Organic chemistry Dr. Salih A. Abood
1. Carbanions|

1.1 Introduction

Carbanions are negatively charged ions in which one of itdboaratoms possess
three bonds and an unshared pair of electron$,hgbridized, have pyramidal
structures, forms by heterolysis cleavage of cowab®nd in organic compounds in
presence strong bas&he negative charge gives good nucleophilic progetb the
unit that can be used in the formation of new carbonds.Carbanionghus act as
nucleophile

Presencevithdrawinggroups caused delocalized the negative chargetandized
the carbanion binductive Effects .

While presencelonating groups attachment at carbanion localized the negat
charge which causeitstabilizethe carbanion.

We saw how aldehydes and ketones can underg@anpkulic addition at their
carbonyl groups. For example:

_H
o] o]
)\ H—Nu /L Nucleophilic
R "R R R addition
Nu
H-Nu = H-OH, H-OR, H-CN, ...etc.

And substitutioncould occur at a carbonyl group if a suitable lagvgroup is

present. This type of reaction is called acyl stloggin For example:
0] @)

J\ o /JJ + LG

R LG R Nu
H-Nu =-OH, -OR, -Cl, -NH,, ... etc

Reactions can alsoccur at thex carbonto the carbonyl groupisreek lettersare
used to describe the proximity of each carbon atothecarbonylgroup.

0
B B

1.2 Acidity of Aldehydes and Ketones: Enolate lons
Acidity of a-hydrogens:

A hydrogen bonded to carbon adjacent to a catbcarppon is much more acidic
than hydrogens bonded to other carbons. For exath@eKa for dissociation of an
a-hydrogenfrom analdehydeor a ketoneranges froml6 to 2Q and the pKa for
dissociation of an-hydrogenfrom anesters about25.

A compound that contains a relatively acidic logsmn bonded to carbon is called a
carbon acid.
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H H H

w-Carbon

. ——2>H (Potentially nucleophilic)
Acidic a-Hydrogen

protons pK, = 16-21

i i i
C C C
RCH;yY “~H RCH;y” ™R RCH;” “OR

\":; /// ﬂ’

(PKa ~ 16-20) (PKa - 25)

The carbonylgroupstrengthenshe acidity of the hydrogen atoms attached to éhe
carbon and, since it act as an electvothdrawing group due to the presence of a
highly electronegative oxygeatom.

Thus the presence of a base with a carbonyl compobhatl possesses an
hydrogen will lead to ionization of the latter &g following:

a-carbon
N .
_(l—h— + B — —C—(|‘l— + H:B
/\)1 0 Base @\0'
a-hydrogen Enolate anion

(carbanion)
This carbanion is a resonance hybrid of two stmesty | and I1):

N - -

|
—C—(C— -—>» (I‘ C— | equivalente to C=—C
S | N
0O 00 © \.OH

I I1
Resonance is possible only through participatipthe carbonyl group.
Resonance of this kind is not possible for carbamiormed by ionization di-
hydrogensy-hydrogens, etc., from saturated carbonyl compounds.
Hydroxide ionis the most common base that used in these readiwhin some
cases strong bases can be useddikeninum tertiary butoxide

The carbonylgroup affect on the acidity af-hydrogen in the same way that it
affects on the acidity of thearboxylic aciddoy accommodate the negative charge of
the anion as the following:
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O .O
Y 7
—C\ P m— —C\ }@ + H
O—H O
O ,O
4 . 2
—C\ -~ —C\\ © 4+ H
C—H “C
/ / \

In spite of the fact that the-hydrogen of an aldehyde or ketone are wegak
acidiccompared with carboxylic acids, but they are acatiough to be abstracted by
a base to generate carbanions.

Note: Carbanions that stabilized by carbonyl carbon is known as enolate anion,
since the formed anion is not only in the keto form, but also in the enol form:

: e p
H,C—C—CH; + :B === H,C—C(==CH, + H:B == H,C—C=CH, + :B

Keto Enolate anion Enol

Why are aldehydes and ketones relatively acidic?

We know that acid strength is enhanced by stabibzaf the conjugate base. In the
enolate iontheinductive effectof the positively polarized carbonyl carbon strgngl
stabilizes the negative charge at theposition Aldehydes are stronger acids than
ketones because their carbonyl carbon bears arlpeggal positive charge. Further
strong stabilization is provided lelocalizationof charge onto thelectronegative
oxygen

Deprotonation of a Carbonyl Compound
0: Co: 0: 0:
7g:“—c< + BT — >g—c< > >g—? ( > >C C<' + BH
He

pK, = 16-18 (aldehydes)
19-21 (ketones)

Enolate ion

Why aldehydes and ketones are more acidic than esters ?

The electrons left behind when afhydrogen is removed from asterarenot as
readilydelocalizedonto the carbonyl oxygen as are the electrondidind when an
a-hydrogenis removed from amaldehydeor a ketoneBecausea lone pairon the
oxygen of theOR groupof the ester can also be delocalized onto the ogtbo
oxygen, the two pairs of electrons compete for chdleation onto oxygen:

:0: delocalization of a <O delocalization of a 02
(|: lone pair on oxygen 2 e lone pair on carbon

+ CKL). ..
RCH” SOR RCHT TOR RCH” ~OR

resonance contributors
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Theketoandenolforms of carbonyl compounds arenstitutional isomerdut of a

special type. Because they are easily intercondebg proton transfers in the
presence of an acid or base,

e Interconvertible keto and enol forms are callédutomers and their
interconversion is callechutomerization

In general the position of equilibrium will significantl{avor the ketong as seen in

the following example:
& 5

> 99.99% <0.01%
In some cases, theenol tautomer is stabilized and exhibits a more substiant
presence at equilibrium. Consider, for example, éhel form of a beta-diketone,
such as 2,4-pentanedione.

A - A2

H\
(o}
=
10-30% 70-90%

The equilibrium depend on the solvent that isduseut the enol generally
dominates. Because :
(1) The enol has a conjugatedystem, which is a stabilizing factor, and (2) ¢nel
can form an intramolecular H-bonding interactiontlBof these factors serve to
stabilize the enol.
An enol equilibrateswith itsketo form in acidic or basic solution

BaseCatalyzed Enol-Keto Equilibration

0=-H O: 0: 0
= + — T o e } + BH — —c— +
/ N AN / | AN

Enol form Enolate ion Keto form
Acid-Catalyzed Enol-Keto Equilibration
/_‘ H (s H .o H ss
/ O C 0O:
NS OH \ J/”H | /)H Y.
C=C + H — [—C—( «—> —(C—( — —C—( + H
7N N N \
Enol form Protonated carbonyl system Keto form

1.3 Reactions involving car banions:
The carbanions are highhasic exceedingly reactive particles. In their reaction
they behave as we would expectnasleophiles
As nucleophiles, carbanions can attack carboniardbing so, forntarbon-carbon
bonds.
(4)
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1.3.1 Halogenation of ketones:
Ketones that contai@-hydrogen can be halogenatedratarbon, since the reaction
of an aldehyde or ketone with halogen (CI2, BrZhu2not F2) will afford thea-halo
product. The reaction proceeded in eithasicro acidicmedium.

a) Acid-Catalyzed -Halogenation of K etones

In the presence of acid, halogenation usistipsafter the first halogen has been
introduced, as shown in the following example.

0 0

X Cl

@ + Cl, O, O/ + HCl
Cyclohexanone @Horacyclohexanone

(65%)
O O
e +Br, CH;CO,H, H,0, 70°C I

H—CH,CCHj > BrCH,CCH; + HBr

44%

Bromoacetone

Therate-determiningeaction here is the formation of the enol, whigtolves two
steps: rapid, reversible protonation (step 1lhefdarbonyl oxygen, followed by the
slow lossof an a-hydrogen. Once formed, the enol reacts rapidly viaghogen
(step2):

M echanism of the Acid-Catalyzed Bromination of Acetone

Step 1. Enolization(rate determining)
5 O

CH:CCH; + H® &= H—CxX == H,C=C
fast - ('H., slow CH.

H
Step 2. Halogen attack
OH | . OH OH |
H,C=C »  |H,C— > HC—C

(H, fast , CH, CH.

(5)
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Step 3. Deprotonation

v /7

6 o § B

BrCH,CCH, —> BrCH,CCH,
fast

Evidence for the mechanism includes the obsemwatthat acid-catalyzed
halogenations showsecond-orderkinetics, the reaction ratelepends onthe

concentration oficetoneand theacid, but is independent doromineconcentration.
and follow the rate law:

Reaction rate k [Ketone] [H]
Why is further halogenation retarded ?

The electrorwithdrawing power of the halogen makes protonation, the ingtap
in enolizationmore difficult than in the original carbonyl compound.

Halogenation Slows Down Enolization

H

Less basic than /
unsubstituted ketone ™ 2_3: () 0

I | [
BrCH,CCH; <—— BrCH,CCHj4

Electron
withdrawing

b) Base-promoted halogenations of ketones:

Acetone reacts with bromine to form bromoacetdme reaction accelerated by base
( e.g. hydroxide ion, acetate ion, etc. ).

CH3;COCH; + Bp + :.BE —> CH3;COCH,Br + Br + H:B
Base

Kinetic study of the reaction shows that the ftieac rate depends on the
concentration of acetone and the base, but is erdemt on bromine concentration.

rate=k [acetone][:B]

Basemediated halogenation is entirely different. ltogeeds instead by the
formation of an enolate ion, which then attacks bHaogen. Here the reaction
continues until itcompletely halogenates the samecarbon, leaving unreacted
starting material (when insufficient halogen ispdoyed).

(6)
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Mechanism of the base-Catalyzed Bromination of Acetone

Step 1. Deprotonation of the a carbon forms the enolate ion
H

.C:‘r: P e
Y =0 O
-, T il e ¥ -~
(|“. C\ BT e —= L & Cc—cC + BH
N
Keto form Enolateion

Step 2. The enolate ion attacks the electrophilic halogen.

-8

:0:
I

C<CH, +*Br--Br —— RCCHBr + Br-

N A

v
R Moreacidic

than unsubstituted
ketone

The base abstract a proton slowly (stepl) fromameeto form carbanion, which
then react with bromine to give bromoacetone (&ep
Step 1( generation of carbanion ) is thee determininstep ( r.d.s).

Why is base-catalyzed halogenation difficult to stop at the stage of mono
halogenation?

The electron-withdrawingpower of the halogenncreasesthe acidity of the
remaining o-hydrogens, accelerating further enolate formatiod &encefurther

halogenation

Example:

0] (o) o)
|| excess Br: ” ~“OH ”
CH,CH,—C—CH; ——/—F— |CH,CH,—C—CBr;| —— CH.,CH,—C—0O~ + HCBr,

butan-2-one propionate bromoform
Note:
a- The rate of iodination of acetone is the same with bromination, and this
Indicates that the reaction is independent on the halogen concentration.
b- Halogenation can be done with other halogenating agents like sulfuryl
chloride(SO,Cl;) or cupric chloride(CuCh) for chlorination and N-
bromosuccinimide for bromination.

1.3.2 Aldol Condensation
Under the influence of diluteaseor diluteacid, two molecules of aaldehydeor a
ketone(that containo-hydroger) may combine to form B-hydroxyaldehyde op-
hydroxyketone, the common namé&iol (from aldehyde alcobl).This reaction is
called thealdol additions.
In every case the product results from additibrorme molecule of aldehyde (or
ketone) to a second molecule in such a way"thatathearbon of the first becomes

attached to the carbonyl carbon of the second.

(7)
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Under more severe conditio(lsigher base or acid concentration, or heat, on)pot
the product of aldol addition undergoes a dehydnatieaction (loses D). The
overall reaction is called axdol condensation, forms anew carbon-carbon double
bond.

The termcondensation is used to refer to any reaction in which two males
undergo addition accompanied by thesof a small molecule such asater, carbon
dioxide, or nitrogen gasIn the case of aldol condensations, water is small
molecule that is lost, to giwg/unsaturated carbonyl compound (enal or enone).
For examples:

O O (I]

u MNaldH. H.4) 57 g ..
0 4 CCH — C(CH; CHCH

H,C

H H H
2 moles of acetaldehyde L Hvdroxybutanal
B-Hydroxybutyraldehyde
formed as a racemic mixture
O _ OH
| OH I
CH3CH,—C-H + — CHaCH;—C—
H H

2 moles of propionaldehyde B-hydroxy-a-methylvaleraldehyde
(3-hydroxy-2-methylpentanal)

O O

Il OH™ I
+ CHgCCH3 —_— —CH2CCH3

2 moles of acetone
4-Hydroxy-4-methyl-2-pentanone

Note: If the aldehyde or ketor#oesn’t contaim-hydrogen, a simple aldol
condensatioannottake place like:

Benzaldehyde PhCHO oCAO |

Formaldehyde HCHO
2,2-Dimethylpropionaldehyde (GHCCHO — na-hydrogen
Benzophenone PhCOPh @@ér

Tri-substituted ketone ArCOgR

a) Base-Catalyzed Aldol Condensations

Under basic conditions, the aldol condensatiaurecby a nucleophilic addition of
the enolate ion (a strong nucleophile) to a carbgrgup. Protonation gives the aldol
product.

M echanism of Aldol Formation

STEP 1. Enolate generation
~
CH) :/():
HCXCH,~H +_ =:OH =— H,C=C + HOH
- w_ o - . oo
H
Small equilibrium
concentration of enolate(|)

(8)
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STEP 2. Nucleophilic attack

:0:) :0: :0:
A/f.)' \ |
CHiGH /CHy=C == CHC—CHCH
, . I
STEP 3. Protonation (1N
() :(|:|): ; :.(:.)H :(|:):
N . | .
CH.C—CH,CH + H—OH — CHC—CHCH + HO:
H | H
50-60%

3-Hydroxybutanal (| | |)
(Aldol)

In stepl Hydroxide ion abstract a hydrogen ion from tkearbon to form
carbanion (I),which attacks carbonyl groupstep2to form ion (I). Instep3 ion (ll)
an alkoxide, abstracts a hydrogen ion from watdonm 3-hydroxyaldehyde (l1l) and
regenerate the hydroxide ion.

lllustrate these steps for:
(a) propionaldehyde (b) phenylacetaldehyde
(c) acetophenone (d) cyclohexanone .

Note: The carbonyl group playstwo rolesin this reaction:
1- It provides the unsaturated linkage at which the addition occurs (step 2).
2- It makes the a-hydrogen acidic enough for carbanion formation (step 1) to take
place.

b)Acid-Catalyzed Aldol Condensations

Acid-catalyzed aldol condensations, generally egiv,/~unsaturated carbonyl
compounds as products; addition products cannsdbeted.

(”) H,C O
2H;C—C—CH; . /C=Cll—C—CIl3 + H,0
acetone H,C

mesityl oxide
(79% yield)

In acid-catalyzed aldol condensations, the catpigcid of the aldehyde or ketone
is a key reactive intermediate.

(
~H—OH, . H
| e “ /

:(”): 0

HsC—C—CH; <= H;C—C—CH; + OH,

9)
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This protonated ketone playso roles First, it serves as aourceof the enol.
Secong the protonatecketone is theslectrophilicspecies in the reaction. It reacts as
an electrophile with ther electrons of thesnol to give the conjugate acid of the
addition product:

+
I
\ N~ _-J one molecule of the
H,C—C—CH, "W protonated ketone
il
H;()ﬁ}h()*
H - CH, (':OH CH, +O—H \
N PN N [ \OH;
:0=C | H,C=C—CH; =2 HO—C—CH,—C—CH; =— >
| enol
CH; |\ CH;
the ¢ :[,:1,:‘\';,’|; ..l )ON accepts CH- HOH

CH

The loss of a proton gives th&hydroxy ketone product. Under the acidic
conditions, this material spontaneously undergees-@atalyzed dehydration to give
ana,unsaturated carbonyl compound:

CH; O H,C O
: L H_ H,0* . i
HO—C—CH,—C—CH; ——> C=CH—C—CH, + 1,0
CH,4 H,C

Let’s contrast the species involved in twed andbasecatalyzed aldol reactions.

Reaction Nucleophile Electrophile
Base-catalyzed aldol reaction enolate io neutral carbonyl compound
Acid-catalyzed aldol condensation enol protonated carbonyl compound

1.3.2.1 Dehydration of the Aldol Product
Thep-hydroxyaldehydes db-hydroxyketones that formed from aldol condensation

are very easilydehydrateceither byheatingthe basicsolution of reaction or by a
separateacid catalyzed reaction ( which is the general procedornerepare alkenes
from alcohols).

Dehydration of aldol products will give compounith&t have the carbon-carbon
double bond betweem+ andp- carbon atoms in conjugation with the carbonylugro
which is calledy,-unsaturate@¢arbonyl compounds.

(10)
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For example:
OHH O H H O
Ll dil. HCI, warm [
H,C—C—C—C—H » H,C—C—C—C—H
[ -H,0
H H 2-Butenal
3-Hydroxy-2-Butanal (Crotonaldenyde)
(Aldol)

OHH O CH3H O
L I,, (a lewis acid) [l
H3C_C_C_C—CH3 . > H3C_C C_C_CH3

| distill -H,O
CHzH 4-methyl-3-penten-2-one
4-Hydroxy-4-methyl-2-pentanone (Mesityl oxide)
0
NaOH
0] OH

f (20%)
\. NaOH é/@
100°C

(90%)

When theo,3-unsaturated carbonyl compoundusther conjugatedr system)with
a carbon—carbodouble bond or &enzene ringelimination of H,0 Is spontaneous
and theB3-hydroxy carbonyl compound cannot be isolated.

For example:

(II) (”) H Il
Olon o ne by e |G TLEG
CH3

2 moles of acetophenone
Not isolated

l—HZO
e g
OB

1,3-Diphenyl-2-buten-1-one
1.3.2.2 Useof aldol condensation in synthesis:
Aldol condensation products can be used in thehegis of a wide variety of
organic compounds through their different reactidits example:

1- Dehydration of aldol products will produce,p-unsaturated carbonyl

compounds ( discussed previously ).
(11)
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2- Catalytic hydrogenation ofa,f-unsaturated carbonyl compounds vyields

saturated alcohols, since addition of hydrogen wowy both at carbon-carbon
and carbon-oxygen double bonds.

e.g: n-Butyl alcohol and 2-Ethyl-1-hexanol are botlegared on an industrial scale
as the following:

O OHH O
” “OH | | ” —Hzo
2 HC—C—H —— H3C—(|3—(|3—C—H — H3CHC—CHCHO
H H
Acetaldehyde Adol product 2-Butenal
le, Ni
H3CH20_ CHchon
n-Butyl alcohol
Y g
“OH
2 CHCH,CH,CHO —> H3CHZCH2C—(|2—(|:—C—H
H H
-H,0
n-Butyraldehyde Adol product
Cu, 250C H3CHZCH2CHC_—C|:CHO
2 CHyCH,CH,CH,OH CoHs
n-Butyl alcohol le, Ni

CoHs
2-Ethyl-1-hexanol

Synthesis of unsaturated alcohols by the use ofagent that reduce only the
carbonyl group and leaves the carbon-carbon doobfel intact ( chemoselective
reagent ) like sodium borohydride NaBH

O OHH O
Il -OH | | I -H,0
2 H3C—C—H ——— H3C—?—(|3—C—H ——> H3;CHC=—CHCHO
H H
Acetaldehyde Adol product 2-Butenal

l H*, NaBH,

H;CHC=—CHCH,0OH
2-Buten-1-ol

Note: Chemoselective reagent, A reagent that, in performing its particular job,
selectively attacks one of several different functional groups.

(12)
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1.3.2.3 Crossed aldol condensation:

An aldol condensation between taiferent carbonylcompounds is calledrossed
aldol condensation in which at least one of them have-apdrogen. A mixture of
four possible products may be obtained.

For example:
) 8]
0 OH
C. H;0 C
CHyCH;CH—CH H = * CHyCH;CH—CH H
0 | HO |
i CH, CH;y
[ «
CHACH “H 3-Hydroxy-2-methylpentanal
y A o B (8] )
HO 2 iy o OH
“ HaO LI MO i
CHyCH—CH H * CHyCH—CH H
HO
o b CHs CH;
G + C.. 3-Hydroxy-2-methylbutanal
CH4CH, H CH, H o o
t 0 OH
0. o H;0 - C
= HO CH;CH;CH—CH3 H = * CHyCH,CH—CH3 H
HyO %y, A - HO

3-Hydroxypentanal
{__H; “H

B B O 0
(4] OH I
| : C : HyO {
CHsCH —CH4 H —= * CHyCH—CH, H
3 HO 2

3-Hydroxybutanal

Under certain conditions, a good yield of singl®duct can be obtained from
crossed aldol condensation:

a) One reactant contains mshydrogen and therefore is incapable of condensing
with itself ( e.g. aromatic aldehydes or formaldzdy.
b) This reactant is mixed with the catalyst; and then
c) A carbonyl compound that containshydrogen is added slowly to this
mixture.
e.g.
OH H
HCHO + CHsCHO H—C::—C:Z—CHO
Formaldehyde Acetaldehyde H H
lcm%f

H,C=CHCHO
Acroline

sodium silicate

(13)



Dr. Salih A. Abood

Organic chemistry
H H H

CH3CHO | | |
20°C

3-Phenyl-2-propenal
(Cinnamaldehyde)

H H

H O
| OH| CHsCOCH L
c=0 - C==C—C—CHa
100C

4-Phenyl-3-butene-2-one
(Benzal acetone)

o LLEO
CcC— C—

1,3-Diphenyl propenone
(Chalcone)

Benzaldehyde

1.3.3 Claisen condensation (for mation of pB-keto esters):

Aliphatic esters that contain at least omdiydrogen undergoes condensation

reaction in the presence @fdium ethoxid€ as a base ) to produpeketo esters.
The typical example for this reaction is the fation of ethyl acetoacetate from

ethyl acetate.

O H

® O EtOH I ®
2 CH;COOC,H5 + NaOC,Hs —— H3C—C—8—COOC2H5Na + 2 EtOH
Ethyl acetate Sodium
ethoxide Sodioacetoacetic ester
|
CH;COCH,COOEt

[B-keto ester

An a-hydrogen in an ester is less acidic than thosddehydes or ketones (due to

the interaction between oxygen atoms in the esterg, however the ethoxide ion is
basic enough to abstract this proton and converesiter ( partially ) to carbanion (

enolate ).
The generally accepted mechanism for this reaatioolves the following steps:

(14)
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S}

Q = o
I ) I |
1) H,c—C—OEt + OEt =—— | H,C—C—OEt =—> H,C=C—OFEt | + EtOH
(1

©
0 o)
s )
2) H,C—C-OFEt +/ H,C—COEt === ch—lc—CHzcozEt

(1) qOEt

J

I
H,C—C—CH,COEt + “OFEt

O
| | o
3) H,C—C—CH,COEt + ~OFEt <= H;C—C—CHCOEt + EtOH
Stronger acid Weaker acid
0]
HC—C—CHCOEt ——> H3C—C—CH,CO,Et
B-keto ester

Ethoxide ion abstract a hydrogen from thearbon of the ester to form carbanion |
(step). The nucleophilic carbanion | attacks the carbhocgrbon of a second
molecule of ester forming setrahedral intermediat® displace ethoxide ion and
yield the keto esters{ep). The p-keto ester that formed in step 2 react with the
ethoxide ion and form the sodium salt of the eftedioacetoacetic ester). So, to
obtain the final product the resulting mixture mistacidified.

Like the aldol condensation, the reaction invelmecleophilic attack of a carbanion
on an electron deficient carbonyl carbon.

In aldol condensation, nucleophilic attack leadsattwlition( the typical reaction of
aldehydes & ketones ).

In Claisen condensation, nucleophilic attack leads swbstitution (the typical
reaction of acyl compounds ).

O CH
® © EtOH i1 ®
2 CH;CH,COOC,Hs; + NaOC,Hy; —> H3CH2C—C—8—COOC2H5 Na + 2 EtOH
Ethyl acetate Sodium
ethoxide l H*

s
H3CHZC—%—%°icooc2H5

Ethyl-3-o0x0-2-methylpentanoate
Ethyl-a-methyl--ketovalerate

(15)
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1.3.3.1 Crossed Claisen condensation:

Like crossed aldol condensation, a crosseds@tacondensation useful only when
one of the reactant has nshydrogen and thus incapable of undergoing self-
condensation.

e.g.

)
OE
1) QcozEt + CH;CO,Et ———= QCOCHzcozEt + EtOH

Ethyl benzoate Ethyl acetate Ethyl benzoyl acetate
Okt
2) HCO,Et + CH;CO,Et — > HCOCH,CO,Et + EtOH
Ethyl Ethyl acetate Ethyl frormylaceate
formate
B @
3) EtO,C—CO,Et + CH,;CO,Et —> Et0,C—C—CH,CO,Et + EtOH
Ethyl oxalate Ethyl acetate Ethyl oxaloacetate
0] o 0]
Il OFt I H
4) EtO—C—OEt + PhCH,CO,Et —— EtO-C-?-COzEt + EtOH
Ph
Ethyl carbonate  Ethyl phenylacetate Ethyl phenylmalontate

1.3.4 Reactionsrelated to aldol condensation:

A large number of condensations that are cjosdated to the aldol condensation.
Closer examination shows that these reactions wevalttack of a carbanion on a
carbonyl group. In each case the carbanion is g&rtbroy the abstraction of
hydrogen by a base like sodiunydroxide sodiumethoxide sodium acetateor
amines on the other hand the carbonyl compound couldalkiehyde, ketone,
anhydride or ester.

1.3.4.1 Reformatsky reaction: Preparation of g-hydroxy esters

As we learned previously, carbanions can beyred by the abstraction afH
from aldehydes, ketones or esters by the actioa baAse. These intermediates (
carbanions ) can be also produced by the reactiatkgl halide with zinc metal to
form organometallic compounds ( e.g. Grignard reaggX ). The formation and
subsequent reaction of the organozinc compoundmsgas to the formation and
reaction of a Grignard reagetinc is used in place ofmagnesiunsimply because
the organozinc compounds aees reactivéhan Grignard reagents; they dot react
with theesterfunction but only with the aldehyde or ketone.

(16)
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This concept can be applied on esters, sinceethaion ofa-bromoester with zinc
in the presence of aldehyde or ketone will proditbgdroxy ester.
CH; ?Hz
zZ
1) H,c—C=0 + BICH,CO,Et ———= H;C—C—CH,CO,Et
dry ether |
Acetone OZnBr

l H,0, H"

g
H3C - (I: - CH2C02Et

OH
B-Hydroxy ethyl isovalerate

H CH;

e X
Z H,0
2) QC:O + BrCHCO,Et LN E QC—CHCOZEt
dry ether H* |

OH

benzaldehyde o-Bromo ethyl
propionate

The reaction proceeded through a mechanism inhathiea-bromo ester reacts with
zinc metal in dry ether to give the organo metahi@rmediate which used directly
and react with the carbonyl compound (aldehyde eiorke) to give the ordinary
addition product that on hydrolysis produce thalfjoroduct.

mechanism:

7 ®
1) BrCH,CO,Et ———>  BrZnCH,CO,Et
dry ether ©

® s e
2) BrZnCH,CO,Et + H3C—C=\? —= H3C—C—CH,COE
OZnBr

l H,0, H

e
H3C—(I:—CH2COZEt
OH

Compounds liker-halo nitrile ( RX-CH-CN ), a-halo-N,N-disubstituted amide and
v-halo vinyl ester have also been used.
B-Hydroxy acids or their esters can losster molecule to given,p-unsaturated
acids or esters which can be reduced to their sporadingsaturatecacids or esters,

furthermore hydrolysis of esters produces thedsci
17)
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I|{3 R] }l{l I|{3
I 1) Zn, dry eth -H,0

Br—C—COt + R2-C=0 2;H'T 2 Rz—(li—$—C02Et 2

H OH H

Rl R3 Rl R3 Rl R3

5 | hydrolysis | | H,, Ni 5 | - |

R*—C—C—CO)H =— Rz—C—C—CozEt ~——— R*—C—C—CO,Et

I | base, then acid | |

H H H H

saturated acid saturated ester unsaturated ester

1.3.4.2 The Knoevenagel condensation:

This type of condensation involve the reachetween aldehydes or ketones ( that
containno a-hydrogen ) with compounds of the type Z-€Hor ZCHRZ' in the
presence of suitable base to form dhefinsas the following equation:

H Z 7
Il | Base C
R!-C—R? + 7—C—7 — I
1'{ R2 ORI

Z and Z' may be: (CHO, COR, COOR, CN, NSOR, SGR or SQOR).

Furthermore, other compounds that hav@ydrogen can be used like chloroform,

2-methyl pyridine, cyclopentadiene, ----- etc.
For example:
I|{ (|30CH3
1) PhCHO + CH;COCH,COEt —N » ph—C=C—CO0,FEt
H H
NaOH

||
2) PhCHO + CH3NO, —> Ph—C—C—NO,

1.3.4.3 Perkin reaction:

The reaction ofiromatic aldehydewith anhydrideds calledPerkin reactionThe
product structure depends on the anhydride, sineause of an anhydride that has
two a-hydrogensawill produceolefin as a main product. On the other hand the salt of
B-hydroxy acidscan be isolated in the case of the use of an am®gydhat contain
one a-hydrogenlike (R,CHCO)O since there is no possibility to eliminate water
molecule.

Thebasethatusedin this reaction is the sodium or potassium sathefcarboxylic
acid that the anhydride is derived from.

(18)
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e.g..

H R
RCH,CO,K I I )
1) ArCHO + (RCH,C0),0 ———> Ar—(C=C—C0O, + RCH,CO,H
I
2) PhCHO + (CHiCO),0 —OMe _ py c—=(C—co,H

1.3.4.4 Copereaction:

In this reaction, cyclohexanone react with ettyanoacetate in the presence of
ammonium acetate as a base, and benzene as asolven

CH;CO,NH,
1) <:>:o + NC—CH,CO,Et 2 <:>:$—C02Et

CN

0 ©
2) NC—CH,CO,Et + CH;COONH, —> NC—C—CO,Et

H

\ OH
3) WHCOZE‘[ — <:><
CN

HC—CO,E

CN
OH

-H,0
2 O e O
CN

HC—CO,E
CN

(19)



