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Carbonyl Structure

length energy
+—
ketone C=Obond 123 A  745kJ/mol
(178 kcal/mol )
1207 /// ‘
Rﬁ alkene C=Cbond  134A 611 ki/mol
(146 kcal/mol)
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Carbon is sp? hybridized.

C=0 bond is shorter, stronger, and more
polar than C=C bond in alkenes.
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Boiling Points

? (u)
CHCHCHCH, CH—0—CHCH, CHCH—C—H CH—C—CH, CH,CH,CH,—OH
butane methoxyethane propanal acetone [-propanol
bp 0 °C bp 8 °C bp 49 °C bp 56 °C bp 97 °C
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« Ketones and aldehydes are more polar, so they have
a higher boiling point than comparable alkanes or

ethers.

« They cannot hydrogen-bond to each other, so their
boiling point is lower than comparable alcohol.
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Bond Dipole Moments for Some
Common Covalent Bonds

TABLE 2-1

Bond Dipole Moments (Debye) for Some Common Covalent Bonds

Bond Dipole Moment, n Bond Dipole Moment, u
> +—
C—N 0.22D H—C 03D

* C—O 0.86 D H—N 1.31 D
=—>
C—F 151D H—O 1.53D
t— E—
C—Cl 1.56 D C=0 24D %
+—> +—
C—Br 1.48 D C=N 36D
+—
c—1 1.29 D
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Solubility of Ketones and

Aldehydes
» Good solvent for
. . alcohols.

N s+ Oy * Lone pair of electrons
..o H _.-H R on oxygen of carbonyl
o o0 can accept a hydrogen
°C s bond from O—H or

/7N /N

 Acetone and
acetaldehyde are
miscible in water.
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Preparation of ketones

)

R T 0
i | R,—C—d [
R—x —»r—L %> R_culi —! - R,—C—R
R,Culi)
R,—X R and R; may be alkyl or aryl
R,—R
Li . _Cu _
CH;CH,CH;Br ——— CH3CH,CHLi ——>  (CH;CH,CH ). Culi
CH3—(|:H—COCI
CH,
Y
0O CH;

|
CHCH,CH,-C—CH—CH,



Preparation of ketones

H,C H,C H,C
Orwe 2 Oro o (O
2
CH,CH ,CH,COCI
HC Y

@—cocuzm ,CH3



Preparation of ketones

R'<—Mg— X | /
\/\ R’ MeX R H . R
+— \ / HT \ / H3O; \\ ., ‘
Ca —C=N: — (=N — (=N —— (=0, + NH;
ket / % 3
R R R
nucleophilic attack Mg salt of imine Imine ketone
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* A Grignard or organolithium reagent can
attack the carbon of the nitrile.

 The imine is then hydrolyzed to form a
ketone.

Chapter 18 9



Nucleophilic Addition

Nuc:=
Nuc H
R v Qo4 5 - H—Nuc\ . Y B
C O \\ C O < Z W\ C O + Nuc:
I I R" / e
nucleophilic attack alkoxide product
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» A strong nucleophile attacks the carbonyl

carbon, forming an alkoxide ion that is then
protonated.

 Aldehydes are more reactive than ketones.
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Reactions of aldehydes and ketones

GOH H,0,H® & foAa
OH OH OH
cyanohydrin

oan e
0
CH,-CH,-CH; < NHMNHzbase o ¢ oy, Z0MQ), cone. HCl (o oy _cy,
(2) (1)

lNHz-z

g

N [ NH—z

I H,0 |

CH3_C_CH3 - CH3_(|:_CH3

OH

(1) Clemmensen reduction (2) Wolff-Kishner reduction



Formation of Imines

O OH
[ - H* | X ./
@D ® + R—NH, — —iC— — - + H,0
7N primary amine | | [
ketone or aldehyde R— N —H R— N
carbinolamine imine (Schiff base)
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« Ammonia or a primary amine reacts with a ketone
or an aldehyde to form an imine.

* Imines are nitrogen analogues of ketones and
aldehydes with a C=N bond in place of the carbonyl
group.

* Optimum pH is around 4.5
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Other Condensations with Amines

(&> _C=0 + HN-Z T Se=k-z] + no
ZinZ—NH, Reagent Product
=H Hzl.\.l—-H ammonia >C=N—-H an imine
—R Hzl.\.I—-R primary amine >C=N—-R an imine (Schiff base)
—OH Hzl.\.l—-OH hydroxylamine >C=N—-OH an oxime
—NH, Hzl.\.I—-NH2 hydrazine >C=I.\.I—-NH2 a hydrazone
—NHPh HZN—-NHPh phenylhydrazine >C=I'\.I—-NHPh a phenylhydrazone
O O O
—NHgNH2 Hzl.\'l—-NH—g—NH2 >C=I.\'I—-NH—£—NH2
semicarbazide a semicarbazone

Copyright © 2010 Pearson Prentice Hall, Inc.
Chapter 18 13



Homework: Complete the following
equations

O
|

C\
©/ CH,CH;  7n(Hg)
HCl, H,O
O
I Zn(Hg)
CHZ—C\ >
H HCL H,0
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Formation of Acetals

O
| H* R'O._ _OR’
_C__ + 2R—O0H == —c + H,0
R H R H
aldehyde acetal
O
” It RHO\ /ORN
C__  + 2R—OH = > + H0
R R’ R R’
ketone acetal (ITUPAC)

ketal (common)
Copyright © 2010 Pearson Prentice Hall, Inc.

Acetals can easily be converted into carbonyl compounds and
alcohol in the presence of dilute acid (H;O0") (remember

reaction is reversible) however, they are stable in the presence
of base. Chapter 18 15



Cyclic Acetals

H——¢—H
0 VaRY
C H H \C/
SH | | Ht g
+ H —/C — C\— H p—
HO OH
benzaldehyde ethylene glycol benzaldehyde

ethylene acetal
Copyright © 2010 Pearson Prentice Hall, Inc.

« Addition of a diol produces a cyclic acetal.
 The reaction is reversible.

« This reaction is used in synthesis to protect
carbonyls from reaction.

Chapter 18
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Acetals as Protecting Groups

0 d )

O
HO~on
H " > H

®) O

* Aldehydes are more reactive than ketones.
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Reaction and Deprotection

/) 0

O
4 NaBH,
H  2)H;0" H

O OH

* The acetal will not react with NaBH,, so only
the ketone will get reduced.

« Hydrolysis conditions will remove the acetal
to restore the aldehyde.
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The Wittig Reaction

N @PPh, R\_<

(i1) base
PPh;: triphenylphosphine
(ui) >:O
" (i) PPh R

i

R)\X (ii) bas: g R:_<
(tii) >:O

= The Wittig reaction converts the carbonyl
group into a new C=C double bond.

Chapter 18
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The Wittig Reaction

(ii) base

Ph
(iii) 0
Ph>:

i) PPh Ph
CH;-Cl WPPhs | he :<
Ph

* In 1979, the Nobel Prize was awarded to Georg Wittig and
to H.C. Brown in recognition of their remarkable contributions
to synthetic organic chemistry.’
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Solved Problem

Show how you would use a Wittig reaction to synthesize 1-phenyl-1,3-
butadiene.

1-phenyl-1,3-butadiene
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Solution

This molecule has two double bonds that might be formed by Wittig reactions. The central
double bond could be formed in either of two ways. Both of these syntheses will probably
work, and both will produce a mixture of cis and trans isomers.

@ CI _H 2C\ /H
/C=O + /C—C\
0 H H H

D4 could come from

C%C b

3 or

/H
@—cnz-u + 0=C
N

CH=CH,

Analysis .

\
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Homework

Show how you would synthesize 1-phenyl-1,3-butadiene by forming the
terminal double bond using Wittig reaction.

1-phenyl-1,3-butadiene

Show how you would synthesize the following compound using Wittig

reaction.’
O:CHCH 3
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Homework

Show how you would synthesize the following compound from starting
materials containing no more than six carbon atoms.

(a) O
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