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20Aldehydes
and Ketones
DID YOU EVER WONDER . . .
why beta-carotene, which makes carrots 
orange, is reportedly good for your eyes?

This chapter will explore the reactivity of aldehydes and ketones. 
Specifically, we will see that a wide variety of nucleophiles will 

react with aldehydes and ketones. Many of these reactions are com-
mon in biological pathways, including the role that beta-carotene 
plays in promoting healthy vision. As we will see several times in 
this chapter, the reactions of aldehydes and ketones are also cleverly 
exploited in the design of drugs. The reactions and principles out-
lined in this chapter are central to the study of organic chemistry and 
will be used as guiding principles throughout the remaining chapters 
of this textbook.
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2   CHAPTER  20   Aldehydes and Ketones

DO YOU REMEMBER?
Before you go on, be sure you understand the following topics. If necessary, review the suggested sections 
to prepare for this chapter:

20.1 Introduction to Aldehydes and Ketones

Aldehydes (RCHO) and ketones (R2CO) are similar in structure in that both classes of com-
pounds possess a C5O bond, called a carbonyl group:

O

Carbonyl Group

O

R H
An aldehyde

R R
A ketone

The carbonyl group of an aldehyde is flanked by one carbon atom and one hydrogen atom, 
while the carbonyl group of a ketone is flanked by two carbon atoms.

Aldehydes and ketones are responsible for many flavors and odors that you will readily 
recognize:

O

H

HO

H3CO

Vanillin
(Vanilla flavor)

H

O

Cinnamaldehyde
(Cinnamon flavor)

O

(R )-Carvone
(Spearmint flavor)

H

O

Benzaldehyde
(Almond flavor)

Many important biological compounds also exhibit the carbonyl moiety, including progester-
one and testosterone, the female and male sex hormones.

O

O

H

H

H

Progesterone

O

OH

H

Testosterone

HH

Simple aldehydes and ketones are industrially important; for example:

O

H H

Formaldehyde

O

Acetone

CH3H3C

Acetone is used as a solvent and is commonly found in nail polish remover, while formaldehyde is 
used as a preservative in some vaccine formulations. Aldehydes and ketones are also used as build-
ing blocks in the syntheses of commercially important compounds, including pharmaceuticals 
and polymers. Compounds containing a carbonyl group react with a large variety of nucleophiles, 
affording a wide range of possible products. Due to the versatile reactivity of the carbonyl group, 
aldehydes and ketones occupy a central role in organic chemistry.
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20.2   Nomenclature      3

20.2 Nomenclature

Nomenclature of Aldehydes
Recall that four discrete steps are required to name most classes of organic compounds (as we 
saw with alkanes, alkenes, alkynes, and alcohols):

1. Identify and name the parent.
2. Identify and name the substituents.
3. Assign a locant to each substituent.
4. Assemble the substituents alphabetically.

Aldehydes are also named using the same four-step procedure. When applying this procedure 
for naming aldehydes, the following guidelines should be followed:

When naming the parent, the suffix “-al” indicates the presence of an aldehyde group:

Butane Butanal
H

O

When choosing the parent of an aldehyde, identify the longest chain that includes the 
carbon atom of the aldehydic group:

H O

Parent=Octane Parent=Hexanal

The parent
must include
this carbon atom

When numbering the parent chain of an aldehyde, the aldehydic carbon is assigned num-
ber 1, despite the presence of alkyl substituents,  bonds, or hydroxyl groups:

Correct

H

O OH

1 3 5 7
2 4 6

Incorrect

H

O OH

7 5 3 1
6 4 2

It is not necessary to include the locant in the name, because it is understood that the 
aldehydic carbon is the number 1 position.

As with all compounds, when a chirality center is present, the configuration is indicated at 
the beginning of the name; for example:

(R )-2-chloro-3-phenylpropanal

O

Cl

H

A cyclic compound containing an aldehyde group immediately adjacent to the ring is named as 
a carbaldehyde:

Cyclohexanecarbaldehyde

O

H
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4   CHAPTER  20   Aldehydes and Ketones

LEARN the skill

The International Union of Pure and Applied Chemistry (IUPAC) nomenclature also recognizes 
the common names of many simple aldehydes, including the three examples shown below:

O

H H

Formaldehyde Acetaldehyde

H

O

H3C

Benzaldehyde

O

H

Nomenclature of Ketones
Ketones, like aldehydes, are named using the same four-step procedure. When naming the par-
ent, the suffix “-one” indicates the presence of a ketone group:

Butane Butanone

O

The position of the ketone group is indicated using a locant. The IUPAC rules published in 
1979 dictate that this locant be placed immediately before the parent, while the IUPAC recom-
mendations released in 1993 and 2004 allow for the locant to be placed immediately before the 
suffix “-one”:

1 3 5 7
642

O 3-heptanone
or

heptan-3-one

Both names above are acceptable IUPAC names. IUPAC nomenclature recognizes the common 
names of many simple ketones, including the three examples shown below:

H3C CH3

O

Acetone

CH3

O

Acetophenone

O

Benzophenone

Although rarely used, IUPAC rules also allow simple ketones to be named as alkyl alkyl ketones.
For example, 3-hexanone can also be called ethyl propyl ketone:

O

C

Ethyl propyl ketone

SOLUTION

-STEP 1

SKILLBUILDER
20.1 NAMING ALDEHYDES AND KETONES

1
2 4 6

7 9

8

3 5

3-nonanone

O

O
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20.2   Nomenclature      5

APPLY the skill

PRACTICE the skill

6-ethyl

4,4-dimethyl

1
2 4 6

7 9

8

3 5

O

R

R

O

(R)-6-ethyl-4,4-dimethyl-3-nonanone.

20.1

STEP 2

STEP 3

STEP 4

STEP 5

20.2

S

R

20.3 -

O

20.4

OO

2,3-butanedione

O O O

O

O

O O(b)(a) (c)

Try Problems 20.44–20.49 

H

OBrBr
(a)

O H

(d)

O

(b)

O

(c)

H

O

(e)

need more PRACTICE?
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6   CHAPTER  20   Aldehydes and Ketones

TABLE 20.1 A SUMMARY OF ALDEHYDE PREPARATION
METHODS COVERED IN PREVIOUS CHAPTERS

REACTION SECTION

5

-

R

OH

R H

O
PCC

CH2Cl2

H

R

H

R

H

R

O

H

R

O
1) O3

2) DMS

1) R2B H

2) H2O2, NaOH
O

R
H

R

TABLE 20.2 A SUMMARY OF KETONE PREPARATION
METHODS COVERED IN PREVIOUS CHAPTERS

REACTION SECTION

R RR R

OH
Na2Cr2O7

H2SO4, H2O

O

R

R

R

R

R

R

O

R

R

O
1) O3

2) DMS

H2SO4, H2O

HgSO4R

O

R CH3

AlCl3

O

R

O

Cl R

CONCEPTUAL CHECKPOINT

20.5

OH O

(a)

OH O

H

(b)

O

(c)

H

O

(d)

O O

H
(e)

O

(f)

20.3 Preparing Aldehydes and Ketones: A Review

In previous chapters, we have studied a variety of methods for preparing aldehydes and ketones, 
which are summarized in Tables 20.1 and 20.2, respectively.
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20.4   Introduction to Nucleophilic Addition Reactions      7

20.4 Introduction to Nucleophilic Addition Reactions

The electrophilicity of a carbonyl group derives from resonance effects as well as inductive effects:

O

d±

d-
O

-
O

+

Resonance Induction

One of the resonance structures exhibits a positive charge on the carbon atom, indicating that 
the carbon atom is deficient in electron density ( +). Inductive effects also render the carbon 
atom deficient in electron density. As a result, this carbon atom is particularly electrophilic and 
is susceptible to attack by a nucleophile. Molecular orbital calculations suggest that nucleophilic 
attack occurs at an angle of approximately 107° to the plane of the carbonyl group, and in the 
process, the hybridization state of the carbon atom changes (Figure 20.1).

FIGURE 20.1

Nuc

107° angle

R
O

R

sp2

(Trigonal planar)
sp3

(Tetrahedral )

O

Nuc

R
R

–

–

¡

The carbon atom is originally sp2 hybridized with a trigonal planar geometry. After the attack, 
the carbon atom is sp3 hybridized with a tetrahedral geometry. In recognition of this geometric 
change, the resulting alkoxide ion is often called a tetrahedral intermediate. This term appears 
many times throughout the remainder of this chapter.

In general, aldehydes are more reactive than ketones toward nucleophilic attack. This 
observation can be explained in terms of both steric and electronic effects:

1. Steric effects. A ketone has two alkyl groups (one on either side of the carbonyl) that contribute 
to steric hindrance in the transition state of a nucleophilic attack. In contrast, an aldehyde has 
only one alkyl group, so the transition state is less crowded and lower in energy.

2. Electronic effects. Recall that alkyl groups are electron donating. A ketone has two electron-
donating alkyl groups that can stabilize the + on the carbon atom of the carbonyl group. 
In contrast, aldehydes have only one electron-donating group:

A ketone
has two electron-donating alkyl groups
that stabilize the partial positive charge

An aldehyde
has only one electron-donating alkyl group
that stabilizes the partial positive charge

R

O

Rd± R

O

Hd±

The + charge of an aldehyde is less stabilized than a ketone. As a result, aldehydes are more 
electrophilic than ketones and therefore more reactive.

Aldehydes and ketones react with a wide variety of nucleophiles. As we will see in the com-
ing sections of this chapter, some nucleophiles require basic conditions, while others require 
acidic conditions. For example, recall from Chapter 13 that Grignard reagents are very strong 
nucleophiles that will attack aldehydes and ketones to produce alcohols:

R

O

R

OH

R Me
R

1) MeMgBr

2) H2O
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8   CHAPTER  20   Aldehydes and Ketones

The Grignard reagent itself provides for strongly basic conditions, because Grignard reagents 
are both strong nucleophiles and strong bases. This reaction cannot be achieved under acidic 
conditions, because, as explained in Section 13.6, Grignard reagents are destroyed in the 
presence of an acid. The Grignard reaction above follows a general mechanism for the reac-
tion between a nucleophile and a carbonyl group under basic conditions (Mechanism 20.1). 
This general mechanism has two steps: (1) nucleophilic attack followed by (2) proton transfer.

Aldehydes and ketones also react with a wide variety of other nucleophiles under acidic 
conditions. In acidic conditions, the same two mechanistic steps are observed, but in reverse 
order—that is, the carbonyl group is first protonated and then undergoes a nucleophilic attack 
(Mechanism 20.2).

MECHANISM 20.1 NUCLEOPHILIC ADDITION UNDER BASIC CONDITIONS

The carbonyl group is attacked by a
nucleophile, forming a tetrahedral intermediate

The tetrahedral intermediate is protonated
upon treatment with a mild proton source

Nucleophilic attack Proton transfer

Nuc

OH

Nuc

ONuc-O
O

HH

-

MECHANISM 20.2 NUCLEOPHILIC ADDITION UNDER ACIDIC CONDITIONS

The carbonyl group is first protonated,
rendering it even more electrophilic

The protonated carbonyl group is
then attacked by a nucleophile

Nucleophilic attackProton transfer

+

Nuc

OHNuc
-O

H
O H A

In acidic conditions, the first step plays an important role. Specifically, protonating the carbonyl 
group generates a very powerful electrophile:

H¬A
O O

·

H
O

H

Very powerful electrophile

+

+

It is true that the carbonyl group is already a fairly strong electrophile; however, a protonated 
carbonyl group bears a full positive charge, rendering the carbon atom even more electrophilic. 
This is especially important when weak nucleophiles, such as H2O or ROH, are employed, as 
we will see in the upcoming sections.

When a nucleophile attacks a carbonyl group under either acidic or basic conditions, the 
position of equilibrium is highly dependent on the ability of the nucleophile to function as a 
leaving group. A Grignard reagent is a very strong nucleophile, but it does not function as a 
leaving group (a carbanion is too unstable to leave). As a result, the equilibrium so greatly favors 
products that the reaction effectively occurs in only one direction. With a sufficient amount of 
nucleophile present, the ketone is not observed in the product mixture. In contrast, halides are 
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20.5   Oxygen Nucleophiles      9

good nucleophiles, but they are also good leaving groups. Therefore, when a halide functions as 
the nucleophile, the equilibrium actually favors the starting ketone:

O

R R R R

HO Cl

HCl+

Once equilibrium has been achieved, the mixture consists primarily of the ketone, and only 
small quantities of the addition product.

In this chapter, we will explore a wide variety of nucleophiles, which will be classified 
according to the nature of the attacking atom. Specifically, we will see nucleophiles based on 
oxygen, sulfur, nitrogen, hydrogen, and carbon (Figure 20.2).

O
H H

O
R H

O O HH

N

H

R H

N

H

R R

S
H H

HS SH

Al HH

H

H

-

B HH

H

H

-

RMgBr

NC
-

-
+

CP
H

H

Ph

Ph
Ph

Oxygen
Nucleophiles

Sulfur
Nucleophiles

Nitrogen
Nucleophiles

Hydrogen
Nucleophiles

Carbon
Nucleophiles

FIGURE 20.2

The remainder of the chapter will be a methodical survey of the reactions that occur between 
the reagents in Figure 20.2 and ketones and aldehydes. We will begin our survey with oxygen 
nucleophiles.

20.5 Oxygen Nucleophiles

Hydrate Formation
When an aldehyde or ketone is treated with water, the carbonyl group can be converted into a hydrate:

O

H2O

Hydrate

+
HO OH

The position of equilibrium generally favors the carbonyl group rather than the hydrate, except 
in the case of very simple aldehydes, such as formaldehyde:

H2O+

O

CH3CH3 CH3 CH3

HO OH

H2O+

O

H H H H

HO OH

99.9%

> 99.9%

CONCEPTUAL CHECKPOINT

20.6

1) EtMgBr

2) H2O

O HO O HO

HCl+

Cl

(a) (b)
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10   CHAPTER  20   Aldehydes and Ketones

In the first step, a hydroxide ion (rather than water) functions as a nucleophile. Then, in the second 
step, the tetrahedral intermediate is protonated with water, regenerating a hydroxide ion. In this 
way, hydroxide serves as a catalyst for the addition of water across the carbonyl group.

Now consider the acid-catalyzed hydration of formaldehyde (Mechanism 20.4).

The rate of reaction is relatively slow under neutral conditions but is readily enhanced in the 
presence of either acid or base. That is, the reaction can be either acid catalyzed or base cata-
lyzed, allowing the equilibrium to be achieved much more rapidly. Consider the base-catalyzed 
hydration of formaldehyde (Mechanism 20.3).

MECHANISM 20.3 BASE-CATALYZED HYDRATION

-- OHO
O

HHOH O

The carbonyl group is attacked by
hydroxide, forming a tetrahedral intermediate

The tetrahedral intermediate is protonated
by water to form the hydrate

Nucleophilic attack Proton transfer

OHH
H

OHH
H

H H

Under acid-catalyzed conditions, the carbonyl group is first protonated, generating a positively 
charged intermediate that is extremely electrophilic (it bears a full positive charge). This inter-
mediate is then attacked by water to form a tetrahedral intermediate, which is deprotonated to 
give the product.

MECHANISM 20.4 ACID-CATALYZED HYDRATION

The carbonyl group
is protonated, rendering

it more electrophilic

The protonated carbonyl
group is attacked by water,

forming a tetrahedral intermediate

The tetrahedral intermediate
is deprotonated by water

to form the hydrate

Nucleophilic attack Proton transferProton transfer

O
O+

+

OH

OHH
H

OH

H
H

O

H H H H

H

H
O

H

O

H

H

H +

H H

H

O

H

CONCEPTUAL CHECKPOINT

20.7

H2O+

O

CF3 CF3 CF3CF3

HO OH

> 99.99%
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20.5   Oxygen Nucleophiles      11

Acetal Formation
The previous section discussed a reaction that can occur when water attacks an aldehyde or ketone. 
This section will explore a similar reaction, in which an alcohol attacks an aldehyde or ketone:

2 ROH H2O+ +

O RO OR

Acetal

[H+]

In acidic conditions, an aldehyde or ketone will react with two molecules of alcohol to form an 
acetal. The brackets surrounding the H+ indicate that the acid is a catalyst. Common acids used 
for this purpose include para-toluenesulfonic acid (TsOH) and sulfuric acid (H2SO4):

p-toluenesulfonic acid
(TsOH)

Sulfuric acid

S OH

O

O

S OHHO

O

O

As mentioned earlier, the acid catalyst serves an important role in this reaction. Specifically, 
in the presence of an acid, the carbonyl group is protonated, rendering the carbon atom even 
more electrophilic. This is necessary because the nucleophile (an alcohol) is weak; it reacts with 
the carbonyl group more rapidly if the carbonyl group is first protonated. A mechanism for 
acetal formation is shown in Mechanism 20.5. This mechanism has many steps, and it is best to 
divide it conceptually into two parts: (1) The first three steps produce an intermediate called a 
hemiacetal and (2) the last four steps convert the hemiacetal into an acetal:

BY THE WAY

Acetal

MECHANISM 20.5 ACETAL FORMATION

The carbonyl group
is protonated, rendering

it more electrophilic

The alcohol attacks the
protonated carbonyl

to generate a 
tetrahedral intermediate

The tetrahedral
intermediate is
deprotonated to

form a hemiacetal The OH group is
protonated, thereby
converting it into an

excellent leaving group

Water leaves to
regenerate the

C“O double bond

The second molecule of the
alcohol attacks the C“O
double bond to generate

another tetrahedral intermediate

The intermediate is
deprotonated,

generating an acetal

Acetal

Hemiacetal

O

+

OH

H
O

R

O
H

R

O
H

R

O+
H

O+
R

O
HH +

OR

O
RH +

OR

OH

OR

OR

OR

+
H A

A

A

+
H A

–H2O

Proton transfer

Proton transfer

Proton transferNucleophilic attack

Proton transfer Nucleophilic attack

Loss of a leaving
group
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12   CHAPTER  20   Aldehydes and Ketones

FIGURE 20.3
Proton transfer Proton transferNucleophilic attack

Let’s begin our analysis of this mechanism by focusing on the first part: formation of the hemi-
acetal, which involves the three steps in Figure 20.3.

FIGURE 20.4
Proton
transfer

Proton
transfer

Loss of a
leaving group

Nucleophilic
attack

Notice that the sequence of steps begins and ends with a proton transfer. This will be a recurring 
pattern in this chapter. Let’s focus on the details of these three steps:

1. The carbonyl is protonated in the presence of an acid. The 
identity of the acid, HA+, is most likely a protonated alco-
hol, which received its extra proton from the acid catalyst:

2. The protonated carbonyl is a very powerful electrophile and is attacked by a molecule of 
alcohol (ROH) to form a tetrahedral intermediate that bears a positive charge.

3. The tetrahedral intermediate is deprotonated by a weak base (A), which is likely to be a 
molecule of alcohol present in solution.

Notice that the acid is not consumed in this process. A proton is used in step 1 and then 
returned in step 3, confirming the catalytic nature of the proton in the reaction.

It is important to remember the specific order of these three steps, as we will soon encounter 
many other reactions that begin with the same three steps. These three steps are typical of reac-
tions involving acid-catalyzed nucleophilic attack.

Now let’s focus on the second part of the mechanism, conversion of the hemiacetal into an 
acetal, which is accomplished with the four steps in Figure 20.4.

Notice, once again, that the sequence of steps begins and ends with a proton transfer. A proton 
is used in the first step and then returned in the last step, but this time there are two middle 
steps rather than just one. When drawing the mechanism of acetal formation, make sure to draw 
these two steps separately. Combining these two steps is incorrect and represents one of the most 
common student errors when drawing this mechanism:

Nucleophilic
attack

An SN2 process
cannot occur

at this substrate

Loss of a
leaving
group

OR
+ ROH

OH2

+

¡

These two steps cannot occur simultaneously, because that would represent an SN2 process 
occurring at a sterically hindered substrate. Such a process is disfavored and does not occur at an 
appreciable rate. Instead, the leaving group leaves first to form a resonance-stabilized intermedi-
ate, which is then attacked by the nucleophile in a separate step.

The equilibrium arrows in the full mechanism of acetal formation indicate that the process 
is governed by an equilibrium. For many simple aldehydes, the equilibrium favors formation of 
the acetal, so aldehydes are readily converted into acetals by treatment with two equivalents of 
alcohol in acidic conditions:

Products are favored
at equilibrium

+ 2 EtOH + H2O
[H+]

H H

O

H H

EtO OEt

H A +
+

O

H

R

H

klein_c20_001-056v1.4.indd   12 30/04/10   16.46



20.5   Oxygen Nucleophiles      13

BY THE WAY However, for most ketones, the equilibrium favors reactants rather than products:

Reactants are favored
at equilibrium

+ 2 EtOH + H2O
[H+]

H3C CH3

O

H3C CH3

EtO OEt

In such cases, formation of the acetal can be accomplished by removing one of the products 
(water) via a special distillation technique. By removing water as it is formed, the reaction can 
be forced to completion.

Notice that acetal formation requires two equivalents of the alcohol. That is, two molecules 
of ROH are required for every molecule of ketone. Alternatively, a compound containing two 
OH groups can be used, forming a cyclic acetal.

This reaction proceeds via the regular seven-step mechanism for acetal formation: three 
steps for formation of the hemiacetal followed by four steps for formation of the cyclic acetal:

O
OO

Cyclic
acetal

OHO

Hemiacetal

4 steps3 steps
H2O+

OH
OH

OH

The seven-step mechanism for acetal formation is very similar to other mechanisms that we will 
explore. It is therefore critical to master these seven steps. To help you draw the mechanism 
properly, remember to divide the entire mechanism into two parts, where each part begins and 
ends with proton transfers. Let’s get some practice.

LEARN the skill

SOLUTION

-

Proton transfer Nucleophilic attack Proton transfer

The tail of this arrow should 
be placed on a lone pair

Don’t forget the second curved arrow 
that shows release of the proton

Don’t forget the
positive charges

+H O
H

Et

O
H

O

Et

H O

H

Et

Hemiacetal

HOHO OEt
O

Et

H

+
+

+

O +

SKILLBUILDER
20.2 DRAWING THE MECHANISM OF ACETAL FORMATION

STEP 1

O EtO OEt
[H2SO4]

excess EtOH

–H2O
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14   CHAPTER  20   Aldehydes and Ketones

need more PRACTICE?

APPLY the skill

PRACTICE the skill

-

Proton
transfer

Loss of a
leaving group

Nucleophilic
attack

Proton
transfer

The tail of this arrow
should be placed on a lone pair

Don’t forget the second
curved arrow that shows

release of the proton

Don’t forget the
positive charges

+

–H2O

HO OEt
H O

H

Et

O OEt

H

H
O

Et

O

Et

H OEtO

H

Et

Acetal

EtO OEt
O

Et

H

+ + +

+

+

20.8

STEP 2

(a) (b)

O

[H2SO4]
excess MeOH

–H2O

MeO OMe
[TsOH]

excess EtOH

–H2O

O
OEt

OEt

(c) (d)

[H2SO4]
excess EtOH

–H2O

O EtO OEt
[TsOH]

excess MeOH

–H2O

O MeO OMe

20.9

(a)

[H2SO4]O
OHHO

–H2O

OO

(b)

OHHO
[H2SO4]

O

O O
–H2O

20.10

[H2SO4]
excess MeOH

O

OHHO

(a)

? [H2SO4]

O

(b)

?
–H2O –H2O

Try Problems 20.57, 20.62, 20.67
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20.5   Oxygen Nucleophiles      15

Acetals as Protecting Groups
Acetal formation is a reversible process that can 
be controlled by carefully choosing reagents and 
conditions:

As mentioned in the previous section, acetal for-
mation is favored by removal of water. To con-
vert an acetal back into the corresponding alde-
hyde or ketone, it is simply treated with water in the presence of an acid catalyst. In this way, 
acetals can be used to protect ketones or aldehydes. For example, consider how the following 
transformation might be accomplished:

OO

OR

O

OH?

This transformation involves reduction of an ester to form an alcohol. Recall that lithium alu-
minum hydride (LAH) can be used to accomplish this type of reaction. However, under these 
conditions, the ketone moiety will also be reduced. The problem above requires reduction of the 
ester moiety without also reducing the ketone moiety. To accomplish this, a protecting group 
can be used. The first step is to convert the ketone into an acetal:

O OO

OR OR

OO

–H2O

HO OH

[H+]

Notice that the ketone moiety is converted into an acetal, but the ester moiety is not. The result-
ing acetal group is stable under strongly basic conditions and will not react with LAH. This 
makes it possible to reduce only the ester, after which the acetal can be removed to regenerate 
the ketone: The three steps are summarized below:

OO

OR

O

OHHO OH1) [H+], , –H2O

2) LAH
3) H3O+

O
OO

–H2O

H2O

HO OH

[H+]

[H+]

CONCEPTUAL CHECKPOINT

20.11 -

O

O O

O

O

O

H
H

OH

O O

O

O

Ph
Ph

OH

(a)

(b)

(c)

20.12

(a)

(c)

OO
H3O+ H3O+

H3O+H3O+

(b)

(d)

OMe

OMe

OO O

O

? ?

? ?
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16   CHAPTER  20   Aldehydes and Ketones

Stable Hemiacetals
In the previous section, we saw how to convert an aldehyde or ketone into an acetal. In most 
cases, it is very difficult to isolate the intermediate hemiacetal:

Hemiacetal

Favored by
the equilibrium

Difficult to
isolate

Favored when
water is removed

Acetal

+ 2 ROH + H2O+ ROH∆ ∆

O RO OH RO OR

For ketones we saw that the equilibrium generally favors the reactants unless water is removed, 
which enables formation of the acetal. The hemiacetal is not favored under either set of condi-
tions (with or without removal of water). However, when a compound contains both a carbonyl 
group and a hydroxyl group, the resulting cyclic hemiacetal can often be isolated; for example:

-

-

-

MEDICALLYSPEAKING
Acetals as Prodrugs

Fluocinonide

Acetal
moiety is
removed

O

O
O

O

HO

F

F

H O

O

H

H

H
Active drug

+

O

O
O

O

HO

F

F

OH

OH
O
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20.6   Nitrogen Nucleophiles      17

O

HO

[H+]
O

OH

Cyclic hemiacetal

This will be important when we learn about carbohydrate chemistry in Chapter 24. Glucose, the 
major source of energy for the body, exists primarily as a cyclic hemiacetal:

Glucose
(Cyclic hemiacetal)

O
HO

HO

OH
OH

HO

Glucose
(Open-chain)

HO
H

OH

OH

OH O

∆

OH

CONCEPTUAL CHECKPOINT

20.13 -

20.14 H

OH

O OHO

[H2SO4]

O
HO

Compound A
[H+]

20.6 Nitrogen Nucleophiles

Primary Amines
In mildly acidic conditions, an aldehyde or ketone will react with a primary amine to form an 
imine:

[H+]

O

H

N

H

CH3

CH3NH2

Imines are compounds that possess a C5N double bond and are common in biological path-
ways. Imines are also called Schiff bases, named after Hugo Schiff, a German chemist who first 
described their formation. A six-step mechanism for imine formation is shown in Mechanism 
20.6. It is best to divide the mechanism conceptually into two parts (just as we did to concep-
tualize the mechanism of acetal formation): (1) The first three steps produce an intermediate 
called a carbinolamine and (2) the last three steps convert the carbinolamine into an imine:
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18   CHAPTER  20   Aldehydes and Ketones

Note: There is experimental evidence that the first two steps 
of this mechanism (protonation and nucleophilic attack) more 
likely occur either simultaneously or in the reverse order of what 
is shown above. Most nitrogen nucleophiles are sufficiently 
nucleophilic to attack a carbonyl group directly, before 
protonation occurs. Nevertheless, the first two steps of the 
mechanism above have been drawn in the order shown (which 

only rarely occurs), because this sequence enables a more 
effective comparison of all acid-catalyzed mechanisms in this 
chapter and also unifies the rationale behind proton transfers, 
as we will discuss in Sections 20.6 and 20.7. Interested students 
can learn more from the following literature references:
1. J. Am. Chem. Soc., 1974, 96(26), 7998–09
2. J. Org. Chem., 2007, 72(22), 8202–8215

MECHANISM 20.6 IMINE FORMATION

+
H A

+
H A

The carbonyl group
is protonated,
rendering it

more electrophilic

The amine attacks
the protonated

carbonyl to generate
a tetrahedral
intermediate

The tetrahedral
intermediate is
deprotonated

to form a
carbinolamine

The OH group is
protonated, thereby
converting it into an

excellent leaving group

The intermediate is
deprotonated, to

generate an imine

Imine

Carbinolamine

O

+

OH
H

H
N

R

N
HH

R

N
H

R

N
H

R

O+
H

Water leaves,
forming a

C“N double bond

O
HH ++

OH
A

A
N

RH
N

R

–H2O

Proton transfer Proton transfer

Proton transfer

Proton transfer

Nucleophilic attack

Loss of a leaving
group

Let’s begin our analysis of this mechanism by focusing on the first part: formation of the car-
binolamine, which involves the three steps in Figure 20.5. Notice that these three steps are 
identical to the first three steps of acetal formation. Specifically, this sequence of steps involves 
a nucleophilic attack that is sandwiched between proton transfer steps. The identity of the acid, 
HA+, is most likely a protonated amine, which received its extra proton from the acid source:

H H

R

N

NH A
++

Once the carbinolamine has been formed, formation of the imine is accomplished with 
three steps (Figure 20.6). Notice again that this reaction sequence begins and ends with proton 
transfers.

Proton transfer Proton transferNucleophilic attack
FIGURE 20.5

FIGURE 20.6

Loss of a leaving groupProton transfer Proton transfer
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LEARN the skill

O N
Et

[H2SO4]
EtNH2

–H2O

SOLUTION

Nucleophilic attackProton transfer Proton transfer

The tail of this arrow
should be placed on a lone pair

Don’t forget the second curved arrow
that shows release of the proton

Don’t forget the
positive charges

Carbinolamine

HO N
N

Et

HH
N

Et

HHN

Et

H

HH
+

+
H

Et
HO N

HH

Et

H
O O +

SKILLBUILDER
20.3 DRAWING THE MECHANISM OF IMINE FORMATION
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FIGURE 20.7

pH

R
at

e

0 2 4 631 5 7

The pH of the solution is an important consideration during imine formation, with the rate 
of reaction being greatest when the pH is around 4.5 (Figure 20.7). If the pH is too high (i.e., 
if no acid catalyst is used), the carbonyl group is not protonated (step 1 of the mechanism) and the 
carbinolamine is also not protonated (step 4 of the mechanism); so the reaction occurs more slowly. 
If the pH is too low (too much acid is used), most of the amine molecules will be protonated:

R H

H

H

N
+

R

H

H

N

OH

H

H

+

A nucleophile NOT
a nucleophile

Under these conditions, step 2 of the mechanism occurs too slowly. As a result, care must be 
taken to ensure optimal pH of the solution during imine formation.

STEP 1
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20   CHAPTER  20   Aldehydes and Ketones

need more PRACTICE?

APPLY the skill

PRACTICE the skill

Loss of a leaving groupProton transfer Proton transfer

Imine

N
EtH

The tail of this arrow
should be placed on a lone pair

Don’t forget the second curved arrow
that shows release of the proton

Don’t forget the
positive charges

HO N
N

Et

HH

H

Et
OH

N
Et

N
Et

N

HH

Et

H

HH
+

+
+

–H2O

20.15

N

[TsOH]
MeNH2

–H2O

O

(a)

O
[TsOH]
EtNH2

–H2O

N
Et

(b)

20.16

[H+]
NH3

–H2O [H+] –H2O

O

(a) (b)
O

NH2

??
20.17

NH2
H

O

NH2

O
[H+]

–H2O ? [H+]

–H2O ?(a) (b)

20.18

N

(a)

N N

(b) (c)

Try Problems 20.72, 20.86

STEP 2

Many different compounds of the form RNH2 will react with aldehydes and ketones, 
including compounds in which R is not an alkyl group. In the following examples, the R group 
of the amine has been replaced with a group that has been highlighted in red:

R

O

R R

N

R

HO–NH2

–H2O

OH
[H+]

An oxime

R

O

R R

N

R

H2N–NH2

–H2O

NH2
[H+]

A hydrazone
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20.6   Nitrogen Nucleophiles      21

When hydroxylamine (NH2OH) is used as a nucleophile, an oxime is formed. When hydrazine 
(NH2NH2) is used as a nucleophile, a hydrazone is formed. The mechanism for each of these 
reactions is directly analogous to the mechanism of imine formation.

LOOKING AHEAD

PRACTICALLYSPEAKING
Beta-Carotene and Vision

-

cis

-
cis

trans
-

OH

Vitamin A
(Retinol)

ı-carotene

OH
This bond
undergoes

isomerization

This group
is oxidized

11-cis-retinal OH

Rhodopsin

11-cis-retinal NHOH

H2N–Protein

Protein

klein_c20_001-056v1.4.indd   21 30/04/10   16.47



22   CHAPTER  20   Aldehydes and Ketones

CONCEPTUAL CHECKPOINT

Secondary Amines
In acidic conditions, an aldehyde or ketone will react 
with a secondary amine to form an enamine:

Enamines are compounds in which the nitrogen 
lone pair is delocalized by the presence of an adjacent 
C5C double bond. A mechanism for enamine forma-
tion is shown in Mechanism 20.7

MECHANISM 20.7 ENAMINE FORMATION

–H2O

The carbonyl
group

is protonated,
rendering it

more electrophilic

The intermediate
is deprotonated

to generate an imine

Water leaves
and a C“N double

bond forms

The tetrahedral
intermediate

is deprotonated
to form a

carbinolamine

The OH group
is protonated

thereby converting
it into an excellent

leaving group

CarbinolamineThe amine attacks
the protonated

carbonyl to
generate

a tetrahedral
intermediate

H¬A
O

H¬A

O
H+

RH
N

R

+

OH

N

A

A

N
R R

H

O

OH

R
N

R

R
N

R

Loss of a
leaving group

Enamine

RR HH
N

RR

H

+ +

+

+

Proton transfer

Proton transfer

Proton transfer

Proton transferNucleophilic attack

Note: There is experimental evidence that the first two steps 
of this mechanism (protonation and nucleophilic attack) more 
likely occur either simultaneously or in the reverse order of what 
is shown above. Most nitrogen nucleophiles are sufficiently 
nucleophilic to attack a carbonyl group directly, before 
protonation occurs. Nevertheless, the first two steps of the 
mechanism above have been drawn in the order shown (which 

only rarely occurs), because this sequence enables a more 
effective comparison of all acid-catalyzed mechanisms in this 
chapter and also unifies the rationale behind proton transfers, 
as we will discuss in Sections 20.6 and 20.7. Interested students 
can learn more from the following literature references:
1. J. Am. Chem. Soc., 1974, 96(26), 7998–09
2. J. Org. Chem., 2007, 72(22), 8202–8215

An enamine

O

[H+]

N
R R

N

R

R

H

20.19

O
HO–NH2

–H2O

[H+]

(a)

O

H2N–NH2

–H2O

[H+]

(b)

?

?

20.20

(a) (b)

N
OH N

NH2
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20.6   Nitrogen Nucleophiles      23

This mechanism of enamine formation is identical to the mechanism of imine formation except 
for the last step:

An imine

O

[H+]

N
RR

N
R

RNH2

RNH2

[H+]

R2NH

N
R

An enamine

N
R

H

R

R2NH
H

+

+

The difference in the iminium ions explains the different outcomes for the two reactions. During 
imine formation, the nitrogen atom of the iminium ion possesses a proton that can be removed 
as the final step of the mechanism. In contrast, during enamine formation, the nitrogen atom of 
the iminium ion does not possess a proton. As a result, elimination from the adjacent carbon is 
necessary in order to yield a neutral species.

LEARN the skill

SOLUTION

Nucleophilic attackProton transfer Proton transfer

+ EtN

Et

N

H Et
+

O
Et

Et
Et

N

+
HO N

H
EtH HO N

Et

Et

N
EtH

The tail of this arrow
should be placed on a lone pair

Don’t forget the second curved arrow
that shows release of the proton

Don’t forget the
positive charges

Carbinolamine

O
H

SKILLBUILDER
20.4 DRAWING THE MECHANISM OF ENAMINE FORMATION

STEP 1

O N
EtEt

Et2NH
[H2SO4]

–H2O
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need more PRACTICE?

APPLY the skill

PRACTICE the skill

Loss of a leaving groupProton transfer Proton transfer

The tail of this arrow
should be placed on a lone pair

Don’t forget the second curved arrow
that shows release of the proton

Don’t forget the
positive charges

+
+

N

Et

H

H Et
+

Et

N
EtH

Enamine

EtHO NN

Et

EtN

EtH

OH

–H2O

EtEt
N

EtEt

H

20.21

O
N

–H2O
(b)

[H2SO4]
Et2NH

N
EtEt

O

–H2O
(a)

[TsOH]
Et2NH

O

–H2O

[H2SO4]
Me2NH

(c)

N

20.22

O

(a)

H
N

–H2O

N H

[H+]

(b) [H+]
–H2O

? ?
O

20.23

O

(a) (b)

NH

[H+]

–H2O

O
H

N? [H+]

–H2O ?

20.24

(a)
N

(b)
N

(c)

N

Try Problem 20.72

STEP 2
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20.6   Nitrogen Nucleophiles      25

Wolff-Kishner Reduction
At the end of the previous section, we noted that ketones can be converted into hydrazones. 
This transformation has practical utility, because hydrazones are readily reduced under strongly 
basic conditions:

A hydrazone

NNH2

(82%)

KOH/H2O

heat

H H

This transformation is called the Wolff-Kishner reduction, named after the German chem-
ist Ludwig Wolff (University of Jena) and the Russian chemist N. M. Kishner (University of 
Moscow). This provides a two-step procedure for reducing a ketone to an alkane:

O N
NH2

H H

(80%)

[H+]
H2N¬NH2

–H2O

KOH/H2O

heat
+ N2

The second part of the Wolff-Kishner reduction is believed to proceed via Mechanism 20.8.

Loss of a
leaving
group

Proton
transfer

Proton
transfer

N H
N

H

O
N

N

H

OH
-

OH
-

-
N

N

H

-

-

-

H N N

H

H N NH H H
H H

O

H H

One of the
protons is

removed, forming a
resonance-stabilized

intermediate

The carbanion
is protonated,

generating the product

Nitrogen gas
is expelled,

generating a carbanion

The intermediate
is protonated

Another proton
is removed

Proton transfer Proton transfer

MECHANISM 20.8 THE WOLFF-KISHNER REDUCTION

Notice that four of the five steps in the mechanism are proton transfers, the exception being 
the loss of N2 gas to generate a carbanion. This step warrants special attention, because forma-
tion of a carbanion in a solution of aqueous hydroxide is thermodynamically unfavorable (sig-
nificantly uphill in energy). Why, then, does this step occur? It is true that the equilibrium for 
this step greatly disfavors formation of the carbanion, and therefore, only a very small number 
of molecules will initially lose N2 to form the carbanion. However, the resulting N2 gas then 
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26   CHAPTER  20   Aldehydes and Ketones

bubbles out of the reaction mixture, and the equilibrium is adjusted to form more nitrogen gas, 
which again leaves the reaction mixture. The evolution of nitrogen gas ultimately renders this 
step irreversible and forces the reaction to completion. As a result, the yields for this process are 
generally very good.

20.7 Mechanism Strategies

Compare the mechanistic steps for the formation of acetals, imines, and enamines (Figure 20.8). 
Each of the mechanisms has been divided into two parts, and in all cases, the first part consists 
of the same three steps. In addition, even the second part of each mechanism begins with the 
same first two steps (proton transfer followed by loss of a leaving group). In other words, these 
three mechanisms are identical until the fifth step, in which water is lost (loss of a leaving group), 
shown in red in Figure 20.8. Rather than viewing these reactions as three separate, unrelated 
reactions, it is best to view them as nearly identical with different endings. Acetal formation has 
one additional nucleophile attack, giving a total of seven steps. In contrast, imine formation and 
enamine formation do not exhibit a nucleophilic attack during the second part of the mecha-
nism, giving a total of only six steps.

FIGURE 20.8

Proton
transfer

Proton
transfer

Proton
transfer

Proton
transfer

Proton
transfer

Proton
transfer

Proton
transfer

Proton
transfer

Proton
transfer

Proton
transfer

Proton
transfer

Proton
transfer

Nucleophilic
attack

Loss of a
leaving group

Nucleophilic
attack

FORMATION OF HEMIACETAL FORMATION OF ACETAL

Nucleophilic
attack

Loss of a
leaving group

FORMATION OF CARBINOLAMINE FORMATION OF IMINE

Nucleophilic
attack

Loss of a
leaving group

FORMATION OF CARBINOLAMINE FORMATION OF ENAMINE

In each of these mechanisms, there are four proton transfer steps. In order to draw the 
mechanism correctly, it is critical to draw these proton transfers properly. To do so, it will be 
helpful to remember the following rules that dictate when and why proton transfers occur in 
acid-catalyzed conditions:

powerful electrophile, and it avoids formation of a negative charge that would occur if 
the nucleophile attacked the carbonyl directly.

CONCEPTUAL CHECKPOINT

20.25
1) [H+], H2N–NH2, –H2O

2) KOH / H2O, heat

O

?
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20.7   Mechanism Strategies      27

-
ate will generally be too high in energy to form.

leaving group; rather, it should first be protonated so that it can leave as water.

The four rules above correspond with each of the four proton transfers, respectively. These four 
rules can be consolidated into one master rule that defines when and why proton transfer steps 
are utilized: In acidic conditions, all reagents, intermediates, and leaving groups should either be 
neutral (no charge) or bear one positive charge. All of the proton transfers in the mechanism occur 
in order to fulfill this requirement.

Acetals, imines, and enamines can be converted back into ketones by treatment with excess 
water under acid-catalyzed conditions:

RO OR

N
R O

N
RR

H3O+

H3O+

H3O+

Each of the reactions above is called a hydrolysis reaction, because in each case bonds are 
cleaved by treatment with water. These three reactions are essentially the reverse of the reactions 
we have seen. The following procedure should be used in drawing the mechanisms for the above 
hydrolysis reactions:

1. Begin by drawing all of the intermediates without any curved arrows. For example, suppose 
that we want to draw the mechanism for hydrolysis of an acetal to form a ketone:

H3O+RO OR O

We did not learn the mechanism for this reaction; however, we did learn the mechanism for 
acetal formation. Think about the first intermediate in acetal formation (a protonated car-
bonyl), and then draw that intermediate as the last intermediate of the hydrolysis reaction:

OR

OR
O

H+ O

The last intermediate
should be a protonated carbonyl

Continue working backward until you have drawn all of the intermediates.

2. Then, working forward, draw the curved arrows that are necessary to transform each inter-
mediate into the next intermediate. At each stage, make sure you are following the master 
rule for proton transfers in acid-catalyzed conditions.

The skill of being able to draw the reverse of a known mechanism is incredibly important 
and will be used again for other reactions in the remaining chapters of this book. The following 
example illustrates this procedure.
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LEARN the skill

O

H3O+

OO

HO OH+

SOLUTION

O
H

+O O
H+

HO HO O

OHOH OHOH

O

H

OH
+

+
O

O
H

+
OO O

Ketone Hemiacetal AcetalFirst
intermediate

OHO

OH OH

O

OH

H

OH
+

OH

+
O

O O
H

+ O

Ketone

O
H

+
HO

Hemiacetal

O O

Acetal

O
H+

Last
intermediate

-

+

H +

-

SKILLBUILDER
20.5 DRAWING THE MECHANISM OF A HYDROLYSIS REACTION

LOOKING BACK

STEP 1

klein_c20_001-056v1.4.indd   28 30/04/10   16.47



need more PRACTICE?

APPLY the skill

PRACTICE the skill

20.7   Mechanism Strategies      29

OHO

OH

O

OH

H

OH
+

OH

+
O

O O
H

+

O

Ketone

O
H

+
HO

OH

Hemiacetal

O O

Acetal

O
H

H

H

++

O
H

H

H

++

O
HH

O
HH

O
HH

O
H +

HO OH +

20.26

OEtO

(a)

OEt

+  2 EtOH
H3O+ H3O+

O

(b)
+

N

N

H

H3O+
O

(c) +  MeNH2

N

H3O+

(d)

O O

HO OH

HO

20.27

O O

H2N

N

HO

OH
[H2SO4]

Hint:
-
-

N

Try Problem 20.65

STEP 2
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30   CHAPTER  20   Aldehydes and Ketones

The Medically Speaking box below provides two examples of hydrolysis reactions that are 
exploited in drug design.

MEDICALLYSPEAKING
Prodrugs

Methenamine as a Prodrug of Formaldehyde

-

N

N
N

N

Methenamine

H3O+

R

O

R

Z Z

R R

Z“O or N

H3O+

H

O

H

N

N
N

N + 4 NH46
+

Formaldehyde

-

-

-

CONCEPTUAL CHECKPOINT
20.28

-

-

N

N
N

N
+

N

N
N

N
H

O
H

H

H +

+

N
N

N
H

N

H2O

Imines as Prodrugs

g-aminobutyric acid

O

H2N
OH

b

g a

O

O
-NH

H

H

+

-

O

NH2
N

OH

Cl

F

Progabide

-
-
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20.8 Sulfur Nucleophiles

In acidic conditions, an aldehyde or ketone will react with two equivalents of a thiol to form a 
thioacetal:

+ 2 RSH + H2O

O RS SR
[H+]

Thioacetal

The mechanism of this transformation is directly analogous to acetal formation, with sulfur 
atoms taking the place of oxygen atoms. If a compound with two SH groups is used, a cyclic 
thioacetal is formed:

+ + H2O

O
[H+]

Cyclic
thioacetal

SS

HS SH

When treated with Raney nickel, thioacetals undergo desulfurization, yielding an alkane:

SS

R R

H H

R R

Raney Ni

Raney Ni is a spongy form of nickel that has adsorbed hydrogen atoms. It is these hydrogen 
atoms that ultimately replace the sulfur atoms, although a discussion of the mechanism for 
desulfurization is beyond the scope of this text.

The reactions above provide us with another two-step method for the reduction of a ketone:

H H

1)  [H+],

2) Raney Ni

O

HS SH

This method involves formation of the thioacetal followed by desulfurization with Raney nickel. 
It is the third method we have encountered for achieving this type of transformation. The other 
two methods are the Clemmensen reduction (Section 19.6) and the Wolff-Kishner reduction 
(Section 20.6).

O

NH2
N

OH

Cl

F
O

H2N
OH

hydrolysis
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CONCEPTUAL CHECKPOINT

20.9 Hydrogen Nucleophiles

When treated with a hydride reducing agent, such as LAH or sodium borohydride (NaBH4),
aldehydes and ketones are reduced to alcohols:

2) H2O

1) LAH

NaBH4, MeOH

O

R R

OH

R R

These reactions were discussed in Section 13.4, and we saw that LAH and NaBH4 both func-
tion as delivery agents of hydride (H−). The precise mechanism of action for these reagents has 
been heavily investigated and is somewhat complex. Nevertheless, the simplified version shown 
in Mechanism 20.9 will be sufficient for our purposes.

MECHANISM 20.9 THE REDUCTION OF KETONES OR ALDEHYDES
WITH HYDRIDE AGENTS

O

R R

H

H HAl

H Lithium aluminium hydride (LAH )
functions as a delivery agent

of hydride ions (H–)

The resulting
tetrahedral intermediate is

protonated to form an alcohol
-

-
O

R R
H

O

R R

H

H

O
HH

Proton transferNucleophilic attack

In the first step of the mechanism, the reducing agent delivers a hydride ion, which attacks 
the carbonyl group, producing a tetrahedral intermediate. This intermediate is then treated with 
a proton source to yield the product. This simplified mechanism does not take into account 
many important observations, such as the role of the lithium cation (Li+). For example, when 

20.29

O

2) Raney Ni

1) [H+], HS SH

(a)
?

O

2) Raney Ni

1) [H+], HS SH

(b)
?H

20.30 -

O

SHHS

Acetone 1,3-propanedithiol
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12-crown-4 is added to the reaction mixture, the lithium ions are solvated (as described in 
Section 14.4), and reduction does not occur. Clearly, the lithium cation plays a pivotal role 
in the mechanism. However, a full treatment of the mechanism of hydride reducing agents is 
beyond the scope of this text, and the simplified version above will suffice.

The reduction of a carbonyl group with LAH or NaBH4 is not a reversible process, because 
hydride does not function as a leaving group. Notice that the mechanism above employs one-
way arrows (rather than equilibrium arrows) to signify that the reverse process is insignificant.

LOOKING BACK

20.10 Carbon Nucleophiles

Grignard Reagents
When treated with a Grignard reagent, aldehydes and ketones are converted into alcohols, 
accompanied by the formation of a new C–C bond:

O

1) CH3MgBr

2) H2O

1) CH3MgBr

2) H2O

OHCH3

O

H CH3

OH

H

Grignard reactions were discussed in more detail in Section 13.6. The precise mechanism of 
action for these reagents has been heavily investigated and is fairly complex. The simplified ver-
sion shown in Mechanism 20.10 will be sufficient for our purposes.

CONCEPTUAL CHECKPOINT

20.31

?1) LAH

2) H2O

O

(a)

?NaBH4,

MeOH

H

O

(b)

?1) LAH

2) H2O
(c)

O

?
O

1) NaBH4

2) MeOH
(d)

20.32
-

H

O

1) NaOH

2) H3O+

OH

O

H
H

OH

-
-

+
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34   CHAPTER  20   Aldehydes and Ketones

Cyannohydrin Formation
When treated with hydrogen cyanide (HCN), aldehydes and ketones are converted into cya-
nohydrins, which are characterized by the presence of a cyano group and a hydroxyl group 
connected to the same carbon atom:

O HO CN

A cyanohydrin

HCN

This reaction was studied extensively by Arthur Lapworth (University of Manchester) and was 
found to occur more rapidly in mildly basic conditions. In the presence of a catalytic amount of 
base, a small amount of hydrogen cyanide is deprotonated to give cyanide ions, which catalyze 
the reaction (Mechanism 20.11).

MECHANISM 20.10 THE REACTION BETWEEN A GRIGNARD
REAGENT AND A KETONE OR ALDEHYDE

The Grignard reagent
functions as a nucleophile

and attacks the carbonyl group

The resulting
tetrahedral intermediate is

protonated to form an alcohol

O

R R

-
R

-
O

R R
R

O

R R

H

R

O
HH

Proton transferNucleophilic attack

Grignard reactions are not reversible because carbanions generally do not function as leaving 
groups. Notice that the mechanism above employs one-way arrows (rather than equilibrium 
arrows) to signify that the reverse process is insignificant.

LOOKING BACK

CONCEPTUAL CHECKPOINT

20.33

(a)

O

1) EtMgBr

2) H2O ?

(b)

1) PhMgBr

2) H2O ?
O

H

(c)

1) PhMgBr

2) H3O+ ?
O

O

O

20.34

OH

OH OH

(b)

(a)

Me OH
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MECHANISM 20.11 CYANOHYDRIN FORMATION

CN

O

CN

OH

O C N
-

C NH

-

The cyanide ion functions
as a nucleophile and attacks the carbonyl
group, forming a tetrahedral intermediate

The tetrahedral intermediate
is protonated,

generating a cyanohydrin

Proton transferNucleophilic attack

In the first step, a cyanide ion attacks the carbonyl to produce a tetrahedral intermediate. This 
intermediate then abstracts a proton from HCN, regenerating a cyanide ion. In this way, cya-
nide functions as a catalyst for the addition of HCN to the carbonyl group.

Rather than using a catalytic amount of base to form cyanide ions, the reaction can simply 
be performed in a mixture of HCN and cyanide ions (from KCN). The process is reversible, and 
the yield of products is therefore determined by equilibrium concentrations. For most aldehydes 
and unhindered ketones, the equilibrium favors formation of the cyanohydrin:

O HO CN

O

H

CH3 R

HO CN

H

RH3C

KCN, HCN

KCN, HCN

78%

88%

HCN is a liquid at room temperature and is extremely hazardous to handle because it is highly 
toxic and volatile (b.p. = 26°C). To avoid the dangers associated with handling HCN, cyano-
hydrins can also be prepared by treating a ketone or aldehyde with potassium cyanide and an 
alternate source of protons, such as HCl:

O HO CNKCN, HCl

Cyanohydrins are useful in syntheses, because the cyano group can be further treated to yield a 
range of products. Two examples are shown below:

HO C

N

C

H

NH2

R

HO

HR

HO
OH

O

HR

1) LAH

2) H2O

H3O+

heat

In the first example, the cyano group is reduced to an amino group. In the second example, the 
cyano group is hydrolyzed to give a carboxylic acid. Both of these reactions and their mecha-
nisms will be explored in more detail in the next chapter.
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36   CHAPTER  20   Aldehydes and Ketones

PRACTICALLYSPEAKING
Cyanohydrin Derivatives in Nature

-

-

-

OHO

HO
OH

HO
OH

OH

OH

C

O

O

N

O

Amygdalin

C

OH

Mandelonitrile

HCN

Benzaldehyde
Toxic

H

O

+N

CONCEPTUAL CHECKPOINT

Wittig Reaction
Georg Wittig, a German chemist, was awarded the 1979 Nobel Prize in Chemistry for his work 
with phosphorous compounds and his discovery of a reaction with enormous synthetic utility. 
Below is an example of this reaction, called the Wittig reaction (pronounced Vittig):

Ph

Ph

H

H
PhPC

+-

O C
HH

This reaction can be used to convert a ketone into an alkene by forming a new C–C bond at 
the location of the carbonyl moiety. The phosphorus-containing reagent that accomplishes 
this transformation is called a phosphorane, and it belongs to a larger class of compounds 
called ylides. An ylide is a compound with two oppositely charged atoms adjacent to each 

20.35

1) KCN, HCN
2) LAH

3) H2O

O

(a)

H

?

1) KCN, HCl

2) H3O+, heat

O

(b)
?

20.36

(a)

OH
OH

OH

O

(b)

OH
OH

NH2
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20.10   Carbon Nucleophiles      37

other. The phosphorane above exhibits a negative charge on the carbon atom and a positive 
charge on the phosphorous atom. This ylide does, in fact, have a resonance structure that is 
free of any charges:

Ph

Ph

H

H

PhPC

Ph

Ph

H

H

PhPC
+

-

However, this resonance structure (with a C5P double bond) does not contribute much 
character to the overall resonance hybrid, because the p orbitals on C and P are vastly differ-
ent in size and do not effectively overlap. A similar argument was used in describing S5O
bonds in the previous chapter (Section 19.3). Despite this fact, the phosphorus ylide above, 
also called a Wittig reagent, is often drawn using either of the resonance structures shown 
above.

A mechanism for the Wittig reaction is shown in Mechanism 20.12.

MECHANISM 20.12 THE WITTIG REACTION

+-

Ph

Ph

H

H

PhPC

+

+

–
-

Ph

PhO

H H

PhP
C

C
HH

P

Ph
Ph Ph

The Wittig reagent
functions as a nucleophile

and attacks the carbonyl group,
forming a tetrahedral intermediate

A lone pair on the
oxygen atom functions

as a nucleophile and attacks
the phosphorus atom in
an intramolecular attack

A Betaine An Oxaphosphetane

The oxaphosphetane
decomposes to produce

an alkene and 
triphenylphosphine oxide

O

Ph

Ph
O

O

H H

PhP

C
+

Nucleophilic attack Nucleophilic attack Rearrangement

The Wittig reagent is a carbanion and can attack the carbonyl group in the first step of the 
mechanism, generating an intermediate called a betaine (pronounced “bay-tuh-een”). A betaine 
is a neutral compound with two oppositely charged atoms that are not adjacent to each other. 
The negatively charged oxygen atom then attacks the positively charged phosphorous atom in 
an intramolecular nucleophilic attack, generating an oxaphosphetane. This compound then 
rearranges to give the alkene product.

Wittig reagents are easily prepared by treating triphenylphosphine with an alkyl halide fol-
lowed by a strong base:

Ph

Ph

H

H

Ph P C
-+

Ph

Ph P

Ph
1) CH3I

2) BuLi

Wittig reagentTriphenylphosphine

BY THE WAY
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38   CHAPTER  20   Aldehydes and Ketones

The mechanism of formation for Wittig reagents involves an SN2 reaction followed by depro-
tonation:

Ph

Ph

H

H

Ph P C
-+

Ph

Ph P

Ph

H

H
H3C I

Ph

Ph

Ph P C H
+

Triphenylphosphine

CH3CH2CH2CH2 Li
+-

Since the first step is an SN2 process, the regular restrictions of SN2 processes apply. Specifically, 
primary alkyl halides will react more readily than secondary alkyl halides, and tertiary alkyl 
halides cannot be used. The Wittig reaction is useful for preparing mono-, di-, or trisubstituted 
alkenes. Tetrasubstituted alkenes are more difficult to prepare due to steric hindrance in the 
transition states.

The following exercise illustrates how to choose the reagents for a Wittig reaction.

STEP 1

5

LEARN the skill

SOLUTION

H

Ph3P

+
O

H

+
PPh3

O

Method 1 Method 2

N -

Ph3PX

2°
Alkyl halide

1) PPh3

2) BuLi

SKILLBUILDER
20.6 PLANNING AN ALKENE SYNTHESIS WITH A WITTIG REACTION
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APPLY the skill

PRACTICE the skill

20.10   Carbon Nucleophiles      39

PPh3X

1°
Alkyl halide

1) PPh3

2) BuLi

H

N

O
P Ph

Ph
Ph

++
-

20.37

(a) (b)

(d) (e)

(c)

20.38

b-carotene

-

Br

20.39

(a) (b)

OH

Try Problems 20.51–20.53

STEP 2

need more PRACTICE?
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40   CHAPTER  20   Aldehydes and Ketones

MECHANISM 20.13 THE BAEYER-VILLIGER OXIDATION

R R

H O O

O

O

HThe peroxyacid
functions as a nucleophile

and attacks the carbonyl group,
forming a tetrahedral intermediate

A proton is transferred
from one location

to another.
This step can occur

intramolecularly,
because it would involve a

five-membered transition state

R

R

H
The carbonyl group

is reformed,
with simultaneous

migration of an
alkyl group

R

R

-

+

+ R
OH

O
O

O O

R O

O

+

O
-

O

O O

O

Proton transfer Rearrangement

Nucleophilic attack

The peroxy acid attacks the carbonyl group of the ketone, giving a tetrahedral intermediate 
that then undergoes an intramolecular proton transfer (or two successive intermolecular proton 
transfers). Finally, the C5O double bond is re-formed by migration of an R group. This rear-
rangement produces the ester.

In much the same way, treatment of a cyclic ketone with a peroxy acid yields a cyclic ester, 
or lactone.

O

RCO3H

O

O

A lactone

When an unsymmetrical ketone is treated with a peroxy acid, formation of the ester is regiose-
lective; for example:

O
O

RCO3H

O

In this case, the oxygen atom is inserted on the left side of the carbonyl group, rather than the 
right side. This occurs because the isopropyl group migrates more rapidly than the methyl group 
during the rearrangement step of the mechanism. The migration rates of different groups, or 
migratory aptitude, can be summarized as follows:

H > 3° > 2°, Ph > 1° > methyl

20.11 Baeyer-Villiger Oxidation of Aldehydes and Ketones

When treated with a peroxy acid, ketones can be con-
verted into esters via the insertion of an oxygen atom:

This reaction, discovered by Adolf von Baeyer and Victor Villiger in 1899, is called the Baeyer-
Villiger oxidation. This process is believed to proceed via Mechanism 20.13.

R

O

R R

O
RCO3H

RO
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A hydrogen atom will migrate more rapidly than a tertiary alkyl group, which will migrate more 
rapidly than a secondary alkyl group or phenyl group. Below is one more example that illustrates 
this concept:

H

O
H

O

RCO3H O

In this example, the oxygen atom is inserted on the right side of the carbonyl, because the hydro-
gen atom exhibits a greater migratory aptitude than the phenyl group.

CONCEPTUAL CHECKPOINT

20.40

O

RCO3H ?
(a)

RCO3H ?
(b)

O

H RCO3H ?
(c)

O

20.12 Synthesis Strategies

Recall from Chapter 12 that there are two main questions to ask when approaching a synthesis 
problem:

1. Is there any change in the carbon skeleton?
2. Is there any change in the functional group?

Let’s focus on these issues separately, beginning with functional groups.

Functional Group Interconversion
In previous chapters, we learned how to interconvert many different functional groups (Figure 
20.9). The reactions in this chapter expand the playing field by opening up the frontier of alde-
hydes and ketones. You should be able to fill in the reagents for each transformation in Figure 
20.9. If you are having trouble, refer to Figure 13.13 for help. Then, you should be able to make 
a list of the various products than can be made from aldehydes and ketones and identify the 
required reagents in each case.

OH XO

Reactions covered
in this chapter

FIGURE 20.9
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42   CHAPTER  20   Aldehydes and Ketones

Reactions Involving a Change in Carbon Skeleton
In this chapter, we have seen three C–C bond-forming reactions: (1) a Grignard reaction, 
(2) cyanohydrin formation, and (3) a Wittig reaction:

C

O

C

H3C OH

C

C OH

N

C

C
H H

+–
H

C P
Ph

Ph
Ph

H

1) CH3MgBr
2) H2O KCN, HCN

We have only seen one C–C bond-breaking reaction: the Baeyer-Villiger oxidation:

O

C
C

O

O
CC

RCO3H

These four reactions should be added to your list of reactions that can change a carbon skeleton. 
Let’s get some practice using these reactions.

LEARN the skill

SOLUTION

1. Is there any change in the carbon skeleton?

2. Is there any change in the functional groups?

-

SKILLBUILDER
20.7 PROPOSING A SYNTHESIS

STEP 1
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-

5
5

OH
H

HO

1) EtMgBr

2) H2O

-

PCC

OH OH
H

HO

1) EtMgBr

2) H2O

1) TsCl, py

2) NaOEt, heat

1) BH3
# THF

2) H2O2 , NaOH

C¬C bond-forming reaction

5

O

PPh3

O

-

STEP 2
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44   CHAPTER  20   Aldehydes and Ketones

APPLY the skill

need more PRACTICE?

PRACTICE the skill

1) O3

2) DMS

1) BH3
# THF

2) H2O2, NaOH

3) PCC

4) EtMgBr

5) H2O

6) TsCl, py

7) NaOEt, heat

3) Ph3P

20.41

(a) (b)

(c) (d)

(e) (f)

OH

OH
OH

O

N
Br

(g)

O

OO

OEtEtO

O O

20.42
Your only limitation is that the compounds you use can have no 

more than two carbon atoms

(a) (d)

(e) (h)

NH

OH
HO

O

OH
H2N

OO OO
N

HO
N

(b)

(f)

(c)

(g)

Try Problems 20.55, 20.58, 20.67–20.69, 20.71, 20.75
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LOOKING BACK

Wavenumber (cm�1)
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%
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2719

1726

O

H

FIGURE 20.10

20.13 Spectroscopic Analysis of Aldehydes and Ketones

Aldehydes and ketones exhibit several characteristic signals in their infrared (IR) and nuclear 
magnetic resonance (NMR) spectra. We will now summarize these characteristic signals.

IR Signals
The carbonyl group produces a strong signal in an IR spectrum, generally around 1715 or 
1720 cm−1. However, a conjugated carbonyl will produce a signal at a lower wavenumber as a 
result of electron delocalization via resonance effects:

O O

1715 cm–1 1680 cm–1

Ring strain has the opposite effect on a carbonyl group. That is, increasing ring strain tends to 
increase the wavenumber of absorption:

O

1715 cm–1 1745 cm–1 1780 cm–1

O O

Aldehydes generally exhibit one or two signals (C–H stretching) between 2700 and 2850 cm−1

(Figure 20.10).
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46   CHAPTER  20   Aldehydes and Ketones

1H NMR Signals
In a 1H NMR spectrum, the carbonyl group itself does not produce a signal. However, it has a 
pronounced effect on the chemical shift of neighboring protons. We saw in Section 16.5 that a 
carbonyl group adds +1 ppm to the chemical shift of its neighbors:

~1.2 ppm ~2.2 ppm

R
R

H H

R
R

H H

O

Aldehydic protons generally produce signals around 10 ppm. These signals can usually be iden-
tified with relative ease, because very few signals appear that far downfield in a 1H NMR spec-
trum (Figure 20.11).

13C NMR Signals
In a 13C NMR spectrum, the carbon atom of a carbonyl group will generally produce a weak 
signal near 200 ppm. This signal can often be identified with relative ease, because very few 
signals appear that far downfield in a 13C NMR spectrum (Figure 20.12).

Chemical Shift (ppm)
10 9 8 7 6 5 4 3 2

1

5

2 2

H

O

FIGURE 20.11

FIGURE 20.12 220 200 180 160 140 120 100 80 60 40 20 0

209.1

O

Chemical Shift (ppm)

CONCEPTUAL CHECKPOINT

20.43 H
-

2) Raney Ni

1) [H+], HS           SH
Compound A
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REVIEW OF REACTIONS SYNTHETICALLY USEFUL REACTIONS

HO OH

OH
HO

SH
HS

H H

RO OR

OO

SS

N

O

R

N
OHN

RR
N

NH2

OH

OH

R

O

O

OH

CN

NaOH, H2O, heat

Raney
Ni

RCO3H

1) RMgBr
     2) H2O

1) LAH
    2) H2O

[H+]
NH2NH2

–H2O
[H+]

NH2OH
–H2O

[H+]
R2NH
–H2O

[H+]
RNH2
–H2O

[H+], H2O

[H+]
ROH, –H2O H2C PPh3

HCN, KCN

[H+]

[H+]

–H2O

–H2O

1

2

3

4

5

6
7

8

10

9

11

12

13

14

15

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

REVIEW OF CONCEPTS AND VOCABULARY
SECTION 20.1

carbonyl group

SECTION 20.2

SECTION 20.3

-
-

SECTION 20.4
-

1. tetrahedral intermediate
2.

SECTION 20.5
-

hydrate -

acetal

1. hemiacetal

2.

-

-

85%
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SECTION 20.6

imine
carbinol-

amine

1. NH
hydrazone

2.
oxime

enamine
-

Wolff-Kishner reduction

SECTION 20.7

Hydrolysis

SECTION 20.8

thioacetal

desul-
furization

SECTION 20.9

SECTION 20.10

cyanohydrins -
-

Wittig reaction
Wittig reagent -

phosphorane
ylides

betaine
oxaphosphetane

N

N

SECTION 20.11
Baeyer-Villiger oxidation

lactones

migratory aptitude

SECTION 20.12

SECTION 20.13

-

KEY TERMINOLOGY
acetal
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SKILLBUILDER REVIEW
20.1 NAMING ALDEHYDES AND KETONES

6-ethyl

4,4-dimethyl

1
2 4 6

7 9

8

3 5

O
4,4-dimethyl-6-ethyl

O
(R)-4,4-dimethyl-6-ethyl

-3-nonanone

R
O

3-nonanone

1
2 4 6

7 9

8

3 5

O

Try problems 20.1–20.4, 20.44–20.49

20.2 DRAWING THE MECHANISM OF ACETAL FORMATION

STEP 1

H¬A
O O

H+

+

OH
A

O

R

H

OH

OR

+ R¬O¬H

Proton transfer Proton transferNucleophilic attack

STEP 2

H¬A+
OH

OR

O
HH +

–H2O AR¬O¬H O
R

O
R H

+

OR

+

OR

OR

OR

Proton transfer Proton transferNucleophilic attackLoss of a leaving group

Try Problems 20.8–20.10, 20.57, 20.62, 20.67

COMMENTS

STEP 1 STEP 2 AND 3 STEP 4 STEP 5

COMMENTS

20.3 DRAWING THE MECHANISM OF IMINE FORMATION

STEP 1

H¬A
O O

H+

+

OH OH
A

N
R H

H H
N

R

+ R¬NH2

Proton transferProton transfer Nucleophilic attack

STEP 2

H¬A+
OH O

H

R

H
N N

R

HH +

–H2O R–NH2
N

R
N

HR +

Proton transfer Proton transferLoss of a leaving group

Try Problems 20.15–20.18, 20.72, 20.86
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20.7 PROPOSING A SYNTHESIS

STEP 1 STEP 2 CONSIDERATIONS

Try Problems 20.41, 20.42, 20.55, 20.58, 20.67–20.69, 20.71, 20.75

COMMENTS

20.4 DRAWING THE MECHANISM OF ENAMINE FORMATION

STEP 1

H¬A
O O

H+

+

OH
R2NH A

N
R R

H

OH

R
N

R

+

Proton transfer Proton transferNucleophilic attack

STEP 2

H¬A+
OH

R
N

R

O

R
N

R

HH +

–H2O R2NH N
RR

H

N
RR +

Proton transfer Nucleophilic attackLoss of a leaving group

Try Problems 20.21–20.24, 20.72

STEP 2

20.5 DRAWING THE MECHANISM OF A HYDROLYSIS REACTION

STEP 1

O
H+ O

first draw this intermediate

then draw the other intermediates,
working backward

Try Problems 20.26, 20.27, 20.65

20.6 PLANNING AN ALKENE SYNTHESIS WITH A WITTIG REACTION

x
X

Method 1 Method 2
2˚

Alkyl halide
1˚

Alkyl halide

Will
undergo

SN2
more

readily

OH
PPh3

+

PPh3H
O

+

Try Problems 20.37–20.39, 20.51–20.53

STEP 2EXAMPLE STEP 1

5

AU/ED: long page
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PRACTICE PROBLEMS Note:
WileyPLUS

20.44 -

H

O

(b)

(c) H

O

(f)

H

Br

O

(d)

O

(e)

HO

O

(a)

O

20.45

(S)

(R)

(3R,4R)

20.46
H

20.47
H

-

20.48 -
H

20.49

20.50

(a)

O O

H

(b)

O

CF3F3C

O

CH3H3C

20.51

(a)

Ph

Ph
Ph P

Ph

H

O

?

(b)

O

Ph

Ph

Ph

Ph
Ph P

H ?

(d)

O
Ph

Ph
Ph P

CH3

H ?

(c)

O

H

Ph

Ph
Ph P

H ?

20.52 -
-

(a)

Ph

Ph

Ph P

Ph

H (b)

Ph

Ph

Ph P

H

(c)

Ph

Ph

Ph P
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52   CHAPTER  20   Aldehydes and Ketones

20.53

(a) (b)

(c)

20.54

20.55
-
-

20.56

+ + NH
+ +

+ NH +

H P5

20.57

[H+]

EtOH

OOO

HO H

20.58 -

H

O

O
HHO

O

20.59 -

H

20.60

(c)

O
(C6H5)3P=CH2

(a)

O

1) LAH

2) H2O

(b)

O

1) PhMgBr

2) H2O

(d)

O

HCN, KCN

20.61

(b)

(e)

O

O

(d)

NH2OH

(c)

OH COOH

(a)

20.62 -

-

[H3O+]
OHHO OO O

H H

Glutaraldehyde

20.63

+

(c)

OO

(a)

N

(b)

N

(d)

O

O
(e)

OCH3

O

OH

OH

Catechol

klein_c20_001-056v1.4.indd   52 30/04/10   16.47



Practice Problems      53

20.64 -

N

O

O
N

excess H3O+ ?

20.65

N
H3O+ O

H
N

H

(a)

N
H3O+ O

H(b)

(c)

H2N

OH

HO

O

H[H+]

O

O

H2O

20.66

O

N
NH2

CH3

[H+]
(−H2O)

(a) ?

(c)

O

CH3CO3H ?

(e)

O
[H+]

N H

(−H2O)

?
O

(f)

[H+]

NH2

(−H2O)

?

(d)

O

CH3CO3H ?

O

(b)
1) PhMgBr

2) H2O ?

(g)

(−H2O)

O
[H+]

OH
HS ?

(i)

O

HCN, KCN ?

(−H2O)

[H+]

(j)

O

OH

OH

?

H
(h)

OO
[H+]

ethylene glycol
(1 equivalent)

?

20.67

O O

(a) O

O

(b)

O
OEt

(c) (d) OO

20.68

O

O

20.69

O

(a)

O

O

O

(b)

O O

O O
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20.70 -

O

O

20.71

(a)

(b) Br

Br

MeO OMe

O

O

(c)

20.72 -

NH2

NH2 N

N
OO

[H2SO4]
[–H2O]

20.73 -

-

-

20.74
H

O
O

1,2-dioxane

O

O

1,3-dioxane
O

O

1,4-dioxane

-

20.75

(b)

Br

OH

CN

(d)

Br

(f)
O

H

(h)
O O

O

O
(a)

(e)

NH

O

O

(c)

(g)

N
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INTEGRATED PROBLEMS
20.76 H

-
I I

20.77

C

B

A

(C9H10O)

(C10H12)

D

(C11H16O)
1) O3

1) EtMgBr

2) DMS 2) H2O

AlCl3

N

(–H2O)

[H+], (CH3)2NH

20.78

H3O+

A
H2CrO4 B

NH2NH2

[H+]

(–H2O)

C
KOH / H2O

heat
D

20.79

Br2

FeBr3
A

Mg
B C

PCC

DE

1)
H

O

H

2) H2O

OHHO

[H+], −H2O

20.80 H

20.81 H

9 78 6 5 4 3 2 1

Proton NMR

Carbon 13 NMR

199.9 136.7

31.3 7.9
132.5

128.3

127.7

2 3

2

3

200 180 160 140 120 100 80 60 40 20 0

Chemical Shift (ppm)

Chemical Shift (ppm)
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20.82 H

196.7
137.5

132.4

130.0

128.3

200 190 180 170 160 150 140 130 120 110 100

Carbon 13 NMR

Chemical Shift (ppm)

20.83 H

20.84

NO
H3O+

(a)
HO

O

H + H3C CH3
N

HH

+

H3O+

[H2SO4]

[TsOH]

(b)

(c)

(d)

O

OCH3

NH2NH2

H

OO

HH
+

N

N H

OH

O

O

OHO

O

[H2SO4]

(e)
O [H2SO4]

(f)

OH

O

OCH3OCH3

OCH3

OH

OO

HO OH

20.85 -

CHALLENGE PROBLEMS

H

O

H

[H3O+]

OO

O

Paraformaldehyde
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