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R™ TH R™ TOH R™ TR
An aldehyde A carboxylic acid | A ketone |
O O
I CrOa, HaO* |
CH4CH,CHoCH,CH,CH > CH4CH,CH,CH,CH,COH

Acetone, 0 °C

Hexanal Hexanoic acid (85%)
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An aldehyde A hydrate A carboxylic acid
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I [O]
CH3CCHs CHsCOOH + CO, + H,0
0 [0]
CH3CH,CCH,CH3 CH;CH,COOH * CO, + Hy0
O 1.KMnOg4, H,0,
NaOH CO2oH
2. H30+ COZH

Cyclohexanone

Hexanedioic acid (79%)

Nucleophilic Addition of Hydride and Grignard Reagents: Alcohol Formation

Addition of Hydride Reagents: Reduction

I T I 7"
NaBHa NaBHa
,JL e, ,,CH C. —_— .C.
R ~H Ethanol F{*}_( H R- ~R’ Ethanol R4 TH
Hr
Aldehyde 1° Alcohol Ketone 2° Alcohol
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R7UNR fomNeBHs | RYNH| . RS TR0
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Addition of Grignard Reagents, RMgX ) S Casls dal)
lltlzI ?H | i
1. R"MgX 1. R"MgX
T M i :II- e*c“m _.-"CH ﬁ:ll- ,-'Cx o
R H 2. HiO R4 "R R R 2. H3O0 H‘H{ "R
Aldehyde 2° Alcohol Ketone 3° Alcohol




&) The Lewis acid Mg2* first forms an -G
acid—base complex with the basic oxygen
atom of the aldehyde or ketone, thereby 01
making the carbonyl group a better
acceptor. — !
(4 _MgX
Nl ———:R"~
C

#) Nucleophilic addition of an alkyl group
:R™ to the aldehyde or ketone produces 91
a tetrahedral magnesium alkoxide

intermediate . ..
I:Tj_,J"--"llgfr"‘: A tetrahedral

intermediate

€) . . . which undergoes hydrolysis when
water is added in a separate step. The © l Ho0
final product is a neutral alcohol.

:OH
o o1y + HOMgX

.a/ H

An alcohol



Nucleophilic Addition of Hydrazine: The Wolff-Kishner Reaction

O H H
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f ]/ CHoCHy M NNH, [’ | CH2CH3 e N+ ho

KOH N ’ ’
= N
Propiophenone Propylbenzene (82%)
ﬁ' ~| H
H kJ xJH

by i H
1\/ \ /
Cyclopropane- Methylcyclo-

carbaldehyde propane (72%)




MECHANISM

Mechanism for the Wolif—Kishner reduction

#P Reaction of the aldehyde or ketone
with hydrazine yields a hydrazone in
the normal wway.

) Base abstracts a weakly acidic N—H
proton, yvielding a hydrazone anion.
This anion has a resonance form that
places the negative charge on carbon
and the double bond between
nitrogens.

) Protonation of the hydrazone anion
takes place on carbon to yield a
neutral intermediate.

€» Deprotonation of the remaining
weakhy acidic N—H occurs with
simultaneocus loss of nitrogen to give
a carbanion . . .

£ - - . which is protonated to give the
alkane product.

of an aldehyde or ketone to yvield an alkane.

T
/CHH‘ + HoMNMNH-
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N
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e
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e H _
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= =
R T—H
Rr
o |
FI‘F; —H + ™ o + HoO
© | +z0
H
F'J_}CEH + HO—



Nucleophilic Addition of Phosphorus Ylides: The Wittig Reaction.

R | A R . A
>_i_(; p— >=D — [EtﬁHﬁ]‘HP__{f
R" | B R’ B
Alkene target Aldehyde or A triphenylphosponium
ketone ylide
O—PPh R
0 PPhs R Ny
] + |l P— -C CE__R — C=C + O=PPh3
,f’c““m CHR / ‘\H H,f ‘\H
Aldehyde/ketone Ylide Oxaphosphetane Alkene Triphenylphosphine
oxide
g | J
- AT w4\
N, P n Sp2 I+ BulLi / \ +
// P: + CH3—Br —— \\\ ,b P—CHa THE W ? P—CHg2
M ! \, £ )\ WA H'r'r 1
R Bromo- P P
ﬁ 7 methane | ] ||\ J
~F NF F
Triphenylphosphine Methyltriphenyl- Methylenetriphenyl-
phosphonium bromide phosphorane
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CJ PPh4
I [
C -C.
- . R —
#ﬁ f’ H 3
.0 PPh Betaine :0—PPh:
)y A L
P CHR —C—C—p
.'Il H
Aldehyde/ketone  Ylide Oxaphosphetane
,Disubstituted: from ketone
;f Monosubstituted; from ylide
Ph)3P—CHCH3 -
CHgCHEKfZD THE > CHaCHyC=CHCH4
CHyCHq CH,CH4q
3-Pentanone 3-Ethyl-2-pentene




Conjugate Nucleophilic Addition to a,6-Unsaturated Aldehydes and Ketones

Direct (1,2) addition

Conjugate (1,4) addition

10"
3 [lj ' J <
- Lo s e

a.B-Unsaturated
aldehyde/ketone

__.,-r"'.-. th\"‘-s.._\_

O~ Nu }
‘11 _,-"

Enolate ion

The Michael Reaction
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Saturated
aldehyde/ketone
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Unactivated double
bond - _C. ——=  No reaction
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- E J\ — [ Sole product
0 W SN e " " NHCH;
~
(”L 7/ A B-amino ketone
wj 2 -0 NiHyCH, NCHa
3 "\/ )1
2-Cyclohexenone e P
E J — | + H-.0| Notformed
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i An unsaturated imine |
O | O L
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a,B-Unsaturated ketone




1. CH3MgBr, ether or CH3lLi |“
2. Ha0* |
““'\-v-"'.
,f 1-Methyl-2- ﬂYﬂlﬂhEIEh-'l-ﬂl
J (95%)
> 0
2-Cyclohexenone - fJ—I\
1. Li({CH5 1, ether :I\
_:I
E.H3D+ |
™~ TCHa
3-Methylcyclohexanone
(97%)
0 on on ] 0 )
I Li* (RyCu N/ _ L \/ H30* AW
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_~CH3 1 Li(CH3CH,CH3),Cu, ether _-CH34
./ 2. H30* e
CH5CH5CH4
2-Methyl-2-cyclopentenone 2-Methyl-2-propylcyclopentanone
Cl
) MNalCMN
Cl {,-f"r \"-l. XZ diethyl ether—water
Q\ . . then HCI
2. 4-Dvichlorobenzaldehyde 2. 4-Dichlorobenzaldehyde
cyanohydrin (100%:)
O NaCN, Hz0 HOQ CN
)J\ then HoSO, :
Acetone Acetone cyanohydrnn

(TT-T8%)




Carbonyl Condensations: The Aldol Reaction

I:I )

|
C.o_ H
N -Base
AN
@ A carbonyl compound with an
« hydrogen atom is converted (1] H
by base into its enolate ion.
I 1
::_I,'“'.-:: e {oH,
An enolate = ~all
ion f""c"i‘:-[:fﬁ _’_'_,.a-“"cl\"‘-h\.c.,-""'H
r'lfll. l“.\\.
€) The enolate ion acts as a nucleophilic
donor and adds to the electrophilic 9
carbonyl group of a second carbonyl H
compound. .
O : 0 — =
| N S
_'__H"’C-\""*-\.C_-"-[:‘-"x[:.ﬂ"; -
SN SN
€) Protonation of the tetrahedral alkoxide ' :
ion intermediate gives the neutral ©
condensation product and regenerates H
the base catalyst.
MNew C—C bond
L
o N\ . OH
TR ;
g G~ T iBase
SN SN

A B-hydroxy
carbonyl compound




~ Mew C-C bond

W

0

! NaOH - H H I
Coa_H NsOH, Uy ., _C.abC _H o4~
H- HF:' m H,f' = Hf hfq\\ g ;,C;:J + OH
H H H HHH
Acetaldehyde Enolate ion 3-Hydroxybutanal
(aldol-a g-hydroxy
carbonyl compound)
Aldehydes H
™
H H H HH C=0O
A\ A A
H___,.,-f"':\' C o - H """\-\.‘_\_HH . E-\._\_\_\_ __,_,.C —
= T ~C- f_d:;_.”w _I,C.; \ff“x&r
2 [l —— LA
|%ﬂ B s Ethanol . H OH S
™ ™ "
Phenylacetaldehyde (90%)
(10%)
Ketones
S
I:I:(\ ;
O
AT MNaOH "~ 0oH
2 L — —=
Ethanol
Cyclohexanone (22%)

(78%)




O O HO H O
.,-l;l + Ha Ll‘ NaOH ﬁ‘c’f !:l
d
i o L
CHzCHz H H—th H CH3CH7 /°C H
VA A
CH3 /S H CH4
Bond formed here
C-
CH3CH3 / ~H
0 - e 0O H O
0.05 equiv | .
| ¢ Na* OCHy | y_x ¢ L
o P —— R T S
H ':l: Iy r——— t|: H| = | CH3CHj C\ H
CH4 CHs H CHs
HCH;;DH
HO H O
‘”cf i|:: + CH,0
CHsCH; €~ = 3
Y
H EH3

Predict the aldol reaction product of the following compounds:

(a) 'EIJ (b) 'ﬁ' (e} —
CHgCH,CH,CH o~ _C. lmm ©




Dehydration of Aldol Products: Synthesis of Enones

T T
H* ar
f”ﬂ““cf”ca OH~ f”c"n: O~ ¥ H2
a |
A B-hydroxy ketone A conjugated
or aldehyde enone
Base- - .
catalyzed ", OH -:0: ~0OH 0 |
| I OH- —| ] |
- _— Y - -
f’*c‘ng"c“‘x — H,Cﬁcfﬁh — J;CH‘_G_ EH
A
/N, |
Enolate ion
Acid- [ i
catalyzed O OH 0 ~0OHy" 0
TR A 0
- HHG,-*C‘T ‘— ;C%C:’CEH S x’c"‘ﬂc'-'c“h
/N |
Enol




-"'-Fm‘-\""‘-\-\. _,_-__[:] -::I :’ j D.H_\_v'_,.r""h
-— — r— 2%
M““w.___,,.-""f Ethanol a/jz___DH [ﬁhﬁﬁv‘
_xmhﬂ,—-"’ ] ‘“-\.h_‘q_h_dfp,.-""
Cyclohexanone Cyclohexylidenecyclohexanone
(92%)
H O H-:lﬁ T §] IT 0
[ Il NaOH | I
ch—[|:=-:n + H,C—CH ch—rl:.—ﬁ:—[:H — H3C—[|3=C—CH + Hy0
H ] H H H
2-Butenal
[le ?H
CH3CHCH,CHO + CH5CH;CHCHCHO
I
CHgz
N Base Symmetrical products
CH3CHO + CH3zCH,CHO
-:lilH ClilH
CH3CHCHCHO +  CH3CH,CHCHL,CHO
CHy
Mixed products




0
HEC“EV,;J\ _H
<

"\-\.w_,.-'

2-Methylcyclohexanone
(donor)

CHO 0

E"'\{;f M“-m_-f’ff

Benzaldehyde
(acceptor)

T N1 Na* ORt M“‘r G <)
—_—
P Ethanol

Intramolecular Aldol Reactions

2.5 -Hexanedione
(a 1.4-diketone)

O
NaOH )Jw
Ethanol + o
—{_
CH=o

3-Methyl-2-cyclopentenone

%]




H D

2. 5-Hexanedione

:ﬁ
=" Path a

NaOH, Hy0

Path b
= NaOH, H0
N

X

— HJ\ +  H0
L1 )

3-Methyl-2-cyclopentenone

CHj
/
-
p— {:“L + H90
.:ﬁH_ »—CH
llr||‘ 3
0

(2-Methylcyclopropenyl)ethanone
(Not formed)




Mixed Aldol Reactions

OH OH

| I
CH3CHCH,CHO  + GchHECHtllHCHD

(acceptor)

{donor)

CH3
. Base Symmetrical products
CH3CHO + CH3CHCHO ——
?H l'r‘JH
CH3I3H[|':HCHC} + CH3CH;CHCH,CHO
CH4
Mixed products
0 CHO
HEC“‘m,;J'L 1 ,/g Nat “OEt_ H3C“‘xr N
Rﬁ]\_ * L ;F,,] Ethancul R
2-Methylcyclohexanone Benzaldehyde 78%
(donor) (acceptor)
HHCHC"’}D
CI' 0
/\J/ [ + ~ORt “COyCHCHy + Hs0
+ CH3CCH COCH2CH3 Ethanol
Cyclohexanone Ethyl acetoacetate 80%




Carbonyl Alpha-Substitution

Reactions
H_,-r-*"ﬂ‘:a‘::cf

o = |

' [l ' An enolate ion
fCHEﬂH

.-"f .\\ % ~{E}H
A carbonyl C
compound - ““::«‘“c-’f
An enol

E+

T
I
B VAR

An alpha-substituted
carbonyl compound

Keto—Enol Tautomerism

L B

O 0
| |

-
e AP Ca
- —_— .-'f-' C

g
;’C\
& %

Keto tautomer

7

Enol tautomer

O

PN

9

99,999 9%

Cyclohexanone

Y

e
,.--’

0.000 1%

99,999 999 9%

Acetone

0.000 000 1%




(a) Acidic conditions

&) The carbonyl oxygen is
protonated by an acid H-A,
giving a cation with two
resonance structures.

:[ﬁl:
_C . H

C
/\

Keto tautomer

°|

+ _H ~H
107 0"
| «—> |
L M e
/N /N
#) Loss of H from the & -/
position by reaction with A:
a base A™ gives the enol (2]
tautomer and regenerates
HA catalyst. H
I + HA

Enol tautomer

(b) Basic conditions

@) B2 removes the
acidic & hydrogen,
yielding an enolate
ion with two resonance
structures.

€) Protonation of the
enolate ion on oxygen
gives the enol and
regenerates base
catalyst.

i .-”f-_:QH
4

OO
/N

Keto tautomer

Enolate ion

Enol tautomer



Reactivity of Enols: a-Substitution Reactions

&) Acid-catalyzed enol formation occurs
by the usual mechanism.

9 An electron pair from the enol oxygen
attacks an electrophile (E™), forming
a new bond and leaving a cation
intermediate that is stabilized by
resonance between two forms.

€) Loss of a proton from oxygen yields
the neutral alpha-substitution product
as a new C=0 bond is formed.

Electron-rich

,-:['j”‘H ‘07
I:-L-""'l - B |
,,ﬁzs?/ ,_f-'cx?/’
:flj: D
AN
Acid catalyst
o]
1
.,{ij
o +
x.__;l — = E
St
0|
~—: Base
+ .H P
{:::{:flf |::|;|’-‘::I
,,J-*EHCHE f”"E““c"”E
7N 4N
o|
9]
1
__,_-'*CHC,--“E



Alpha Halogenation of Aldehydes and Ketones

0
I
P
HAY
“-H"‘\'\.._:\_H'\.\_’___

Acetophenone

Br, e L
Acetic acid r |_er \_|

1
_Br
v

xx_,f

o-Bromoacetophenone (72%)

0
H . B t:l B E
- r r o
~c”H ~C” " CHa ~c CHa
Y £ PR
Br Br H H Br Br

From the Hawaiian alga Asparagopsis taxiformis

1) The carbonyl oxygen atom is
protonated by acid catalyst.

) Loss of an acidic proton from
the alpha carbon takes place in
the normal way to yield an enol
intermediate.

) An electron pair from the enol
attacks bromine, giving an
intermediate cation that is
stabilized by resonance
between two forms.

™ Loss of the —OH proton then
gives the alpha-halogenated
product and generates more
acid catalyst.

—~H——Br

:Ll’;):
L
H3C”~  TCHj
I + H I
C | ~——:Base
[ TEY i o + B~
P
H H
o|
~—0 [ ¥
] _—Br—Br
.C.” _H
Enol HzC~ %f—lj/
H
Gy
P '_.H Hl
Go )
HSC/CMC/ Br H3C/ +M.C/Br
TR Y
H H H H

0 0
H J\ Br
a’-CHg r - -CHs Pyrid
[ j Ac‘.etlc Heat
e acid H\,ﬁ
2-Methyleyclo- 2-Bromo-2-methyl- 2-Methyl-2-cyclo-
hexanone cyclohexanone hexenone (63%)



