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(i) Reaction with ammonia derivatives. The ammonia derivativ
hydrazine, semicarbazide, phenylhydrazine, and 2 ,4-dinitrophenylhydrazine. The nucleophilic
addition of ammonia derivatives to carbonyl compounds in acidic medium results in the formation
of addition products, which undergo elimination of water to give corresponding solid crystalline
products that have sharp melting points. The reactions are as follows:

General reaction with ammonia derivatives

es include hydroxylamine,
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Phenyl hydrazine (Phenyl hydrazone)

\o The reaction of carr;;yl compounds with 2,4-dinitrophenylhydrazine
(known as DNP reagent) results in the formation of yellow/orange crystalline product
and is used as a qualitative test for the detection of carbonyl compounds.
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Step 3. loss of "CN (formation of benzoin)
The “CN is a good nucleophile as well as a good leaving group. Rapid loss of
formation of benzoin, a 2-hydroxy ketone.

G _
OO = OO
ol") éH O OH

Benzoin
(2-Hydroxy ketone)

N resuyg

enzil-Benzilic acid rearrangement

The condensation of benzaldehyde in the presence of cyanide ion (benzoin ¢ )
in the formation of benzoin. Oxidation of benzoin (2-hydroxy ketone) results in the f%i“
benzil, a diketone. Benzil, in presence of a base undergoes a rearrangement reaction to form benzil;

acid, an o-hydroxy acid.
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Step 1. Attack of nucleophile (base "OH) on carbonyl carbon
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with benzophenone:

C=0 + CH,—Mgl — E(‘,ﬁgl g CEOH
~Mg(OH)I ]

(3° alcohol)

Aromatic aldehydes and ketones undergo similar reactions with methyllithium.

(iii) Wittig reaction. As discussed earlier (Section 17.3.2; p. 582), Wittig reaction involves
reaction of phosphorous ylides with carbonyl compounds to form alkenes. The reaction proceeds
via the formation of the betaine intermediate in the following manner:

with benzaldehyde:

Phenylethene
(Styrene)

with acetophenone:

with benzophenone:
Ph—C=0 % Phgf’éHCI-Ia —— Ph-—~(|_:=CHCH3 + Ph,P=0
% Ph
1,1-Diphenylpropene

' ic a ith a-haloesters in the
(iv) Reformatsky reaction. Reaction of aromatic aldehydes and ketones wi lox
presence of zinc to form f-hydroxyesters 18 known as Reformatsky reaction. The reaction proceeds
via the formation of an organozinc derivative (for mechanism refer Section 17.3.2; p. 584).
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In aryl aldehydes, at times after the hydrolysis, elimination occurs and the product is ap @p.

unsaturated ester.

H O O
A 30
(ITH—CHCOCZH_q vt CH=CHCOGC,H;,
CO H (@, f-unsaturated ester)
with acetophenone:
™ o w1
H,O
L gudocss 2. (D)~-ondocs, 2% () qouisen
O Br OZnBr OH
Ethyl 3-hydroxy-3-phenylbutanoate
(p-hydroxy ester)
with benzophenone:
(0] 0 O
O Br OZnBr OH

Ethyl 3-hydroxy-3,3-diphenylpropanoate
(B-hydroxyester)

Reaction with sulfur nucleophiles

(i) Addition of sodium bisulfite. Aromatic aldehydes react with sodium bisulfite to form bisulfite
addition product (adduct). The attack of sodium bisulfite occurs through sulfur, which is a better
nucleophile compared to oxygen (p. 592). The products formed are identified as sulfonates.

i j
@ﬁ + NaHSO; — ©~(|:—50'3NE
0 OH

Aryl ketones do not give addition product (adduct) with sodium
bisulfite due to steric factors.

ﬁCH3 + NaHSO, —— No reaction

0
@ﬁ@ + NaHSO, — No reaction
0




(i) Addition of thiols. The reaction of carbon ith thiols i

to reaction with alcohol due to high nucleophilici g
addition of thiols to carbonyl compounds results in the fo i i i
i e e n rmation of thioacetals. Thioacetals are

: : multi-step organic synthesi :
thioacetals with raney nickel results in the formation of hydrogcarbo S ——

@(::o + 2CHSH -, @c’ Mt Raeyni CH
}I{ I!I X SC,H, 3
Thioacetal Toluene
@—C:o ) Ias—(l:H2 _w @ p /S—?Hz
!I{ HS—CH, }[; e
Cyclic thioacetal

Reactions with oxygen nucleophiles

(i) Addition of alcohol. Aromatic aldehydes undergo addition of alcohol in acidic medium to form
hemiacetal, which further adds another molecule of alcohol resulting in the formation of acetal.

OCH; ¥ OCH3
/Zaa\ o . é ~ CH,0H -
" (”i‘,::ffl + CH;OH — . ‘*-OH p——4 O : (I:—-—OCH3
=/ ] o ! -

H
Hemiacetal Acetal

‘ Aryl ketones do not undergo addition of alcohol to form hemiketals and
ketals because of steric reasons.

)
@—(I'J=0 + ROH —2— Noreaction

R
R = alkyl or aryl

ement. In presence of acid catalyst, the aromatic ketones react with
1e mechanism (p. 587) involves the migration of alkyl or aryl group
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Halogenation in carbonyl compounds

The aldehydes and ketones containing a-hydrogen react with halogens to form halog
compounds. The electron withdrawing carbonyl group enhances the acidic strength of Orhygy yl
and is thus replaced readily by halogens. Ogen

CHzﬁH + Cl — ?HzﬁH + HCl
I

H O Cl O
arhydrogen
5 a o

All the a-hydrogens present in the carbonyl compound may be replaced easily by halogens.

CH,CH + 3Cl, — CCl3ﬁH + 3HCI

O 0]
Ethanal Chloral
(Trichloroethanal)

\/hdoform reactions (Haloform reaction)

The carbonyl compounds containing CH3;CO- group on reaction with a halogen in presence of an
alkali results in the formation of haloform (CHX3) and sodium salt of carboxylic acid. The halogens
used in the reaction may be chlorine, bromine, or iodine which form corresponding haloforms,
namely chloroform (CHCls3), bromoform (CHBrj3), or iodoform (CHI,). Iodoform is a yellow
crystalline solid with sharp melting point whereas chloroform and bromoform are liquids. The
reaction with iodine is popularly known as iodoform reaction and is used as a qualitative test for
detection of CH;CO- group in an organic compound.

The iodoform reaction is given by all methyl ketones and the only aldehyde, which gives this
reaction, is ethanal (acetaldehyde). D

CH,CH + 3X, + 3NaOH — cxgnfu + 3NaX + 3H,0
o XEEEEE 3 :

Trihaloethanal
CX;— — CHX, + HCONa X = Cis Chlorof
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. This part forms CHX of carboxylic acid
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+ 3, + 3NaOH — Cl_‘ﬁCHZCH3 + 3Nal + 3H,0
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CH1CCH2CH3

gl

0

Butanal
H,0/NaOH

CI,CCH,CH, ——— CHIl + CH3CH2ﬁ0'Na"

Idoform  Sodium propanoate
(a yellow solid)

CH.CCH,CHCH el s 1 -
3 2‘ 3 T2 HOMNaOH | CHI;d + CH3_CHCH2|(|JO Na

]
0 UH
- CH3 0 The reaction does
I+ NaOH not occur becausc the
CH3CH2(ﬁCH2CH3 — No reaction Cﬂaﬁ-sroup is absent.
0

3.4, p. 472, the iodoform reaction is also given by ethanol

and secondary alcohols which have CH;CH(OH)— group. In the first step, the CH,CH(OH)- group

s oxidized by sodium hypoiodite, NaOI (from NaOH + I) to CH,CO- group and then the reaction

proceeds as it does with carbonyl compounds.

Mechanism. The presence of CH,CO- group is necessary for iodoform reaction. The >C=0 group

is an electron withdrawing group which makes the o-hydrogens (CH5— group) acidic in nature.
carbanion)

Abstraction of o-hydrogen by base (formation of

As discussed earlier in Section 13.

Step 1.
-?Iizccmca, O — én,ﬁmzm3 + HOH
H_O 0
i - CH,—CCH,CH; < C}lz:?CH,CH3
i
0 o
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Step 2. Reaction of carbanion with iodine (formation of a-iodocarbonyl compound)

/\
éﬂzﬁCHzCHg + 4 L7 et c':l{zﬁcryai, T
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ecies) further enhances the acidic character of
| repetition of steps 1 and 2 occurs

yl compound is
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Triiodocarbonyl compound

sis of triiodocarbonyl compound (formation of iodoform)
_carbon bond in C—CO- occurs and is favoure

In presence of an alkali, the cleavage of carbon
three electron withdrawing iodine atoms attached to @-carbon of ca

the presence of
compound. As a consequence, iodoform is finally formed.

Step 4. Hydroly

I 1
I+(+3—-CCHQ . L I-—é——H + NaOC
Y ” (Hydrolysis) | 2 ”CH’ZCHJ
G
(Todof
The C—C bond fissic " (lodoform)

lodoform Reaction T L TERT G T ST N R

Q The iodoform reaction is given by:
revising| (1) Ethanol. (the only 1° alcohol that gives iodoform mﬂ-
POINTS reaction) (refer Section 13.3.4, p. 472) q
(2) All 2° alcohols with CH;CH(OH) group. (refer
Section 13.3.4)
(3) Acetaldehyde. (the only aldehyde that gives iodoform reaction)
(4) All methyl ketones (aliphatic and aromatic) with CHiCO- ~

- =o __— L

17.36 Polymerization Reactions of Formaldehyde and Amﬂ::

Some of the reactions of carbonyl compounds are s such ‘
pec:ﬁctoaldehydesonl}f
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m,,-wein-Ponndorf—VerIay reduction

matic carbonyl compounds on treatment with a solution of aluminium isopropoxide in i 1
t reduced to alcohols. PPy SOpropy.

alcohol g€
AI[OCH(CH, ),
@ﬁﬂ (CHy),CHOH CH,0H
1° alcohol

O
R @aim
R = alkyl or-p(h)e'nyl 2"3ghol
This reagent does not reduce other groups, namely the double bond, triple bond, and the nitro group
present in compound. For example,
O,N O,N

6]

| B o P T T — -
o) OH

\/élmmmnsen reduction .

The carbonyl (ZC=0) group of aromatic aldehydes and ketones ¢ be reduced to methylene (CHy)

group'hy zj);lc(amalgm in a manner similar to aliphatic carbonyl compounds. This reaction 1$ used
rbo sensitive to alkali

An aromatic hydrocarbon

i mmmwmmwmedummccug
sed by hydrolysis with sodium or potassium ethoxide as in
s. The method is used for the reduction of carbonyl
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(1) NH,NH, . CH
@ﬁH ) CHOK/A : f

0)
(1) NH,NH, ‘
@iﬁﬂa DCHO K @ TR
0]
R= a]kyi. phenyl

Reduction to pinacols

reaction is termed as photochemical reduction of be
aromatic carbony] compounds are as follows:

with benzaldehyde:

PhﬁH + Ph | w Ph--—(IZH—-CH-—Ph
0 0 OH OH
- ' 1.2-Diphenylethane-1,2-dio]

with acetophenone:
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17.4 REACTION OF a,ﬂ-UNSATURATED CARBONYL COMPOUNDS

The aldol condensation is one of the methods used for preparation of @, f-unsaturated compo
The @, B-unsaturated carbonyl compounds undergo reactions that are characteristics of “C=(C< and
>C=0 systems. These compounds, may undergo addition reactions at C=C or C=0 system which may
occur in two ways to result in /,2-addition products or 1 4-addition products.

Meaning of 1,2 and 1,4-addition

(Do not confuse with the numbering due to nomenclature)
e 1.2-Addition means the addition of reagent on any adjacent positions in the substrate,
e 1.4-Addition means the addition of one part of the reagent takes pla-c? on mg substrate
(position-1) followed by addition of other part of the reagent to the position-4, with respect

to the first addition. | .
The 1.2-addition may occur as electrophilic addition or nucleophilic addition as depicted below:

il f T
—cI:#(!'—g- e -—(I:—-cl:—(lzl'—— o’ —C=C—C—
- i

1.2-Nucleophilic addition

atization with C=0 group. This
[B-unsal rated w Ol em !
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T
C,HOH
cH,—CH—C—R e (l:H
- (:(':14 —C—R
s Br
R= H) 3-Ethoxypropanal
(R=CHjy] 4-Ethoxybutan-2-one H,C=CH— C-— [R=H]  2,3-Dibromopropanal
[R=H]  Propenal [R=CHj] 34-Dibromobutanone

(\) [R =CH,] But-3-enone

H——é— ﬂi/ \ H—OH . A | ﬁ
(l:Hz—'cl: 5 CH:"" {—C—R

i OH
[R=H] Propanal R=H] 3-Hydroxyprop 1
[R=CH,;] Butanone [R=CH,] 4H e

If the polar reagent has H* as electrophile part, then 1,4-addition results in enol that rapidly
tautomerizes to give a keto product, which is a 1,2-addition product. For example,
] ’ } wt ]

O—H  keto-enol tautomerization

|| |
H,C=CH—C—R _BON, g cH=C—R, &= cn,—-cn—-c!—n
| ’ L )!l
l:_,4-addiﬁon (enol form) 1,2-addition (keto form)

Strong nnel.eophﬂwmagcﬂ&s Tl
carbon to give usual 1,2-addition pmﬂmi-

- . p 2 - m
note that Grignard reagent not only attacks at carbonyl carbon (1,2-addition)
_mmumm-m-(,cx:. l4ad(kdon)oiﬁponsﬂwdw

(Gilman reagent) and enolates being less basic,

carhonyl compounds in presence
, f-carboxylic acid esters or nitriles also






