CHM-134 ORGANIC CHEMISTRY

CHAPTER-9: ALDEHYDES & KETONES Aldehydes
Alkane = Alkan:|. Longest chain starts
Functional Group: Carbonyl at -CH=0, which contains C]|.
:0:
| 0 o) 0
C I I 4 3 2 |1
TN CH;CH CH;CH,CH  CICH,CH,CH,CH
Carbony] group Ethanal Propanal 4-Chlorobutanal
(Acetaldehyde) -
Aldehyde: RCHO Ketone: RCOR’
Cyclic aldehydes have the ending
:0: :O: after cycloalkane name.
| I The carbon attached to -CH=0 is C|.
C C
N A OH
R H R R OCH,
An aldehyde I A ketone

Priority of nomenclature

CHO
4-Hydroxy-3-methoxy-
The carbonyl group of aldehydes and ketones bengenecurbaldehyde
9 0 . (4-Hydroxy-3-methoxy-
has priority over all other polar or functions e e
used so far.
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9.1 NOMENCLATURE RULES

Ketones

Alkane = Alkan Longest chain incorporates carbonyl
carbon and is numbered from terminus close to C=0.

Cyclic ketones are C=0is ClI.
O

5 3 | <

4 2 /(,H;,

“<CH,;
O
4-Chloro-6-methyl-3-heptanone 2,2-Dimethylcyclopentanone
i —

An aldehyde containing a ﬁ (H)
ketone C=0 is called an
oxoalkanal. CH3CCH2CH

3-Ox0butana!
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9.2 STRUCTURAL PROPERTIES

The carbonyl group contains a short, strong, and very polar bond.

Descriptions of a Carbonyl Group

AN . N+ e NS ee 8
C=0 <— -C—0:7 o (=0
/ (_/'oo / oo Xy

Electrophilic é
Nucleophilic

and basic
I

p orbital

1.124 A K
121°

114° R’
~120°
R 4
H C 125° .
3 1.204 A 120

p orbital

\ Lone electron

"\ pairs

1 500 A O bond (overlap of two sp2 hybrids)
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9.3 SYNTHESIS OF ALDEHYDES AND KETONES

Oxidation of Alcohols
Primary alcohols = aldehydes

Secondary alcohols = ketones A
‘ :0:
Use chromium(VI) reagents (CrO;, Na,Cr,O,) SN Cl—Ll"Ir—:(_:):‘
Selective:Will not oxidize alkene or alkyne units. Especially mild is PCC: N &

Pyridinium
chlorochromate
(PCC or pyH*CrO;CI7)

OH O
| CrO;, H,SO,, acetone, 0°C ||
CH;CHC=C(CH,);CH; > CH;CC=C(CH,);CH;
80%
3-Octyn-2-ol 3-Octyn-2-one
PCC avoids water, which causes overoxidation of primary alcohols
O OH O
Cr(VI), H' | H,0 | Cr(VI) |
RCH,OH > RCH —— RCOH —— RCOH

|
H
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9.3 SYNTHESIS OF ALDEHYDES AND KETONES

Ozonolysis of Alkenes: CH,
Oxidative cleavage of Carbon-Carbon double bonds. (j/
1. O3, CH,Cl,
\C C/ 2. (CH5),S \C 5 G C/ 1. O,
- > —_ — 2. Reducing
/ \ / \ agent
N
Hydration of Alkynes CH;C(CH,),CH
Hydration of the carbon—carbon triple bond 85%
yields enols that tautomerize to carbonyl
compounds
Markovnikov: Use Hg?*, H,O, H*:
Markovnikov Hydration of Alkynes
HO H O
HOH, H', Hg™ AN / I
RC=CH > C=C ——> RCCH;
/ AN
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9.3 SYNTHESIS OF ALDEHYDES AND KETONES

Anti-Markovnikov: Use hydroboration-oxidation

Anti-Markovnikov Hydration of Alkynes

. R H R H O
, AN / H,0,, HO AN / |

RC=CH SN C=C — C=C —> RCH,CH
/7N /TN

Friedel-Crafts acylation
(Electrophilic Aromatic Substitution)

1. RCOCI, AICI O
2. H*, H,0 /
> C
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9.4 REACTIONS OF ALDEHYDES AND KETONES

Regions of Reactivity in Aldehydes and Ketones

a-Carbon 0=
” Attack by electrophiles

/ \

C
\C/,\?
H R

Attack by nucleophiles

E.g., NaBH,, RLi, RMgX
Acidic . ~ =

Review
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9.4 REACTIONS OF ALDEHYDES AND KETONES

s T

ganometallic Reagents to Aldehydes and Ketones

Reaction Equation

NaBH;, CH\CHIOH
1. Aldehyde + hydride reagent RCHO > RCH,OH Primary alcohol

NaBH4. CHaCHgOH

2. Ketone + hydride reagent R,CO R,CHOH Secondary alcohol
. R'MgX, (CH,CH,),0 : " _
3. Formaldehyde + Grignard reagent H,CO > R’CH,OH Primary alcohol
. R'MgX. (CH.CH,),0 .
4. Aldehyde + Grignard reagent RCHO > R’'RCHOH Secondary alcohol
R'MgX, (CH.CH,),0
5. Ketone + Grignard reagent R,CO > R’R,COH” Tertiary alcohol

“After aqueous acid work-up.

Addition reactions also occur with milder nucleophiles, such as water, alcohols, and
amines. To speed them up, acid or base catalysis is required. Moreover: They are
reversible.
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9.4 REACTIONS OF ALDEHYDES AND KETONES

l. Hydration: Geminal Diols (Carbonyl Hydrates)

Hydration of the Carbonyl Group

H or HO \

“C=0 + HOH = C—OH
- K /

III (/] ",

Geminal diol

Relative Reactivities of Carbonyl Groups

06_ 03_ 05_ 05'
| I | |
C(S‘ > CS- > C(S > Cﬁ'
3 O PN > O PR R
CLCY" "H H H H.CX¥ "H H,C* ™ CH,
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9.4 REACTIONS OF ALDEHYDES AND KETONES
2. Addition of Alcohols

Same as water; initially, to form hemiacetals
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9.4 REACTIONS OF ALDEHYDES AND KETONES

3. Addition of Amines

NH; and RNH, add to the carbonyl function, followed by dehydration:
A “condensation” reaction.
Water is lost with simultaneous C=N bond formation (opposite of hydrolysis).

H - /H ey o H
| )
H H
Ammonia Primary amine

Condensation of a Ketone with a Primary Amine

/R, /R,
oo L) Hz4—5 o O
RNH, + O=C 2 RN=C at
oo \ : : \ ° e

R An imine R”
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9.4 REACTIONS OF ALDEHYDES AND KETONES
Wolff-Kishner Reduction An Application of Hydrazones

Synthesis of a Hydrazone by Imine Formation

NH,
0 N~
G e, e ]
3-LHs »INTINIH ~ 2 PN
Hydrazine e H;C CH;
Acetone
hydrazone
Wolff-Kishner Reduction
/NHz
N
| ’ (HOCH,CH,),0. 180-200°C ,
RCR + NaOH > RCH-R" + N,
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9.4 REACTIONS OF ALDEHYDES AND KETONES

4. Addition of Non-organometallic Carbon Nucleophiles

a. Cyanide makes cyanohydrins

O To make HCN HO CN
Conc. HCI
+ Na* CN > U
—NaCl
NaOH 7
60%

1-Hydroxycyclohexanecarbonitrile
(Cyclohexanone cyanohydrin)
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9.4 REACTIONS OF ALDEHYDES AND KETONES

4. Addition of Non-organometallic Carbon Nucleophiles

b. The Wittig Reaction

Discovered during an investigation of SN, reactions of phosphines with haloalkanes.

Phosphonium salt synthesis

CeHs R R CeHs
/ N e ) \ 8 .
H5C6—P://:\/C—X: — _C—PL_ X1
15 A H™ \ | GCeHs
C6H5 H H C6H5
Triphenyl- An alkyltriphenyl-
phosphine phosphonium
halide
0 CH; CH;
| | (CH;CH.,),0, 10°C |
CH3 CHQCHQCH + CH3CH2C — P(C6H5)g (CHo.PO 7 CH3CH2CH2CH: CCHQCHg

66%
3-Methyl-3-heptene
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9.4 REACTIONS OF ALDEHYDES AND KETONES

5. Baeyer-Villiger Oxidation

Oxidation of ketones by peroxycarboxylic acids gives esters:

O

|
CH,CCH,CH,

2-Butanone

0 0
CF,COOH, CH,ClI, ||
> CH;COCH,CH,

72%
Ethyl acetate

Push

/» g

(
R

O—0% Pul

Asst. Prof. Gulbin KURTAY

Migratory Aptitudes in the Baeyer-Villiger Reaction

Methyl < primary < phenyl ~ secondary < tertiary
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(l)H
R*C*H(R )

-

|
R—C
|

OH
CH:H(R") \

—H(R’) O/ R—C—

R” OH

TT

OH

Substrate:
R=C¢Hs

Reactions of Aldehydes and Ketones i

section number

OH

NaBH, R"Li "
or or Zn(Hg). HCI, A H0, RTOH,
LiAIH, R"MgX | H* or HO H* or HO
id CH;
R"COOH ) Oxidant . ‘ H* or HO-
I (i.e., CrOs;, KMnO,, Ag * E0ET (CH:CH)>NLi H.0 ?
0 H,0;, HNOs, 05-Rh*, Br) (LDA) ¥
Substrate: Substrate:
Substrate: 0 0
o) é C// | C//
P i B
R H H H

SO—HR')

Asst. Prof. Gulbin

O
\ / \

C=C

/ \

OH
/

C=C
/ \

| (I)R" I
H(R") R—(l‘—Htk') R— C HR') R— C H(R") 1]

17

RSHH

R()H H*

Xo, H
Substrate:

o)
| C//
| \
H

O
|l 7
| \
X
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Substrate:

H 0
L
[\

R”

OH

2 NRY (ROH.___R'(H)
R(‘H—( R—C—H(R") g
RC SHR') RCH,H(R") CN R” THR')
Subslmlc
RCHvCR’
R'NH,, ’NH HoNNH, H,O — )
H* or HO™ H* or HO~ H()|'.A NaCN;H™  RICH=R(CeHs)s
¥ 1\'::1 NuH 1. RECuLi
: == > 2.E
i HO". H,0, A Ha, Pd—C H% 51 O™ _'(LF3(=H -
2.R"X ’
Substrate: Substrate: SUbs(l)mw: Subsérzllc:
| //O Substrate: O\\ \\C \\C
e C N N
| Il N Cc=C Cc=C
H RCH,CR’ C=C / \ / \
/ N
' 0 0
0 S R o || g L 7
7 ‘ | L 7/ —¢c—c—d —c—c-¢
— i@ RCH,C=CCR' —C—C—C 7 A\ 7 N\
[, I LN Nuw R' E
R 0 H H
(E=H.R")
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‘ Preparation of Aldehydes and Ketones

/
RCH:OH. = c=Cc
st N /\/\ 7 \
i i Ye=d EJ [ I =
OH =N —C=C— —C=C— N ~ HO
Lo, . 0 |
o 2. (CH:S or Het o REH 1 v MnO;
Zn, CH,COOH 2.H0x R'CX. AlX;
|
Product: Product: o
0 0 N\
Product e
roducts: R' R’
\ / o=
c=0 + 0=C /
| | + # %
Product: Product: Product: Products: Pmdmh Pmdum Produu Pmdum
L L 0 0 0
i I \ I 7 i .
N O Sy Sy N 2O RCH,CCHCOR
R s
8
R'OH R'NH, NH, 0
R'OH
| CHy [ CHy ) [ CHy \ )
1LR'X ILRCULi 1 LIAIfOCCH)JH | | (£l ( | o I.R'0", R"OH
SHO 2 HLHO 2 H.HO 1.\CH.CHCH, LA 1.\CH.CHCH, L:AIH - 1L\CH.CHCH jAH € 2 HYHO
l ‘ 2.H*.H:0 2.H'. H:0 2.H' . H,0 |
\ 0 0 0 [0} RC=N OH [0}
N | Iy
Vol RCX RCX RCOR” RCNHR” > R'CH:COR"
A ( J
N

OH

Asst. Prof. Gulbin KU

\[C—DHcR”] /('—SR”
(RHO
H'or OH,
(H.0)

Products: Products:
Il (f (||)
RCCHCCH,R' i
: R™ TCHR'
R
+
+
R'OH + CO
R"OH
O
I 1. "OH, H:0
I.R'CH.CCH:R", R"0", R"OH 2.H*, H:0
2.H",H:0 ‘
7 f 9
RCOR" RC("HCUR”
R
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| R'(H)
H* or “OH,
H.0

Other product:

R"NH,

|
H* or "OH.
H.0

Other product:
RINH

Ne—oH
/

NC
OH. H.0

Product: Product: Produci:
(l)HC"] OH P CHO
/ +
R—C—CH R—C—C H—T-OH
] Y R’
R’ H R
R
1. CH,CH,CH,CH,Li +
7 te Hy. Pd-BasSO,
| \): . Pd-BaSO,
\q) HIO, H HO
catalyst |
I
7 : i
C—0H p_|
RLH I H——OH
—C—OH R

Product:

o
|

Fe'* Hy0u H:0

-

Product:

H*, H,0
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