Aldehydes and Ketones
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carbonyl group an aldehyde a ketone

‘ Naming aldehydes and ketones ‘

Common names: o o
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Formic acid Formaldehyde Acetic acid Acetaldehyde a-Bromobenzoic acid a-Bromobenzaldehyde

Ketones and phenones

0
c c
0 0 0 “CHs =
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CH,CCH,4 CH,CCH,CH; CH,CH,CCHLCH; S

IUPAC Names

Aldehydes:

» IUPAC nomenclature treats aldehydes as derivatives of alkanes. The ending
—e is replaced by —al. An alkane becomes an alkanal.

» The aldehyde carbon is numbered C1 and does not have to be specified.

~
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0] 0 0
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| 4 3 2
CH,CH CH,CH,CH  CICH,CH,CH,CH 0

*  When —CHO is attached to a ring the compound is called carbaldehyde.
OH

S JCH4

CHO '.2_CHO
Q/ “ --\.\.;:_’1_,;,?

Dimethyl ketone Ethyl methyl ketone Diethy] ketone !
{Acetone) Acstophanane Benzophenons Cyclohexanecarbaldehyde 2-Naphthalenecarbaldehyde CHO
16-1 16-2
g y pounds
Ketones: | — Ketones are named by replacing the terminal —e of the — When functional group of higher ranking than carbonyl is present, the doubly
corresponding alkane name with —one. bonded oxygen is considered a substituent and the prefix oxo- is used
) ) ) (aldehyde has higher ranking than ketone).
— The carbonyl carbon is assigned the lowest possible number. o CHO
— carbonyl has higher priority than —OH, C=C, and C=C. (l:la tlth o]
CH3CHRCH,CCH,COCH )\/CHO
o (ETH B OF -k 53 g
Do 3
) CJ‘ - CO:H COOH
Cl 0 0 o
CH il
SN 33 l 4CH, CHaCHRGEHCCHS acyl group Acetyl
o] 0 0 Formyl Benzoyl
Il il
" 0 0
R7OR Hac/c\‘i I I
(o} w O X
Order of precedence of functional groups
OH O 0
8 7(}: 6 s 4 3 2& I AJ: 0 00 0 0 0 o
CH;CCH,CH=CHCH,CCH, HC=CCH T I I [ I | I .
[ RCOH > RCOCR > RCOR' > RCX > RCNR, > RCN > RCH > RCR’ > ROH > RSH > RNH,
CH, Bf Carboxylic  Anhydride Ester Alkanoyl Amide Nitrile Aldehyde Ketone Alcohol Thiol Amine
- I acid halide
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Reviewing IR Characteristics of Aldehydes & Ketones

Reviewing NMR Characteristics of Aldehydes & Ketones

0
‘ljl f tj““H
Aldehydes CH4CH,CH CH3CH=CHCH
aldehyde C-H 0
) i ) (2820 & 2720 cm™) I
1730 cm™! 1705 cm™" 1705 cm™! CH.CH.CH ]JJ
LCH, .
Il — U
9 Ozo 9 Q/CNCHS 12 14 10ppm
Ketones CH5CCH3 CH3CH=CHCCH5
1716 ¢m™! 1750 cm™! 1690 cm ™! 1690 cm™! — _J“L 3H
9.9 98 9.7 ppm 25 24 ppm (CHj)4Si
100
{ 80 I H 2H
2 I
S 60 /c\/ A A
=] i CHO P ST PP Sv v POV UTN FEYEPSUTt FPAVTVOSt FAYETVET) VRVITSY FVRTVRTE FAVVRVITEY FOUvPOve
% 40 . 9 8 7 6 504 3 2 1 0
S 20 /g:_«) ppm @)
ol N 1. Similar to alkenes, the movement of the = electrons in the magnetic field
4000 300 3000 2500 2000 1500 1000 500 strengthens the external field; 3 o
Wavenumber (cm-1) 16:5 2. The partially positive carbonyl carbon causes additional deshielding. 166
Preparation of Aldehydes Preparation of Ketones
DCC / DMSO, H,PO, (Pfitzner-Moffatt reagent o
3P0 gent) Oxidation of 2° alcohols: K,Cr,0, or CrO, / H,SO,, PCC
PCC
CH,OH MCHO
M 2 CHyCly = CH3 0 0
Ll CHatCHoCHyCHoCHbH 1 08O NMO
o o o 2.Zn, CHaCOH 3CLHCHaCHRLH, 2. HIO, or Pb(OAc),
3 1.0, i i 1. 0sO,, NMO H
4“1&1' CHaCOZH CH3CCH4CH,CH5CH5CH 2. H|()4 or Pb(OAC)4 o
H
CHaCHyCHaCHC=CH  —2 A
: 3CHaCH,CH C= e
(s R o R H 'l HgSOs  CHaCH,CH,CHy” “CHa
RC=CH I3 . ;L" :(,\ / \ HA, HOF N ::C _ ('\ N R('HJC' H
H B—X Y H OH ﬁ
“ / 5 (0] Cc
- II AlCl5 ~CH3
|O| ﬁ + CHsCCl —-Hem
1. DIBAH, toluene, ~78 °C
CH3(CHz11gCOCHs =0 CH3(CHy)1oCH (or Ac,0)
113
|
DIBAH = CH3CHCH,— Al—CH,CHCHs E Shgdar Ll
| | CH3CH,CH,CHoCHy, ™ Cl Ether CH3CH,CHaCHoCH, ™ ~CHa
CHs CHs 16-7
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Preparations of Aldehydes and Ketones

H, / Pd-BaSO,

RCHO  (poisoned Pd catalyst)
LiAIH(OBu- . .
(BuDs RCHO (deactivated LiAIH,)
: o
I 1. R'MgX i
RCCl > RCR'
2. H0
NaC=CR'
———————> RCC=CR
0
R',CulLi 1
———————— RCR

RLi Qu H,0 oH H,0

RLi )
RCOOH ——» RCOOLi* ——> R—C::—OLi — R—C::—OH —2Y _ RCR

R R’
R'MgX
RCOOH ——— RCOO-MgX

o]
Il

Selective Oxidation of Allyl and Benzyl C-H
Bond with MnO2

(not allylic alcohol)

CH,
m not oxidized
: HO,

CH,OH
cHo
fresh MnO, j l MnO,, CHCIj, r.t.
—_—
cHo
Z CH,0H pc PH
S HO i
N H.C
CH,CH3

<

O
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Description of a Carbonyl Group

0]

0
CH3CH2CH£H CH,CH,CH,CHO /\)LH
»

0O

not a hydroxy group
carbonyl oxygen

CH;CH,COCH L.
T ? /w/ basic site: proton

o adds here

(:143(:}12&[(1}13

7

S—
;b‘@ polarity of ‘0"
the carbonyl
growp A
e S5+
more important 4
contributor é

carbonyl carbon
electrophilic site:
nucleophiles attack here
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Nucleophilic Addition Reactions

—_—

o/ % m Wl s
Nu: + —_— X X

Addition reaction: the elements of “Nu-H” have been

Here the carbonyl serves
added across the carbonyl double bond.

as an electrophile.

‘ Acidic conditions ‘
o~ d{@/ﬁ
M+ —
+ HY ———
)K 0 +OH

a strfmger
electjophile & J
HC H H,C H
HO: Nu Nu:/
X The carbonyl can be converted into
a more powerful electrophile by

protonating the carbonyl oxygen. 16-12




Generalization of Nucleophilic Addition to
Aldehydes and Ketones

HO:™ (hydroxide ion) [
- HOH {water)
H:™ (hydride i =
_ thydride ion) ROH (an alcohol)
Some negatively charged -

nucleophiles

e z Some neutral nucleophiles
R3C:™ {a carbanion) = phite i
HaN: (ammonia)

R(:'.;l:_{an alkoxide ion)

HHHZ {an amine}

N=C:" (cyanide ion)

&

Aldehyde
~ B or ketone
NU‘,. R;\R’ 5—
ﬁ\75°__§ lla+
R ™R
Ketone

(more stabilization of +, less reactive)

Ketones are less reactive than aldehydes for both steric and electronic reasons.
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Nucleophilic Addition of Water: Hydration

ﬁ/ :(ljz_ :(ln:_ :fl_): :O:/_“ H\%/H
£, ey s, ! N I !
) =3 o — ~ON
P =" -y -J
o
Aromatic aldehydes are less reactive C P
. . 108 e :O/ we: o H
than'allp_hatlc aIdehyd.e.s due to 1 —on Q/“’?/
delocalization of the positive charge. O S
0 o 0“ QH
c + H0 = Blc ..
HsC” “CHz y H3C7 “oH e M —ibn,
H3C | H\%/H /,C\S/H
Acetone (99.9%) Acetone hydrate (0.1%) o OH '\;)
0 OH
PR el ol
H/ \H o = H,? ‘\OH
H i OH
|
Formaldehyde (0.1%) Formaldehyde hydrate (99.9%) "?c\"{)H + —OH "7C\OH + Hz0*
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Nucleophilic Addition of HCN: Cyanohydrin Formation

i T
+ H—Y 5 Y =-0CHg, —-OH, -Br, -CI, HSO4"
e @ R;{C“Y . : ‘

| HCN is an exception: equilibrium favors cyanohydrin formation

i -:5\: SN HO_ CN
|| —
o Cuy ) Cuy -
:C=N HCN + :C=N
(88%)
HO H
NS
€ o NH2
1. LiAlH,, THF A
2. Hy0 H H
0 HO H
] AP
C.. C.. 2-Amino-1-phenylethanol
@/ H  hen ©/ Ca
—_— "N
HO H
AW
Benzaldehyde Mandelonitrile

H30*, heat

Mandelic acid (90%) 16-15

Nucleophilic Addition of Grignard Reagent and
Hydride: Alcohol Formation

:o:ﬂ*MgX R Qa/MgX '5’ng e :Ele
Il — Il R . 2
—> _C + HOMgX
PN O /,c:\R 7 ~p g
G i o
/’/d——:‘:H = H3O+
= £ —— €, + HO
< “\gpr  from NaBH, N N 2
s R* Nor LiAlH,) Rﬁf H RR" H
Reaction Equation

MaBH,. CH,CH.OH i
1. Aldehyde + hydride reagent RCHO ———» RCH,OH Primary alcohol

NaBH,, CH,CH,OH
- >

2. Ketone + hydride reagent R,CO R,CHOH Secondary alcohol
R'MgX. (CH,CH 0 - .

3. Formaldehyde + Grignard reagent H£0 ——— R'CH,0H Primary alcohol

i R'MgX. (CH,CH L0 , ;

4. Aldchyde + Grignard reagent RCHO —— R'RCHOH Secondary aleohol
R'MgX, (CHCH L0 o

5. Ketone + Grignard reagent R, CO *»  R'R,COH Tertiary alcohol

“After agueous acid work-up,
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Nucleophilic Addition of Grignard Reagent

QMgBr + \i"a

CH3CH;—MgBr

CH3 T MgBr <+

CHj CH2CH3

CHoCH;
aﬁ:e (Mg ® =E|5H
Qc::—cnzcna MPHQO Qfﬁt—cw‘,cu,
CHjz CH;
/ . ‘o~
CH3CHa—MgBr + 0=c50Q, — CHscﬂg—E—Ge
J0* carbo! .
dioxide
_c=o @ HCI/ H,0 : &HC”HzO
H—C=C: Na~ + — — a special carbonyl
‘o
8 CHyCH,—C—BH
sodium acetylide 32— v
Y HO: //

For making carboxylic acid
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Stereoselectivity of Nucleophilic Addition to
Carbonyl Group: Cram’s Rule

!
Fe
Mg., OH OH
0] R0 +
HANH + RMgX — H = L B H B
: "CH,CH3 X/Mg\ R H H R
HPh Ph Ph
major minor
H
o Mo,
s M s 0 M O/O = 35°C
CH, 25 1
N Nu Nu CHs >4 : 1
HL HL Sowo b i-Pr 5 1
t-Bu 49 1
o} = -70 °C
M CH, 56 : 1
L t-Bu 499 : 1
S Nu
R
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Imine and Enamine Formation

Oxime

o P
|

e N YL
/'c\c/i' L I R S | T +: a0
ANH. RN} ~—— g
Y & SR ‘ . .
R ¥ oxime
A ketone or N (mp 90 °C)
an aldehyde | + H;O
P ~c~ o s o

N

An imine

An enamine ’Ic i3 Hal N '\./\'\

o HiC™ “CHy + |
A o B~
ﬂ) Ketone/aldehyde \:‘UHI = L}

/(_:\ L \'nw o o Acotone 2,4-Dinitrophenyl-
| 4 NHR i hydrazine
e
\

C H
s e H
O oo Ao l
e 4 R
:0: R LH i N
| N . oJl”—' i @) T H  NOp
s | S——:0Hy /C\?/H 10H, h
/ 2 St '—‘DH N N -\_?;‘\,‘
| | + Hs0
S 1 3
gHPwmmrsnsFer Iminium ion ,-’C\C/H ” H3E"’c \,CHS-\“‘%\_/\ NO;
R @ Ac initrophenyl
Ot @” etone 2.4-dinitrophenyl-
4?.— 3. " hydrazone (mp 126 °C)
H* N
"7c“\!:-=~ R 9” | + Hgo*
:N C
3 I + HyO otz R
Carbinolamine /C\ | I
_.,}C\C/H
QHHuO' Imine Hj\l:)/ N Enamine
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Wolff-Kishner Reduction: Hydrazine Addition

H
) ~i5
NS W N—} N—H
Il rﬁ R 5 + H;0 D N
T S — — Il
R,c,\ + HyNNHy —>, Co — \(I% — é —
R OH R R R/_l\-.n,
HT{?}.H
NS He,
N7 ik _/ﬁ Y
~| OH c
F!"E’C\H — RYH + N + H0 —* (f: fl
" R R ~
"
0 H H
l N7
~ S cHyeH
O/ CHaCH3 NN, @’ e A
KOH -- ’
Propiophenone Propylbenzene (82%)
o H H
g HaNNH3 \C/
<y “kon S + Nz + Hy0
Cyclopropane- Methyleyelo-

carbaldehyde propane (72%) 16-20




Beckmann Rearrangement

Nucleophilic Addition of Alcohols: Acetal Formation

OCH3
NH,OH R__ _OH H* 0 F o OCH3 Acetals, R,C(OR’),, is
r7O e — RCAHR Cr i + H0 also called ketals if
oxime (PCls, H,SO4, POCl,, derived from a ketone.
HCI, HOAC/Ac,0) Cyclohexanone Cyclohexanone
dimethyl acetal
g _+/H _../H
R j)ﬂ* R. Con,' Under acidic conditions, i ,_\\FILA T i
R,>:N _— R‘>\:;l —_— protonated carbonyl becomes a ‘\/"C,\ = _C_ /Cf\
better electrophile. /’ /
Substituent trans- to the LG migrates
simultaneously as the LG leaves.
0 ) (a-H ~H :0H
3 EI: + H-—-CI \_,\” | |
tautomerize P /c.} £ R jc . o
N . | ——30H
Hemiacetal
0 ’ 0 (\: DI Hg :_\1. 'I J l], R 'i”
r ~| + Hz0
[+ P e 5 P —
5 2 by P m Koo = Lo . L
e £ o Acetal
16-21 16-22
Acetal as Protective Groups for Ketones & Aldehydes Nucleophilic Addition of Phosphorus Ylides:
the Wittig Reaction
The acetal formation is a reversible equilibrium; in the presence of an acid catalyst it can R_
be shifted in either direction: toward acetal by using excess alcohol or removing water; G},: e R MG o BE L (R
toward aldehyde or ketone by adding excess water, a process called acetal hydrolysis. /'.!;_'\'H"x\ PLPhi; kil R S.2 Patinens it
i ‘ phosphine N phosphonium
% s halide
0 R R
i 2 0” ||!«
CH3CCH2CH2COCH2CH3 N CH3CCH2CH2CH2OH An ylide R["‘—_Pil:',\ll_ql_'. X ¢ CHyCHyCHyCH, |
= . |
- -2- AT s N | i
Ethyl 4-oxopentanoate 5-Hydroxy-2-pentanone =.C|:"=_ 5iPhis RCH P(C,Hs)s | / A strong base
() = Sh i + CH:CH,CH.CH,H + LiX
o HOCHACHIOH  ©. O /N v
)k/\C/OCHzC'h Acid catalyst ></\C/OCH2CH3 *. Hao . RCH=P(CqHs);
g él} Vlide o
Ethyl 4-oxopentanoate 10—P(Phly
1. LiAlHy C
.. Can't be done 2, Hy0*

., directly

o]

HOP ! \
HOCH;CH,OH  + )K.A — O><O/\ +  CH3CHpOH
CH,0H CH,0H

\O
|
o
AT
AY f?‘
/
=

! 1921 ratia)
e S L §
ol

Cyclohaxanone \

\_THE solvert__ /J\

\ __‘ J + (CgHslaP=0
5-Hydroxy-2-pentanone E=p + (Ph)sP=0
h b Methyl h
16-23 / R ethy er:;:g::n exane 16-24




Oxidation of Aldehydes

Not hydrogen

Hydrogen
here here
(0] [0} (0]
I (o1 I I 101 More difficult
7 H R” “OH R R to oxidize
An aldehyde A carboxylic acid A ketone

Auto-oxidation of Aldehydes

Il Il RCHO Il
RCH + 0 —— RCOOH —— 2 RCOH

0O o
Il CrO4, Hy0* Il
CH3CHoCHZCHaCHRCH S CHaCHCHRCH,CHZCOH ? .
T/ ) i [} RC4H i i
o} OH o] RC Y+ O R — . + .
Tullens’ test (for both aromatic I H,0 | CrO5 Il v 2 RCOO ( ; RCOOH RC
and aliphatic aldehydes) R/C“H R?Ch 0t R/C\‘OH
' o 0 + OH O
ﬁ (I)I A hydrate A carboxylic acid ||/m C(II)H (II) gl )K
o 0 o RCH + RCOO—H — RCH + RCOOj PN
H hgi OH u R /\jo—\? R
NH,OH, H;0 +: 08 H
silver mirror Fehling’s test (only for .
o) 0 aliphatic aldehydes) OH 0
NaOH, H,0 . Ié )j\ 5 R(I‘lOH
RCH + Cu?t > Cw0D + RCOH _Co \ >
brick red 16-25 R OH © R 16-26
Cannizzaro Disproportionation Oxidation of Ketones and the Baeyer-Villiger
B . "
Hydride is the leaving group in the first aldehyde 0 OXIdaL
and the nucleophile of the second aldehyde. g
A ~OH 0} 1. KMnOy, H30,
! NaOH -
R 1 Dy T ———————
. o 'y 2.H0 COH
= Il — "'—'_C:‘\' '—L “ H/ft Benzoic acid or HNO3
Lz My \H e S {oxidized)
| 3 — i : \
= H H 0 {l) 0 |\\ 0 )\
= Nl o CFCO0H, CH.CL L - - = CHLCOOH, -
Tetrahodral A~ CH;CCHCH, > CHCOCHCH; 77| 7 e, 7 3:()
intermediate | T2% L~ .{?I-"'/R“‘*. y
= 0 S6%
Cannizzaro reaction happens under basic Banzdi'dicckiol '
conditions and is only thus only suitable for "er,uced, o o Fa
aldehydes without a-protons (which are acidic). I I ) I ) =
R'CR" + RCOOH > — L. + H-0g
R B H (8 R
When two different aldehydes are involved, formaldehyde is usually oxidized | =
(as it's more susceptible to nucleophilic attack). R
o . . . _— .
NaOH Migratory Aptitudes in the Baeyer-Villiger Reaction
H OH
+  HLCO ——m ©/\ +  HCOH Methyl < primary < phenyl ~ secondary < tertiary
16-27 16-28




Reduction of Aldehydes and Ketones into Alcohols

o] ) OH
)J\ Pd (or Ni, Pt) |
Hydrogenation RZORH) Hp ———>  RCHRH)
N =

‘ ‘ :ﬁ: :Clj: (le

Hydride reduction e s H0*

H/C""“Hr from NaBH, H"'IC\““H H"'/C\"‘H + H0
(or LiAIH,) R’ R’

o OH

Q O LIAIH(OBU-D)5 H,0 o -
H3CCO—<:>—CCH3 H3CCO—<:>—CHCH3
THF, 0-5 °C

Using a deactivated aluminum hydride, ketone is preferably reduced over
ester as its carbonyl carbon is more electrophilic; the alkoxy in the ester
has an electron-donating resonance effect.

Hydroboration | o

Mechanism of Metal Reductions

‘ Metal reduction ‘

OH OH
o Na (or Al, Mg) oy =y Na(or A, Mg)  H,O |
>:o —, >TOH >:o . : f—Cc—c
“{, protic solvent “, H g, aprotic solvent ‘ |
< < 0w o< " o
o S| e | o] 2 | S
~ U ~, A *,

(0] o OH OH -
R H,0 R! | | Hx0 |
R Rey T o = | Hol koo f—c—C—§ —— {—c—c—} OH
MR g HR 1 | T H
16-29 16-30
Deoxygenation of Aldehydes and Ketones Reactions of a,B-Unsaturated Aldehydes
Wolff-Kishner Reduction and Ketones
NH 4 o T
s | VPR S WP S
. /(v\cﬁc\ P L N -~ ““\‘C/ ]
I HOCH,CH;),0. 1§0-200°C i /
RCR’  + NaOIl -t > RCILR' + N, Dasic | | |
Electrophilic Electrophilic
Cyclic Thioacetal Formation from a Ketone Erecti{1.2) addition
20?- 0™ Nu HO Nu
d w.\ - HSCH:CH:SH, ZnCl. (CHCH:).0, 25°C N 1ﬂ,_- - NS _H30* \(_/
\ | -H0 [ < SN 2B SN P
/ o \ S T2 g
950 . neutral Conjugate (1,4) addition s
.'— N H H A evelic thioacetal :?: \ /
S_ 8 —> A5
N 65% e | &
- L3 IC
gl L e 1N/
Clemnson reduction: | AT ] — SN N
|& BT
< ,CHi—R ;0
i R Zn (Hg) e s acidic al,,:-gn:a}:rated /gx-_-/\“/; Saturated
> aldel e/ketone I
S HCl, A S ¥ (|3 Ny aldehyde/ketone
16-31

Enolateion 16-32




1,4-Conjugate Additions

(8] (8]
Il HOIL Ca(OH ), ~5°C |
CHy=CHCCH; = HO( H:_{].HCCHS
H l”? 9]
‘ Lo . KCN, H* Il
CegHsCCH=CH) ———= CeHsCCHOHLON
1l 1 -
A
HyC, (ll} m:—\."n-“‘ﬂ (‘H"T}! (||) ;
o gl , 67%
C=CHCCH; v (CHy)sC—CHCCH; ’

H,C |
7 ‘ Basic conditions: ‘

e

tautomerization

Acidic conditions:

16-33

1,2- and 1,4-Additons of Organometallic Reagents

Exclusive 1.2-Addition of an Organolithium

H.C llj 1. CHuLi, (CHCHO H.C OH
H, HO

w 2H ™~
C=CHCCH; — > C=CHCCH,
rd ./
H;C HiC CH,
81%

A-Methyl-3-penten-2-one

Exclusive 1. 4-Addition of a Lithium Organocuprate

2 A-Dimethyl-2-penten-2-0l

Reactions of Grignard reagents
with a,B-unsaturated aldehydes
and ketones are not generally very
useful, because Grignards may
give 1,2-addition, 1,4-addition, or
both, depending on the structures
of the substrates and conditions.

":II LACH, CuLi, THE, =78°C,4 b CH; (I:I} af3-Dialkylation of Unsaturated Carbonyl Compounds
I 21 H, Il
CHyCHysCH=CCH M 5 CHyCHskCHCHCH o
| | |
CH; CH; l_l- 1. RCuli “
40% =c” s -C—C

2-Methyl-2-nonenal 2 3-Dimethylnonamal

0 o
i | Li* (RoCul [ N\
/C\C¢C\ /C\\uczﬁx:.!_ A
| l4
0 0
| Il
s 1 (CHCHCH A HaCuli, THE I CH;
2 0H 1

“SCH,CHACHy

trans- and cis-3Butyl-2methyleyelohexanone

o [+
N/ Hy0* I N/
/C%C/C\:‘. = = /C\C/C\R
\
| i
+ C
0
|
L _CH,
"
CH; “CH,CHACHACH;
84%, 4+ 1
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Other Reactions of o,B-Unsaturated Aldehydes and Ketones

9 Br Br Q o HOBr oH 0
/\)}\ > )\/U\ /\)J\
Electrophilic addition Br | Note the regio-selectivity ‘
Isomerization of a B,y-Unsaturated Carbonyl Compound
toa Conjugated System (4] (8]
uo: b4 8 ” H* or HO®, HO Il
= CH;=CHCHCH ————> Lii\l_ll—-(_lltll
2-Butenal

| .
CH,=CHC—CH + HO: = 3-Butenal

5 Protonation here ghes

H conjugated aldehyde

:0: 10 } 0:
W | [’ i " L Il | .
|CH;=CH—CH—CH <« CH,=CH—CH=CH <« :((H,—CH=CH—CH| + .II—*T__JH —_
Dienolate fon

He H
||

The Acidity of the a-Carbon of Carbonyl Group CH.CH=CHCH + HO:

enolate o
2

R
I S
R=GrC—R R—C=C-R

R
[

R—(l:—c—n gy S p—"
H

i SN A T S P 4
~C—CH-C—R + 89 == R—C-CH.C—R <> R—C—CH=C—R <> R—C=CH-C—-R B
b %) ‘ 16-35

The Acidity of the a-Carbon of Carbonyl Group

H ?l)
A et . I‘\ /Z.H He G H
T | A W7 A -'C\ --C\
H H H B H W
3 ‘-__.- g Ethane Acetone
5 e . (pKa=60) (pKa = 19.3)
c — - ",
o (o] (0] (o] "
8 1 11 él: é g —,_. :{ﬁ: :ﬁ:
= ? ¢ | i B ch/C\C/C\CHg
H H 7Y
+8° +8° H H
reaction progress 2,4-Pentanedione (pKy = 9)
Extend this reasoning to explain why the a-hydrogen of esters are
less acidic than ketones.
Il 'i' Q
H-C—C-R H-C—C-0R
H H
more acidic less acidic 16-36




The Acidity of the a-Carbon of Carbonyl Group

PK, Pk,

0] N=CCHC=N 11.8
CHZT‘C“N(CHA)Z 30 I!I
[[l 0o O

o f:HACHgncu_,f:Hj 10.7
CHg@OCHgCH; 25 I‘-l
[[l 0 0
CH,C=N 25 ("ZCH(‘,lCHj 9.4
[L |

(0] 0O 0
CHQ%CH; 20 CH](“]CH(!CH; 8.9
h i

(o] 0 0
CHggH 17 CH;%CH%H 5.9
h "
CH;CHNO, 8.6 O;NCHNO, 3.6
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Keto-Enol Tautomerism
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Base-Catalyzed Enol-Keto Equilibration
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Acid-Catalyzed Enol-Keto Equilibration
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Reactions Facilitated by a-Proton Acidity

Hydrogen-Deuterium Exchange of Enolizable Hydrogens

(@] 0] Would similar processes

occur under acidic conditions?

|I 12403, XY
CH;CCH,CH;

2-Butanone

Il
CD;CCD,CH;

1,1.1,3.3-Pentadeuterio-2-butanone

Base-Catalyzed Isomerism of an a-Substituted Ketone

i i
.)L CH-CH=CH>  10% KOH. CHsCH,OH 2\,,--( H,CH=CH
\\ = - \ i
CH, CH,
=>95%
Racemization of Optically Active 3-Phenyl-2-butanone
HiCs O . S HsCy, O
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C—CCH.  CHICHOH CHiCH:OH _ C—CCH-
H/ = Y B.CY
HiC H
(5)-3-Phenyl- (R)-3-Phenyl-
2-butanone 2-butanone
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a-Halogenation of Aldehydes and Ketones

Acid-Catalyzed a-Halogenation of Ketones
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Base-Catalyzed a-Halogenation

M\

- () v ~ The electron-withdrawing power of the halogen
\C:/CH ?Br* E;’l substituent makes the remaining a-hydrogens
e more acidic and complete halogenation of the o-

R carbon occurs, leaving unreacted starting
i material (when insufficient halogen is employed).
HON (o)
Il

RCCILEr + Br™ ——— RCCBr,

More acidic
than unsubstituted
ketone

=0

R-CICH; |+ 4NaOH + 3X, — RCOONa + CHXs|

+ Hy0" lodoform is a

Favorski Rearrangement

(e}
Br EtONa CO,E
ether, A

For identifying yellow solid /—ﬁ
methyl ketones: RCOOH 54 EtOH CO,Et
Q/COZEt O/ 2
—_— —_—
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Cﬁ Tetrahydrofuran @ ¥ H_N\ H_N-\ T = _N\ N H—Y —H LDACHLTHF |~ [7CHy |
solvent (THF) CHICHalz CHICHg)z CHICHglz ’
Cyelohexanone Cyclohexanone Diisopropylamine | Diisopropylamine _ Lithium Regivisomeric monvalky lation products
enolate ion diisopropylamide |
(LDA) N N 0 0
N LR Ne Ha CH; Hi¢ || CHy
C=C > C—C S . ;
%) lclu e _\__f;( ﬁ : My /?.-\ B | [ Hy | Hy H;
s s \ |
C H Base Cuis P g G Ex, N, . :
7 K\C/ I 38 \-C S 2reaL:liDn.. i \C/ w W ||:J|I|I1Il.JlE'II|‘I|II; Fotrmikation ot
/ \ | N / \ Alkylated
al ge-varhaon
Enolate ion -
-X: Tosylate > —I > —Br > —Cl Ian \/ ? (\‘; \',
R—X 0 bl ) . . g CH 0
R—: Allylic = Benzylic > HzC— > RCH;— || s e - et N [OH
CH;CH,CCH,CH;, —.'-| > /r_ =(CHCH; | > /\' —CCH; - »  CH,CH,UCHI(CH,),
CHyCH, CHCH, ~
Limitations: RN
. 3-Pentanone Enamine An iminium salt N 2-Methyl-3-pentanone

— as enolates are fairly strong bases, only alkylations with halomethane or 1°
haloalkanes are feasible, otherwise E2 elimination becomes a significant process;

— Alkylation of aldehydes usually fails due to condensation reactions (to be discussed
in a later sections);

— Alkylation of ketones are problematic because polyalkylation occurs.
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Alkylation of enamines are far superior to that of enolates, since no strong base is involved, self-
condensation can be avoided, and polyalkylation can be minimized because the iminium salt
formed after the first alkylation is relatively stable and unable to react with additional alkyl halides.
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