o-Carbonyl Condensation
Reactions



What does a, B, .....w .....etc mean?

Letter Upper case Lower-case Lecter
alpha A 64 nu

beta B B x1
BaILliniA l v oMmieron
delta A ) pi
epsilun i 3 rho
zeta Z S sigma
eta I1 n tau
theta © 0 upsilon
10 I 1 phi
kappa K K chi
Lunbda A A pst

mu M ] omega

Upper-case

Lower-case

oo X ge= M~ O C M

N S ¢ A QO AacJunxg

-
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We will focus on O Hydrogen that shows a significant
acidity.

HO — S = Methyl
3 end
O
Alpha-linolenic acid (ALA, C18:3, omega-3)
Ho\n/\/\_ PN - - -
3
O
Eicosapentaenoic acid (EPA, C20:5, omega-3)
3
HO == = == S T e
O
Docosahexaenoic acid {DHA, C22:6, omega-3)

O
/\/\/\/\/\/\/8\/[3\)1\
(()) e Y o a

O
/\/\/\/\/\/\/WI\

(6)) E Y oL H



What is a-hydrogen?

a-hydrogens are those hydrogen atoms which are attached to
the alpha carbon and alpha carbon is that carbon which is attached to the
functional group.

functional group CHa—CHz_CHz
This carbon is « to—/ \This carbonis ato

the bromo group the aldehyde group

8 functional group

This carbon is f to
both functional groups




Why a hydrogen has a significant acidity?

|
- Why a hydrogen has a
= \;c\ significant acidity?

Base
l.o‘. ..6
2 O3
('|C|: Yo ™ & <’ I
AR, BT Both | and M

effect cause
this sort of
acidity!!! 5

/ s Enolate lon



pKa’s values for some mono carbonyl compounds

Has no alpha hydrogen

CHs H3C
Ka 3 \’(
O

CHs H3CO CH,



pKa’s values for some di- carbonyl compounds
H H H
H\n><n/H H\n>{n/H
JON.
H H
O O
H.©
\"><"/OCH3 H3C\n>\n/OCH3
©
Hg,c:o\’€<n/oc;|43 H3COWOCH3
& 7

© 2011 Pearson Educatlon Inc. O O
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The stronger the acid; the weaker the conjugated
base {Each strong acid is accompanied with weak
conjugated base}

O 0O O
o _H o H o _H
H H H
weakest conjugated strongest conjugated
base base
O O O O O O
© 4 6 < S
H3C CH3 H3C OCH3 H3CO OCH3
H H H
weakest conjugated strongest conjugated

base base
p 8



O

O
Base
R'N‘j/lL R" - R'\)k Ru
( = %
H

/ Carbanion
i g
R'\)k == » '\/J\
. R" R i

Enolate

o — L Se

--------------------------------

: Carbanion .
. resonates to the !
. corresponding
. enolate and vice

versa '

ot
BN

ketone system aldehyde sy&em



Introduction Alpha Carbon Chemistry:
Enols and Enolates

* The reactions we will explore proceed though either
an enol or an enolate intermediate

Catalvtic acid

\

O

)j\ Strong

base

/

OH

N

Enol

& T

O

A

Enolate

O

Ty
-~

CHE2202, Chapter 22
Learn 3



Condensation Reactions

e Carbonyl compounds are both the electrophile and
nucleophile in carbonyl condensation reactions

o—
:0: P =i 0
— 0 e(‘ L
o+ C T ™ N11- E
e « INU |
Electrophilic carbonyl group Nucleophilic enolate ion

is attacked by nucleophiles attacks electrophiles

© 2004 Thomson/Brooks Cole
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General reaction of aldol condensation

X “
+ — )J\ + HO
H,c” R K “.cH” TR
0 oF
g A
a-_i -
(CH; R H.C R

‘:ji Q: P+ 9 o o I
et /,J»fl T T, A f’lL*H - HSEJEEJJ\H Ll
3 2

\5____/ M Loosing \
H3C \ R Water

12



Condensations of Aldehydes and Ketones:
The Aldol Reaction

* Acetaldehyde reacts in basic solution (NaOEt, NaOH)
with another molecule of acetaldhyde

* The B-hydroxy aldehyde product is a/do/ (alaehyde +
alcoho))

* This is a general reaction of aldehydes and ketones

« The aldol product loses water molecule affording a,[3-
unsaturated aldehyde or ketone

O OH O
|| NaOCH,;CHj | ||
2 CH,CH =—————> (CH,CH— CH,CH
(:[i;;(fi‘[:( )H 5 o
Acetaldehyde Aldol

(a B-hydroxy aldehyde)

© 2004 Thomsan/Brooks Cole
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Conditions for Condensations

« A small amount of base is used to generate a small

amount of enolate In the presence of unreacted
carbonyl compound

« After the condensation, the basic catalyst Is
regenerated

O : [uiv ,//;-) \1\\\\ (| I)::) i O~ O I
| Na* “OCH, = |l CH;CH,CH | |
CH,CH,CH ———— |CH,CHCH | * > CHSCHch(fHCH
CH,
(i) H (”)
CH,CH,CHCHCH + ~OCH,
CH;
© 2004 Thomson/Brooks Cole
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Dehydration of B-Hydoxy Ketones and Aldehydes

 The o hydrogen is removed by a base, yielding an
enolate ion that expels the —OH leaving group

« Under acidic conditions the —OH group is protonated

and water is expelled

Base-
catalyzed

Acid-
catalyzed

© 2004 Thomson/Brooks Cole

O OH

o,B-Unsaturated carbonyl
7 compounds
O
I |

P — C &

+ H,O*
>l \C-.-

BN

L

a,B-Unsaturated carbonyl
compounds

15



Self aldol condensation
“The same aldehyde or the same ketone reacts with

itself.
0 0 0 OH 0
Jo o A e I e
— —
H" SCH,  H” CH, g BNCH, a HT T pcH,
o oL
acetaldehyde acetaldehyde 3-hydroxybutanal but-2-enal
(aldehyde + alcohol)
aldol

‘) @)
O base > M -H,0 > )\)C‘)\
)I\ Self-Aldol NN

OH

16



Cyclopentanone self condensation

o

¥
(] (]

DH

éib LSS




Mixed Aldol Reactions:-

It could be:-

1] aldehyde(a) + aldehyde (b)
2] ketone (a) + ketone (b)

3] aldehyde + ketone

J\%:‘%

A+ A

A+ B

18



dil MadH
@— CHO + CH3CHO

I
CH;—C— H

+
i

Dilute NaOH or KOH

@—TH—QHE—GHD
0 f

l HaO

CH=—CH —CHO

Cinmameldehyde
or
3-phenylprop-2-enal

OH ﬂ
CHs—CH CH;,— &— H
-+
. j
CH3——(|: — CH,— €C— CHj
CHi;
-+

19



O CHO
H
H,C R _
iNa ()htl
H + Ethanol g +I_IZO

2-Methylcyclohexanone Benzaldehyde 78%
(donor) (acceptor)
@ 2004 Thomson/Brooks Cole
QL O/L e > I )
benzaldehyde acctophenone
-H»O

20




oo™

MaOH, EtYOHH.O

21



Intramolecular Aldol Reactions

+ Treatment of certain dicarbonyl compounds with base
produces cyclic products by intramolecular reaction

( ; Q

2,5-Hexanedione 3-Methyl-2-cyvclopentenone

(al,4-diketone)

é’\ tthanol ij\ +[l{]
CH,

@

2,6-Heptanedione 3-Methyl-2-cyclohexenone

£ 200 T hoamssnre Bl ok



Mechanism of Intramolecular Aldol Reactions
“cyclization is expected”

£ 0
/HV\”)< — - @*“p

O H
H
O |

@Brooks/Cole Publishing Company/ITF

H
H
-

23



The Claisen Condensation Reaction
”Self ester condensation”

 Reaction of the same ester having an a hydrogen with 1
equivalent of a base to yield & 3-keto ester

2 +
ethyl acetate ethyl acetoacetate ethanol
(75%)

1] Can NaOH be used as a base to abstract the acidic proton as
in the case of aldehydes and ketones?

2] From product functionality viewpoint; notice the difference
between aldehydes and ketone condensation and the ester
condensation!!!!

24



Mechanism of the Claisen Condensation
Tz

S --
,fJ‘ — Etc oH

Bt 1 j

CI—IS OEtL

)?C_-:;Et

Bt /JJ\

25



Mixed Claisen Condensations

« Successful when one of the two ester act as the
electrophilic acceptor in reactions with other ester anions
(has an alpha hydrogen ) to give mixed [3-keto esters

| 1
COEt (H) C—CH,COEt + EtOH
Ethyl benzoate Ethyl acetate Ethyl benzoylacetate

(acceptor) (donor)
© 2004 Thomson/Brooks Cole

INic 26
6th



Esters and Ketones

* Reactions between esters and ketones, resulting in
B-diketones

* Best when the ester component has no a hydrogens
and can't act as the nucleophilic donor

O

H,C H O
H3C H “ 1. Na™ ~OEt, ethano
+ 6 7 >
5 2. H,O"
H~ OEf
2,2-Dimethylcyclohexanone Ethyl formate A B-keto aldehyde
(donor) (acceptor) (91%)

© 2004 Thomson/Brooks Cole
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Intramolecular Claisen Condensations:
“ Dieckmann Cyclization”

* Intramolecular Claisen condensation

« Best with 1,6-diesters (product: 5-membered
B-ketoester) and 1,7-diesters (product: 6-membered
B-ketoester)

1. base | O
OR 2. H - [
0 \' OR

O

28



Mechanism of the Dieckmann Cyclization

0 COOEL
1
ﬁ ] = . ol 0
D WL /
'|:|:' COOEL
C



Michael Reaction

IS the nucleophilic addition of a carbanion or
another nucleophile to an a,B-unsaturated
carbonyl compound.

O O
). ” 1. Na* ~OEt, ethanol - —_ H
CH :;(_ {‘A H 9 + H2C :CHCCHl; 0.0 > i U {CHchQCCHg
CO,Et CO,Et
Ethyl 3-Buten-2-one 94%
acetoacetate
2004 Thomson/Brooks Cole
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Mechanism of the Michael Reaction

c:H;‘H‘“@?
|
Jet . Simply it is Nucleophilic addition of
JL:\HQH a enolate ion donor to the B carbon
“Ha Sy . of an a,B-unsaturated carbonyl
l Iéﬂc =5 5 acceptor.
H_C NEY)
Jot 5
L [~

CH, CH;- CH;y CHT-C— CH,
| " “ff'/

b ol

GHS’JL\ CH; CHs CH; i CH,

HOD 31
C



(U-Carbonyl Substitution

CHE2202, Chapter 16
Learn, 1



Reactive Sites of the Carbonyl Group

basic site
5 _/(acids react here)

5+ « clectrophilic site

C
~c” U (nucleophiles
7\ react here)

H
\acidic site

(bases remove
this proton)

CHE2202, Chapter 16
Learn, 2



The o Position

The carbon next to the carbonyl group is designated as being in the
position

Electrophilic substitution occurs at this position through either an enolate or
enol ion

:CI) E = alkyl or Halogen
/C%C/
E+

5 / ] l | ™=

I An enolate ion I
/C\E/H /C\C/E

i 3 - E+
AN T 18 A

A carbonyl Cll An alpha-substituted
compound SR carbonyl compound

An enol



Enols

Tautomers - constitutional isomers that are easily interconverted
enol structure vs. carbonyl (keto) structure differs by location of

one H and double bond.

'ICIJ' OH
E —— I
CH;~ "H -‘:HE’FE“‘H
Keto form Enolform
O OH
& GfH
| |
L . l::

oo b & [ E1 AT e
inbia G0 slabic &, 04} CHE2202, Chapter 16
Learn, 4



Enal form keto form Lactam form  Lactim form

OH () U OH
H H H
Amide form  Imidic acid form Amine form Imine form
/EL /[JlH NH, NH
o —— = e
I I Y N
H | |
- -
O OH OoH
HN | NZ | N ﬂ
{JJ/’J\" N n*l\ N Hn/le’“‘ru
H H
Lactam Lactim Double lactim
Uracil

CHE2202, Chapter 16
Learn, 5



Acid- and Base-Catalyzed Enolization

T
*xcﬁﬂuﬂx
A

H

HyO" I

Enolate

I?H
—* -~ .C_
A
H
WLHED
OH
H,0 |



Alpha-Substitution on Enols
l] a-Halogenation of aldehydes and ketones

O O
Br, >‘)‘\
ﬁ
CH,COOH
Br
Mechanism
OH i3 O
P g ¢ G &
2 .-"-. - '-.____ '-.___ ___E_______ .-"-. - '-.____
“H.:*’Em — - E,E}‘I e S ﬁ E— fﬁ
! Br Br Br

CHE2202, Chapter 16
Learn, 7



Aldehydes and ketones can be halogenated at their o positions by reaction with
Cl,, Br,, or |, in acidic solution

| |
C C
i . b -
CH; By, _CHsCO.H CH,Br HBr
- solvent
Acetophenone a-Bromoacetophenone (72%)
O O
Cl
Cly o
1,0 HCL + HCI
Cyclohexanone 2-Chlorocyclohexanone
(66%)

© 2004 Thomson/Brooks Cole

CHE2202, Chapter 16
Learn, 8



Mechanism of aldehydes or ketones
Electrophilic Substitution

o ’*GEH
CHy—C 2 ':H:—':
|
o
H;E! ) Er—Er
|

© 2004 Thomson/Braoks Cole

CHE2202, Chpter 16
Learn, 9



o-Bromo ketones can be dehydrobrominated by base
treatment to yield a,p-unsaturated ketones

O O O

CH,
CH, 3 i, .CH;
3y y ). Pyridine " + HBr
CchOQH Heat B |
2-Methylcyclo- 2-Bromo-2-methyl- 2-Methyl-2-cyclo-
hexanone cyclohexanone hexenone (62%)
© 2004 Thomson/Brooks Cole

CHE2202, Chapter 16
Learn, 10



Il] Alpha Halogenation of Carboxylic Acids:
The Hell-Volhard-Zelinskii Reaction

« Carboxylic acids do not react with Br, (Unlike aldehydes and ketones)
 They are brominated by a mixture of Br, and PBr,

CH,CH,CH,CH,CH,CH,COH

Heptanoic acid

@ 2004 Thomson/Brocks Cole

Mechanism of H.VV.Z

© 2004 Thomson/Brooks Cole

O ®)
” 1. Bro, PBry ” -
2. H,O o= CH&CHQCHz(:HQCHz(':HC(_)] i
3T
2-Bromoheptanoic acid (90%)
O OH O i
H g R (ID I (”:
. > 3r
\C/ \Ijl . = \C/ \[),I Br. \C/ b -
7 X | I N
R R r R R ]
Acid bromide Acid bromide enol
15!; .
O
(Ilj
Br
\C/ \( )E7K
VA"
R R



I11] Alkylation of alpha ketone or aldehyde

e Sodium hydride (NaH) or lithium diisopropylamide [LiN(F~
C;H,),] LDA and NaNH: are strong enough to form the
enolate.

* Alkylation at alpha position can be achieved when such
enolate react with alkyl halides.

I il |
\\\ /\ S D
C = 4+ —=C—X == C C\\ + — X
= o \C/ / reaction il \C/ \ ~
| 7N
Alkyl

Enolate ion halide

O O

H 1) Strong base H

ks H = C R

VAN e AN



Examples

O 0
(Il L NaNH, [
C .w * NaBr + H—NH
Hic” >c< 2)CH:Br o e :
H H H;
Mechanism of ketone or aldehyde alkylation
.5 =
i : i s X
e |
e = Cau H + -—B
He “{;Zh H,e~ e
S TH |
H =
-.IEI Q-Di
5,8 5 YR
) S ‘
Br o
- + =
P %“C’ff / T g NP Br



1- How to convert acetone to pentane?

2- Write the structure of the product for the

following reactions.
O
1) LDA

A

2) CH,CH,Br

0
| 1) NaNH-

C
EEHg B
2) CH-Br

CHE2202, Chapter 16
Learn, 14
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The Malonic Ester Synthesis

 For preparing a carboxylic acid from an alkyl
halide while lengthening the carbon chain by two

atoms

O
|

y

R—X Malonic ester , R—CHZCOH

synthesis

élTkyl halide Carboxylic acid

2004 Thomson/Brooks Cole

15 CHE2202, Chapter 16
Learn, 15



Mono and Di alkylation of malonic ester

CO.Et CO,Et CO.Et
~N/ Al '\4:!47 ~ )i."' T e | ~ = “X D I N Py
} l—C—((_)_‘]‘Jt [‘-“ H . ~z :\11 :C—(().d)kjt — I\—C—(()H)I{Jt
H H H
Diethyl propanedioate Sodio malonic ester An alkylated
(Malonic ester) malonic ester
© 2004 Thomson/Brooks Cole
COLEt CO,Et
e = 1. Na* Ot S -
R— C—CO.Et e R—C—CO.EH{
& R’
An alkylated A dialkylated
malonic esterx malonic esterxr

The malonic ester derivative hydrolyzes in acid and loses CO,
(decarboxylation) to yield a substituted monoacid

(llOZEt, Z[II
: ; H;O% . . ;
H H !
© 2004 Thomson/Brooks Cole _“HE2202, Chapter 16

Learn, 16



Preparation of Cycloalkane

Carboxylic Acids

cyclic product

1,4-dibromobutane reacts twice, giving a

* Three-, four-, five-, and six-membered rings

can be prepared in this way
! |t poue
H2(|:/ \\2 = /C02Et Na* —OEt H2(|:/ ~CH Na* —OEt
HoC _— :C\f“ EtOH H,C CO5,Et " EtOH
(Iin CO,Et Clle
Br I Br

b
__C? CO,Et
H2C| \C/ Hz0% C// 3
—
H2C P Heat \
OH

Cyclopentane-
carboxylic acid

Ho CO,Et |
H,C” C

| 7\
H,C._{  COEt
CH,

—

(
~Br

C02 + 2 EtOH

CHE2202, Chapter 22

Learn, 38



Preparation Cycloalkane Carboxylic Acids

a] 1,4-dibromobutane reacts twice, giving a cyclic product
b] Three-, four-, five-, and six-membered rings can be prepared in this way

- Br

(l:H j g /(’() Bt gz /(‘,( ),Et |
2 CO,Et -
: ol (R e e | EeT CH ool EEF
| :C\H “1?'('1"‘ » | \(‘() Fit A‘i tOH (I} | \(‘() £t
HQC e : 5 ; HzC ey 4 ; ™ II_Z ‘ Al i
CH, CO,Et CH, CH,
| | |
B ! Br B i
1,4-Dibromobutane
c? ! O
CO.LEt h,
Hz(|3/ \C/ H;0" Q CH > EtOH
— » C + CO., + 2 EtO
Heat ' : e
H,C > 2l S \
e CO.Et OH
H,
Cyclopentane-

carboxylic acid

CHE2202, Chapter 16
Learn, 18



Starting with methane; how can you prepare
cycloheptane carboxylic acid??

. O_

CHE2202, Chapter 16
Learn, 19



