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Chapter 11: ALDEHYDES-KETONES

O

_C

R
an aldehyde a ketone ~120° ?



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

NOMENCLATURE OF ALDEHYDES

Common names: carboxylic acid =2 “aldehyde”
IS substituted for “ic acid”

1 | |
C C -
H” “H CHy” “H CH;CH™ ~H
systematic name: methanal ethanal ]|3r

common name: formaldehyde acetaldehyde 2-bromopropanal

a-bromopropionaldehyde

o 0
¢ | o
Cl CH, o o
3-chlorobutanal 3-methylbutanal exanedia

f3-chlorobutyraldehyde isovaleraldehyde
IUPAC names: hydrocarbon + al
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systematic name: 0O 0O
common name;: || ||

C C
.ﬁ:#EH_q .-“‘-.\q_‘__,_.f".-'-""‘

trans-2-methylcyclohexanecarbaldehyde benzenecarbaldehyde

benzaldehyde
()

C
™~ O O

~
ETH?HEHE H MJfoﬁmwme

OH H OCH;

3-hydroxybutanal methyl 5-oxopentanoate

Lower priority than ester = “ox0” group 4
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Summary of Functional Group Nomenclature

Class Suffix Name Prefix Name
Carboxylic acid -oic acid Carboxy
f Ester -nate Alkoxycarbonyl

Amide -amide Amido
Nitrile -nitrile Cyano
Aldehyde -al Oxo (=0)
Aldehyde -al Formyl (—CH==0)
Ketone -one Oxo (=0)
Alcohol -0l Hydroxy
Amine -amine Amino
Alkene -ene Alkenyl

i",:ﬁiﬂ:g Alkyne -yne Alkynyl
Alkane -ane Alkyl
Ether - Alkoxy
Alkyl halide — — Halo
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NOMENCLATURE OF KETONES

Derived names: alkyls + ketone

(ﬁi' O
|
C C
~N
CH; CH; CH,CH;  CH,CH,CH;
systematic name: propanone 3-hexanone
common hame: acetone
derived name: dimethyl ketone ethyl propyl ketone
O O O
CH; | [ ||
| A L LB
CH,CHCH,CH,CH; CH; CH; CH, CH,
6-methyl-2-heptanone 2,4-pentanedione

_ acetylacetone
isohexyl methyl ketone

IUPAC names: hydrocarbon + one
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O O O

| | ||
C C C
7 cH, “CH,CH,CH; ‘ b
_ -

acetophenone butyrophenone benzophenone
methyl phenyl ketone phenyl propyl ketone diphenyl ketone

O 0
O
H
0 OCH.

4-oxopentanal  ethyl 3-oxobutanocate  2-(3-oxopentyl)-
cyclohexanone

v
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PREPARATION OF ALDEHYDES &

KETONES
CH; 5 CH;
| 1. O5. CH,ClL,. 78 °C |
CH,;C=CHCH; » CH;C=0
2. Zn/HOAc 0
|
Aldehydes & ketones from alkenes  + CH;CH
CHS 0 (HSG
| 1. O;. CH-Cl,, =78 °C | |
2. Zn/HOACc
i
+ HCH

In the presence of an oxidizing agent, the products
will be ketones / carboxylic acids ’
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Aldehydes & ketones from alkynes

Markovnikov’s rule

i .

H20, H2504 |

// HQSU,-_‘ > EH_:,Ez CHE — CH_qCCH_q
a ketone
CH,C=CH

OH "T'li'
s, 1. disiamylborane

' _H —CH,CH,CH
2. HO", H,0,, B0~ CHCH=CH .

an aldehyde

1

Anti-Markovnikov
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Aldehydes & ketones from alcohols

reduction
ketone —————— secondary alcohol
oxidation ’
OH O
| CrO; |
CH;CH-CHCH; H.SO » (CH;CH->CCHs;
22Uy

OH O
NE:EI’EU; .
H,50,
E|}H ()

- I
QEHCHEEHgHIEm": [}CCHECH_q
10
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Can NOT be isolated

8

H . C rﬂ4
CH,CH,CH,CH,OH [E‘H CH,CH, CH

a primary alcohol an aldehyde
further |
————— CH.CH-.CH-COH
oxidation Huore than
a carboxylic acid
0
PCC ||
CH;CH,CH,CH,OH CHCI > (CH,CH,CH-,CH
a primary alcohol et an aldehyde

PCC: pyridinium chlorochromate
11
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Aldehydes from esters, acyl chlorides

0
(lg 1. [(CH3),CHCH,],AlH, 78 °C _
CH,CH,CH;” “OCH, % H2°

an ester )

|
C

CH,CH,CH;, ~H + CH,OH
an aldehyde

O

(II: 1. LIAI[OC(CH3);]3H, -78 °C

CH,CH,CH,CH; 1 % H©

O
an acyl chloride |
C

Note: LiAIH, = alcohols CHBCHECHECH; ~H

an aldehyde
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Preparation of aromatic ketones

O C

1. Alcl ™R
i f’E“x 2. H DEEO/ +HCS
R cp <

an acyl chloride

</_‘>

O
O O C O
A [ | 1. Al ~R |

an acid anhydride


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Gatterman-Koch synthesis of benzaldehyde

CO + HCI

Alcly/cudl

g

pressure

high

-"‘-\.

f’"‘x

H Cl

f:::rmyl chloride

benzaldehyde

unstable

. |

Can NOT be
prepared &
ISolated

14
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REACTIONS OF ALDEHYDES &
KETONES |

. o

F,.'(:).

] .
N N (g
R QHJ/

The addition of nucleophiles to the carbon
atom of the carbonyl group in nucleophilic
addition reactions

The partial positive
carbon can be attacked
by nucleophiles

15
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Reactions with Grignard reagents

,.:"-'T'li'

-

C + CH;CH’&EH’&EHE_MEBI' —
- - e )

H + H -

formaldehyde butylmagnesium

bromide

. + + -
CH,CH,CH,CH,CH,07 MgBr ™39, cH,cH,CcH,CcH,CH,OH

an alkoxide ion 1-pentanol
a primary alcohol

L

Only for the reaction of HCHO

16
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Numbers 1 & 2 are used to indicate that the acid is not added
until the reaction with the Grignard reagent is complete

0 OH
| 1. CH;MgBr
_C S+ CH;CH,CCH,CH;
CH;CH- CH-CH, = "3
CH,

3-pentanone
3-methyl-3-pentanol

(lj 1. QMgEr ?H ,r’;
C rEH;EHEEHECH4< >

- +
CH.CH,CH; H % M©

butanal 1-phenyl-1-butanol

17
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Reactions with acetylide ions

CH,C=CH ”:I':IH* . CH;C=C?
3
_C__ + CHyC=C7 — CH;CH,CHC=CCH,
CH:CH> \EH ,_f*'f
‘ =
""-.__‘__I-:lf- :'EjH
H |

—— CH,CH,CHC=CCHj

Weak acid, will NOT react with the triple bond

18
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Reactions with hydrogen cyanide

I.;r".'[j' 07 \\‘1 =
é “C=N = CH {|Z‘E N
+ TZC=N— CH,CC=N =
CHY \’CH, / |
— CH;
acetone
‘OH

CH;I‘?CEN + C=N
CH,

acetone cyanohydrin

L]

Converted back to carbonyl in basic solutions

19
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Nitriles - carboxylic acids

& -

OH OH O
CH,CH,C—C=N HE"ﬂH*U; EH;E‘HEE—J‘LGH
CH,CH;, CH,CH,
a cyanohydrin an a-hydroxy carboxylic acid
OH OH

| |
CH.CH,CH,CHC=N 2., > CHyCH,CH,CHCH,NH,

- A

Nitriles = amines 20
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Reactions with primary amines

Q catalytic
H+

C=0 + CHCHNH, ==
H

fC_NCHgCH_q + H,0
H an imine

CH;CH- catalytic
\ H*
C=0 + HNCH, -

CHiCHau gy,

N\
KE-NEH;@ + H,0

(CH,CH,
an imine

21
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Reaction mechanism:

H—B*
L |I'Lj‘
e’ o N
=0: + RNH,=—= —
N~ NH,R
-,,-' H_B+

a -:arl:un-::-lamlne

+
GNR — ()
/]

_I.
an imine HBE 99
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Reactions with secondary amines

CH,CH, — cataltic , CH,CH;
r> 0 + fHH — L ,-'/ H\
e EH;EHE EHEEI‘I; + HEG
an enamine
catalytic

Ora () B () ome
H

an enamine

23
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Reaction mechanism: ~H—B"

i
llrf-h. lr_ |_ oA
J, O
< >'=:::-: + R—NH=— R =
o . N
. |RR
H
~~HTB"
“ g
I : H
N — — <
N H N —
. N—RE N—ER
EII-I R | |
N R E
B a carbinolamine

R R
e/ Q o
- N ™,
- R R

I_,{ + H.O an enamine

24
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Reactions with water

a gem-diol
a hydrate
7 s
C + H,O = CH;—C—CH
CHY “CH, S i
acetone OH
99.8% 0.2%
I 1
E + HE{:} : EH:._C_H
CH; "H T
acetaldehyde OH
42% 58%
I I
C + H,O — H—C—H
formaldehyde OH

0.1% 99.9%

25
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Reactions with alcohols

O OH OCH-
[l_L CiEb0la | CH3OH, HCl. |
E"'Hf .H"H —— (CH;—C—H = CH;—C—H
3 HCl | |
an aldehyde OCH; OCH;
a hemiacetal an acetal
+ H->0
OH OCH;
g i CH n:|:* cH, —OHAD, r': CH
. — : 3_ . _'_|I . : 3_ PR _',|I
CH; ~CH; Hc | |
a ketone OCH; OCH;
a hemiketal a ketal

+ H:[:}

26
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Reaction mechanism:

. .,----*'H._ E+ + S
'iﬁ}' A > -n:|:|:~H :OH
C C + CH;OH == CH,—C—CH,
CH; ~CH, CH; X ~CH; P N
DY ~— Ed +OCHj3
H—B" —
{:|:!H LA +‘H I:] .
:OCH; CHE“:?_EH]“
a hemiketal ~10CH;
o H—B*
s T
CH3;0H . H B OCH,
CH; N -CHy < |
'ﬁ ——  >:OCH, CH,—C—CH;
*+OCH; CH,—C—CHs :OCH;

+ H,0 :OCH; a ketal
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Reactions with sulfur nucleophiles

| SCH;
Lo HCl |
CH_qCHE EHECH_q # CH_:,EHE'-S':IEHEEH_:,
+ 2 EH;SH SEH_:!, + HE{:}
methanethiol a thioketal
() K\‘
S S
HCI
pir——— + H-0

—

+ HSCH,CH,CH,5H
1,3-propanedithiol a thioketal

28
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Reduction reactions — with hydride ion

>0 O OH
HL’!‘ ‘H 104 {|:’ E -ﬂ—HE+ 04 {lj | o4
+ ‘H — R—C—R =/ R—C—R
Rf \H:R' S | B |
— H H
I
_C_ l Eaz'f“: CH;CH,CH,CH,OH
CH3CHECHE H 3 1-butanol
butanal a primary alcohol
an aldehyde
‘ﬁ’ )
_C_ l L"E'Sf"* . CH,CH,CH,CHCH,
CH;CH-»CH- CH, " 3 2-pentanol
2-pentanone a secondary alcohol

a ketone
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 NaBH, can reduce aldehyde, ketones, acyl chlorides, but
NOT alkenes & alkynes

e LIAIH, is a stronger reducing agent than NaBH,, but NOT
safe to use for aldehydes & ketones

m 1. NaBH, _ m
t:u:fo‘ H0 OCH;
O OH
& T Malithaoy EH;EHZCHCHgéHCH_:;

CH.CH—CHCH;~ ~CH, % H°

30
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Reduction reactions to hydrocarbons
Zn(Hg). HCL & o CH,CH,CH,;
0 Clemmensen
[ / reduction
R—CCH,CH;

\ H,NNHy, HO—, A
Wolff-Kishner = R CH,CH,CH;
reduction

CH,CH;

0
CCH; N
Zn(Hg), HCI, A =
NOTE: - )
\{/ )
OH

Cl
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Oxidation reactions

O

CH,CH;” ~H H30s  cp.cH;y” “SoH

I I
H,CrO
Em 2610 Cx
aldehydes carboxylic acids

Aldehydes are generally easier to oxidize than
primary alcohols

32
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Tollens reagent

L T

CH,CH; ~H 2 HsO CHyCH; “OH  metallic

1

silver

Too weak to oxidize an
alcohol or any other
functional groups

Should be used when oxidizing aldehydes
containing double bond >
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REACTIONS OF ALDEHYDES &
KETONES Il - REATIONS AT a-C

[ an u—-::arlc:u:}Q O 0
| |

R7CH—C—R ==R—CH—C—R

H
7 N base basel
an a-hydrogen
I &
REHCR RCH,CR

a nucleophile ‘ an electrophile ‘ "
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Aldol additions

O OH 0
| HO™ | |
2 CH;CH,CH = - EH;EHEE‘H—{EHEH
CH,
a B-hydroxyaldehyde
O OH O
| HO |
2 CH;CCH; = CH,C—CH-CCHs;
CH,

a B-hydroxyketone

35
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Reaction mechanism:
Nucleophilic additions

1 0
0 ]

0 -
| HO" CH;CH,CH
CH;CH,CH EH;Q@J ‘
0 0 OH 0
| | H,O | ||
EH3EHEEH—{|?HEH — EH;EHEEH—I.’TTHCH
CH, CH,

a 3-hydroxyaldehyde

Aldol additions occur more slowly with ketones

36
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Aldol condensations = Additions + dehydrations

Easier to dehyrate than other alcohols because the double
bond is conjugated with the carbonyl group

OH
| HO | |
2 CH,CH,CH = = CH_qCHgEH—ElTHEH
CH,
a B-hydroxyaldehyde
|
m- CH,CH,CH=CCH + H,O

n |
CH.

an «, 3-unsaturated aldehyde 37
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-2

Aldol condensations sometimes occur under the aldol
addition conditions without additional heating

\

/

OH

CH,

@”“@

+ H->0

O

NOT isolated

38

| HO™ |
C—CH; - C—CH,—C
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Mixed / crossed Aldol additions

T
CH,CH,CH—CHCH
O A |
CH EH@‘H CH
el OH 0
wo-/” & BN [
CH,CHCH,CH—CHCH
H,0
‘ﬁ’ ‘ﬁ*" CH, CH,
CH;CH,CH + CH;CHCH,CH OH .
A | B | |
CH, HO- CH;CHECH—IC'?HCH
H,0
’ o A CHCH,
[
4 addition products CH;CHCHCH CH;
| OH O
CHy | p\ | ||
B EH3{|3HEHECH—{|3HCH
CH CHCH
NOT useful 3 | 3

CH,
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O 0 OH li|Z|Zl

|l || HO- /— \ |
CH+ CH;CH-CH-CH = CH—CHCH
\ / e \ / |
excess add slowly CH,CH;
{|'_|}
4 CH=CCH + H-,O
\ / :
CH,CH,

0 OH
I O |

O O
1. CH3CH>CH,CH CHCH,CH,CH,;
LDA - add slowly
I ’ 2.H,0

40

E

Very strong base
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Halogenations at a-C

O O
Only 1 . 1
hydrogen + Cl, H:O" | + HCY
Is replaced
O O

In acidic
solution

«_CCH,CH; hot CCHCH
_ T2 I+ HI

(ﬁ} Br O

HO- |
R—CH,—C—R + Br, —— R—C—C—R

excess |
Br

+ 2Br
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The haloform reactions
. o N
:{j HG— :{j "":} / HE}-
| excess | ;/
R—C—CH; —— R—C=CL ==
eXCess a trihalo-

substituted

ketone
Only for
methy| 03 7
ketones R—C—CIl; — R—C—OH + CI;

|
—  R—C—0 + CHI,

42
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