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Chapter 16 2% ¥ B8 %

Aldehydes and Ketones NTU & hemistry
Nucleophilic addition to the carbonyl group

¢ Nomenclature

O
z%kf carbonyl group (5 £)

O O
)k aldehyde )k ketone
R™ "H i3 R™ "R il
v Aldehydes
O O O
HJ\H ch)kH CH3CH2*H
IUPAC.: methanal ethanal propanal

(formaldehyde) (acetaldehyde) (propionaldehyde)

r



O

PN

CH3CH,CH,~ H
O

@_{ benzenecarbaldehyde
H (benzaldehyde)

@)
<:>_( cyclohexanecarbaldehyde
H

(butyraldehyde)



v Ketones

O O
N |
CHSCH2CCH3 CH3CCH2CH:CH2
2-butanone 4-penten-2-one

(ethyl methyl ketone or
methyl ethyl ketone; MEK)

bp 80 °C # * i3 |

O
0 i
CH4CCHs CEous
propanone acetophenone benzophenone
(acetone) ¥
bp 56 °C

¥



v" As substituent

O alkanoy!
R)Lf{ (acyl)
O O O
H)ij ch)Lff Ph)J\f:
methanoy! ethanoyl benzoyl = Bz
(formyl) (acetyl = Ac)
HO._O SO3H
O
H el
O
2-methanoylbenzoic acid 4-ethanoylbenzenesulfonic acid

(o-formylbenzoic acid) (p-acetylbenzenesulfonic acid)



3 1% FOHLTF &

3% Physical properties NTU @ hemistry
-
Polar 0
RJ&R' O JON
6 H/ \H\ ' H H
Hydrogen bonding with water Kok
- soluble in water when small )k
H.C~ “CHa

Some aldehydes and ketones have pleasant fragrances

O

(@)
O o)
L A,
__ ¥ y
benzaldehyde HyCO . dehvd
Z-jasmone (almond ordor) vanillin cinnamaldehyde

(jasmine ordor)



FE I HLFR

¢ Structure NTU & hemistry 4

— M

R, () ()
. /6:8‘ planar

n bond ~365 kJ/mol
cf. C=C ~252 kJ/mol
C-O 387 kJ/maol (in H;C-OCHy,)



3 1% FOHLTF &

% Preparation of aldehydes NTU & hemistry ___é

© Oxidation of alcohols

PCC |C|)
CH3(CH2)5CH20H > CH3(CH2)5CH
CH,Cl,
93%
© Ozonolysis of olefin
1) O3 R @)
R~ g \f

2) Zn H



© Reduction of acid or derivatives

o) ® LiAIH,,

Lo L -

R~ OH R OR’

more reactive than SM
can not stop at aldehyde



v O

0
N — A

R OR' R H
ester
_ diisobutylaluminum hydride
RGdUClng agent used: H-Al ]gé 7@5- : DIBAL or DIBAL-H
or DIBAH
(soluble in org. solv. at low T)
O DIBAL OAI(BY), | 1,0 O
CH3(CH2)10COEL ™ e = | CH3(CH3)10—C—H CH3(CH,),0—C—H
g L Ol 9 | 88%

stops here at low T

i higher T
(Bu)2AlI—OFt or longer time

IOH
> CHj3(CHp)10—C—H
H

O

T DIBAL
CH3(CH3)10—C—H




v 1) DIBAL O

R—C=N ~ P'S

2) H,0 R™ H
nitrile
Mechanism: "
R H,O R (
R_CEN —> /C:N\ - /C:NH
&\i H  Al(Bu), H)
_A|(BU)2
H,O
H*l
O A\NHz
- )kH <~ R——H
o)
H
o 1) DIBAL
hex. —-78°C Q
CH3CH=CHCH,CH,CH,CN >  CH3CH=CHCH,CH,CH,CH

2) H,0



< Preparation of ketones

© Oxidation

O
| Jones reagent J\

© Ozonolysis

R% 1) Oj _ R\’%O

R' 2) Zn R

© Friedel-Crafts acylation

O AICl5 O

Ar-H + )J\ > )k

R Cl Ar

R

FE I HLFR

NTU & hemistry

:
— MM



© Terminal acetylene - methyl ketone

R—H -
H", H,0 RJ\CHg
/_\ H\B/H H\ O
SIS TR Jig
- O y \ e — ~—
Y2 R/K( R)ﬁ/H R™ “CHs
H 2+

J HgX H

tautomerization



© From nitrile

R-C=N + RMgX — ]I

(or R'Li)

i

N 1) PhMgBr, ether

C
\r 2) H;0"




3 1% FOHLTF &

' NTU & hemistry
% Reactions of aldehydes and ketones g

Nucleophilic addition to the carbonyl

o

O -H
Pty + HNigy === (|)
RATR' R—~_Nu
: A R

electrophilic

Reversibility depends on the nucleophile



v" Under basic conditions

N
<O + N o H N oH + N
u = = u
e RS R
% In general:

when the nucleophilic center is a heteroatom
suchas O, N, S = reversible

If C - irreversible (unless stabilized anion)

]

Cl)MgBr

O
M. + RMgBr —= R-C-R
R R' Rl



v Acid catalyzed
use a protic acid or a Lewis acid

+-H OH
o) H O
D e r

an oxonium ion
reactivity is enhanced

OH

—
R R’

Nu



© Stereochemistry of the attack

~ LUMO
"gc:o . RS
MO R



ISR T
»k Oxygen nucleophile NTU & hemistry

© Hydrates
0 @~
N1 +HO ==  RCOH
R H H
a hydrate or a gem-diol
(gem for geminal)
Mechanism:
<O or + H OH
o+ M0 = g0 == g OH
R H

U HI_I



v Catalyzed by acid

OH

JvOH + H'
H
OH
+ OH
H



v The equilibrium constant

O Keg C|)H
I+ HoO H—-C—OH
o H 2.2 x10° H
O hydrates usually can not be isolated
HC” H 1.0 and exists only in solution
/
0
I 1.4x10°
HsC”~ “CHs
e
O . . .
PR 6.6 x10° <= stabilized by conjugation
Ph™ “CHj
5
O agn
P 28x10* < destabilized by EWG
Cl;C 57" CHj
/
Q QR . . .
L — exists as: F,c—C-0H < this one is special
F3C CF3 |

PN CFk3



% Kinetically aldehyde is also more reactive
due to steric effect
- formaldehyde is extremely reactive
In fact, it forms a trimer

AR

O

v" Electronically: aldehyde is also more reactive

i )i

More electron donating group
attached to carbonyl
-> carbonyl carbon is less positive



© Hemiacetals (= 457%)
o | OH
i + HOR == R}0R =—= R-IOR
[ N ) H

R b H
hemiacetal

v’ Catalyzed by acid and base
v Hemiacetals are unstable

usually exist in solution
v Cyclic hemiacetals are more stable

HQT{I 2 - &OH
"

a cyclic hemiacetal

HO
0 T

HO

HmOH < glucose exists In this form

OH




© Acetals (457%)

OH
R—’fOR' + HOR'
H
Overall:
o)
I+ 2rOH
R™ "R
Mechanism: o
RXR,
OR"
OR"
R+OR" RJFR
R -H" Ry

OR'
R‘}*OR'
H

acetal

OR"
R+OR"
Rl

+ H,0




v' Acetals are stable and isolable
v" Sensitive to acidic condition

R OR" H+

>< ~+ HyO

R
=0 + 2R'OH
R" OR R'

[ also called as a hydrolysis (-k f#) reaction

stable under basic condition
—> used as carbonyl protecting group (% £)

R " * R OR"  H,0,H* R
—o R"OH, H" /\<OR 20, H™ o
~H,0

R' OR" R'
protection deprotection

RI



v’ Cyclic acetals are often used as protecting groups

o - - X
R HO ©
an ethylene acetal
Deprotection:

R HO
> >:O + j
R'

HO

H, H,0

X



Mechanism:

R O H*
R')<Oj o

R (0
R|
Co;
H
R




] ﬁj " (o O 1)LAH, Et,0
OEt . .~ _OH OWOEt 2) H,0 l

—H,0

o)
NaBH,, EtOH (
. ?/ o OH
y 112
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o NI : NTU & hemistry j
%< Nitrogen nucleophiles =
Y Reactions with amines
0 \~CHa
ether
M+ HoN-CHg -
HC H —H,0 HsC™ H

A Ak an imine (i 'x)
also called: Schiff base (acetaldimine)
—> hydrolyzes back very easily



Mechanism:
usually catalyzd by acid
best performed at pH ~3-4

0 . o8 :NH,CHs OH
Py H M = H3C4’7NH2CH3
H,C~ H H,C~ TH H
N
HsC H,C 4\0H2
J==NCH; »=NHCHg === H3C—3"NHCH3
H ~H" H * H

an iminium ion



© Oxime and hydrazone

v f;%o + H,NOH

N
%>1:NOH + Hzo

hydroxylamine an oxime
7 OH
+ H,-NOH + Hp
H3C)kH HsC H

acetaldoxime

v (\r\f\ I
\”-'1,.‘ O + H2NNH2 N %% NNH2 + Hzo

hydrazine a hydrazone

L ;

phenylhydrazine a phenylhydrazone



© Formation of enamines

455
) O /R4 " NR™R
RH%R?’ + H_N\ c = Rl% 3 + HyO
2 R
R . R?
a secondary amine
an enamine
Mechanism: H
—I—(NR4R5 NR4R5



s Carbon nucleophiles

FE I HLFR

NTU & hemistry

© Addition of HCN
pPK, ~9

i HCN
+ ——
R)LH

O
+ HCN —=—=
R/M\TT

~ cyanohydrins

Ml



Mechanism:

i B —_—
o Y -

Applications:
o HoN_ N\ P, .o LT»“COH
\)}\ Hzo ?
A

A | 95% H,S0,
Y

p « .
CH;CH=C-CO,H  a,B-unsaturated acid
I
CHj
OH OH

7 _HoN CN O CH,NH
2) H,0 2



% The Wittig reaction

O

+ _—
)k +  PhgP—C—R" —>  RR'C=CR"R"™ + Ph3P=0
R R L | |
phosphorous ylide t“phengi(lci)glgsphlne

(or phosphorane)

v' Preparation of the ylide
«
H + ||_|

. & |lPhgP—C-R

+ - base: n-BulLli
Ph3P:C|:_R" -~ Phsp_cl:_R" or

R"™ R"™ NaH



v’ Mechanism: .\
o /\_ O™ PPh; O-PPh;
¢+ Phpp—CR == RCCR T~ RCCF
RR R™ R' R™ R' R™
a betaine an oxaphosphetane

/

RR'C=CR"R"™ + Ph3P=0

(E+2)
]
<:>:O + Ph3P:CH2 W 4 <:>:CH2 + Ph3PO
1) CH3MgBr regiospecific
2) H,O

OH +
H', A
Oron e Orone Oron
CHz; -H,O

a mixture is obtained
—> hon-regiospecific



C
Q: How to prepare PhCH%
C

PhCH,Br

l

PhaP=CHPh +

:<CH3 =
PhCH
CH;
N Ph
=0 "t
H

Hg,)

Hs

CHs;

Br4<

CHs;



© The Horner-Wadsworth-Emmons
modification of Wittig reaction

©\/9 base O
R~ OEt R—OEt

OEt —  OFt
+
a phosphonate ester M

84%

*Preparation of phosphonate ester (Arbuzov reaction):

OFEt o
©\/ + b I + EtX
X EtO” "OEt A R—OEt

OEt

triethyl phosphite

P —OQEt
OEt



Mechanism of Arbuzov reaction:

@ o @
P\ ~OEt
(>BI’ OE P

OEt

_o
EtBr + P/OEt

OEt
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NTU & hemistry

¢ Oxidation
© o 0
RJ\H R)kOH
v_ Jones

v KMnO,, OH™; H*
v Ag,O, OH™; H*



%@ﬁ%¢%ﬁ
< Reduction NTU & hemistr)

© Clemmensen reduction

@)
Zn(Hg), EtOH
(Ho) ~ + H,0
HCI, 24 hr
CHs CHsz  93%
O Zn(Hg)
CH3(CH2)5CH 2504, HCl . CHB(CHZ)SCH3
87%

*Zinc amalgam: a solution of zinc metal in Hg



Ho_ H
R><H

v LAH

v NaBH,/EtOH

or

HO_ H
R R’



3 1% FOHLTF &

o NTU & hemistry = 3
’% More about prochirality =

Viewing from the top face:
- conuter-clockwise
- Sj face

The bottom face (backside of the screen):

Re face

H3C///,_

O
H

Re face )

Viewing from a different angle:  Si face



3 1% FOHLTF &

. . NTU € =
% A simple chemical test for aldehyde - =
Tollen’s test (silver mirror test)
Q Ag(NHz)," O
: 03 2 R)ko_ + Ag¢
R H ? silver mirror attached
on test tube
O Ag(NHz)," | |
> negative test (no reaction)
R™ "R H,0
O
but: Ag(NH3)," .
R’ > RHR + Agy
R H,O
OH O

o-hydroxy ketone



s Spectroscopy

3 1% FOHLTF &

NTU & hemistry —7 _q_é

v IR: C=0 stretching

O O
Lo—
R H R H
1720-1740
(~1730)

@) oN
M, = _k
R R' R R'
This form has higher
contribution in ketones
-> has more single bond
character (less reactive)

1705-1720
(~1715)



Conjugation effect:

i 1695-1715 i 1680-1700

N (~1700) AR (~1690)

_A\_O 1680-1690 __O 1665-1680
(~1700) (~1690)
H R

Ring size effect:
1850 1780 1750 1715 1715

~> ) angle changes due to stretching
O -> smaller angle, higher strain, higher freq.



R H

L 0 ~9-10 ppm

small J (~3 Hz) with
o-hydrogens

O O
RkR' Ar)J\H
210 190

ketone signal is weak



v Mass

o-Cleavage

McLafferty rearrangement

R

H .
g | ="

a

1+

Cleavage of o,[3-bond
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