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12 CANNIZARO REACTION
- Aldehvdes having no o -hydrogen atom whep treated with
Y concentited solunon of alkah (50% NaOH or KOH ) undergo self oxidation
— and reduction formuing the corresponding acid and alcohol. This reaction
e, is known as cannizaro reaction. E.g. Thus formaldehyde and trimethyl Mach
acctaldehvde react as under It
— ?HCHO  +KOH ——>  HCOOK + CH,0H
) Foimaldehvde Potassium Methyl : C i
~ formate alcohol 6
—~— CHOC CHO + KOH  =———> (CH,),C COOK +
- + (CH,),C CH,OH
Mechanmism
7':‘: S lcophuhie addition of hydroxyl ion (OH) on the carbonyl group
' Sives complex amon L.
~ ) The dmon I transfers a hydride (H™) ion to another molecule of
wwitieidehyde reducing it to methoxide ion (CH,0") while the anion T
7;\ 1tse 1 1s oxidised to formic acid. aldeh;
o Py B .= el
’ AL T A Be
" el
Signi
i g : H o} H. (O (1) TI
= N —_ (\V \ / — \ / . al
= =0 /:\ —> CH,0 + 8\ .
' SHERN H | “OH OH @) T
an e N :
2 . . p!
- Thus we get CH,O™ and HCOOH. The resulting methoxide ion ?nd e
3 formic acid exchan gé a proton to form the methyl alcohol and formate ion. g
= CH,O~ + HCOOH ——>CH,OH + HCOO™ | j/‘g
e 3 .
' The aliphatic aidehydes generally have activated a-hydrogen at_om‘s. ' hydro
— So the Cannizaro reaction is rare with aliphatic aldehydes The reactionis | jagq 4y,
| more common among the aromatic aldehydes. ! This r
Moy Benzaldehyde on treatment with NaOH, does not give a Il:’-sclll:. bur: C
- undergocs Cannizaro reaction, Usually aldehydes with no a-hydroge ! conve
R undergo Cannizaro reaction. i
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: 11 ~OONR + CH,CH,OH
2C H,CHO + NaOH —> C,} ls“ QONa & ”_«}n,;.]
Benzal Sodium : )il()i
dehyde benzoate aigs
Machanism o
It involves hydrogen ion transfer. JUIS 84S follows.
- ) - O . O
| A OH [ ( il* o
CH-C-H = cﬁns-cr-—n TN Legtds
fast i
OH H
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. (I) | fast
slow > CH, - T: . H - L]’ - CH, I o
!

I
C,H,CO0 + C4H;CH,OH

The Cannizaro reaction can also take place between two different
aldehydes and is known as ‘Crossed Cannizaro’ reaction.

C,H,CHO + HCHO +NaOH—— C,H,CH,0H + HCOONa

Benzal Formal Benzyl . Sodium
dehyde dehyde | alcohol Formate
Significance

(i) This reaction is used to distinguish between formaldehyde and other
aldehydes (Other aldehydes give resins with conc. NaOH)

(i) This reaction involves auto-oxidation and auto reductionn In
presence of NaOH one molecule of formaldehyde is oxidised to formic
acid while another molecule is reduced to methyl alcohol

y/ﬁluommvx REACTION
aen e methyl Kerone CH,CO is treated with a halogen in sodiuﬁx

hydroxide solution it is oxidised to a carb ic aci

( L ¢ oxylic acid containi

} less than the original molecule, Simultancously a mhalomegl,ng one carbon
’ This reaction is known as Haloform reaction e s formied.
| Compo ini

g commdpin‘igt ;gf;g;r:fﬂ li:g:‘,icgogmup or which could be casily
; 3~ Broup undergo haloform reaction.
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- o . C}{"* 3Br:+ 4NaOH —— R- C—0N3+Clmr3+3H?O+3NaBr
This reaction takes place in two stages. First the three hydrogen

atoms methyl group are replaced by three halogen atoms. Then the
.nolecule is cleaved 10 give an acid and tnhalomethane.

O o

| }

R -Cl -CH,+ 3Br, + INaOH —— R-C -CBr,* 3H,0 + 3NaBr
9 2
i) ‘°.

R -C- CBr,+ NaOH > R-C-ONa+ CHBr,

Bromoform

The reaction yvileds inthalomethanes-chloroform, bromoform or
iodoform depending on the halogen used

I,/ NaOH
i CH,CH,OH "e—3 CH.CHO
Ethyl alcohel |0} Ac:u’ldchyd»c
. N2OH
-3 CLCHO —3'  CHl, + HCOONa
Tr sodo lodoform  Sodium
acctaldchyde formate
1, NaOH
u CHCHO —— ClLCHO — CHl, = HCOONa
Accialdehyde
I, NaOH _
= CHCOCH, ——> CQOOCH, —— af, . CJ{E(.;%ONa
Accione -

aceclate |
(We can write similar equations for chloraform or Bromoform For

Chloroform replace 1 with Cl and for bromoform replace wath Bry.

Mechanism

) Obe hydropen atom of the CH, group is replaced by halogens in
alkali solutien Due 1o the electron with drawing effect of the halogen
{B1) mtom, the remaining two hydrogen atoms of the methyl group

become cven more acidic Thus the bydrogen atoms are successively
replaced by halogen aioms
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inductive eff 's the positivity of the
- effect of the halogen atom’s the po!
Arbonyl earbon increases. The OH~ lon attacks to form the anion L

he anion I then cleaves to give a molecule of iodoform and the
Carboxylate ion I

0 0

R-C “@{AOH—' ———> R - ﬂ—éuz +H,0
? 0

R - Jl—_@l(-l-;,xﬂr& —> R- (” - CH,Br + Br

Due to the

i s
R - é --CHZBr+ZBr2 —_— 3 R-C~-C~-Br+2HBr
Br
Br ((\)— /HT
U v L[y
R-C-C-Br+OH ——> R- [ L\-l-&r
L\.E’/ on Pr
slow
0O O
I fast [ —
R ~ i + CHBr, '.<-——-"—"=' R - i + CBr,
1|
nificance

The haloform reaction helps to find the presence of COCHS group.
The haloform reaction is useful for distinguishing methyl ketones

from other ketones. | |
Jodoform test : Substance is treated with 1, and NaOH. Yellow

recipitate 1s formed with characteristic smell. This test is used to
gisdnguish between methyl alcohol and ethyl alcohol (Ethyl alcohol
answers this test) ; Acetaldehyde and benzaldehyvde (acetaldehyde

answers this test).
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R-C - CH +3Br +4NaOH ——> R- C—ONa+CHBr3+ 3H,0O + 3NaBr

| s reacuon takes place in two stages. First the three hydrogen
vtome methyl group are replaced by three halogen atoms. Then the

Loleoule s cleaved o give an acid and tnihalomethane.
O O
R-C (H, -3Br.+ ANgOH —— R—g -CBr3+ 3H,O + 3NaBr
O (0] )
T [
R C CBr,+NaOH —— R-C-ONa+ CHBr3
Bromoform

The reaction vileds trihalomethanes-chloroform, bromoform or
odoform depending on the halogen used.

[,/ NaOH
CHCHOH ~—— CHCHO
Ethyvl alcohol  [O] Acetaldehyde
1. NaOH
-—> CI,CHO —>' CHI, + HCOONa
Tr iodo lodoform  Sodium
acectaldehyde formate
I NaOH
i (H,CHO —— CI,CHO — CHI, + HCOONa
Acetaldehyde
I NaOH
i1 CHBCOCH} —_ C13COCH.3 —> CHL, + CI{.ACQONa
Acetone Sodium
acetate

“We can write similar equations for chloroform or Bromoform. For
Chloroform replace I with C1 and for bromoform replace with Br).

Mechanism
e roup is replaced by halogens in

1) One hydrogen atom of the CH; Br¢ :
alkali solutnon. Dueto the electron with drawing effect of the halogen

(Br) atom, the remaining two hydrogen

become even more acidi
replaced by halogen atoms.

atoms of the methyl group
c. Thus the hydrogen atoms are successively -

2) Due

carb
3) The
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- UC 10 the inductive effect of the halogen atom's the positivity thhe
NaBy S "“bon,\:l carbon increases. The OH- ion attacks to form the anion I.
: he anion I thep Cleaves to give a molecule of iodoform and the
Ogen Carbo“ late ion I1.
U the ’Q ) 0
SV _
R~ U - CH: d }\q '*‘\QH_ ——3> R - y‘ _CH2 + Hzo
D , 0
R-¢ - CH, werlsf ——> R- C-CH,Br+Br
O Ol Br
R - g-*CH,.Br-i-ZBr —_—> R - é-C-Br+2HBr
m or -
Br
Cﬂo / Br (O Br
R—(lll.-C—Br-l-OH_ —> R- - Br
K_\y HoCBr
slow
O O
)Na I fast |

C
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ctate Significance ,

n. For () The haloform reaction helps to find the Presence of COCH group
The haloform reaction ig useful for dlstmgmshmg methyl ketones
from other ketones.

ans in (i) Iodo.fo.rm test : Substance ig treated with | and NaOH. Yellow

Jogen precipitate is formed with Characterigtic Smell. This test is useq to

group . dxsungmsh_between methyl alcoho] ang ethyl alcoho] (Ethyl alcohol

isively answers this test) . Acctaldeh) de and



15 %, p ~UNSATURATED el
‘/ The addition o COWO

£ active o UNDS - Mic
compounds in the presence :;‘“h) lene com AR

! 65
i . i d
: v - jey reduction an
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Sodium ethoxide 8 basic © % B - unsaturated f M

f aluminium
in the presence o

: . ~ S n is reverse © ketoncs in
Or piperidine js used as calal\“sct'meel Michas! addition. dteriec: ool
The addition of acetoacetic es .

ss of a
alco ion. A large exce 1
e ?x‘m’mob‘::‘:xfzene or toluene 501‘;1(‘»0u‘;ed 1o make the reaction
t - tertiary butoxide in - js generally
reaction €T 10 acetonitrile js ap example for this kelon:y (acetone or cyclo hexanons) 1S &
CH,=CH-CN~+ CH1COCH_COOC,H
acetonitrile ) T

proceed in the desired direction.

AI[OC(CHY)s B + (CH,),CHOH

EAA _ _C-CH —_— R/
CH, - co- H- CO0- ch, D:Hou + CH, ‘E s =

a cvelic
ferof a hydride 1on via Y
CHICH}CN This reaction also involves the rans er
Acrolein undergoes, Michael reaCti:rod‘Lﬂ | complex as represented below. -
: T T whe treated with diethy ! o .
melonate in presence of piperidine or sodium ethoxide. wi iethy ! N /ng }HO + Al (CH ) ,COH
ACOOC,H |3 THOH +Al O—Cic(:;}f | ® . rertiary butyl
CH,=CH-CHO+ H, 2775 NaOC,H, C )28 3 3 alcohol
. oocy, — [ CH,-CHO alcohol "
Acrolein gt | co aluminium tert.
Diethyl CH(CC)OCZH_,’)2 butoxide
malonate Product .
Mechanism : / AR
R mioal )
\ R/~
NaOC)Hs  _ +Al +CH,COCH, — N
CH,(COOC Hg); 2275 5 TH(COOC,Hy, + H' L)CHO 3 [ ,
L 3
5 /N
CHZ_'éH\LC g > EHZ—CH=CH—O Sn, OH,
cyclic complex
. — o " CH.),COAI(OCHR)
+ - — Y — B i
CH,(COOC,Hs), + CHy—CH=CH—0 CHy—CH==CH—0 — R>C O+ (CH,), )
CH(COOC,Hs)y ketone
PHOTO CHEMISTRY OF CARBONYL COMPOUNDS - NORRISH
“\H+ ““TYPE -1 AND TYPE-II ONLY .
CH,—CH==CH—OH Photochemical reactions of simple ketones and aldehydes which result
— —CHO 2 in the fission of C—CO bond followed by elimination of CO are called
CH, CHy, —C
CH(COOC,Hs)y Norrish type I process.
CH(COOCHs) Enolform
Ketoform

E.g., Vapour phase photolysis of acetone. The products depend upon
the temperature of the experiment.

| 1. High temperatures : Ethane and CO are got

a0 0 f “A
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6HH
_ hv o
L CH.COCH, — |[( H%L()CHll"' —_— Cch(')- + *CH
1 CH CO* —— *CH, + cot
1l *CH, +*CH, —— C,H,

2. Room temperature : Biacetyl, accetaldehyde, methane and some
hevane 2.5 dione are got

A |[CH,COCH,] L} [CH,COCH,)* —— CH,CO* + +CH,
u ¢H CO*+ *OCCH; —— CH,COCOCH,

1 CH €O+ +CH COCH, —— CH,CHO + *CH,COCH,

I s+ CH,COCH, —— CH, +*CH,COCH,

(H (OCH.* + *CH, COCH, —— CH, COCH,CH,COCH,

Photochemical reactions of complicated ketones and aldehyde which
result i an alkene and a lower ketone via the enol form by abstracting ay
hearogen and undergoing fission is called Norrish type II process. Here
elimanation of CO occurs to a lesser extent.

Here, the hydrogen atom at the y carbon forms a six member cyclic
transition involving the carbonyl oxygen as one of the member of the
ring F ¢  Vapour phase hexane-2-one giving mainly propene and acetone.

. - H..
(“H.,CI(H t hv CH,CH o |
e~ Al T ; !
CH.) ( C CH, C
> “~ fa N
1. CH, CH, CH,
| _
Ho |
— CHCH /(l: —> CH,COCH,
| “cx, |
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