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ORGANIC CHEMISTRY 308 

LECTURE V 
CHAPTER 17 

 

I. The Carbonyl Group: -C=O 

 
Very important and widespread.  

Found in a number of functional groups.  

Strong bond because it is a multiple bond between two atoms of 

different EN. 

But the carbonyl group is reactive because of the polarity.  

The negative end, the O, is nucleophilic and basic and will accept 

an electrophile, most commonly an H
+
 

The positive end, is the C, and it is electrophilic and can accept 

nucleophiles 

 

A. Carbonyl Functional Groups:  

 

1. There is a continuum of O containing functional groups by 

oxidation level. Consider 

 

 Ethanol C2H6O; Acetaldehyde, C2H4O, Acetic Acid C2H4O2 

 

 

Lowest Oxidation Level:  alcohols and ethers 

 

 

Second Level:  aldehydes and ketones 

 

 

Third Level:      carboxylic acids and derivatives 

 

 

Highest Level:  CO2 

 

We shall start our study of the carbonyl group by looking at the lower 

oxidation level, the aldehydes and ketones. 
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2. Nomenclature  

 

a. Learn the common names shown in Section 17.1 and use 

them especially for small molecules. Say acetone and 

formaldehyde, not propanone or methanal or ethanal. Also 

learn the common names for aldehydes and ketones that 

include a benzene ring. 

 

b. Aldehydes are named systematically as alkanals by changing 

the suffix in the name of the parent alkane from ane to al 

Propanal is thus a three carbon aldehyde. There is no need to 

put a number in because the aldehyde always has the O at 

the end of the chain (in the 1-position) unless there are other 

functional groups that have numbering priority. 

 

CH3CH2CHO 

 

 

c. If the aldehyde group is attached to a ring it is named as a 

cycloalkanecarbaldehyde. For example 

cyclohexanecarbaldehyde  

 

 
 

d. Ketones are named systematically as alkanones. The 

ñaneò ending of the alkane is changed to ñoneò and the location of 

the O is indicated by a number in the usual way. 2-pentanone 
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e. If the two R groups of the ketone have simple 

names the ketone can be named by naming each R group 

followed by the word ketone. For example 
O

dicyclopentyl ketone  
 

f.    functional group priorities. 

 

When we have to name a molecule with two or more 

functional groups, the one that ends the name as a suffix is 

selected according to certain rules. The others have to be named 

as prefixes or as suffixes preceding the final one. 

 In addition we need to know how to number such 

compounds. In order to name such compounds we need rules to 

decide between different names.  

The rule is to establish a functional group priority, where the 

highest priority functional group is named last and the lower 

priority ones are named as prefixes or nonterminal suffixes. 

Some examples: 

i. An alcohol takes precedence over an amine, so these 

compounds are named as aminoalcohols rather than 

hydroxyamines. The alcohol functional group gets the 

lower number. 4-amino-2-butanol 
OH

H2N

4-amino-2-butanol  
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ii. A carbonyl takes precedence over hydroxyl 

so compounds are named as hydroxy 

ketones not oxo alcohols 3,4-

dihydroxycyclohexanone 

 

O

HO

HO

3,4-dihydroxycyclohexanone 
 

iii.  Alkenes and alkynes still get suffix names 

but precede higher priority groups and get 

higher numbers.     3-buten-2-one   

 
O

3-buten-2-one  
 

 

iv. The priorities for many functional groups 

roughly follow oxidation levels. Carboxylic 

acids and derivatives are ahead of aldehydes 

and ketones, ahead of alcohols and amines, 

ahead of alkenes and alkynes, ahead of 

alkanes, ahead of ethers and halides.  

 

3. Physical Properties of Aldehydes and Ketones.  

 

The dominant effect is the polarity of the carbonyl. Thus they boil 

relatively high compared to hydrocarbons or ethers of similar MW. If 

the R portions are not too large they are relatively soluble or even 

miscible with water. Acetone, formaldehyde, acetaldehyde are all 

miscible. Solubility in water is significant up until around C-6. 

 

4.  Spectroscopic Properties of Aldehydes and Ketones 
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  This functional group is relatively easy to identify 

spectroscopically.  

 

a. Because of its dipolar nature, the stretching of the 

C=O causes a large change in dipole moment and 

therefore a very intense band in the infrared. The band 

comes at around 1700 cm
-1
. There are rarely other 

bands that fall in this region of the ir. 

 

b. The proton nmr of aldehydes is very distinctive 

because the aldehydic proton (on C-1) is very 

deshielded (ŭ is almost 10 ppm). Also helpful is that 

protons on carbons adjacent to a carbonyl (these are 

called Ŭ carbons) are somewhat deshielded compared 

to alkane protons. 

 

c. The 
13

C nmr is also helpful because the C of the 

carbonyl is deshielded relative to alkene sp
2
 carbons 

at around 200 ppm. 

 

d. The uv spectrum of carbonyls is also distinctive 

because of the nˊ* transitions that can occur in 

addition to the ˊ*́ transitions. These transitions 

occur at reasonably long wavelengths, especially 

when they are part of a larger conjugated system. 

 

5.  Synthesis of Aldehydes and Ketones 

 

  We have already encountered four different reactions that 

produce aldehydes or ketones. You should review them. Notice that 

there are some themes. These compounds can be made by oxidation of 

compounds that are at a lower oxidation level, such as alcohols and 

alkenes. They can be made by adding water to an alkyne, which has 

the same oxidation level. They can be made in reactions that form C-

C bonds such as Friedel Crafts acylations. We shall see more 

examples of such reactions later on. We shall also see that aldehydes 

and ketones can be made by reduction of compounds at higher 

oxidation levels.  

 

6. Chemical Behavior of Aldehydes and Ketones.  
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a. There are three loci of reaction.  

 

 
 

i. The C of the carbonyl, which is relatively positive and 

therefore susceptible to attack by nucleophiles 

 

ii . The O of the carbonyl, which is relatively negative and 

therefore susceptible to attack by electrophiles 

 

iii. The C adjacent to the carbonyl, which, as we shall see has a 

relatively acidic proton. We will do this topic later in Chapter 

18. 

 

1. The first two modes of reaction together are the two steps 

that lead to addition across the C=O and the formation of a 

species in which the sp
2
 carbon of the carbonyl is 

transformed to an sp
3 
carbon. The fate of this species, as we 

have seen, depends on the nature of the three groups 

attached to what was the C of the C=O.  

 

 
 

 

 

Letôs look at the possibilities. 
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a. The nucleophile (Y
-
) that attacks on the C of the 

carbonyl is very basic and therefore this step is not 

reversible, nor does the tetrahedral intermediate, 

which is simply an alkoxide, go any further. These 

nucleophiles are of two main types, a carbanion (or 

equivalent), that is a carbon nucleophile, and a 

hydride ion. There are two main sources of these 

kinds of carbon nucleophiles: organometallics and 

acetylides. These reactions cannot take place under 

acidic conditions because the nucleophile would 

react with the acid. The alkoxide intermediate is 

protonated during work up.  

 

 
 

b. The nucleophile is a weaker base. The nucleophile 

again attacks at the carbonyl C, but because it is a 

weakly basic nucleophile, the reaction is best under 

acidic conditions where the carbonyl O is 

protonated, thus enhancing the attack of a 

nucleophile at the C of the carbonyl. This attack is 

reversible. Nucleophiles of this type most commonly 

have N or O as the attacking atom.  

 

 
 

This intermediate can be further protonated on the 

OH and lose water to form a cation that can do 

various things depending on the nature of the 

attacking nucleophile. In general a species with a 

carbon that has a single bonded O and another 

single bonded EN atom (such as O or N) tends to 

be unstable in acid easily losing H2O.  



ORGANIC CHEMISTRY 308 LECTURE V CHAPTER 17 
 

 8 

 

   

 
 

 

2. Letôs look at some specific reactions 

 

a. Addition of Carbon Nucleophiles. Very important 

general type of reaction because it is one of the best ways 

to make C-C bonds. The most common source of the 

carbon nucleophile is an organometallic such as a 

Grignard reagent or an organolithium.  The reaction is 

very straightforward. The negative R of the Grignard 

attacks the positive end of the carbonyl. The product is an 

alkoxide, which has nowhere to go. It remains as a metal 

salt until we work up the reaction using aqueous acid 

work up. We have already looked at these reactions as 

synthetic options. (Chapter 8). To briefly summarize:  

 

i. Reaction of a Grignard with formaldehyde gives a 

primary alcohol. Use this reaction to make 

compounds such as cyclohexyl methanol from simple 

starting materials 

 

            

OH

 
   

 

ii. Reaction of a Grignard with an aldehyde gives a 2 

alcohol. Use this reaction to make compounds such as 

2-methyl-1-phenylethanol from simple starting 

materials. 


