the same
period.

• Amide: Better than ester because nitrogen is less electronegative than oxygen
and thus more inclined to share its lone pair by resonance.

• Carboxylate ion: An oxygen atom with a negative charge is a much better
resonance donor than a neutral nitrogen atom.

Inductive effects also influence the magnitude of the carbonyl carbon δ+. Electron
donating groups (usually alkyl groups) decrease the δ+ whereas electron-withdrawing
groups increase the δ+. This effect is outweighed by resonance when the atom
adjacent to the carbonyl carbon is nitrogen, oxygen, or fluorine.

Resonance: In addition to the charge effect described above, the magnitude of
resonance lost influences the energy of activation (and thus the rate) of nucleophilic
attack upon the carbonyl carbon (question 6 above). In order of increasing resonance
stabilization (for reasons discussed above): thioester < ester < amide < carboxylate
ion.

Steric effects: Steric effects are hard to compare in this series. While SR, OR, and
NR2 are larger than O-, it is unclear which effect of these four factors dominate. When
in doubt, pick resonance. Therefore we neglect this factor in this case. (Empirical date
suggests that steric effects are not as important as resonance effects, but when all else
is equal, they have a noticeable influence.)
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Leaving group: In order of best to worst leaving group: -SR (sulfur has a large atomic
radius), -OR (oxygen has smaller atomic radius, but its higher electronegativity makes
it better than -NH2), 

-NH2, and O2-. (A doubly charged atom with a small atomic radius
is an exceptionally poor leaving group, unless strongly attached to an atom that
cancels one charge. Aluminum and occasionally lithium can do this. Think about the
mechanism for LiAlH4 reduction of an amide.)

Three of these four factors are synergistic, leading to the order given above.

OWLS Problems
1. Name at least eight functional groups that contain a carbonyl group. Provide an

example for each. Each example must have exactly four carbon atoms.

2. Like carbocations and radicals, the carbonyl group has a limited number of
mechanism possibilities. Name these three carbonyl mechanism fates and illustrate
each using acetamide. Include curved arrows and products of each mechanism fate.

CH3 NH2

O

Acetamide

3. Perhaps the most important carbonyl functional group in living organisms is the
amide, which links amino acids to form the primary structure of peptides and
proteins. Amides can undergo nucleophilic carbonyl substitution with water.

CH3 NH2

O
H2O

CH3 OH

O

+   NH3

(a) Define Ònucleophilic carbonyl substitution.Ó
(b) Hydrolysis of acetamide is a slow reaction. (Conversely, amide hydrolysis in the

body is catalyzed by enzymes and is very fast.) Changing reaction variables such
as nucleophile, leaving group, magnitude of the carbonyl carbon atom δ+,
resonance, and steric hindrance can make the reaction faster. Changing only one
variable at a time, write reactions that illustrate changes in these reaction variables
and that are very similar to the hydrolysis of acetamide, but obviously faster.

4. The rate of nucleophilic carbonyl substitution is influenced by the functional group:

R SR

O

>
R OR

O

>
R NR2

O

>
R O

O

Fastest Slowest

(a) Rationalize the relative rates for these carbonyl substitution reactions.
(b) Why do esters and carboxylic acids undergo substitution at very similar rates?
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(c) Write the carbonyl substitution reaction that occurs between a two-carbon acid
fluoride and an excess of ammonia.

(d) Compared to nucleophilic carbonyl substitution of a thioester, is the same reaction
of an acid fluoride slower or faster? (An acid fluoride is the fluorine analog of an
acid chloride.)

5. Provide complete mechanisms.

(a)
H2O

HO OH

O

+   H3O+

Cl Cl

O

(b)
H2N

O

N COOH

H

KOH

H2O
H2N CO2-2

Practice Problems
1. Briefly explain why a carbonyl group can react with both nucleophiles and

electrophiles. Give examples that clearly illustrate your answer.

2. Why are the reactions of aldehydes and imines very similar? Be very specific.

3. Using the structures shown below, name and illustrate the three fundamental carbonyl
mechanism steps. Use each structure only once. Include all curved arrows and
products.

O

Cl
O

O

4. Using the ester shown and any other needed reagents, name and illustrate the three
fundamental carbonyl reaction mechanism steps. For each fate that does not involve
an enolate, write a very similar reaction that obviously occurs more readily, and
briefly explain why this reaction is faster.

O

OCH3
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5. Select the correct product(s) of this mechanism step:

O

NH3

NH3

O

or
NH3O

or
NH2

HO

                           A B C

6. Provide a complete mechanism for each reaction.

(a)
NaOCH3
CH3OH

(CH3)3C H

O

(CH3)3C OCH3

HHO

(c)
O

H

HO
NaBH4

CH3OH

(b)
Cl

O

NH2

O
NH3 (excess)

(d)
HO

O

OH

CO2   +   H2O

7. For reactions DÐF shown below, (a) write a mechanism for the fastest reaction and
(b) briefly explain why the other two reactions are slower.

Reaction D:
OCH2CH3

O
NaOCH3

CH3OH
OCH3

O

Reaction E:
N(CH3)2

O
NaOCH3

CH3OH
OCH3

O

Reaction F:
O

NaOCH3

CH3OH
OCH3

O

8. For reactions GÐI  shown below, (a) write a mechanism for the fastest reaction, and
(b) briefly explain why the other two reactions are slower.

Reaction G:
N(CH3)2

O
NaOCH3

CH3OH
OCH3

O

Reaction H:
O

O
NaOCH3

CH3OH
OCH3

OO

Reaction I :
SCH3

O
NaOCH3

CH3OH
OCH3

O
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9. For molecules JÐL shown below,
(a) Select the structure that undergoes nucleophilic carbonyl substitution most

rapidly.
(b) Briefly explain why the other two compounds react more slowly.
(c) Provide the structure of a compound that is similar to JÐL , but obviously

undergoes nucleophilic carbonyl substitution at a faster rate.

OCH3CH3

O

OCH3CF3

O

O

OO

J K L

10. For the two reactions shown below,
(a) Write a mechanism for the faster reaction.
(b) Briefly explain why this is the faster reaction.
(c) Write a reaction that is similar to, but obviously faster than the faster reaction.

Briefly explain your reasoning.

H2O

F

O

OH

O

and
H2O

Cl

O

OH

O

11. For the two reactions shown below,
(a) Write a mechanism for the faster reaction.
(b) Briefly explain why this is the faster reaction.
(c) Write a reaction that is similar to, but obviously faster than the faster reaction.

Briefly explain your reasoning.

O
NaBH4

CH3OH

HHO
and

O

NaBH4

CH3OH

HHO

12. Consider the reaction of the two molecules shown below with K+ -C≡N, resulting in
nucleophilic carbonyl substitution.

Cl3C Cl

O

versus
(CH3)3C Cl

O

(a) Write a mechanism for the faster reaction.
(b) Briefly explain why this is the faster reaction.
(c) Write a reaction that is similar to, but obviously faster than the faster reaction.

Briefly explain your reasoning.

13. Acylation of the free amine groups of DNA (abbreviated here as DNAÐNH2) can
interrupt DNA base pairing, leading to apoptosis (cell suicide), mutations, or other
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cellular damage. Write a detailed curved arrow mechanism for the fastest of the three
DNA acylation reactions shown below. Briefly explain your choice.

Reaction M:
H3C OCH3

O
DNA NH2

H2O N

H

CH3

O

DNA +   CH3OH

Reaction N:
H3C SCH3

O
DNA NH2

H2O N

H

CH3

O

DNA +   CH3SH

Reaction O:
F3C SCH3

O
DNA NH2

H2O N

H

CF3

O

DNA +   CH3SH

14. Write a mechanism that shows how the major product is formed. Briefly explain your
choice of major product.

O

H

O

NaCN

HCN

O

H

CNHO

+ H

O

HO CN

Practice Problems Solutions
1. The carbonyl group can react with nucleophiles because it has a carbonyl with a δ+

(the carbonyl carbon).

O

δ+

OH

OHO

It can react with electrophiles because it has nucleophilic portions (oxygen lone pairs
or C=O pi bond. Both give same product when resonance structures are considered).

O
H OH2

OH OH O
HH2O

2. Aldehydes and imines are expected to have similar chemistry because the functional
groups are similar.

• Both consist of a double bond between a carbon and a heteroatom.
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• In both cases this carbon bears a δ+ charge due to the effect of a neighboring atom
that is more electronegative. Therefore both aldehydes and imines can undergo
nucleophilic attack.

• Both have a heteroatom with at least one lone pair of electrons. Therefore both
aldehydes and imines can undergo electrophilic attack.

• Both may have an α-hydrogen atom that may be removed by base to form an
enolate.

3. Nucleophilic attack at carbon:
Cl

O

OH

OH

ClO

Electrophilic attack at oxygen: O

H OSO3H

OH

Form enolate:

H        OCH3

O O

4. Nucleophilic attack at carbon:
OCH3

O

OH2

OH2

OCH3O

Faster reaction:
OCH3

O

OH

OH

OCH3O

Explanation: Nucleophilic attack by hydroxide ion occurs more readily than
nucleophilic attack by water because hydroxide ion is a better nucleophile than water.

Electrophilic attack at oxygen:

O

OCH3

H OH2 OH

OCH3
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Faster reaction:

O

OCH3

H OSO3H OH

OCH3

Explanation: Protonation with H2SO4 occurs more readily than protonation with H3O
+

because H2SO4 is a stronger acid than H3O
+.

Enolate formation:
OCH3

O

H        OH

O

OCH3

5. Product A is correct.

Product B is correct. (Products A and B are identical.)  Even through the ammonia is
shown attacking the carbonyl Òfrom the bottomÓ the resultant alkylammonium group
(RNH3

+) does not have to be shown Òon the bottom.Ó  In general, structures drawn in
mechanisms are not meant to show any particular three-dimensional arrangement of
atoms, unless wedges and dashed lines are used.

Product C is not formed from this mechanism step. The mechanism step shown does
not include curved arrows for formation of an OÐH or breakage of an NÐH bond.
(Product C might be formed later in the mechanism, but not in this step.)

6. (a)
(CH3)3C H

O

OCH3

(CH3)3C OCH3

OH H OCH3

(CH3)3C OCH3

OHH

+   -OCH3

      (b)
Cl

O

NH3

NH3

ClO

H        NH3

NH2

O

NH2

O

+   NH4

The expulsion of the leaving group from the tetrahedral adduct is shown prior to
the proton transfer step because usually (but not always) intramolecular reactions
(reactions within one molecule) are faster than intermolecular reaction (reactions
between two separate molecules).

(c)
O

H BH3

H

O H OCH3

H

OH

+   -OCH3
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(d)
O C O

OH2

O

OH

O

H        OH2

O

OH

O H OH2

O

OH

OH

7. (a)
OCH2CH3

O

OCH3

OCH3

OCH2CH3O

OCH3

O

+   -OCH2CH3

(b) Reaction E is slower than reaction D: the δ+ on the carbonyl carbon of an amide is
smaller than an ester. Nitrogen is less electronegative than oxygen, so nitrogen
provides more electron density to the carbonyl carbon (via resonance). Because
the amide has a smaller carbonyl carbon δ+, it is less susceptible to nucleophilic
attack than an ester. In addition, -N(CH3)2 is a much poorer leaving group than
-OCH2CH3.

Alternate answer: Nucleophilic attack upon a carbonyl group destroys resonance.
Resonance is more significant in an amide than in an ester because nitrogen is less
electronegative than oxygen. Because the resonance lost upon nucleophilic attack
of an amide is more significant than resonance lost upon nucleophilic attack on an
ester, an amide resists nucleophilic attack more strongly than an ester.

Reaction F is slower than reaction D: Although a ketone can undergo addition,
this substitution cannot occur at all as written, because -CH3 is never a leaving
group.

8. (a)
O

O O

OCH3

O

O

OCH3

O

O

O

+

OCH3

O

(b) The four factors that control the rate of a nucleophilic carbonyl substitution
reaction are:

Magnitude of carbonyl carbon δ+: If the heteroatom adjacent to the carbonyl
carbon has lone pairs, then it may be able to decrease the carbonyl carbon δ+ by
resonance. Nitrogen, oxygen, and sulfur have lone pairs. Oxygen is more
electronegative than nitrogen or sulfur, so oxygen does not donate electron
density as readily. However, the resonance involving sulfur (third row of periodic
table) and carbon (second row of periodic table) is not as good as between oxygen
or nitrogen and carbon (all are second row elements). The lone pairs of the
oxygen atom must be shared between two carbonyl groups, whereas the lone pairs
of sulfur are not. There is no clear dominant factor here (although we might make
some assumptions).
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Resonance: As mentioned above, sulfur and carbon have poor resonance
interaction, so the resonance stabilization of a thioester is not as important as in an
ester or anhydride. Nitrogen is less electronegative than oxygen, so it shares
electron density more readily than an oxygen atom. Considering resonance only,
the order or reactivity is: I  > H > G.

Steric effects: The steric crowding at the carbonyl carbon is about equal in all
three cases.

Leaving group: The leaving group in the amide reaction is (CH3)2N
-. This is a

poor leaving group due to the small atomic radius of nitrogen and lack of
resonance stabilization for the negative charge. In the anhydride case, the leaving
group is acetate ion (CH3CO2

-), which has good resonance stabilization. The
leaving group in the thioester reaction is methanethiolate (CH3S

-), a good leaving
group due to the larger atomic radius of the sulfur atom that accepts the electron
pair when the group leaves. There is no single factor that dominates most leaving
group cases, but we might make the usual guess that resonance dominates and
thus pick acetate as a better leaving group than methanethiolate.

This analysis suggests that the anhydride (reaction H) is the fastest reaction of the
three.

9. (a) Either the trifluoro ester K or the anhydride L is be the correct answer, depending
upon how you considered the factors involved.

(b) If the K  was selected: The absence of the inductive effect of the three fluorine
atoms results in a smaller carbonyl carbon δ+, so J is less reactive than K . If we
assume the CF3 inductive effect is stronger than the effect of the greater carbonyl
carbon δ+ (see below) then L is less reactive than K.

If L  was selected: The carbonyl carbon δ+ is reduced by resonance with the
neighboring oxygen lone pairs. The central oxygen of the anhydride must share its
lone pair with two carbonyl groups, whereas the "ether" oxygen of an ester shares
with only one. This means the carbonyl carbon δ+ of an anhydride is greater than
an ester, making the esters J and K  less reactive than anhydride L.  In addition,
methoxide (-OCH3) is a poorer leaving group than acetate (CH3CO2

-). This is an
additional factor that makes the anhydride more reactive.

Molecules that are more reactive toward nucleophilic carbonyl substitution might
have a greater carbonyl carbon δ+, less resonance, and/or a better leaving group.
Trifluoroacetic anhydride (below) has both a larger δ+ and a better leaving group.
It is very sensitive to nucleophilic attack by even weak nucleophiles such as
water.

F3C O CF3

OO
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10.  (a)
Cl

O

OH2

OH2

ClO

OH

O

H      OH2

OH

O

(b) It is reasonable to assume the acid fluoride reaction to be faster, because it has a
greater δ+ on the carbonyl carbon (fluorine is a stronger electron-withdrawing
group than chlorine). Or, we might expect the acid fluoride reaction to be slower
due to the resonance between the carbonyl pi bond and the fluorine lone pairs.

However, when the tetrahedral adduct expels a leaving group, fluorine is such a
poor leaving group that water always leaves first, and the reaction never occurs as
written. Thus, the acid chloride reaction is faster because the acid fluoride
reaction is so very slow.

     (c)

I

O
H2O

OH

O

This reaction is faster because iodide ion is a much better leaving group than
chloride ion. Because of this, acid iodides are so sensitive to even weak
nucleophiles such as water that they are too unstable for routine laboratory use.

11.  (a)
O

H BH3

H

O H OCH3

H

OH

+   -OCH3

(b) This reaction is faster because there is less steric hindrance for -BH4 as it
approaches the carbonyl carbon.

      (c) Many answers are possible, such as:
H H

O
NaBH4

CH3OH H H

HHO

This reaction is faster for two reasons:

• Replacement of the methyl groups with hydrogen atoms decreases the steric
hindrance at the carbonyl carbon.

• Because hydrogen is not an electron donor, the δ+ on the carbonyl carbon of
formaldehyde (H2C=O) is greater than the carbonyl carbon δ+ of acetone.
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12. (a)
Cl

O

Cl

Cl Cl C N

C
Cl

Cl Cl

ClO

N C

O

Cl

Cl Cl

N

(b) The trichloromethyl group (first reaction) increases the carbonyl carbon δ+,
whereas the tert-butyl group (second reaction) decreases the carbonyl carbon δ+.
The larger δ + charge makes trichloroacetyl chloride (first reaction) more
susceptible to nucleophilic attack than pivaloyl chloride (second reaction).

(c)

O

F
Cl

F F

KCN

O

F
C

F F

N

Fluorine is a more electronegative atom than chlorine, so the δ+ effect has been
amplified.

13. 

H2N-DNA

F3C SCH3

O

F3C N

SCH3O

DNA

H H
F3C N

DNA

H H        SCH3

O

F3C N
DNA

O

H

+  CH3SH

To compare the rates of reactions that have multiple mechanism steps, we need to
determine the rate-determining step. That is not a simple task for nucleophilic
carbonyl substitution reactions like this one. Thus, we must analyze all steps of the
reaction mechanism and make a choice based on that analysis. We must focus on
differences and ignore those factors that are identical for each reaction, such as the
nature of the nucleophile (DNAÐNH2).

Nucleophilic attack on the carbonyl carbon. This is controlled by resonance and the
magnitude of the δ+ on the carbonyl carbon.

Resonance stabilization provided by the carbonyl and adjacent lone pair on oxygen or
sulfur must be disrupted to proceed to the tetrahedral adduct. The more significant the
resonance stabilization that is lost, the greater the price in activation energy, and
corresponding lower rate. Oxygen and carbon are in the same row of the periodic
table but sulfur and carbon are not. Resonance in the ester provides more stabilization
than resonance in the thioester. Therefore resonance retards nucleophilic attack on the
ester (reaction M) more so than on the thioesters (reactions N and O).

The magnitude of the δ+ on the carbonyl carbon is influenced by inductive effects.
The trifluoromethyl group (CF3) is electron withdrawing, while methyl groups are
mildly electron donating. Thus, the trifluoromethyl group increases the magnitude of
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the δ+ (favoring nucleophilic attack) while the methyl groups decrease the magnitude
of the δ+ (inhibiting nucleophilic attack). This factor favors reaction O over M and N.

Decomposition of the tetrahedral adduct. The main difference between the tetrahedral
adducts is the nature of the leaving group. Methanethiolate (-SCH3) is a better leaving
group than methoxide (-OCH3), because sulfur has a larger atomic radius than oxygen.
Resonance is not an issue here because the nitrogen atom is protonated (i.e., no
resonance is gained upon expulsion of the leaving group). This fact favors reactions N
and O over reaction M.

Summary: Resonance, inductive, and leaving group effects favor reaction O.
Reaction N is favored by the leaving group but disfavored by the δ+ magnitude. All
three factors disfavor reaction M. Thus we predict: O (fastest) > N > M (slowest).

14. 
HR

O

CN

HR

O CN

H CN

HR

HO CN

HCN (pKa 9.1) is not strong enough to protonate the carbonyl prior to nucleophilic
attack.

The mechanism step that controls the product is the nucleophilic attack of cyanide ion
on the carbonyl carbon. There are two important differences between the carbonyl
groups of the aldehyde and ketone:

Magnitude of δ+. The difference between the aldehyde and ketone is a hydrogen atom
versus a methyl group. A hydrogen atom is electroneutral (neither electron
withdrawing nor donating), whereas a methyl group is a weak electron donator. The
methyl group decreases the magnitude of the δ+ on the carbonyl carbon of the ketone,
reducing susceptibility to nucleophilic attack. Thus the cyanide ion attacks to the
aldehyde more readily than it attacks to the ketone.

Steric effects. A methyl group is larger than a hydrogen atom, so the carbonyl carbon
of a ketone is more sterically hindered than that of an aldehyde. This also favors
nucleophilic attack at the aldehyde carbon atom over the ketone carbon atom.

Taken together, these factors suggest the major product arises from nucleophilic
attack at the aldehyde.


