Aldehydes

Aldenyues
&

fetones




The carbonyl group
determines the
chemistry of
aldehydes & ketones

N
~Cc=0







Ketones




A flat molecule due to sp? hybridization




Aldehydes & Ketones resemble
each other closely in most of their
properties.




Aldehydes have a
hydrogen atom
attached to the
carbonyl group




Two Differences

¢a) aldehydes are gquite easily
oxidized, whereas ketones are
oxidized with difficulty

¢b) aldehydes are usually more
reactive than ketones toward
nucleophilic addition (the
characteristic reaction of carbonyl
compounds).






Nomenclature

¢ Common names

0 Derived from the names of
corresponding carboxylic acids

0 Replace ic with aldehyde

o) B «
C-C-C-C-CHO



Nomenclature

¢ |lUPAC names

o The longest chain carrying the -CHO
group iIs the parent structure

0 Replace -e with -al

5 4 3 2 1
C-C-C-C-CHO
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H i
=0 CH,-C=0
Formaldehyde Acetaldehyde
Methanal Ethanal
H i
|
CH,CH,-C=0 CH,CH,CH, -C=0
Propionaldehyde

n-Butyraldehyde

Propanal Butanal



H H
|
©-c0  onQ)-co

Benzaldehyde p-Nitrobenzaldehyde

]

T C=0
H3C'©‘ (|3:O ©>\;H

p-Tolualdehyde Salicylaldehyde
0-Hydroxybenzaldehyde




H
O~ CH2C|3:O

Phenylacetaldehyde
Phenylethanal




T

|
CH, CH,
o-Methylvaleraldehyde B-Methylvaleraldehyde
2-Methylpentanal 3-Methylpentanal
|
|
CH,

v-Methylvaleraldehyde

Isocaproaldehyde 4-Methylpentanal






Nomenclature

¢ Common names

0 Derived from the names of the two
attached groups to the carbonyl carbon

0 Follow with the name ketone



Nomenclature

¢ |lUPAC names

0 The longest chain carrying the carbonyl
group iIs the parent structure

0 Replace -e with -one



—

[l [l

O O
Acetone Ethyl methyl ketone
Propanone Butanone

CH3CH2CH2'C”:'CH3 CH,CH,-C-CH,CH,
|
O 0

Methy!l n-propyl ketone Diethyl ketone
2-Pentanone 3-Pentanone
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CH,
CH3(|3H-(I%—CH3 CH3CH2'%'CH3
O O
Isopropyl methyl ketone Ethyl methyl ketone

3-Methyl-2-butanone Butanone



—

{O)-CH,-C-CH; C-CH;
I |
O O
Benzyl methyl ketone Acetophenone

1-Phenyl-2-propanone



—

NO,

Q-0

4°-Methyl-3-nitrobenzophenone



—————PREPARATION OF ALDEHYDES

1. Oxidation of primary alcohols. Discussed in Secs. 6.15 and 18.4.

H
R CH OH pyridinium chlorochromate R —CL 0
1° alcohol Aldehyde
Example:
idini hl h
CHCHCH, CHO -~ PR e RO WG
n-Butyl alcohol n-Butyraldehyde
1-Butanol . Butanal
2. Oxidation of methylbenzenes. Discussed in Sec. 18.4.
Cl,, heat Ar—CHClZ H-0
Ar—CH, —> Ar—CHO
CrO;, acetic anhydride < Ar—CH(OOCCH3)2 H,0
Examples:
Br@CH; Sl Br@CHClZ L EHEO R0 Br@CHO
p-Bromotoluene p-Bromobenzaldehyde

02N©>CH3 —wnen 02N©CH(OAC)2 RO om@cuo

p-Nitrotoluene p-Nitrobenzaldehyde




3. Reduction of acid chlorides. Discussed in Sec. 18.4.

R—COCl or Ar—COC] _LAHOBd), . p_CHO or Ar—CHO

Acid chloride Aldehyde
Example:
om@coa .o 02N©CHO
p-Nitroi)enzoyl chloride p-Nitrobenzaldehyde

4. Reimer-Tiemann reaction. Phenolic aldehydes. Discussed in Sec. 24.13.




PREPARATION OF KETONES

1. Oxidation of secondary alcohols. Discussed in Secs. 6.15 and 18.4.

Cl’O} or KzCl'zO']
_——

R—(|2H —R’ R—ﬁ—R,
OH (0}
2° alcohol Ketone
Example:
CH 3 CH 3
KzCl‘zO7 A H 2504
H ?
OH 0
CH CH
AN AN
H;C CH; H;C CH;
(—)-Menthol (—)-Menthone

2. Friedel-Crafts acylation. Discussed in Sec. 18.5.

(0}
4
R—C Ae—H —2E . RG-kF4 HC
NG or other ”
Cl Lewis acid
Acid chloride Ketone

Examples:

n-CsH,,COCI + @ AlCls n-CsH“—H@ + HCI
o}

Caproyl chloride

n-Pentyl phenyl ketone
No rearrangement of n-pentyl group

O+ © = OO +we
(0)

Benzoyl chloride
Benzophenone

(Diphenyl ketone)




(CH;CO),0 + N CH’”ﬁ@ + CH;COOH
Acetic anhydride

Acetophenone
(Methyl phenyl ketone)

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

ll,\,
R-pf =% R-—Coli

R—-(lT"—R’ or Ar—ﬁ——R’
RCOCI o o

or
ArCOCl
Examples:

CH;
|
CH;CH,CH,CH,—Li —> (CH,CH,CH,CH,),CuLi 2CH,;CHCOCI

Lithium di-n-butylcuprate lsobutyr)l/l chloride
[

=
2CH3CH3CHZCH3—ﬁCHCH3
O

n-Butyl isopropyl ketone
2-Methyl-3-heptanone

CH_) CH3 CHI

@Br L @Li _cu @)ZCuLi 2CH ,CH,CH,COCl

Butyryl chloride
m-Bromotoluene | ]

CH]
ICICHZCHZCH3

n-Propyl m-tolyl ketone

4. Acetoacetic ester synthesis. Discussed in Sec. 25.3.




Reactions -
Nucleophilic Addition

¢ The C=0 governs the chemistry
0 Provides a site for nucleophilic addition
0 Increasing acidity of the o hydrogens

¢ Mobile & electrons are pulled strongly
toward oxygen
n Carbonyl carbon — electron-deficient
o Carbonyl oxygen — electron-rich



The typical reaction
of aldehydes and ketones
IS nucleophilic addition







Acid-catalyzed Nucleophilic _
Addition

R« H* R~ 4 EI-%
C=0 —— ' C=OH :
R” R™ —
_ Z — 5
R/C\" ' R/C\
- OH OH




D

R—C=0

Acylium ion




REACTIONS OF ALDEHYDES AND KETONES

1. Oxidation

(a) Aldehydes. Discussed in Sec. 18.8.

Ag(NH;), " i
chiefly
KMnO, for
R—CHO or Ar—CHO : R—COOH or Ar—COOH detection
of
K,Cr,0, aldehydes
Example:
CH,CHO + 2Ag(NH,),* + 30H- —> 2Ag + CH,COO"~ + 4NH, + 2H,0 L/ns
Colorless Silver
solution mirror

(b) Methyl ketones. Discussed in Sec. 18.21.

L o A ox"~ o - o = Haloform
R (ﬂ“ CH; or Ar (I"T‘ CH; —— R—COO™ or Ar—COO~ + CHX; ., rion

Examples:

CzHS_%"—CH:;"' 301_ — C2H5COO_ + CHI3 + ZOH_
Iodoform
Yellow,; m.p. 119 °C

C|H3 CH, c|H3
CH3C=CHC|CH3 K9G, CHCl,+ CH,C=CHCOOK —**> CH,C=CHCOOH

3-Methyl-2-butenoic acid

4-Methyl-3-penten-2-one




2. Reduction
(a) Reduction to alcohols. Discussed in Sec. 18.9.

H, + Ni, Pt,orPd

I
C=0 — = —=C—0OH
LiAIH, or NaBH, ; then H* |
H
Examples:
0 H_ OH
_—
Cyclopentanone Cyclopentanol
Orram e = Qpgr-cn
O OH
Acetophenone o-Phenylethyl alcohol
(b) Reduction to hydrocarbons. Discussed in Sec. 18.9.
|
~Sttinsne Bl o gy Clemmensen reduction
S Il-l Jfor compounds sensitive to base
o |
| DHNHabese o oy Wolff-Kishner reduction
H for compounds sensitive to acid
Examples:

Zn(Hg),
@ ST . @%CHZCHZCH_; e HEl @CHZCHZCHZCH3
o)

AIC,
n-Butylbenzene

n-Butyrophenone
(Phenyl n-propyl ketone)

(0}
d NH,NH,, base
—

Cyclopentanone Cyclopentane

H H

(c) Reductive amination. Discussed in Sec. 22.11.



3. Addition of cyanide. Cyanohydrin formation. Discussed in Sec. 18.10.

N + |
(“3 TN s —C’—CN
(0] OH
Cyanohydrin
Examples:
;i )
_o _NaCN H,0, HCI
Benzaldehyde OH
Mandelonitrile Mandelic acid
(|:H3 lCHs
CHy—C—CH; + NaCN 259, CHy—C—CN £ oo 1H CH;—C—COOH
OH OH
Acetone Acetone cyanohydrin l
e
CH,=C—COOH
Methacrylic acid

(2-Methylpropenoic acid)
4. Addition of derivatives of ammonia. Discussed in Sec. 18.11.
\C/ + HoN—G —> —(lj NH—-G| — C =N—G + H,0 Used for
|

| | identification
(0] OH

H,N—G Product
H,N—OH Hydroxylamine >C:N*OH Oxime
H,N—NH, Hydrazine :C—-N—NHz Hydrazone
H;N—NHC¢H;s Phenylhydrazine >C:N*N HC,Hs;  Phenylhydrazone
H,N—NHCONH;, Semicarbazide \/ =N—NHCONH, Semicarbazone
Examples:
H H

| + |
CH;C=0 + H,N—OH ——> CH;C=NOH + H,0

Acetaldehyde Hydroxylamine Acetaldoxime




H

H
l . |
@—c=o + HN—NHCeH;s —— @C:NNHC6H5 + H,0

Benzaldehyde Phenylhydrazine Benzaldehyde phenylhydrazone

5. Addition of alcohols. Acetal formation. Discussed in Sec. 18.12.

H+ |
\(”3/ + 2ROH — —(IZ—OR + H,0
(0} OR
An acetal
Example:
;i i
HCI
CH;—C=0+ 2C;HsOH ——= CHJ—CI—OCZHS + H,0
Acetaldehyde OC,H;
Acetal
(Acetaldehyde

diethyl acetal)

6. Cannizzaro reaction. Discussed in Sec. 18.13.

H
|
2—C=0  Mombh, _co0* + —CH,OH
An aldehyde with Acid Alcohol
no o-hydrogens salt
Examples:
JHCHO 50%, NaOH, room temperature HCOO- + CH3OH
Formaldehyde Formate ion Methanol
CHO COO- CH,0OH
50% KOH £y
. @CI @ Cl @Cl
m-Chlorobenzaldehyde m-Chlorobenzoate ~ m-Chlorobenzyl
ion alcohol
CHO CH,0H o
HCHG e + HCOO- Cannizzaro
OCH; OCHj; reaction
OCH; OCH;
Veratraldehyde 3,4-Dimethoxybenzyl alcohol

3,4-Dimethoxybenzaldehyde
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