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BENZIL-BENZILIC ACID REARRANGEMENT:
* Exist in 1,2-Dicarbonyls
* Condition:

Mo
W a-Hydroxy carboxylic acid

1,2-Dicarbonyl—

(i) OR”

) RO Ester of a-Hydroxy carboxylic acid

* Driving force: Formation of carboxylate ion
* Attack of OH-or OR-: On the more electron defficient carbonyl group (>=0)

*>=0 group on this, attack of OH-or OR- occur convert into —COOH or —COOR group while another carbonyl, convert into
alcoholic group (-OH).

g 7"
)
CaH:~CH-{-CH, 191, ch-cCcH —>(('))3*ng C,H~~-COOH
HO Benzil C.H.
Benzoin (1,2-Diketone) Benzil acid
(o- Hydroxy Ketone) (-Hydroxy carboxylic acid)
* Mechanism:
@O_(] CeH, C.H;
CH; MH —> CH-C-C-CH,_—s HO- ﬁ ? C.H. AC|dtbasS OOC-C-C,H,
H reaction |
Benzil
Carboxylate ion
Acidification
H,O/H’
(|)H
CSHS—C|—COOH
CeHs
Benzilic acid
* Examples:
11 || ||
() O o _@oH
wortinfibonpngor o N IS @ ﬁ on
OH O

—|
NO,

00 H

0
[ i) OH" |
(3) CH~C-C-CH, 295 cH,-C-COOH @ aon [ OH/
(i) H'/H,O é (“) H'/H,0 |
H, |

COCH
) () OH" OH
|
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This reaction takes place through the following mechanism.

0
0
OH A OH g o} g—OH
—_ OH —> Acid-base Q< HO/H
O reactlon OH
© Ol
K,Cr,0, _@oH
(6) : : (||)H/HO
Ph—éIZ—CIIZ—Ph DEHO by I _COOCH
0 (i) H,0/H" ? 2! ls
B T
(i) OH" _
8) CH O_@_C‘Q ~CeHs (i) H,OMH" CH3O_@_(|: QOOH
R CiH,
OH
| (i) OH" [ =
) SO Is e~ O >—-Eoon
+H CH,
T 1
(i) OH" -
(10) +H Cl
— c
00 OH
Ph-CH L tph—0O% s b e & €GoH
(11) Ph=tht% (i) HOM ™ T TR
Ph
I (I)H
(12) HOOC—CH,~C~C-CH,-COOH % HOOC-CH,~C-COOH
H,~COOH
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SEMIBENZIL-BENZILIC ACID REARRANGEMENT:
*Existin o — L — Ketone

* Condition:
—H S saltof carboxylic acid
o-L-Ketone —
L) Ester

* Driving force: Formation of carboxlate ion.

* Attack of OH- or OR- = Always on the >=0O group
*>=0 group convert into—COO-or -COOR group

2

R— C”: é R, R—(%—COO
OL
a-L-Ketone Carboxylate ion o
(As a salt of carboxylic acid)
*Mechanism:

m /O%FQ R, R.
é _OH 4

—R,———> R~ é—c

R,—C-C-R — OH ——> R,-C—C-O
SRR PR M
o R, R,
a-L-Ketone
Questions:
Cl
P N-R 2R 7
Q.1
<\ Cl Ph
Sol. P N-R Ph N-R =CLs RO—@O_R
CI(”) ph
Q2 C@ OH" Ans. @C_OH
=
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CANNIZARO REACTION:

* Exist in aldehydes which does not have o, — H-atoms (Aromatic or Aliphatic)

* Condition:
Aldehyde OH_ > Alcohol + Salt of Acid
] Via Disproportionation
(Without reaction
o— H-atom)

(Without o — H- atom)
* Disproportionation reaction takes place (one molecule is reduced while another is oxidised)
* Hydride ion (H-) transfer occur

* Aldehyde molecule, on this attack of OH- occur convert into salt of acid while another aldehyde molecule convert into alcohol

HO
H-C-H + H-C-H——— HCOO™ + CH,OH
Formaldehyde Salt of Methanol
formic acid

* Mechanism:

(A) At Low concentration of base:

H H H-C- L A Acid-base _
- H-ion transfer HCOOH+\C_H}oO Reaction > cO0 *+CH,OH
(Intermolecular)
Rate ¢ [HCHOJ?[OH ] = Third order kinetics
* At high Concentration of Base:
0 o - N 0
Q o oy P01 o T
H-C-H/—> H-C-H W H-CH  —— 5> H-C-O + CH-O ﬁ) H-C-O" + CH,OH
(|)H e O Intramolecular B

H™ ion transfer

Rate o [OH JF[HCHOYJ : Forth order kinetics
*When in cannizaro reaction involve in two different types aldehyde molecules (without o — H ) called cross cannizaro reation.
* When both aldehyde present within same moleculethen cannizaro reaction is called internal cannizaro reaction or intramolecular
cannizaro reaction. (If both aldehydic group within molecule are different then this reaction also called internal cross cannizaro

or intramolecular cross cannizaro reaction)

* Cross Cannizaro Reaction:
(0] (0]

CGHS—‘%—H + H_CD@) C,H.~CH,-OH + HCOO"
+R
(OH- attack on the more electron defficient carbonyl)

* Internal cannizaro reaction:
00 OH
I OH- I i
H-C-C-H —» H-C-COO
1,2-Dialdehyde i
Mechanism operate as a benzil-benzilic acid rearrangement.
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* Internal Cross Cannizaro Reaction:

|| || (I)H
CH,—C- \/L) CHg—IC—QOO'
o—Keto aldehyde H

(OH- attack on the more electron defficient carbonyl)

* Mechanism operate as a benzil-benzilic acid rearrangement.

* Aldol As Well As Cannizaro Reaction:

HO —OH
CH,-CHO + HcHo —°H + HCOO"
Ethanal Methanal HO OH
(Excess) Pentaerythretol

Via three time aldol & one time cannizaro

* Mechanism: Always first aldol after then cannizaro.

T/ N H CH-OH GHZOH HO oK

| 'HCHOJOH HCHO/O HCHOJ/OH
CH ~CHO + HCHO s cH, -CH-CHO —=> ?H ?CHOA‘EH iCHO e |

Aldol Aldol Cannizaro |
C|)H Aldol H,OH HoJ OH

+ HCOO

Example of Cannizaro Reaction:

coo° CH,OH
(1) <O>-cHO +{O>-CHO + 2> @/+ @/

@) CI C—CHO + HCHO %> CI,C-COO™ + CH,OH

Chloral
oH| Side reaction

CHCI, + HCOO (It also will be formed)
(Via halo form reaction)

*
COO”
OH.

3) {O>-CHO + OEQN@QHO_—) {O)>CH.OH +

NO,

CHO oy COO  CH,-OH
O ik {oc T YSee i celoy

(4) cHO Loo O Salt due to basic

Not involve medium

(6) Me,C-CHO + Me,C-CHO 2> Me,C-CH,-OH + Me,C-COO

CH, CH,
00 OH | ! |
[ - I ) H,C-C-CHO + H -C=0 -2 H,C-C-CH,~OH+ HCOO"
C;H~C-C-H -2 CH~CH-COO I
©) ©) H, H H,
Phenyl Glyoxal  Mendilate ion Trimthyl Acetaldehyde Neo-Pentyl alcohol
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TISCHENKO REACTION:

*Existin all aldehydes

* Condition:
Aldehyde % Ester
or Naz[Fe(CO) 1

* It s extention of cannizaro reaction so during this reaction firstly formed alcohol & acid which react to each other & formed

product as a ester.

CH-CHO AlOCH), oy @O—CHz—CH3

Acetaldehyde Ethyl acetate

Benzeldehyde
Benzylbenzoate
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THE FAVORSKIlI REARRANGEMENT:

* Existin a - haloketones

* Condition:
OH _ Acid
o- Halo Ketone OR" Ester | Product with Rearranged C-skeleton
NH, Amide

But for cyclic oo — halo ketone
OH_ acid
Cyclic o-Halo keton OR” Ester | Product with Ring Constraction
NH: Amide
* Gem-dihalo ketones & 1,3-dihaloketones always give o, [3 -unsaturated ester or acid as a cis alkene.

* oL, 3 -Epoxy ketones alwas give [3 —Hydroxy ester/acid.

CH,
H

* CH.-
e

CSHS—CHZ—@—CHZ—CI SR, CSHS—CHZ—CHZ—i—OR

For *—COCHaﬁ CH3
Product *—Cl — —COOR

Major
Mechanism:

LN. o

CH CH,
TNl

] CH CHACI , —z—>CH~CH CH, CH~CH CHs
E C|%> CsHs/ \i/ s \ U (a)ﬁ—\c/.b(b)
,j N
CO o OR
(Cyclopropanone)
(Characteristic intermediate of this reaction) ‘
(a)l l(b)
C,H.~CH-CH,-C-OR CSHS—(llH—CHZ’
COOR
More Stable Less Stable
H,0MH" H,0/H*
CSHS—CHZ—CHZ—ﬁ—OR CSHS_EH@_OR
Major H,
Minor
* Similarly
Q o COOR  COOR
* _ % *
OR 5 +
_ COOR COOR
Mechanism: o OR _ "

ONSALRC U Ho,

X A
H\@*/CI OR" _é*/d_, @R OOR COOR
~RoH (b) * HOM' b*
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FAVORSKII AS WELL AS SEMIBENZIL-BENZILIC ACID REARRANGEMENT:

o OD/D,0 A/COOD
74 Via semibenzil benzilic
acid rearrangement
OD/D,0 (Favorskii product is more favoured)
Br Via Favorskii A/COOD
rearrangment
When o— H in F i
C”) FfS R, ispresent avorskil
R-C-C-R Normal
1 2
& When o~ Hin  Semibenzil-Benzilic Product
R. is absent acid rearrangment
' Abnormal
OR"| For semibenzil Product
benzilic acid
rearrangement
b
Y
R-C—-C-R
@~ U EpOX|de ring i i
OR (Cl formation
Abnormal
(a)l R Product

RO—g—il—Rz

Normal Product

SETEROCHEMISTRY OF THE FAVORSKII REARRANGEMENT:
* For favorskii in cyclic ketones: The presence of equitorial halogen at oL — position is must.

* If halogen present at axial position then favorskii does not take place.

- ey s

Only in the cyclic Less Stable
a—Halo kleton More Stable Preferred conformer

for the favorskii

Q.1 Which one of the foIIowing compounds give the Favorskii rearrangement.

O O
M M -
) cl Cl Ans: Give
Ans: Not Give Ans: Not Give Ans: Not Give
0
= CH OC
CH, . C' H H cl
Cl Ans: Give Ans: Not Give Ans: Give
(B’coz of this compound Does not cyclic) (B’coz of Cl does not at o~ position)
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Mechanism with stereochemistry:

O o)
* & —> No Reaction (B’coz of does not possible back side attack)
-ROH
Cl Cl
T
— ~OR OR
Equitorial
attack
COOR
Major Major
CH, CH, G G )
0 OR 0 Rotation 5 — —OR,
* -ROH ~ CH,
CH CH Cl
©Cl : @
E@ Less stable COOR Minor
(@)
CH
CH, Ho, A JCH,
H_QO, = “y,
CH,- CH, COOR
COOR COOR
More stable Major

r———@¢tfp - - - - - T - !
GH. *COCH,—> CH,
| 0 > :|~ Changes during the reaction |

| «Cl — COO

Q. ¢ Ans: ROO

0=C-CH, CH,

* FAVORSKII REARRANGEMENT IN GEM & 1,3-DIHALIDE:

Br
F Br Br Br N Co0R
0 , 0 O~ <)
OR OR OR _—
Br Br
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* 0] . O O 3 OOR
Br ﬂ) Br —s i) -
Br Br Br Br

Gem-dihalide
CH,
CH,
Q. R, , Ans: @
H COOR
HCI
BrO H
Tl or ROOC._  /
Q. HEC—\’;:L)—C—CHZ—CH3 _—s 7 Ans: /C:C\CH
H,C :
r 3 Cis-alkene
Gem-Dihalide (Always cis)

* Duing this reaction always cis product obtain, reaction takes place as follows.

1% of\l OR

Bro Q
H C_g L en(3R con _C/_\;} R, CH— /E\CH—CHS — /c CB<
: Q\,| ] ’ C’ID ROOC H
ér H Br (Ester)
Cis alkene
Br O Br
H.c-CH-C-Lhch, 08 Ans: e
Q. HL-tH-C- : ' ns: H/ \COOR
1,3-dihalide (Ester)
Cis alkene
(Always cis)
IGem dihaloketone (o, oo — dihalo) —i
| and ——— Always give o, [ -unsaturated acids or ester |
I1 ,3-Dihalo ketone (o, o' dihalo) |
* Durmg the reaction always cis product is obtained .
I (|:OOR
R o
Q. R—Q—I CH C—CH, R’—» 2 Ans: R—<$H—CH—CH2—R’
OH
o.,3—Epoxy ketone B-Hydroxy ester/acid
0
0 ¢
a ” 3 ” / \ ROH
Sol. R-CH-CH-C-CH,-R W’ R-CH-CH-C-CH}R’ 285 R-CH-CH—CH-R’ £,
\ / N Q/) _ -OR
'S) 6Q oR
G COOR COOR
AN /N
R_iH_CH_CH_W 0R,, —lH—CH—C R —> R-CHCHCHR 2 R—?HELCH—CHZ—R’
H H

B-Hydroxy ester
* o, — Epoxy ketone always give 3 -Hydroxy ester or 8 -Hydroxy acid

Contact: +91-8946891920 www.hgaurchemistry.com Page (11)
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Q. R—?'*—?—?'*—R'_—*OS%Z ? Ans: R-CH=CH-R’

X H
a- Halo Sulphone
O

Os /
¢

) Y AN
s R- H—ECH—R’ —— R-CHY-CH-R'—> R_CH=CH-R’
X

a-Halo Sulphone
* This rearrangement is called ramberg backlund rearrangement.

www.hgaurchemistry.com
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FAVORISKII REACTION:

* Exist in carbonyl compounds.

2R-CHO + 2NaNH, + HC=CH —> R_EH_CEC_EH_R

H H
1,4-diol
Mechanism:
— ~ T S2NH; —
H-C=C-H N C=cC
H H
W\ N\

|
R+ C=CIER — RCH-C=C-CHR W . R-CH-C=C-CH-R
. : H H

@ %

—2NH,

* The conversion of carbonyl compounds into 1,4-diol, usin acetylene & NaNH, is called Favorskii reaction.

* If electron with drawin group is present in alkyl group (R) then Rate of reaction is increase.

Contact: +91-8946891920 www.hgaurchemistry.com
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CONDENSATION REACTIONS:

Substrate + Reagent __Basic . Product
* Reagent For Condensation Reaction:

CHza—@ﬂ Electron withdrawing group
| Reagent as a NU”

-CHO
-COCH,
-COOR
-NO,
-CNetc.
® <
CH-COOEt 7r© (B-cH
@'C|3H COOEt’ ®_CH\© \CN R‘CEC®’
a Propane 1,3-dinitrile
/COCH3
/COOEt N @—CH\
@—CH\ @HC . COOEt
_ COOEt — ®C=CH Malonic ester
Malonic ester AAE or B-keto ester

COCH,

C\
Acetyl Acetone ®/ S

RMgX, RLi, R CuLi, RCd

2

SUBSTRATE FOR CONDENSATIONREACTION:

[1] Substrate for Nucleophilic Attack in Nucleophilic Addition Reaction:

. R-CH=C=0 R-N=C=0
=0 (Aldehydes & Ketones) R-C=N Ketene Isocyanate
O
o | VAN
CH.=CH (Involve in michael addition) @
‘ Benzyne EpoxidesR

(1) Substracte for Nucleophilic Attack in Nucleophilic Substitution Reaction:

|
—C—COOR
R-X >C:(|3—CH2—X Ph-CH,-X _%j_%_ ¢
Alkyl halide Allylic halides Benzylic halides X X
a-Halo ketones a-Halo ester
0O
| 0 I
RCE ‘== "0OR, -X, -NH, -OCOR [ EtO-C-OEt
Acid derivative l | | CI-C-OEt Diethyl cabonate
Ester ~ Acid  Amide Anhydride
halide
N B | :
ﬁ O:ﬁ:—OEt | _ (But very less reactive)
Cl=C-F O=C-OEt Pyridine
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IMPORTANT QUESTIONS:
moH |
(i) H,O/H'

Q.1 CHg\co G
(iii) A

* It is application of Knoevenagel reaction.
(i) NaNH,

CHx.

Ans. /C:CI

CH,

Q.2 R-C=C-H W HCHO ™ Ans. R-C=C-CH,-OH
(iii) HO/H'
. (1) 2equ.NaNH, Pd-CaCO./Quinoline 0.0,
Q.3 H-C=C-H (ii) 2equ. HCHO ®@ H, ©
(iii) H,0/H"
H
> =4 CH,~CH-CH-CH,
Ans: HO-CH,-C=C-CH,-OH HO-CH, = CH-OH H (BH é)H H
(A) Meso, Optically ©
inactive, cis
1Equ. base
s 1 X =
Q CH~C-CH,~C-OEt —}-2Equ- base _ - (g,
R-X
AAE OH/R-X OH"
— C D
(© —= ()
o o
9 9 - ch e L ore
Ans: CHrg—?H—g—OEt ?Hz—C—CH—C-OEt N
R R
R R (B) (D)
(A) & (C)
Q.5 H,C-CHO + CH,-NO, %. ? Ans: CHs‘iH_CHz_NOZ
H
i
Q6 cH-C-cH-cooet — 0 OH. O, @)
: . e A
AAE (i) CH-CH—CH,
Br Br
0 0
| - /\g [ -
Ans. CH,~C-CH,~COOEt ﬁ'é CH, QCH COOE % CH~C-GH-COOEt 2H _%Ho
: CH, /CHZ
B CH;
i 11 0 g I
& 4 H,0/H" [ CH
CH; ?/c (COOEt " CH-CC—C-OEt H. HoCoC & OH—A :
H, ‘H EtOH 0,
J kCH (A) (B)
Br 0O
N W , H .S S z
H i) RLi RLi HgCl
Q7 N/ __() 5 (A) (B) == (C) Ans: 2/\C< ] CC<
Ho\s (u)CBr S S (€)
(A) (B)
08 R./° ORL ]
s — Ans: R-C-C-R
H” s (i) RCOCI Substrate for Benzil-
(iii) HgCl, Benzilic acid Rearrangement
Contact: +91-8946891920 www.hgaurchemistry.com Page (15)
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STARK ENAMINE CONDENSATION:
*Enamine = Ene + Amine
* Preparation of Enamine:

.

> “HNR, ——= CH-C-NR, s MR,
R Enamine
H
+HN — N - N
=29 @g J = O~

Enamine

* Enamine has two nucleophilic site; N & ¢ — C — atom of carbonyl but use only C—nucleophilic site
* Here following types of carbonys and 2°- Amineas are used:

LA R 90 0

* The reaction of Enamine with electrophile (E*) is called stark Enamine reaction. (or stark Enamine condensation)

(0] 0 R
0 [ (Il
Er— >:o | I CH~C-R CH-C-OR
RLC-Z (J:I Cl 0]
CH,-X o:(%—o Et e withdrawing group
0=C_OEt R-X CH,=CH-CH,-X CH=CH _©/
2O CH,R
= ©/H
Z ii) R-CH,-X i
Q1 Mm¢ Me iy o Ans. _
H Optically active
///,Me (Z >/,, Me N X Me
Sol. M€ e /L J Thoo o oA e——s || SRR S e “pCHR
/,,H
o}
CH,-R

—H,0/H" ‘2, 1 b .,

Me /M

Optically N €
active H X H

* This reaction is the example of enantioselective reaction.
* The important use of this reaction is as following reaction.

0 0O ) 0
or N or

Contact: +91-8946891920 www.hgaurchemistry.com Page (16)
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BENZOIN CONDENSATION REACTION:

* Exist in Aromatic carbonyls, o, 3— unsaturated carbonyls & Heterocyclic aromatic carbonyls (Mostly only in aldehydes)

>:O HCN/Base ><
Aliphatic

I

I

| carbonyls Cyanohydrine

I

: ©/CHO HCN/Base No Cyanohydrine will be formed

. H C=N

: Aromatic Me,SICN ><
Carbonyl

I g ph OF

| Cyanohydrine

I

* Thus aromatic carbonyls does not give cyanohydrine with HCN, while formed cyanohydrine with Me SiCN.

*In R.D.S., CN-attack on this carbonyl which is convert into more nucleophilic carbanion (C-) after the attack of CN-ion.

This
carbonyl is maintain at the end of reaction. while another carbonyl convert into —éH—OH group.
*Rate o. [CiHsCHOJ?[CN~] = Followthird order kinetics

Alc. KCN

x 2CH~CHO ——="~*_ CH,-CH-C-CH,
Or Alc. NaCN
Benzaldehyde H
a-Hydroxy ketone or
Benzoin
Mechanism:
Step-1 O AN
H +/CN _>RDS CH-C-H Acidbasg ey _CYe=N <> CH-C=C=N
Reaction | |
és OH [Al OH
((ﬁ CN Step-11 2 ?N OH (CN
CH |c |c—OHgTDS> C6H5—$—§—OH—> C,H— —?[o\—> CGHS—CH—@—CGHS
H CH, H C.H, H CH, H
[A] Benzoin
*Rate o [C;HsCHOF[CN'] = Followthird order kinetics

* KCN is used in the Benzoin condensation B’coz of

(i) Itis agood nucleophile

(ii) Itis a good leaving group

(i) It also increase the acidity of H-atom, attach on the carbonyl carbon

Examples of Benzoin Condensation Reaction:

M QCHO + Q\C ale. KON OCH E O

Furom

L Y

Contact: +91-8946891920 www.hgaurchemistry.com Page (17)
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fImportant Points: ~ T T §

|* Electron withdrawing group is present at o- or p-position of -CHO, then decrease the reaction rate due to decreasing|
Inucleophilicity of carbanion [A]. B’coz of in this condition step-11 is hardly proceed. |
:* If electron donating group is present at o- or p-position of -CHO, then also rection rate decrease B’coz of in this condition :

|reactivity of aldehyde is decrease w.r.t. CN- attack in the step-I. |

[* Thus, electron withdrawing as well as electron donating both types of group at o- or p- position decrease the reaction rate. |
| Generally, CN- attack on the that carbonyl which convert into more nucleophilic carbanion (have more electron charge|
|den5|ty) after the attack. |

e + ale KON, @i @@CH

OH
(3) CHO ([‘,H
+ alc KCN
CHO CHO L_Q B’coz of OH
aromatisation.

. Convert into
Convert into

N more Nu~
IessbNu_ Carbanion
Carbanion So Cnattack
on this
4 2 —ale. KGNy No. Reaction
* In ex.-4, step-11 does not proceed b’coz of NO, has strong
electron withdrawing effect, so nucleophilicity of carbanion
is highly decrease
CHO .
* In ex.-5, step-I does not occur due to strong electron donating
effect of -N(CH,),
(5) 2 —aleKENy N, Reaction
AN QK
CH, CH,

Contact: +91-8946891920 www.hgaurchemistry.com Page (18)
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ACYLOIN CONDENSATION REACTION:

Ph—i—@—Ph Lo Ph-Ch--Ph B, Ph-CH-CH-Ph
OH O OH OH

Benzil Benzoin Pinacol
Involve in Benizil-Benzilic Involve in Pinacol
acid rearrangement Pinacolone rearrangement
* Exist in Dibasic acid ester.
* Condition:
Dibasic acid ester % a-Hydroxy Cyclic Ketone
OEt
Na/xylene/ H,0 (IOH
OEt o
Dibasic acid ester a—Hydroxy Cyclic Ketone
Mechanism:
TO*
OEt _2Nag 2Na
OEt ToNa OEt —E —2Na .
1,2- leetone

Dibasic aC|d ester

OH

=
O

o4

o-Hydroxy
Cyclic Ketone

Contact: +91-8946891920 www.hgaurchemistry.com
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CLAISEN ESTER CONDENSATION REACTION:
* Takes palace in between to ester molecules.

* Presence of stronge base like C,H,O~, NH,~ or OH"

» CH,~C-OEt + CH,~C-OEt-OHs CH,-C-CH,-C-OEt
Ethyl Acetate AAE
Mechanism:

H/ﬁ\[

W, o
R |
éHZ—C—OEt SHs | CHYC OBt <—> CH,=C-OEt

R 0 0 0 0
Q¢ 7 P 0 LT o L
CH,~C-OEt +/CH,~C -OEt = CH,~C-CH,-C-OEt = CH,-C-CH-C-OEt/<—= CH,-C-CH-C-OEt

OEt H
H,0; | l
== CH,-C-CH~C-OEt

AAE

* In order to shift the equilibrium in the forword direction, ester should have atleast 2¢, — H — atom.

CROSS CLAISEN ESTER CONDENSATION REACTION:

* |If the reaction takes place in between two different ester molecules called Cross Claisen Ester Condensation
Reaction.

I -
CH-G-OFt + CH-CH-C-OEt OH, A+B+C+D

o) Ethyl Propionate
Ethyl Acetate

Here products are;

CH—C—-CH,—~C—OE CH~CH,~C—CH-C=OFEt CHrﬁ_iH_ﬁ_OCZHS CRCRACRA O
—C— —C-OFEt — —C-CH-C-
' ~Chofp (f ﬁ O CH,0 O O
O O 0 CH,0 Cross product Cross product
(A) (B) (C) (D)

CLAISEN CONDENSATION REACTION:

* If the reaction takes place in between ester & Ketone, the reaction is known as claisen condensation reaction.

<) mw 70
CH,~CLOEt ' CH~C<O» —> CH,-C-CH,-C-Ph

* L.P. of electron is easily transfer compaire to «— bond, so enolisation of ester does not occur, while the enolisation of ketone
is takes place.

CLAISEN REACTION OR CLAISEN-SCHMIDT REACTION:
* It is example of cross aldol condensation reaction.

Aromatic Carbonyl Compound + a—H-Containing Carbonyl Compound M o,p—Unsaturated Compound

(Aldehyde or Ketone) (Aldehyde of Ketone)

Contact: +91-8946891920 www.hgaurchemistry.com Page (20)
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H
| !
* CH~CHO + CH,~CHO—2H-> C,H,~CH=CH-CHO
Cinamaldehyde
Mechanism:

- —
H-CH-CHO —205 CH.-CHO
2

N -H.,O _
C,Hs—C-H + CH,-CHO——> CGHS—CIZH—CHZ—CHO 7> CeHs—éC)H,:?H—CHO To> GHCH=CH-CHO
O HH

EXAMPLE OF CLAISEN ESTER CONDENSATION/CLAISEN CONDENSATION/CLAISEN-SCHMIDT REACTION:

| [
(1) Ph—C-OEt + CH,~CH,~C-OFEt %?W? Ph-C-CH-C-OEt

CH,
Ethyl 2-methyl-3-Pheny!l
-3-Oxopropanoate

1 || 17
i) OEt
) Et0-L-OEt + CH_C-OCH, (?.;H—cf £t0-tCH_tOEt
Diethyl Malonate
0
i) OEt- Il I

I |
@) EtO-C-C-OEt + CH,~C-OEt (i) HC EtO-C-C-CH,-C-OFEt
Diethyloxaloacetate
CH,—O. 'ﬂ | |
TN i) OC,H
@) (}:HZ—O /Cé) + CH,~CH-COOC,H, S(W HO-CH,-CH,—-O-C-CH-C-OC,H,
~J H,
(2-Hydroxyethyl)ethyl- 2-methyl propanedioate
[ 1
i) OEt,

©) CH,~C-CH, + CH,~COOC,H, (i) HC CH~C-CH~C-CH,

Acetylacetone
= ﬁ (i) OE, %
(6) CI + EtO-C-OFEt -z ~p CI
H (iiyHC ﬁ—OEt

H

H,C_ OH |
. CH, iooa (i) OEt
) T COOEt (i) HO"

o ¢ o) 0 H
OiH + H-C-OC,H,-Nat 5 H —> — HCRQ,
(8) -H (i—H CHO CHO
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DIECKMANN CONDENSATION REACTION:

* Exist in dibasic acid ester.

Dieckmann Condensation

Intramolecular | Intermolecular
OH| oH}
In Higher Dibasic In Lower Dibasic
Acid Ester Acid Ester

\

Product: p—Keto Ester Product: 1,4-Diketo Ester

Intramolecular Dieckmann Condensation reaction:

* Exist in higher Dibasic Acid Esters.

Et OOEt
o OH _
9 HCHO 50
Et

Dibasic Acid Ester B-Keto-Ester

Mechanism:

* (Similar to Claisen Condensation)

H

ﬁ - Et COOEt
o _OH 5 — b(/\o
OEt Et OEt

Dibasic Acid Ester
COOEt COOEt COOEt

H _
_ H _ HCI -

Intermolecular Dieckmann Condensation Reaction:

* Exist in diester of succinic acid

EtOOC H ¢ EtOOC
\CH/ \E_t/ CH, OH
| éH\ HCI/HOH COOEt
CHA LACEt 137 COOEt
3 1,4-Diketo Ester

Diester of Succinic Acid

Mechanism:
EtOOC H /N EtooC
\Cl: H/ OH" \Cl:F'
CHa C/OEt CHa C/OEt

6 6

Contact: +91-8946891920 www.hgaurchemistry.com
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EtOOC\ H- |
CH | E—— . EtOOC 20H"
[ [ em CHa B coort — =S
OEt "COOEt COOEt
H

CHa_ ﬁ/OEt H” SCOOEt

COOEt
EtOOC _
COOEt

COOEt
CH,=CH-COOE! i) C,H.ONa/C,H,OH_
Q.1 R-NH, + CH,=CH-COOEt —> (A) > () LS (©)
N Michae
: . P CH,=CH-COOEt
Sol. R-NH-H + CH,=CH-COOEt —>add|t|on R-NH (:I-(le)CH2 COOEt Nichasl addition
1
i t
3 HZ \5|H_ ~OFt (HOo> 3 5
4 2CH, aN
. E L ©)
®) Hetero Cyclic a-Keto Ester
COOEt
(i) H,O,
Q.2 o WA
COOEt

Cylohexanel,4-dione

Page (23)
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STOBBE CONDENSATION REACTION:

> O + @C|—COOR EtONa’

CH~COQR) ~ Or MeCONa’ > >i ~COOR

Aromatic (Strong base) —CO@
i i Dialkyl Succinate
or Aliphatic Y a,p—Unsaturated half ester
or
B,y— Unsaturated half acid
Mechanism:

H
| | | )
+ H H-COOR —E£l9.» i —-CH-COOR —Cr— B-COOR o & —-COOR
—or> v — H o —>
18" EtOH C/ 2
RO— C@D (l: I

Cyclic ester
or y—Lactone

or Butyro Lactone

>:?—COOR HOMH: —C|:: —COOR

CH,~COO"
CH,—~COOH
a,B—Unsaturated half ester
or
B.y—Unsaturated half acid

Example of Stobbe Condensation reaction:

(1) CA ? ° ?H -COOEt iy NaH/EtOHIC,H, Ph- ? —COOEt
e rconmno >
CH, ~ CH,~COOEt ()AcOH/MH0 CH.CH,~COOH
1
- — _ (i) (CH,),COK'/(CH,), COH/A 1:C. H.—C= OFt
(2) N C11H23 CHO+|CH2 COOEt D relCHon ; 23_? ?
CH,-COOEt H CH,-COOH
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KNOEVENAGEL REACTION:

* When the aromatic aldehydes are treated with active methylene compound in the presence of base followed by Hydrolysis, o, 3 —

unsaturated compound will be form.

Ar-CH=0 + H2C<

Mechanism:

/COOEt
H-C H

- —OH_5 cH:
H\COOEt -HO
H

P

COOEt . .
(i) OH
(i) HQO*E

COOEt

Ar-C + CH\ —> ArCH-CH__
COOEt _

COCH

H,0/H’ A

LIPS Ar-CH=C

Example of Knowledge Reaction:
COOEt

(i) Ph-CHO+ HZC<
COOEt

(i) OH
(i) H,O
(i) A

COCH,

(i) Ph-CHO + H2C<

(i) OH
(i) H,0"
COOEt (ii)A

B «
Ar-CH=CH-COOH
o.,—Unsaturated acid

COOEt

NCOOEt

COOEt COOEt COOEt

H.,O A —
—HO 5 Ar—ﬁ‘,Hlﬁ‘,\ —h5> A-CH=C(

COH N COOEt

COOEt COOEt

—=5=> Ar-CH=CH-COOH

a.,p -Unsaturated acid

WOR_5 Ph-CH=CH-COOH

Cinnamic acid

g™ Ph-CH=CH-G-CH,
0

a.,B -Unsaturated Ketone
(Substrate for-Michael addition)

Contact: +91-8946891920
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PARKIN REACTION:

Salt of acid that form anhydride

Aromatic Aldehyde + Anhydride _RCOONa, o B-Unsaturated acid
(Generally) (with Atleast 2o H-atom)

| |_ | |
IAr—CH=@ +®C|-—£—O—£—CHZ HLCOONa,  Ar—CH=C-COOH
Replace by COOH group

i

|
* C,H,CHO + CH,~C-0-C-CH,SHCOMN8, ¢ 1 _CH=CH-COOH
Benzaldehyde  acetic Andhydride Cinnamic acid
Mechanism:

1 17
H-CH,~C-0-C—CH, + CH,C00" = CH, é 0- (L-CHg + CH,COOH
¥___/

A 3. M\ A g

C,He~ H+CH2’—C—O—C—CH3—>C6H5—?H |§9 — CeHs—iH b @l’COCHS
H é ——> C,H,—~CH»-CH-COO"
CH2\ C/o E/ (&
H
A__5 C.H.—CH=CH-COO -FL5C H.-CH=CH-COOH
TACO0R ~esmCH=CR—L00 ==L H,-LH=0H-
Cinnamic Acid

* Anhydride should posses atleast 2¢, H-atoms. It’s characterisic of anhydride for this reaction.

EXAMPLE OF PERKINREACTION (PERKIN CONDENSATION):

(1) CH:=CH-C-H + CH,~C-0-C~CH,H-EC%M5. Gy =CH-CH=CH-COOH

Acryl aldehyde Acetic Anhydride

@) [/ \5 CH+o CH,-C-0-C-CH, —————> CH COONa O_CH =CH-COOH
@)

(ﬁ CH-COOH

@) @[i?mm —C— oj—CH “EH,COONa, @[;o

CH,COONa
(4) Ph-CH=CH-CHO + (CH,C0),0 ————— Ph-CH=CH-CH=CH-COOH

(5) o — Acylamino acids can be used in place of acid anhydride in he Perkin reaction.

C.H-CH=0 +@c cooH _CHCOONa  pp_cp=c =0
(CH,CO),0
H—‘/—,C ~CH, NGO

a-Acylamino acid CH,
Azlactone

This reaction specially known as Erlenmeyer Azlactone synthesis.
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Mechanism:

H,C-COOH H2$_|C:O oo Hz?——C:O Ph-CH=C CIZ:O
tautomerisation N OH - PhCHO
H+N _HO N (0] —_—> N (0]
AN (-/\O %ﬁ:/OH : %CI;/ N~
H, CH, CH, CH,
Azlactone
Contact: +91-8946891920 www.hgaurchemistry.com Page (27)
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ALDOL CONDENSATION REACTION:
* The carbonyl compounds having o — H-atom undergoes self condensation reaction in the presence of dilute acid or base &

formeda [ —Hydroxy carbonyl compound (Aldol). This reaction is known as Aldol addition reaction.

* Which on heating loss one H,0 molecule & give o, 3 — unsaturated carbonyl compounds this is called condensation reaction.

* The aldol addition followed by dehydration of aldol is known as Aldol condensation reaction.

o -H containing carbonyls % B—Hydroxy carbonyl —>_HA a,B-Unsaturated carbonyl
(Aldehyde or ketones) (Aldol) |
L
Aldol addition ' Condersation |

Aldol Condensation Reaction

(0]
CH.—C—H + CH (”; p dilute acid,, gH —CH-CH —y:—H 2> CH,-CH=CH-CHO
—C— o —or 3 | 2 W T
dil. base OH a,B -Unsaturated carbonyl
(Aldol)

B—Hydrox carbonyl

Mechanism:
() InAcidic Medium:

ST

H C-H + H == CH;C-H == CHz=
ik )

Enol
OH' H
CHS—MC—H — CH —iH CH-CHO ﬁ» CH~CH=CH-CHO
Enol as a NI AOH) H Aldol o.,B-Unsaturated compound
(11) In Basic Medium:
o

i )l:
| ~ <N | |
?HZ—C—H +OH ———> CH,’C-H ——> CH,=C-H

-H,0
Enolate ion
q || e
CH,~C-H 3/CH, -C-H—> CH,~CH-CH~C-H —==3 CH; ?H H- CHOWCH —CH=CH-CHO
Enolatg as OH H a..— Unsaturated carbonyl
aNu Aldol compound

* |n acidic medium enol, while in the basic medium enolate ion is formed as a Nu-.

OiH, @
CH-CH#CH-C-H == CH,-CH=0 + CH,-C-H
Starting meterial

Product
* Type of Aldol Contlllensation Reactions
Sin*ple Cross
B/w San\g Carbonyls B/w diff\elzlr/ent Carbonyls

: * B/w two diff. Aldehydes
Structurally possible product always one. * B/ two diff. Ketones

* B/w Aldehydes & Ketones

Page (28)
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* Between two |different aldehydes

v ¥
When both have When one have
a—H-atom o—H-atom
4-Product formed 2-Product formed

* Between Aldehyde & Ketone: Enolate form by the ketone

* Between two different ketones: Unfavourable Because of Enolate is a bulky Nu-as well as ketones are less reactive towards the
Nucleophilic addition reaction.

*When this reaction is carried out in Ketone yield is very poor due to

(i) Enol is a bulky Nucleophile, so increases steric repulsion.

(ii) Ketones are less reactive towards the the Nucleophilic addition reaction.

Q.1 Identify the initial material of the given product.
(1) CH,=CH-CHO = HCHO + CH,CHO

(0]
!
) = 8H3 1,4-Diketone
3
2 CH, ]
3) = ] 0 1,5-Diketone
5
1
2 e} 7
= 3 1,7-Diketone
pi

Intramolecular Aldol Condensation Reaction:
(1) In 1,4-Diketones:

H
2 2 0]
N 2,5 3 X H,0 A
-3 ; 5
)1J\2/\ﬁ‘/\H OH g o — \ o — ' -H,0
e CH, g 5
1,4-Diketone o)

)

(1) In 1,5-Diketone:

0 0
e} 0 W2 LH
JUN e g TN gy R
w S -HO It is reagent for Michael Addition

[OH

1,5 Diketone H
(1) In 1,6-Diketone:

0 N (A)

(B)

1,6-Diketone

Contact: +91-8946891920 www.hgaurchemistry.com Page (29)



http://www.hgaurchemistry.com

Major 3 2 -
(A) (Not Cyclic (B) Minor
Major Ketone, it is a Cyclic Minor
(More Stable) Alkene) (Less Stable)
(IV) In 1,7-Diketone:
O
O O 6
(yoH _ 4
H —GyRo 3(5:[1
1,7-Diketone (i) A 2
Major
Cyclic Alkene

(Not Cyclic Ketone)

(V) In Cyclic Diketone:

H
2 0 30
3 4
_OH
4 5
5 O

1,6-Cyclic ketone

Stereochemistry of Aldol Condensation:

CH-CHO+ CH-CHO —2H5 CH-CH-CH-CHO Zfi5> CiHsCH=CH-CHO

Cinnamaldehyde
|
¥ )
cis trans
H
H\ e H\ /CHO
C=C Cc=C
“N\CHO Ph/ “SH
Minor Major

Diastereoselectivity of the Aldol Condensation:

] OH
2 R-CHO M
— N % =

CH, CH, (Erythro Form)

E. Enolate Anti-Diastereomer

(Give Anti Distereomers
as the major product)

Ric( A o, L

- Enolate CH (Threo Form)
(Give Syn Distereomers Svn-Disst
as the major product) yn-Dias ereomer
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(O (O’ (O’ H OH
S ﬁ\OH’ -2 h
Sol. — —Ph-CHO (Erythro)
E-enolate Anti-Diastereomer
(Always) (Always)

"1 CH o
; ' Ph-CHO,
Xy, R *’Y<

Z-enolate (only)
Bulky group, so increase Hindrance Syn- Dlastereomer (only) (Threo)
in E-enolate so that E-enolate is not form

DIRECTALDOL CONDENSATION REACTION:
* When cross aldol condensation is carrid out by the help fo LDA then this reaction known as directed aldol condensation
reaction.

Li*N'>\
>

LDA
* It is strong base but it is not a Nu~ (Weak Nu-)
* Abstract more acidic o — H -atom.

* But if acidity is same then, abstract less sterically Hindard oo —H -atom. because it is a bulky base.

1 7 ||
| (\ - CH,-CHQ -
* CH,—~CH,—~C—-CH,—H _LDAS CH3—CH2—H:—CH —— CH,~CH,~C-CH-CH-CH, (Aldol)
(Enolate formed by the Enolate ion

Ketone)
A l—HZO

I
CH~CH,~-C~-CH=CH-CH,

0 0
* [>£_CH% [>g_ H, - EICHO, [>c CH- CH Ph—> [>c ~CH=CH-Ph

Enolate ion

0
CH Ph CH, CHPh
LDA A
>@/ PR-CHO THO
NaH Mg

PACHO™  pp_cHi
OH
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LDA Q! CH,
«—>
o
* CH, More Stable Less Stable
0 o)
cH, OV CH,
NaOH <>
Less Stable More Stable
* NaH is not used for reducing agent (Bad Reducing agent.)
Example of Aldol Condensation Reaction:
| N OH-
(1) CH,~CHO + CH,~C—CH, _>E:?)2H CH3—CH:CH—é|Z—CH3
T
C CH,
€ cH Conc. H,S0, /@\
1CH -3H,0
) é H,C CH,
CH3/ 6_{ \CH3 Mesitylene
Acetone
o CH 0 CH 0 CH 0
3 Dr 3 CH,-C-CH 3
H-C-CH, =2>  >=CH-C-CH 7 i ~CH-C~CH=
CH; CHZ Mesityl Oxide CH
Acetone 3 3 Phorone
r-r—-r—————""""""""""""—"""—"—"———— m
| conc. H:50,  Mesitylene |
Acetone —
| Dry HCL | Mesityloxide —2CE10N€ o bhorone
b
0] 0]
H D. D
(4) oD/D.O. )
Et . P
2, Racemisation
®) PO 5 will be takes place
CH; R e.e. = zero
oD
Et (“’o Et o)
2T i
=
M R M \ R

plod

* Racemisation will be take place
* Enantiomeric Axis (e.e.) - Zero
* Rate of Duterium exchange & rate of Racemisation will be same

CH,

Contact: +91-8946891920
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H 0
Et ’///,,! / OH . Racemic mixture
(6) i’ e.e.—= Zero
CH3/ \R
‘ e I
—H 0
®) H:0H OH —OH
CH-CHO + HCHo —9H, HOCH-(-CHO  — HeHO + HCoO
(Excess) foss Cannizaro Salt of formic acid
CH,OH OH OH
(Via 3 times aldol) Pentaerythretol
©) 2cH,~cHO % CH~CH=CH-CHO —2HEHOy oy (_CH=CH),-CHO
Rasin
HCHO + HCHO OH > CH,OH + CHOO"
(10) (Conc.) Cannizaro reaction”

Ba(OH), _
Soln. Aldol condensation
(Baryta) exceptional case

EH OHOHOH OHCl)H
Ba(OH)2
H-C-CHO ————» H—C—C—C—C—C—
R e
H H H H H H
Formose
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