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Introduction

Two broad classes of compounds contain the carbonyl group:

[1] Compounds that have only carbon and hydrogen atoms bonded to
the carbonyl

atleast1 H
A
Lt L
R™ TH | R’ \R', < 2 R groups
aldehyde ketone

[2] Compounds that contain an eteroatom (N, O, S, Cl) bonded to the
carbonyl

carboxylic acid acid chloride ester amide



Introduction

ACarbonyl carbons are sp? hybridized, trigonal planar, and have bond
angles that are ~120°.

7t bond
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sp? hybridized trigonal planar

o bond

A The electronegative oxygen atom in the carbonyl group means that the
bond is polarized, making the carbonyl carbon electron deficient.

. N g \ot &
C=0: «—> C—0: C:Q:
PR 4 /
the major contributor ~ a minor contributor hybrid
to the hybrid to the hybrid

polarized carbonyl



General Reactions of Carbonyl Compounds
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sp? hybridized carbon

e Aldehydes and ketones undergo nucleophilic addition.

O—H
ili ition— | [1]:Nu™ |
Nucleophilic addlltlon c R—C—H(R) H and Nu
General reaction “TH(R! [2] H,O | are added.
R H(R") 2 NU

e Carbonyl compounds that contain leaving groups undergo nucleophilic substitution.
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Nucleophilic substitution—
General reaction R



General Reactions of Carbonyl Compounds
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Aldehydes and Ketones

Chapter 19

Organic Chemistry, 8th Edition
John McMurry



Nomenclature of Aldehydes

A Find the longest chain containing the CHO group, and change the i e ending of the parent
alkane to the suffix Tal. If the CHO group is bonded to a ring, name the ring and add the

suffix T carbaldehyde.
A A common name for an aldehyde is formed by taking the common parent name and adding

the suffix T aldehyde.

o) o)
H"lL“H HEEJL“H 20 SO

methanal ethanal propanal butanal pentanal hexanal
(formaldehyde)(acetaldehyde)(propionald.) (butyraldehyde) (valeraldehyde) (caproic aldehyde)

calisaliecs

cyclohexanecarbaldehyde benezenecarbaldehyde 2-naphthalenecarbaldehyde
(benzaldehyde)

2-chloropropanal  3-methylhexanal phenylethanal



Nomenclature of Ketones

methyl group  ethyl group

i 1
L. =Cy
CH;  T~CH,CH, CH3| [CH,CH;
IUPAC name: 2-butanone Common name: ethyl methyl ketone
i
Br C
)\({\ \CHS
(0]
IUPAC name: 2-methyl-3-pentanone m-bromoacetophenone
Common name: ethyl isopropyl ketone or
3-bromoacetophenone
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acetone acetophenone benzophenone



Nomenclature of Aldehydes and Ketones

q
H/C;f

formyl group

i1
O
I C\i;‘
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CcHy ¥
acetyl group benzoyl group

Do not confuse a benzyl
group with a benzoyl group.

v

benzyl group



Physical Properties

Physical Properties of Aldehydes and Ketones

Property Observation
Boiling point | ® For compounds of comparable molecular weight, bp's and mp's follow the usual trend: The stronger the
and intermolecular forces, the higher the bp or mp.
melting point . -
CH,CH,CH,CH,CH4 CH4CH,CH,CHO CH4CH,CH,CH,OH
VoW VOW,DD MW =72 VOW, DD, HB
MW = 72 bp 76 °C MW = 74
bp 36 °C bp 118 °C
CH4CH,COCH,4
VOW,DD MW =72
bp 80 °C
Increasing strength of intermolecular forces
Increasing boiling point

Solubility ¢ RCHO and RCOR are soluble in organic solvents regardless of size.

¢ RCHO and RCOR having < 5 C's are H,0 soluble because they can hydrogen bond with H,0 (Section 3.4C).

¢ RCHO and RCOR having > 5 C's are H,0 insoluble because the nonpolar alkyl portion is too large to dissolve in
the polar H,0 solvent.

Key: VDW = van der Waals, DD = dipole-dipole, HB = hydrogen bonding, MW = molecular weight
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Keto-Enol Tautomerism

O OH
K=Y
Keto tautomer Enol tautomer

99,9999999% 0,0000001% 99,9999% 0,0001%
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Interesting Aldehydes and Ketones

/z\a

formaldehyde
CH,=0

" g <

acetone
(CH3),C=0

Billions of pounds of formaldehyde are produced annually
from the oxidation of methanol. It is sold as a 37% solution
called formalin which is used as a disinfectant, antiseptic,
and preservative for biological specimens. It is a product of
Incomplete combustion of coal, and is partly responsible
for the irritation caused by smoggy air.

Acetone is an industrial solvent. It is also produced in vivo
during breakdown of fatty acids. Diabetics often have
unusually high levels of acetone in their blood streams.

12



Interesting Aldehydes and Ketones

Many aldehydes and ketones with characteristic odors occur in nature.

O O
/l\/\)\/u\,., N~"SH
citral
(lemony odor, .

isolated from lemon grass) cinnamaldehyde
(odor of cinnamon)
o ey ! - o
H /l\/\/\
2-heptanone
(odor of bleu cheese)

benzaldehyde
(aroma of almonds and cherries)
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Preparation of Aldehydes

[1] BH;
Hydration of an alkyne Ao y ARC. O~ O
(hydroboration-oxidation) H
PCC R. .0
Oxidation of 1% alcohols A.O0H :’f
[1] DIBAL-H

. R. .0 [2] H0 R0

Reduction of esters and T MR

acyl chlorides OR' H
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Preparation of Aldehydes and Ketones

NN N OC(CHy);
| | | Li* H=AI~0C(CHy)s
OC(CH
i-Bu,AlH (CHala
DIBAL-H Li+£|H[D'f-BU]3
Diisobutilaluminium hydride Lithium tri-tert-butoxyaluminium hydride

Sterically hindered - Less reactive than LiAIH,
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Preparation of Ketones

Hydration of alkynes

Oxidation of 2" alcohols

Friedel-Crafts acylation

Acylation of organocuprates

H,O 5
- H.50, HgS0, it
A——H -
FLT_,'EIH Cr{ V) FLT::D
, CrO; =
R PCC
I"-Iq‘:lzl:ir;._-':l;
s AICI . M
PDE — [ J
# C R o
i i
i R S,
R Cul EI,AL_H .



Preparation of Aldehydes and Ketones

Aldehydes and ketones are also both obtained as products of the oxidative
cleavage of alkenes.

R H R H
\ @) Zn, H,O

c=C ¥y 2>  c=0 + o=C
/ \ : or / \ .
R R CH,SCH, R R

alkene ketone aldehyde
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Reactions of Aldehydes and Ketonesoe-General

[1] Nucleophilic addition

General reaction— 9
Nucleophilic addition I

[2] Oxidation

[3] Reaction at the a carbon

e

iy OH
(1]:Nu~ [2] H,O % R—(IZ—H(R') i and N
or | are added.

HNu: Nu

E O
E—
base or H* .
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Nucleophilic Addition

3(“): 10 ‘-H»"- OH :Z—H
C. R-C—H(R) R-C—HR) @ + 0M
“u " 1 2 -
R7” "HR) (1) o lfl r:m
Nu- sp” hybridized | sdion product
nucieophilic attack protonation
(a) @ b @
0 \ O
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L. Tehe ghe A
R “H P 9 : ) R™ "R
v v D

¥
aldehyde ketone
less crowded more crowded
more reactive less reactive
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Acid Catalysis

more
reactive
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Nucleophilic Addition

( )o

syclohexanone

Nucleophile  Addition product

[1]) NaBH, or LIAIH,

[2]H,O

[1) RMgX or RLi

(2] H,0

“CN

HCI

PhsP~CR,

RNH,
mild acid

R,NH

mild acid

ROH, H*

OH
H

alcohol

OH
R

alcohol

oxaphosphetane

OH
NHR

carbinolamine

OH
NR,

carbinolamine

OH
OR

hemiacetal

Final product I

alkene

(=
~-H,0

NR,
-H,0

enamine

ROH OR
-H,0 OR
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Nucleophilic Addition of H and R 8- A Review

@) OH ‘ |
. I NaBH H,O
General reaction | ¢ g 2 AG— —H(R') | addition of H,
R H(R') or | |
LiAIH, H

1° or 2° alcohol

10 O NS :E|5H
G > CH3CH— C H —*OH CH3CH,—C—H + Li*"OH
CHSCHZ( H [1] | (2] |
H H
Lit HzAl=— T + AlHj T 1° alcohol
nucleophilic attack protonation
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Nucleophilic Addition of H and R 8- A Review

two reducible NaBH,, CH;OH OH
functional groups » gy ° NaBH, reduces the C=0_
selectively to form an allylic
allylic alcohol alcohol.
H, (1 equiv)
O PdC O * One equivalent of H, reduces the
C=C selectively to form a ketone.
ketone
2-cyclohexenone
H, (excess OH
: f:, 5C ., O(  Excess H, reduces both n
H bonds to form an alcohol.
alcohol
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Nucleophilic Addition of H and R 8- A Review

O

General reaction I T R"MgX

OH~*—

R™ TH(R) or
R"Li
aldehyde or ketone

% Q-
CHSCHE_C_H

o
-7 H

—_—

(1]

oh ]

nucleophilic attack

H,0 | addition of
i R_?_H(R) [ R"and H
/Rll ‘
new C—C bond
1°, 2°, or 3° alcohol
(\ =6H
H-OH | Y
[2]
protonation
2° alcohol
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Nucleophilic Additior-:N'

A Treatment of an aldehyde or ketone with HCN gives a
cyanohydrin.

benzaldehyde aceton
cyanohydrin cyanohydrin

26



