Aldehydes and Ketones






Properties

Moderatels | volar
[Due ro C=0) group.

Boiling points
| .ower than alcohols and

Higher than allkanes,

Solubility
Low MW species are soluble in water

[Jecreases as the R chain gets I NZeT,




18.2 Nomenclature

T_he common names of aldehydes are derived from the names of the corre-
sponding carboxylic acids by replacing -i¢c acid by -aldehyde. (For the common
names of carboxylic acids, see Sec. 19.2.) Branched-chain aldehydes are named as
derivatives of straight-chain aldehydes. To indicate the point of attachment, the
Greek letters, «-, fi-, y-, d-, etc., are used; the a-carbon is the one bearing the

—CHO group.

¥

0 i o
C—C—(C—{—CHO Used 1n comemon names

The IUPAC names of aldehydes follow the usual pattern. The longest chain
carrying the —CHO group is considered the parent structure and is named by
replacing the -e of the corresponding alkane by -al. The position of a substituent is
indicated by a number, the carbonyl carbon always being considered as C-1. We
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C—C—C—C—CHO Iised in ITUPAC names

notice that C-2 of the IUPAC name corresponds to alpha of the common name.



Nomenclature of Aldehydes and Ketones
Common aldehydes

I X i X
H™ "H H,C™ TH CH3CH2)kH CH,CH,CH  H
Methanl ethanl propanal butanal

(formaldehyde) (acetaldehyde)  (propionaldehyde) (n-butyraldehyde)
O H

OH

OMe

. OH
salicylaldehyde o
benzaldehyde (2-hydroxybenzenecarbaldehyde) Vanillin

O~

cyclopentanecarbaldehyde



O

R

H,C~ CH,

propanone
(acetone)

cyclohexanone

Common Ketones

O

H.C 3

3

2-butanone

3-pentanone

(ethyl methyl ketone) (diethyl ketone)

HBC; ;O

acetophenone
(methyl phenyl ketone)

‘i‘
benzophenone
(diphenyl ketone)



Nomenclature of aldehydes and ketones

(al) aldehyde, (one) ketone

alkanes < alkenes < OH < ketone < aldehyde < acid < ester
Examples

CH, H CH, CH,
)\F/g 3
6
H,C 3 10 1 2 4 5
4 ¢ O
2-cholro-3-methylbutanal 2,4-dimethyl-3-hexanone
3 1
@ O ) 2
H CH
2 1
54 3“1 2 3 . O

4-hydroxy-2-pentanone 3-oxobutanl 3-hexen-2-one



CHiCHI_(”}_'CHgCHg

Diethyl ketone
3-Pentanone

O
8]

Acetophenone

g
CH3CH—ﬁf—CH3
O

Isopropyl methyl ketone
3-Methyl-2-butanone

@%_CHECHE CH3
O

n-Butyrophenone

D50

4'- Methyl-3-nitrobenzophenone

@ CHZ_C_CHE,

I

O
Benzyl methyl ketone
1-Phenyl-2-aropanone

OO

Benzophenone



Aldehydes
0
L R P
HgC—C=-CHa-C butarel
4 3 2z 1y butyralocehyoe
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Ketones
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DI

phenylethanone
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Q
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Acyl groups

- o O

Il
H—Cw formyl @EGEH d4-formylbenzenesulfonic acid
H
9 I G
]
R—Cwn = HzC—Cwn acetyl 1-acetyl-1-cyclohexene
acyl ﬁ CHg
74 \_CM benzoyl <j>_{ benzoyl chlcride
| — — Cl

T

O

When it is necessary to name the %H group as a prefix, it is the methanoyl or formyl
O

group. T'he }J\ group 15 called the ethanoyl or acetyl group (often abbreviated as Ac).
O

When }'A\FI gcroups are named as substituents, they are called alkanoyl or acyl groups.

HOLC SOgH

2-Methanoylbenzoic acid 4-Ethanoylbenzenesulfonic acid
(o-formylbenzoic acid) (p-acetylbenzenesulfonic acid)



Common aldehydes and ketones

Formaldehyde
Ag

CH,OH > CH,=0 + H,
600 - 700 °C

Formaldehyde is a gas (b. p. -21 °C) Formalin (37% aqueous solution of formaldehyde)

Acetaldehyde (Wacker synthesis)
Pd - Cu
2CH,=CH, + O, > 2CH,CH=0
100 - 130 °C (bp 20 °C)

Acetone (Wacker synthesis)

@)
Pd - Cu ]
2 CH,CH,=CH, + O, > 2CH;CCH,
100 - 130 °C (bp 56 °C)
From isopropylbenzene
OH
O
Do M
> +  HC™ TCH,

2) dil H,SO,



Synthesis of aldehydes and Ketones

1) Oxidation of Alcohols
primary gives aldehydes using pyridinium chlorochromate (PCC).
secondary gives ketones

UH:UH2UH + U ——— g UH3jUHU + H3U

T

This means "oxygen fram an

oxidisng agent’.
(;I [O] '®
PCG /
CH3-C-0 —m» (CH3-C + H20
d
O
PCC /!
CHs-C-0 - CHg-Gﬁ - Hz0
I
CHs CHs

propan-2-ol Propanone



2)

3)

Friedel-Crafts

© CH,COCI
AICI,

Oxymercuration Hydration Markovnikov

From Alkynes :

CH3CH,C==CH

HgSO,, HoSO4

H-0

Cl)H
CH 3CH 2C:CH 2

an enol

i

1
CH3CH,CCH3
a ketone




4- Aldehydes from Acid Chlorides

- Lithium tri-t-butoxyaluminum hydride reduction
- Rosenmund reduction

R—C—Cl LiAIH(O-t-bu), R—C—H
| ether I
O O

H,/Pd/S

| BaS0 , [
O Rosenmund catalyst O

R—C—Cl R—C—H




/}.,O SOC1, {FD
R—C + ARCL ¥ — R—C
“OH PCl; Cl

Carboxylic acid Acid chloride

3. Reduction of acid chiorides, Discussed in Sec. 18.4.

R—C0El or -Ar—=COCI —228 . P CHO or Ar—CHO
Acid chloride Aldehyde

CONTINUED

Example:

mm@com i O;,N@CHO

p-Nitrobenzoy! chloride p-Nitrobenzaldehyde



5- Ketones from Acid Chlorides
Gilman Reagent with Acid Chlorides R,CuLi a lithium dialkylcuprate

3. Reaction of acid chilerides with organocopper compounds. Discussed in Sec. 18.6.

R’
L —= . R rl:uLi
= R—C—R" or Ar—C R’
R(.;?CI - o O
ArC O
) O
R,Culi + R’ (I:L, Cl * R'—(I._I,'—R + R—Cu + LiCl

a lithium dialkylcuprate
(Gilman reagent)

2 R—Li + Cul —> R,CuLi + Lil

)
Example (IE

O
|

i,ﬁ —
|
C’W
(2) Cul e 2

80%




Examples:

CHs
CH,CH,CH,CH,—Li —= . (CH.CH,CH;CH;);CulLi 2CH,CHCOCI
Lithium di-n-butylcuprate Isobutyryl chloride

|
cH
ECHSCH:CH 1CHE _ECHCH_!

r-Butyl isopropyl kertone
2-Methyl-3-heptanone

CH_‘ CH_} {-_'H'.

&O)B < Li ——— @} CulLi 2CH;CH,CH,COCI

Butvryl chloride
m-Bromotoluene |

CH,

(’6 CCH,CH,CH;
\_)g}

#-Propyl #i-tolyvl ketone



6- Ozonolysis Alkene Cleavage

® Alkenes can be cleaved by ozonolysis of their double bond (Section 8.17B).
The products are aldehydes and ketones.

H
0
N (1) Oy, CH,Cl,, ~78°C 0 )k
(2) Me.S ' H
0
oo (1) O, CH,CL, =78°C ; a JL
f"J (2) MeS _ H H
CH;,  CH3  1)0;inCHCI CH, 5
c=C o C—=) +0=C
Hf HCH 2) CH3SCH; B T
2 or Zn/HOAc H CHs



/-Reduction of Acids and their derivatives by
Lithium Aluminum hydride (LAH)

O O

)k LiAH, )k LAH, | 0™\ qH

R OH R H
Carboxylic acid Aldehyde 17 Alcohol

® Acyl chlorides (RCOCI), esters (RCO2R’), and nitriles (RCN) are all easily pre-
pared from carboxylic acids (Chapter 17), and they all are more easily reduced.

® Two derivatives of aluminum hydride that are less reactive than LAH, in part

because they are much more sterically hindered, are lithium tri-ferf-butoxy-
aluminum hydride and diisobutylaluminum hydride (DIBAL-H):

KD -

Li- H—A]|I—D—|— (K

H

Lithium tri-terf-butoxy- Diisobutylaluminum hydride
aluminum hydride (abbreviated i-Bu,AlH or DIBAL-H)




1. Diisobutylaluminum O
i do (DIBAH) I
hydride > R-C-H
2. H,0"



® The following scheme summarizes how lithium tri-ferr-butoxyaluminum hydride
and DIBAL-H can be used to synthesize aldehydes from acid derivatives:

O
)L (1) LIAIH(O-#-Bu),, —78°C
R Cl (2) H,O
Acyl chloride
O O
)J\ (1) DIBAL-H, hexane, —78°C . )L
R™ “OR' @HDO R™ "H
Ester Aldehyde
R (1) DIBAL-H, hexane
2) H,0
Nitrile (&} Hs
? 0
el (1) LiAIH(O-1-Bu),, E1,0, —=78°C _ “H
(2) H,0 ’
OMe OMe

3-Methoxy-4-methylbenzoyl chioride 3-Methoxy-4-methylbenzaldehyde



16.5B Ketones from Nitriles

Treating a nitrile (R—C=N) with either a Grignard reagent or an organolithium reagent
tollowed by hydrolysis vields a ketone.

General Reactions
N~Mg™X O
R——N + R—MgX —— A" 4 NH + Mg o+ X
R R’ R R’
N-Li* O
R—=—N + R—Li — Il |

Fi..-f H_H, F{f HH, f NH4_ o Lit



Naturally occuring aldehydes and Ketones

C— CIL,O
@) 7 Ny Ba 7y O
Vi N I /, '\“x% 11 J

% W
4 - ¢ ) HO t Y—C—H
N - /

wanillin

'1'|||| e = -‘-i.l_-|z.-!.'|.|‘|lt-l.i.*.!.'i.."-'-.i.l._' :
(o1l of almonds) (cinmamon (vanilla bean) :
bp 178.17C bp 253°C mp 80°C, bp 2857C
(CEL:
PO % o
\\‘ ___,| - ‘;:,:'-" J_,f'LL\,,__h ‘_‘___CH _y(._:H :{_:HCI_IECI 1'_-;
| X W
d_J_..-f""'c"'-:a‘:.:-;._:“:‘_ (..} CH 3
CATVOTNIL camphaor JUSIIIO 1L |
(spearminl oil) mp L/9°C (from oil of jasmine)

b 231 20



The carbonyl group

IAI:I-'._'U;J.U!.,I ALL LAt ;y.s_,.nun--...n e P
.I"-’ " I."'r T it '*;‘]l“ ¢ I-"'f .
g | % = (= "
{,G:'E] P /C-—D- “ /C_:U IE:D
resonance contributors polarization of the
to the carbonyl group varbunyl group

Figure 9.2
Bonding in the carbonyl group (see the text
for a description of this bonding).




Reactions of the carbonyl group

%1

i Nu Nu
."(,'1 s | - =0 bl i gB
.- [/ . B 1 hia : ! & .
Nt b BB = 00T == 0O (9.8)
R E o ks s
trigonal tetrahedral telrahedral
redoidni intermecdiate prodii

The carbonyl carbon, which is trigonal and sp*-hybridized in the starting aldehyde or
ketone, becomes tetrahedral and sp’-hybridized in the reaction product.

Becatse of the unshared electron pairs on the oxygen atom (Figure 9.2¢), carbony!
compounds are weak Lewis bases and can be protonated. Acids can catalyze the addition
of weak nucleophiles to carbonyl compounds by protonating the carbonyl oxygen aton.
Nu

fe

Ty [ .'rz’::‘. "'q.+ /3
Yaw: L’ :

5 » w
ot o

on!"#:—r LC—O0H  (9.9)
e / =

'

bilize

4 resonance stal

L _!_'!,‘l-.'--_.il. [

This converts the carbonyl carbon to a carbocation and enhances ils susceptibility to
attack by nucleophiles.



A. Hydration and Hemiacetal Formation

Water adds rapidly to the carbonyl function of aldehydes and ketones. In most cases
the resulting hydrate (a geminal-diol) is unstable relative to the reactants and cannot
be isolated.

Exceptions to this rule exist,
one being formaldehyde (a gas in its pure monomeric state).

Thus, a solution of formaldehyde in water (formalin) is almost exclusively the hydrate,
or polymers of the hydrate.

Another is chloral hydrate

i | =4 i 4 i

H HO
%C:O ~+- OH — ﬁC—O
7 H ¢
H H
OH
CCIBA“OH
H

Chloral hydrate



Addition of Alcohols

R’ RO
,? H+ \.\
e P Jo—O0OH
/ J"'d‘h
4 R H/

=] TR | P (s e | o 2ion
alcohol aldehvde hemiacetal

ROH +

(9.10)

In the presence of excess alcohol, hemiacetals react further to form acetals.

RO

T
k()

C—OH + ROH = C—OR + HOH
Rf"‘ RJ" /

H H

(9.12)



Examples

o L i -...o-J e e o e M S L e g g —— — . . e 2

O OH :
, OH
“CH,—CIl (Hz—CH '
3CHo OH — (Hs O or { O
\4 s \ /
CH>—(H- CH>—( H»
5-hydroxypentanal hemiacetal form of 5-hydroxypentanal

(also called 2-hydroxytetrahydropyran)

HO OH H
H\ f‘
GEE—Cifoml o fLH CH:0H '/
/ \ ‘hemiacetal HO \
1'1O_CNH 0 carbon or \\
\ 4 :
CH—CH HO < Nt ) ~OH
~ H  OH |Mphemiacets
HO CH.OH | iemiaceral
oliucose 2 H H  carbon
o i allcose

(B-D-glucopyranose]



i

CH,
N
=0 -+
0
CH,

dcetone

HO—CH,

L‘i'h'_‘»']t‘l'lf ;_;]j.'(u'.

e
gl

=

CH;  0—CH,
\C./
a
acetone—ct I[T_‘n lene

| :
glveol acetal



Ca2Hs-0 J-CaHs
1. H L 5 CoHsCH acid catalyst " H
heat & remove water

0 | D">
2, + HO_,AVDH acid cataly st " 5
hHeat & remove water

acid catalyst
- + CH3COH ' » 0-CH

di RO TN heat & remove water C{f; :

HOG@ A p 2 | K95 8
. MO acid catalyst . m 5*

' , remove water

HOW 3 0 P

H3C, CH3 HzC CHs

0 O g S
> LR o

+ |:5H = + & HsQ

HeG' ChHg HaC” “CHs

The acid often used to catalyze acetal formation is p-toluenesulfonic acid H3¢ 50zH

Toluene is usually the solvent, and water is removed azeotropically by distillation



Addition of hydrogen cyanide to aldehydes and ketones

CHg—Cf;f + —HCH
e
H
ZH3
H“"_L:.i + HCI
G
ZH3

C-H
C o1 H-CEN: =—* \
CN

cyclohexanone
cyanohydrin

EIIJH

- CHz—C—CH

I
H

EIIJH

- -::Hg—-:f—t:rq
ZH3

QO O-H
’/ \‘ + H-C=N: —* @—FC;N
e H l

mandelonitrile



Addition of sodium hydrogensulphite to aldehydes and ketones

Uses of the reaction The reaction is usually used during the purification of
aldehydes (and any ketones that it works for). The addition compound can
be split easily to regenerate the aldehyde or ketone by treating it with either
dilute acid or dilute alkali.

O OH
4 |
CH3—C + Na* HSOjy » CH3—C —S03 Na*
H ,
&| WH
o |
CH3—C + Na*t HSOg3 » CH3;—C—5035 Na*

CH3 ':-l.:Hj



Reducing Agents

H H 7
I I
L+ |H—=AI—H Na*t  |H—B-H
| |
L, H b H L
ithium fetrah ydrcoaluminzte sodium fetrahycidoborate

The reduction of an aldehyde

You get exactly the same organic product whether you use lithium
tetrahydridoaluminate or sodium tetrahydridoborate.

For example, with ethanal you get ethanol:

JH
Y |
CH—C_  + 2H - CH3—(|3—H [ CH3CHZ0H )
H

H



The reduction of a ketone

Again the product is the same whichever of the two
reducing agents you use.

For example, with propanone you get propan-2-ol:
Reduction of a ketone leads to a secondary alcohol.

G{Ig tle
,«*GZC' +  2[H] — C:Hg—rl:—H (C:chl:Hc:Hg )
CHs

CH3 OH



R - mt Rs0* I
a O'=O + LidlHg ether or THF N O< — 4 Q( + salts of M
H M= Lioral .

0 b H =
g [:;—{ + MeEB-g C2hs0- & ‘EU: g [:}_I_D ¥ | — g [:;s—l—[,—r-ﬂ- sodium Doratz

CE:
4 ChHs M=Neurg C(F3

H3C-0 R:CO ZHz-OH
H - Czk30H B H;O - .
4 + HeBHg » 4 \©/ + suoCium borate

CHz g CHs ~

Tl
.f( = - . - . —_ Tk | -+
\OL<'_ + Lok, _Etherorike D\O—cr—g-u Mt kg0t Jj_g;[_'?_:[_
<‘f M = Li or Al

O




REACTION OF ALDEHYDES AND KETONES WITH GRIGNARD

REAGENTS
P |
/
CH3CHzMgBr + H—C\ ———»  CHsCHz-C — O-MgBr
- |
- -
H30

| |
CH3CHy-C —O-MgBr + H)O ——— CHyCHz-C—OH + Mg(OH)Br

| |
R R



The reaction between Grignard reagents and methanal

7 )
H—C
N DEMOBr  cpchg—d - o o CH3CH,CH2CH
H 2) H,0, H* |
methanal H a pimary alcohol

The reaction between Grignhard reagents and other aldehydes

f‘:fg CHj3 CH3
CHz — C\\ 1) EtMgBr; ClI5Cl |2_é —Qll or ClI3C 1;Cl11OI |
H  2)H,0, H* |
ohanal H a seconclary alcohal

The reaction between Grignard reagents and ketones

1) EtMgBr
2) H,O, H*




|
TTCHz
+ ChzChz-MuBr
O ,L,:J {

%

o

—

Examples of Organometallic Addition Reactions

R B+ A= - B R = M+
\‘[::.;u + R — ;c/
4 H\R'
-
O O~ Mg*Er

L
ether ur THF '1'("'_3{"'_3 Hz0* .
> CHz

pentane

or ether)

L".J‘ L™
,:“ = Hao®
(0

@3&/‘3 b ChChoome ether Y G MeTer
oP~c? + CHz=CH-Chg-Mger _EMer, ( I_U_E CH=CH,

"
—C ot [:Ek—u
ok

=0 + (CkhzlzC-MaoCl

pentane _

+ HzC=CH-Li

(or ether)

ether ur THF

J'_
e

Hst |||

» [ChylzC-CH-0" Mg“E.‘I

pentane

{or ether)

HzC=CH-CHz-CHz-0~ Li*

-+
Caky _ I
+ MmMa=gresium s=lkEs
CHQ alkl =
H - -
”"""\ + lithium salts
e

HzO*

: FoRy

H

0-H

FzC
H=C :

H

kel

+

———  Ra(—(—Ckz-0-k

ka0

CHg

Hol=CH-CHa—CHa—0-H



Reaction with Acetylides

0~ Ma* rfO_H
THF HiD
S S
— S
"1 ~H
O-CHs 0



OXIDATION OF ALDEHYDES AND KETONES

an aldehyde a ketone

This can be 0O

hydmogen ar a f? I

Nyciocarbon group. —me R-C FLC\H
All aldenydes have a These must both be
hydrogen attachec o hycdrocarbon groups - for
the C=0 example, akyl grnoups.

@

r o
oxicised under R-C carboxyic aod
acicic condions = O formed

0 H
R-C
W~
oxidised under f? <l o
alkaline conditons RO carboxylic add
p fomed

o~



ADDITION-ELIMINATION REACTIONS OF ALDEHYDES AND

KETONES
NU2
HalM-TH2 HEN—N©
— MNO2
H' O
hydrazire phenyihycirazine 2,4-dinitropheny hydrazine
N2
F W
B P
- H

MNO-
H )
\C—N— MO | 110
'

=]

I— 2



_1
+
#
3

@@«4 —X =

This gets lost as water, and the
oher two bits jus: join ogether.

L




with hydroxylamine
The product is an "oxime" - for example, ethanal oxime.

:
C=0 + HyN—OH - ;‘c=N—DH + Hz0
HI




Formation of Imines and Related Compounds

The reaction of aldehydes and ketones with ammonia or 1°-
amines forms imine derivatives, also known as

Schiff bases, (compounds having a C=N function).

carbonyl ' carbonyl -

+ Y- e =N- - — =N-
reactant | \H2 RyC=N-Y ot T T2 RoC=N-Y
R0 R, Mo
Y4 (CHaC-NH, ——= P CICHa): R0 ;

R a 1%-amine R imine \]% + HoMN-NHy ——= PY MH2
R hydrzzine R hydrazone
R. .0 R H».
\T//‘ + HO=NH2 — \]’/’ OH N
R hydroxyl zmine R oxime H—H”’HH2 ﬂ
R. .0
I

R. .0
T

0
+ HoNCOMH-NHy ——— RY”‘&]’LLMHE
|

semcarbazide R H

semicarbazane

| phenylhydrazone
phenylhydrazine




Keto-Enol Tautomerism

Keto-enol tautomerism refers to a chemical equilibrium between a

keto form )a ketone or an aldehyde) and an enol. The enol and keto
forms are said to be tautomers of each other. The interconversion of
the two forms involves the movement of a proton and the shifting of

bonding electrons; hence, the isomerism qualifies as tautomerism.

A compound containing a carbonyl group (C=0) is normally in rapid
equilibrium with an enol tautomer, which contains a pair of doubly
bonded carbon atoms adjacent to a hydroxyl (-=OH) group, C=C-OH.
The keto form predominates at equilibrium for most ketones.
Nonetheless, the enol form is important for some reactions.
Furthermore, the deprotonated intermediate in the interconversion of
the two forms, referred to as an enolate anion, is important in

carbonyl chemistry, in large part because it is a strong nucleophile.




/m_-. e e e e s I s T T

EXAMPLE 9.7

Write formulas for the kel and cnol forms of acetone.

T —— e,

&

e

Q) (I_)”
|
]NLIH In.m enol [orm

PROBLEM 9.23 Draw the structural formula for the cnol form of

a cyclohexanone.

b. acetaldehyde (CH;CHO).
S W T e shot ek N sl L st

et . T e P I e R e i T



Acidity of a-Hydrogen

B T

There arc lwo reasons. First, the carbonyl carbon carries a partial paositive charace.
Bonding eclectrons arce displaced Loward the carbonyl carbon and away from the
ce-hydrogen (shown by the red arrows below], malking it easy for a base to remove the

a-hvdrogen as a protan (that is, without its bonding elecirans).

[}

1
=i S i

|

Second. thoe resulting anion is stabilized by resomancce.

| o S &
|

B
H R R R
l\\- i~ '\-:."-‘- i --'FJ' i .I \:-"‘-‘- -‘:'-." - F ":—"h‘.‘
HE—— — 2 et G S—— (9.414)
L e o = - mm
4 ) s ¥ (= it R(_“.I H

eSOt ce structores allzan enclate anian

The anion is called an enolate anion. Its negative charge is chistrilruted bhetween
the e carbon and the carbonyvl oxygen atom.

TABLE 9.2 ACIDITY OF «v-HYDROGENS

Compoumnd Name pk,

CH-CH:CH propane ~50
O

CH=CCHs= acetoneg 19
o

CcH le acetaldaehyde 1T

CH;CH,OH ethanol 16



« Examples of u-Hydrogen exchange

B D
PR S _,-f;
Nat~OCH,
: So D B
CH,OD _
(excess)
cyclohexanone 2,2,6,6-tetradeuteriocyclohexanone

I I

B I

CH,CH,CH,CH — CH,CH,CD,CH

butanal 2 2-dideuteriobutanal



The Aldol Condensation

s ) H
0 O 1 _/.Q“x. O{(
| - | H | OH o
I _ H—=C—CH: H—C—CH: | |
\ b e ~
\ . I H ECH CIT'.& H EC g CH 7 H
CH” H ] y

The name aldol is derived from "aldehyde" and
"alcohol". An aldol is a 3-hydroxycarbonyl

compound.



593 %

[N2OH],
H,O

[NaOH],
H,O

H3C

CH

a

)—
i€
@)

e

" TH

83 %

extremely little product

TH ﬁ
C C
/" TCH, TCHg



CED The Mixed Aldol Condensation

The aldol condensation is very versatile in that the enolate anion of one carbonyl
compound can be made Lo add to the carbonyl carbon of anather, provided that the
reaction partners are carelully selected. Consider, for example, the reaction between
acetaldehyde and benzaldehyde, when treated with base. Only acetaldehyde can form
an cnolate anion (benzaldehyde has no a-hydrogen). If the enolate ion of acetalde-
hyde adds to the benzaldehyde carbonyl group, a mixed aldol condensation occurs.
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a1 mixed aldol cinnamaldehyvde

Tn this particular example, the resulting mixed aldol eliminates water on heating to
give cinnamaldehyde (the flavor constituent of annamon,.



