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Reactions. Nucleophilic addition

The carbonyl group, C=0, governs the chemistry of aldehydes and ketones. It
does this in two ways:

(a) by , and (b) by

The carbonyl group contains a carbon-oxygen double bond; since the mobile
7 electrons are pulled strongly toward oxygen, carbonyl carbon is electron-
deficient and carbonyl oxygen is electron-rich.

Because it is flat, this part of the molecule is open to relatively unhindered
attack from above or below, in a direction perpendicular to the plane of the

group.

Nucleophilic addition
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Reactant Transition Product
state
Trigonal Becoming tetrahedral Tetrahedral
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charge on oxygen on oxygen



What is the effect of acid?

If acid is present, hydrogen ion becomes attached to carbonyl
oxygen. This prior protonation lowers the Eact for nucleophilic
attack, since it permits oxygen to acquire the m electrons without
having to accept a negative charge. Thus nucleophilic addition to

aldehydes and ketones can be catalyzed by acids (sometimes, by
Lewis acids).

Acid-catalyzed nucleophilic addition
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attack more readily



Reactions of aldehydes and ketones

1. Oxidation
(a) Oxidation of aldehydes

Aldehydes are easily oxidized to carboxylic acids; ketones are not.
This process is due to their difference in structure, an aldehyde has

a hydrogen atom attached to the carbonyl carbon, and a ketone
has ~~*

Ag(NH,),*

RCHO or ArCHO M. > RCOOH or ArCOOH

K,Cr,0,
Tollens' reagent contains the silver ammonia ion, Ag(NH3),%*.
Oxidation of the aldehyde is accompanied by reduction of silver

ion to free silver (in the form of a mirror under the proper
conditions).

RCHO + Ag(NH;).* ——> RCOO- + Ag

Colorless Silver
solution mirror



(b) Oxidation of methyl ketones (iodoform test)

The ketone is treated with iodine and sodium hydroxide (sodium
hypoiodite, NaOl).

R——C——CHj
A ketone of the structure ||

O

yields a yellow precipitate of iodoform (CHL;).

The reaction involve halogenation and cleavage:

CH3 + 3NaOI —_— R C C|3 + 3NaOH

O

Cl; + NaOH ——>» R—COONa* + CHl,

0
O—0O O—0O



Hypohalites can not only halogenate but also oxidize:

R—C—CH; + NaOl ———>  R—C—CH; + Nal + H20

OH O
H
As a result, an alcohol of the structure R—(|3—CH3
b

oxidize to a methyl ketone, and hence gives a positive test.



2. Reduction
(a) Reduction to alcohols.

Aldehydes can be reduced to primary alcohols, and ketones to secondary

alcohols, either by catalytic or by use of chemical
reducing agents like

O H_ OH
é e e G

Cyclopentanone Cyclopentanol

CH;CH=CHCHO 2", CH,CH,CH,CH,OH
Crotonaldehyde n-Butyl alcohol -

, does not reduce carbon-carbon double bonds, not
even those conjugated with carbonyl groups, and is thus useful for the reduction
of such unsaturated carbonyl compounds to unsaturated alcohols.

@CH-—:CHCHO NaBH,, H', @CH"—:CHCHzOH

Cinnamaldehyde Cinnamyl! alcohol




Mechanism of alcohol formation:

nucleophilic addition, this time the nucleophile is hydrogen transferred with a

pair of electrons as a , H:- from the metal to carbonyl carbon
4R,C-=O + LiAlH; —> (R,CHO),AILi =2 4R,CHOH + LiOH + AI(OH),
i |
NN B -~ ch—.:oL L _
_C=0 + Hy-AlH;~ ——> —C—OAIH; > ( c’: 0)4Al

{

(b) Reduction to hydrocarbons.
Aldehydes and ketones can be reduced to hydrocarbons by the action (a) of
, the Clemmensen

reduction; or (b) of
, the Wolff-Kishner reduction.

OH OH OH
CH,(CH,),COOH, ZnCl, Zn(Hg), HCI _
@OH - ©0H > ©0H
Resorcinol CO(CH3),CH3 CH,(CH3)4CH;3

4-n-Hexylresorcinol
Used as an antiseptic



(c) Reductive amination.
Reduction of aldehydes and ketones in the presence of ammonia
or amine to the corresponding amines .

N\ H;, Ni N\ o -
/C@ + NH; B /CH—NH: 1° amine
H;, Ni N\ o . s
+ RNH, or NaBH ﬁNr /CH—-—NHR 2° amine
+R,NH —HuM o, Nog NR, 3 amine

or NaBH;CN /



3. Addition of cyanide

The elements of HCN add to the carbonyl group of aldehydes
and ketones to yield compounds known as

N + |
¢ +on- B _GCoN

6 OH

A cyanohydrin

Addition appears to involve on carbonyl

carbon by the strongly basic cyanide ion; subsequently (or

possibly simultaneously) oxygen accepts a hydrogen ion to
form the cyanohydrin product :

| ' |
e e e
\ o OH
‘CN Cyanohydrin

Nucleophilic
reagent



Cyanohydrins are nitriles, they undergo ; in this
case the products are a-hydroxyacids or unsaturated acids.
For example:

] ‘f a*
CN-.H* HCI, heat
@C=0 — (I:—CN T, @(}:—COOH
O5;N O,N OH ¥ O,N OH
m-Nitrobenzaldehyde m-Nitromandelic acid .
<[:H3 c|:H3 CH,
CH,CH,-C=0 H° CH,CH,—C—CN H:SOuheat CH;CHzmé}-—COOH
Methyl ethy! ketone i (1)1-{
2-Butanone :

l

CH,

i
CH;CH=C—COOH
2-Methyl-2-butenoic acid



(A)

Give the chemical structure instead of A, B, C, D and E and
the name of reaction instead of 1, 2, 3, 4 and 5:

(4) /-CO, (3)

(E) < dryHCI/HCHO

D
B (D)

(C)



Mechanism of acidic hydrolysis of cyanohydrin

OH,

+
H-OH., H,0
+
i _)‘U 1-r\ OH, tautomerization ciDI-L/
=N = HAHH . — H.-J'l\ —_—

— R—N-H ——

A NH,
NH,
HO 'oH, .t HO JOH o H =
ROCNH, Tanster ™ RONHH, T R oH —
U "\H
Y

by-product:  NH,*
1 equiv



4. Addition of derivatives of ammonia

Ammonia derivatives add to the carbonyl group to form
derivatives containing C=N (azomethine, Imine)

N ' l AN
C/ + NH;OH '-}1—%'* C -NHOH —> /C:NOH + H;O
(|:l) Hydroxylamine 6H Oxime

~ + | _ N
C” + NH,NHCH; 25 | -C-NHNHCH;| —> C=NNHC(H;s + H;0

H 1 J #
0] Phenylhydrazine OH Phenylhydrazone

N/ e+ |
¢’ + :NH,NHCONH, 2% |- C-NHNHCONH,| -——>

él) Semicarbazide (i)l-l

AN
Semicarbazone



The solution must be acidic enough for an appreciable fraction
of the carbonyl compound to be protonated

+ AN ]
\(II/ . L ﬁ/ N [-(I*——ria—c] N :‘;c:-:. ~G + H,0 + H*
0 (%)ON HO H

), H*
H;N—G &= ‘H;3N—G
Free base: Salt:

nucleophilic not nucleophilic

5- Addition of alcohols. Acetal formation.

Alcohols add to the carbonyl group of aldehydes in the
presence of anhydrous acids to yield acetals:

H H

] dry HClI |
R—C=0 + 2ROH _ > R'—C—OR + H-O

1
Aldehyde Alcohol OR

Acetal




The mechanism including formation of hemiacetal (alcohol) by
the addition of the nucleophilic alcohol molecule to the
carbonyl group.

i |
H k
R'—C=0 + ROH —— R’u(l?—-OR
OH

A hemiacetal

In the presence of acid the hemiacetal, acting as an alcohol,

reacts with more of the solvent alcohol to form the acetal. an
ether:

H H
! H+ , (J:

'_(f“——OR + ROH = R’'— ; --OR + H,0
OH OR

Hemiacetal Acetal

(An alcohol) (An ether)
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Aldehyde

The mechanism of hemiacetal formation

-y

, _H
_Ef”H ':Gﬂ
(‘ ROH N
- ' = - R—C( 0——H
C
l"'ff’ U H H.

H R

Hemiacetal



The mechanism of reaction involves the formation (step 1) of
the ion |, which then combines (step 2) with a molecule of
alcohol to yield the protonated acetal.

i i M
)
(1) R--C—OR + H* = R'—C-OR I=> R’-C=OR + H;0
OH OH, I
Hemiacctal

| ©
@ R—C=OR+ROH =2 R'-C-OR =2 R'—C-OR+H’

: ®OR OR

| Acetal



Glucose has an aldehyde group and five hydroxyl groups. Glucose can
form an intramolecular cyclic hemiacetal.

It's beta-anomer when
CH,0H and OH are

on the same side

(|3HEDH CHEDH
H /—3 o H D
“
| / H K) ] / \H
- l‘.|: /CHH C H /
! I
HO {ll—':l: {i';—qj |
OH
H H OH
. Groups on left side of Fischer
projection are facing upwards, while p-D-Glucopyranose
CH.OH aroups on right side are facing .
downwards in this representation (hemiacetal of D-glucose)
ﬂ:lp r?:;n down on Haworth projection
i

the ring

D-Glucose
Fischer projection



6- Cannizzaro reaction
In the presence of , aldehydes containing
no o-hydrogen undergo self-oxidation-and-reduction

to yield a mixture of an alcohol and a salt of a carboxylic acid.

50% NaOH

2HCHO CH,OH + HCOO~-Na*
Formaldehyde Methanol Sodium formate

02N©CH0 2. NaOR, 02N©CH20H - 02N©C00*Na“‘

p-Nitrobenzaldehyde p-Nitrobenzyl alcohol Sodium p-nitrobenzoate




The mechanism includes two successive additions,
k

* addition of a hydride ion from | (step 2) to a second molecule
of aldehyde.

The presence of the negative charge on | aids in the loss of
hydride ion.

: ;
(N Ar—-C—=0 + OH- —> Ar~—(|?=—0*
OH
1
H ™H H
! B |
(2) Ar—C=0 + Ar_(li"*{_g)‘ —_—> Ar—-—(l',’-*“O" + Ar“(lfzo
OH H OH

i
1+H+ lwu+

ArCH,OH ArCOO~



Crossed Cannizzaro Reaction

CHO CH,OH
NaOH
+ H,C=0 ———— + HCOOH

In the case of Crossed Cannizzaro with formaldehyde, the formaldehyde
carbonyl is extremely reactive and the equilibrium will lie strongly on the
side of the formaldehyde tetrahedral intermediate, and consequently most
of the other aldehyde will remain present as the aldehyde.

) HO 0 HO o
Rug g R% + HC=0 =™  p
HY oH ’ ’ Y “OH

fav ored


https://i.stack.imgur.com/y0Ja1.png

Furfural and benzaldehyde

Furfuryl alcohol + benzyl alcohol + Furoic acid + benzoic acid



7- Aldol condensation

Under the influence of , two molecules
of an aldehyde or a ketone containing o-hydrogen may
combine to form a 3-hydroxyaldehyde or 3-hydroxyketone.

H HH
| -
CH J—J}'—"O + H—-(:J—C-—-:O OH”, CH J—é—(l:“é_o
H (I)H H
Acetaldehyde Aldol
2 moles (8-Hydroxybutyraldehyde)
{3-Hydroxybutanal)
. CH; CH; H
CH;——(IJ—O + H—é—-—C—-é—-—-H o, CH ,—(]:—é—c—é-ﬂ
y) H H 0 H
Acetone 4-Hydroxy-4-methyl-2-pentanone

2 moles (Diacetone alcohol)



(step 1)

carbanion |, which attacks (step 2)

carbonyl carbon to form ion Il. An alkoxide (II) abstracts (step 3) a
hydrogen ion from water to form the 3-hydroxyaldehyde llI,

regenerating hydroxide ion

1)) CH;CHO + OH- =* H,0 + [CH,CHO]}"-
Basic ]
catalyst
; *f
) CH,—C=0 + [CH,CHO]- = CH3--(|3--CH2CHO
: 0.
Nucleophilic I
reagent
H H
' &
3) CH;—C—CH,CHO + H,0 > CH;—C—CH,CHO + OH"

I

On



Crossed aldol condensation
An aldol condensation between two different carbonyl
compounds,

H H H
CH,CHO. 20° @_é_é éHG

Cinnamaldehyde
|
H H H
@-—CI-——G OH - |CH,COCH,, 100° @_ | =(!:-—C—CH3
Benzaldehvyde Be tl:rr{lljlc

oy
e (- Ed 0 (S

Benzalacetophenone



Crossed aldol condensation
An aldol condensation between two different carbonyl
compounds,

0O O OH O
__.-J\m_ + T ___..--'J‘---._ L _d-“'Lm .-'J\ - T H
- H H HE':] - o H - T
OH O
Ethanal Propanal 3-Hydroxybutanal 3-Hydroxy-2-
(from two molecules  methylpentanal
of ethanal) (from two molecules

of propanal)

OH O

3-Hydroxy-2-methylbutanal 3-Hydroxypentanal
(from one molecule of ethanal and one molecule of propanal)



H H
Formaldehyde

2-Methylpropanal

OH
20°C

dilute Na,CO,

40°C

0
- ‘%T”Jh"‘" H
|/\,__L =

2-Methyl-3-phenyl-2-propenal
(z-methylcinnamaldehyde)
(68%)

3-Hydroxy-2.2-
dimethylpropanal
(=64%)



DH— HH""'\-\. ﬁ“—?‘;_hu___.-' o,
oy
100°C Lz
4-Phenylbut-3-en-2-one
(benzalacetone)
(70%)
jj
OH- h““*a-\_h s H\‘,-""J q:__:h
—
20°C

e HH___.;-_*_:;’

1,3-Diphenylprop-2-en-1-one
(benzalacetophenone)
(85%)



Q/ Give the product for the following reactions:

(1) Acetone + acetaldehyde L ?

(2)2 Acetone L ?
Q/ Give the mechanism of reactions (1) and (2).
Q/ Give the mechanism of aldol condensation under the
influence of dilute acid.



Q/ Are these compounds subjected to Cannizzaro reaction or
aldol condensation in the presence of alkaline medium, give the

products:
(0] j\ o)
HJ\H H,C” TH \/\)J\H
methanal ethanal pentanal
(formaldehyde) (acetaldehyde) (valeraldehyde)
(0]
H P
/\)LH H
cl
2-chloropentanal butanol 3-methylbutanol
(a-chlorovaleraldehyde) (butyraldehyde) (isovaleraldehyde)

=

0
ZHs (%

o=0 H
CH;”

acetone
(propatone)

benzaldehyde

acetophenone

(b) benzophenone
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8- Addition of Grignard reagents.

The Grignard reagent has the formula , and is prepared
by the reaction of metallic magnesium with the appropriate
organic halide. This halide can be alkyl (1, 2, 3), allylic, aralkyl
(e.g., benzyl), or aryl (phenyl or substituted phenyl).

RX + Mg lnhydruulelber’_ RMQX

A Grignard
reagent

Grignard reagent reacts with aldehydes and ketones to yield
alcohols.



Mechanism

N3+ 5-.

=0
4 l H,0 |
—— —(ij—-OMgX — ——({:—'OH + Mg(OH)X
R R
R)MgX An alcohol
- 3+
The of the Grignard reagent is a

, carbon being negative relative to
electropositive magnesium. It is not surprising, then, that in
the , the organic group
becomes attached to carbon and magnesium to oxygen. The
product is the magnesium salt of the weakly acidic alcohol
and is easily converted into the alcohol itself by the addition
of the stronger acid, water.



Organolithium compounds are used instead of Grignard

because, give and lithium is
’
5® 5O A H.O
\C=O + R—L — » —c—0oLjt —2> —C—OH

Products of the Grignard synthesis

The class of alcohol that is obtained from a Grignard
synthesis depends upon
: formaldehyde, HCHO, yields primary alcohols;

other aldehydes, RCHO, yield secondary alcohols; and
ketones, R,CO, yield tertiary alcohols.



H H H
é é H,0 1
H—C=0 + RMgX ——> H—C—OMgX —*> H—C—OH
. S | |
R R
Formaldehyde 1° alcohol
3 ) i
R—C=0 + RMgX —> R—C—OMgX —>> R—C—OH
_ ! &
Higher aldehydes 2° alcohol
) ¥ .
R'—C=0 -+ RMgX —> R—C—OMgX ~H0, R—C—OH
e | |
Ketones R R
3° alcohol
Problem

19.22 Show how ethyl bromide can be used as a starting material in the preparation of each of the
following compounds. (Hint: How are Grignard reagents prepared?)

(a) (|IJH (b) (|}I-I (¢) 1-butanol (d) i><DH
PhCHCH,CH; (CH;CH,),CCH;4 CH,CH;



