Many compounds with pleasant smells have carbonyl groups. The smell of
phosgene and of coumarin are similar to that of newmown hay. While the former is
highly toxic, the latter is not.

ahaldehydes and ketones contain a carbon-oxygen double bond (>C=0). This unit is referred
uasthe Carbonyl Group.

O «— Carbonyl oxygen
|

C. «— Carbonyl carbon

7N

The carbonyl group

d:‘:hmand ketones are collectively called Carbonyl Compounds. In aldehydes. the carbonyl
dto one hydrogen and one alkyl group. Formaldehyde, HCHO, in which the carbonyl

D i
" &d;:‘rdcd 10 two hydrogen atoms is an exception. In ketones, the carbonyl carbon is always
Oalkyl groups. These alkyl groups may be same or different.
Functional group Functional group
/ of aldehydes / of ketones
0 0 4
[ I -t
RTC—H]| RTCHR'
Aldehyde Ketone

k I e
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i - .carbon double bond of alkepe .
The carbonyl group, like the carbon-cit S Comyp,

IIJ!'

and one 1 bond. ey
a Bond
s Bond ™ ™
>C=/O n Bond lw f?()

B . . i 3 > . - "
Both the carbon and oxygen are sp* hybridized. The 6 bond is formed by the ety
DA

orbital of carbon and an sp? orbital of oxygen. The tbond is formed by the overlap of oy €
orbitals of the two atoms. The two unshared electron pairs of oxygen occupy e 22 14,
. ¢ ) 3 L i e ¥ ;:L,: yl

of oxygen. Because the carbonyl carbon is sp~ hybridized, the three atoms attache ilicing
o -i_.l) N

plane. The bond angles between the attached atoms are approximately 120 (Fjp_ g 1)

n Bond

: '. j} 120"
\C{. 4 4 \;(
- &

a

,EO.- 120° | C=q
-- y /‘

(b) (c)

Fig. 19.1. The carbon-oxygen double bond in aldehydes and ketones is composes
of a g bond and a n bond. (a) The o bond is formed by the overlap of an sp7 otz
of carbon and an sp? orbital of oxygen ; (b) The n bond is formed by the overlzp
the unhybridized p orbitals ; (c) Geometry of the carbonyl group.

The electrons in the 7 bond of the carbonyl group are not equally shared. In fact, they e
more toward the more electronegative oxygen atom. As aresult, the bond is polarized, with 7

atom being slightly negative (8_) and the carbon atom being slightly positive (6,). The ™
indicated as :

N 0+ 6
C=0
o
Alternatively, the polar nature of the

e v the fob®
: carbonyl group can also be indicated by ¥*
resonance structures :

\C‘—Cg «—>
- o
NOMENCI ATIIRE A At meme e _

Sé—o
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0
I [
3Acetone Ethyl methy! ketone
(Dimethyl ketone)

JUPAC names for ketones are obtained by replacing end
Bk s o e ¥ dins
1 -one. The chain is then n.umhcn_d (¢ give the carbony| Carhe 2y
then used to designate the position of the carpy, Iur.:h-:;_
Y1 pr

given below :

) TUPAC System.
kane witl .
pnumber 18
ketones are

{
corresponding al
possible pumber. This
JUPAC names of some

Propanone (Propane —e + opg)
Butanone

—C—CHj 2-Pentanone

METHODS OF PREPARATION
Aldehydes and ketones may be prepared by the following methods :

Alcohols. Aldehydes and ketones can be prepared by the controlled ovié:

(1) Oxidation of
d solution of potassium dichromate or permangz:

of primary and secondary alcohols using an acidifie
Primary alcohols produce aldehydes.

I?_-
_&xodh| + o &L, p—C=0 + HO

R :
| . 1
H ¥
1° Alcohol Aldehyde
|
CHiCHOH + [0] —2:T»  CH;—C=0 + HO

Ethyl alcohol Acetaldehyde

The aldehydes formed in the above reaction are very easily oxidized to carboxylic acid
to remain in the reaction mixture.

g if s

| on

H+
S Carboxylic acid

Ketones are prepared by the oxidation of secondary alcohols.
D

R—C—=0—H| + [gf XL2%%, g_c=0 + Hz0

| H
A I '
2° Alcohol " ? o
eto

~ 4
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o)
Cl}H K2Cr0; |
cH—CHa + (O] e * CH;—C—CH, + H,0
G ol Acetone
opan
2P atcohol)
(0P sily oxidized further and can be obtained in high yield by this method
B A . an be obtained from secondary alcohols by Oppenauer Oxidation. In this
e o jate *-LL“"'J‘"\ alcohol is refluxed with excess of acetene in the presence of
:\JPF T‘nuﬂllh' .‘\IOC(C”‘]‘ catalyst.
ety R
R CHs _____AIOC(CHy), N CHa
- A
2/ GHs R CH;
2° alcohol Acetone Ketsiia 2 Propanol

used for these oxidation reactions are :
gents U3

.ull"f Pma%\lu

" pomicacid : H Cr0y

p...rc:lt‘tnl is P

m permanganate : KMnO,/ OH

repqred in situ from CrO; or NanO? with dilute sulfuric acid.

dm.:chlorochromate (PCC), CsHgNCrO+£1, in dichloromethane solvent.

Cin dhhlorometh'lnﬂ is a special oxidizing agent. It is used to convert primary alcohols to
4 This reagent does not oxidize aldehydes to carboxylic acids.

I
PCC
CHyCH2CHCH,0H g CH3CH,CH,—C—H

1-Butanol Butanal

* (atalvtic Dehydrogenation of Alcohols. Aldehydes may be prepared by passing the vapors
-y alcchols over a copper catalyst heated to about 300°C.

-

Cu —
R C|) O—H o R (i':—O + Hp
H H
1° Alcohol Aldehyde
I
CH4CH,OH ;T;’ CHy—C—H + H,
eyl Ethyl alcohol Acetaldehyde
€lones are produced from sec ondary alcohols.
H
R—CXo-tH o —Cc=
|' W H ? O + H2
R R
2° Alcoho| Ketone
('IJH
CH—CH; 2+ CH;—C—CH3 + H,

(Iso 2 -Propano|
OPropyl alcohol)

.

Acetone

el
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(3) Oxidation of Alkenes (Ozonalvsis) Aldehydes and ket Canl Be b
of alkenes. This involves the treatment of the alkenes with ozone 1 g0

DVE DUy -y in,
notisolated becanse they are often explosive in dry state. They are decom,
aldehydes and ketones,

H H A -
| (1) 0, ¥ rl*—-— .
CH,CH,C==CCH-, 72) Zn+ WO CH,.CH,C=0O O=cry
2-Pentene

Propzanz!
Ay
Ozonolysis of alkenes is not a good preparative method for aldehyde
because a mixture of carbonyl compounds is often produced. Howe:

Cver, 1f the +
symmetrical. only one carbony] compound will be obtained. For example

H H

H H
I I (1) O, E: l — |
CH3_0=C_'CH3 (2) Zn+H,O CHE_C—O ¥ O=C—-r‘..,
2-Butene Ac&ta:dehyde ﬁ-.’};';-_,";::ffé
(3) Hydration of Alkynes. Hydration of acetylene yields acetaldehyde, W “hves .,
in the presence of mercuric sulfate and sulfuric zcid 1o form an unsizble enol-intermes g,
intermediate rearranges to give acetaldehyde.
H H H H
HgS0, | I i
HC=CH + H—OH H,s0,> H—C=C—OH — H—C—(=
Acetylene s (unstable) |
H
ACEZIE
Hydration of alkynes. other than acetylene, gives ketones. Water adds aCooriIfu s
Markovnikov rule o give an unstable enol-intermediate. This intermediate rearranges to form e
OH o
- HgS0 l 64
CHC=CH + H—OH T2 CH,—C=CH, —» CH,—C—C*
H2S0,
Propyne (unstable) Acor®
(5) Hydrolysis of gem-Dihalides A gem-dihalide is 2 compound that has two balog= ~
attached to the same carbon. Aldeh

F o
ydes are prepared by alkaline hydrolysis of those 267~
which two halogen atoms are attac

hed 1o the terminal carbon atom. For example.
(|:| OH o
H X -
CH3""-CH—'C| Tl.aﬁ.g? CHa_"CH—‘OH i‘e'. CHE--C -
1 .1 -DiChiOfoethane “Jnsrabfej ;._Cj'.a&: :9.5 g
Ketones are produced by alkaline hydrolysis of those gzem-dihalides in which &=
atoms are attached to a non-terminal carbon atom. For example,
(i‘,l OH 0 .
e
H0 | —+H,0 =g
CH,—C—CH- s CH3 :
E ? CH: e CH (13 CH, —* pcetort
Ct OH
2.2-Dichloropropane (unstable) L
(6) Pyrolvsis of Calcium Salts of Acids. Symmetrical ketones may B¢ I
calcium salts of acids at 300°C_ For example,

-
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O

A If
* CHy—C—CH; + caco,

Acetlone

Calcium acetate
{acids are obtained by heating carboxylic acids with calcium oxide
wed by this method. '

qum salts O
. cannot be prep: y this m
|y tic Decomposition of Acids. Symmetrical ketones can also be prepared by passing the
. lic acid over heated MnO or ThO,. For example,

n » ClIb
Al a'h_\ de
- (ald

;\oh quitable carboxy
5 0 (") 0
| i 0—C—CH MnO, - Il
L(—OH + HTEx 3 T3p0e> CH3—C—CH; + H,0 + CO,
" womolecules of acetic acid) Acetone
Aldehydes cannol be prepared by this method.

& Reduction of Acid Chlorides. Aldehydes can be prepared by the hydrogenation of acid
f palladium supported over barium sulfate.

sondesin the presence 0
(I? (@)
Pd/BaSO |
A—C—Cl + Hz omonsg® BR—C—H + HCl
Acid chloride Aldehyde
(i:') (0]
I Pd/BaSO, Il
CH3 C Cl + H2 W CH3‘_C—H + HCI
Acetyl chloride Acetaldehyde

‘ F\"ﬁnal}y the aldehyde would be further reduced to a primary alcohol. In this case the catalyst Pd/
s poisoned” with sulfur to deactivate it partially and prevent the reduction of the aldehyde to
“ohiol. This reaction is called Rosenmund Reduction.

ke ;

i 0:';" cannot be prepared by this method.

v  Sp—_— : : ; ’ .
- v Process. The Oxo process is an industrially important method for producing
“lives ; 5 .

the treatment of an alkene with carbon monoxide and hydrogen in the presence of cobalt

Sy cataly i
_ ¥t High temperatures and pressures are used.

aldehydes.

R~CH=CH, + CO + H, 2%z, R—CH—CH,
Alkene t
H c=0
| f
H
Aldehyde

ey ;
Key action appears : . s i aldehyde to the alkene
e ars 1o be an anri-Markovnikov addition of formaldehyde to [he & ‘

iy N0t e o
Ny, . 'n: Prepared by this method.
;l:t:h! _ '-‘nlmeml“' Both aldehydes and ketones can be prep
'mdc.FOrex;ugf ;m alkene with an acidified aqueous solutio
ple,

ared by this method. This process
n of palladium chloride and

A
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0O
{ . . r'”r'li' “
r;' l;l ()I “J | l,{'(;';l i I'?O * r.a"". . (‘ ||1
- ” |
Ethylone Acetaldeh e Pa , .
P Ab] o

Pd 4+ HCOI *  PdCl,
The cupric chlonde promotes the second reaction, enhancing the rece
; . . MYELy e
back into palladium chloride, o
b ) 5 ME > el
Pd  + 2CuCly PACl, 4+ 2040
Acetone is prepared similarly from propenc.

O
CuCly If
C H';C}'IZ CI’"Q + PdClp + H;,O ——p CH: e (5 CH., + P

Acactone

t'(_,
/

Propono

PHYSICAL PROPERTIES

(1) Formaldehyde is a gasalt room temperature, Acetaldehyde boils at 200C Oy,

and ketones are colorless liquids.
(2) Lower aldchydes possess rather unpleasant, pungent smells whereas the e,

pleasant, sweet odors,
(3) Density of aldehydes and ketones is less than that of water,

1 EEESE  BOILING POINTS OF SOME ALDEHYDES AND KETONES

Name Formula bp (
ALDEHYDES
Formaldehyde HCHO -21
Acelaldehyde CH,CHO 20
Propionaldehyde CH,CH,CHO 49
n-Butyraldehyde CH,CH,CH,CHO 16
KETONES
Acelone CH,COCH, 56
Butanone CH,COCH,CH, 8
2-Pentanonc {'II,(,’U('H:(.'H;(f”s ::ﬁ

3-Pentanone CH,CH,COCH,CH, /

- olarity o %7
able 19 1), Because of thepolrd' (-

(4) Boiling Points of Aldehydes and Ketones (1 " the molecs?
group, aldehydes and ketones are polar cumpnundu. The polar ch:srfﬂ-'"—"j’ Jctions .L
to intermolecular attractions. These attractive forces, called di]mlc-dlp""v .;.ltr " T
the partial negative charge on the carbonyl oxygen of one molecule and the
the carbonyl carbon of another molecule.

Sose”

purtlul post

i
~la altracthons
att

D_:)ql;p(}‘.j’;;

" !I Among carbony! comi Ouf ]
el
- ol  1eractio® - 9

ot as SIrong as I_ﬂ hat host

Dipole-dipole attractions, although important, are n igher !

= . : ) tones are
sult. the boiling points of aldehydes and ketones

bonding. As arc
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alcohols, ol comparable molecular weights, For example

vl than those ol
<M " .
I [l
. i H=C—H CH30H
Et}w mp Formaldehyde Methyl alcohol
. N e (mol wt. 30, bp -21°C) (molwl. 32; bp 64.5°C)
" wt =
1w Mlladin, : :
CI;HJ Il I
B CH3CCH; CH3CHCH,
- S sos sopropyl alcohol
' e (mol wt. 58; bp 56°C) (mol wt. 60; bp 82.5°C)

et |
aal w2 A

\

The lower aldehydes and Ketones are soluble in water because aldehvdes

+ 2HCI _ Jubility i Water. : _
e '1,‘ m hydrogen bonds with water, even though they are incapable of intermolecular
L b X S 3 .alvae
< Noading with themselves.
- O g > O
et aldehydes .. s/ \§+ 8- R R §- 8/ \&+ 8- R
Y g .....---.0=C/ SC=Q e H H-— O'_C/

Intermolecular hydrogen bonding
between water and ketones

Ketones have .
swmaacular hydrogen bonding

:-:"'.‘-t'\'-" water .""-d J!dt’m'd es
le increases. the solubility in water decreases rapidly.
bons are essentially insoluble in water. However, the
solvents such as benzene,

& hvdrocarbon portion of the molecu
s and Ketones with more than six car
« suell as the lower aldehydes and Ketones are soluble in organic

~ »i crbon tetrachloride.

{
A
!
(v of the carbon? ; .
o IV ES n- -'.?
ecules £ -
I s\ A
s, oecut bet® .
- o L
ostve chargs
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CHEMICAL PROPERTIES

oap Hllt \ll‘l“l“" lt|‘“-t“"l‘ ]IlL L|“‘“\n\lli !II‘l'lII“" -l'l l\h‘. '
,'JLu .'l‘nll‘l" l"“"l“"“"n - o i .L'\.\:”‘ll
\"‘ll 'l I i i l 18 ] U8
l -I ) |

12k

C v e % T & 3 h
v -
The Posilivel}’ charged carbon is readily _iillilt‘ ked by electron-rich "ll'th:upl il

hareed oxygen is attacked by electron-deficient electrophiles. 1S, The
charg A '

Nucleophilic oxygen react
ﬁ_ : : 2 dCLS
‘0: " \ith acids and electrophiles

#C — Elec!rophillc carbon reacts
/ \ with bases and nucleophiles

Aldehydes and ketones undergo nucleophilic addition reactions by the fo
mechanism. OWing p,

Step 1. The nucleophile ( Nui') attacks the positively charged carbony] car
bond. As the new bond is formed, TT-bond between the carbon and oxygen is broke
goes to oxygen, which acquires a negative charge.

Nu:[/—§| p N

bon 1 fom,.
n. ThL‘ EEL‘(L-{:

+ /Cﬁ_Q:\L ——— ._?..;C—-Q:
Step 2. The electrophile (e.g., H*) attacks the negatively charged oxygen to form the
product.
Nu - g N Nu
_70—__: + H — .?C—Q—H

Addition product
The nucleophilic addition reactions of carbonyl compounds may be catalyzed by acidsorh

Base-catalyzed addition. Bases convert a weak neutral nucleophile to a strong one by
a proton. The strong nucleophile then adds to the carbonyl group as shown above.

Nﬁ-l{\_

+ B — Nu: + BH
Neutral nucleophile Nucleophile
(weak) (strong)
Aci_d-calalychl addition. The acid-catalyzed nucleophilic addition occurs by the &%
mechanism :

Step 1. : : . ; Towgr"
P 1. The hydrogenion from the acid attacks the negatively charged carbon!

protonated carbonyl group. The protonated carbonyl group is resonance stabilized:
"R 84 5—/—‘-\ t A—
/C=_Q.  HY s \C£+_H +«— \C'-'O» v
_G=0 o
Protonated
- ‘ ‘ carbonyl group
Step 2. The nucleophile attacks the protonated carbonyl group to form th

- H + Not —»

L.
Jditio? l

~ A—H
26—0
Addition produ

A
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jdition product is the same Whethe
a0

ile always adds to the carbony] ¢
es are less reactive than

I the reaction i
i arbon apq the proy
| ddehydes ‘leophil;
mlett ¢ ydes in ny leophilje
v ffJ[I'\

¢ ns. A carbon atom nexy (o the ¢; , .
40 ‘[.Il.‘"mp“ T _ ETOUp is calleq an (-
ot of an a-carbon is referred 1o as gy -hy '
"l [0

hed

" g AP jic in nature. The acidity is due 1o (he [
aft # 1

- [h'ﬂ l

acid-cyt
», I'
~ .nuch“l‘l

alyzed or base-
on f::]cclruphilc). to the
addition reactions.

carbon, A
“‘h}'(lrngcn\ of

aldehydes
ACtthat the anjon \wh "
Mg iy t » Which results fy he
P ¥ enbyabase B, is stabilize SOnance T L rom the
i  nydrogen by a base B: ed by Fesonance, The feSonance-stabilized anion
4 \1'3 y
\“I.nggltl““'
B':‘ oy :.. $er
H cﬁ' [XIO :0:
—BH X |
gho— e B, T
Removal of H Resonance-stabilizeg
by base enolate ion

gcarbon of the enolate fon is negatively charged. It can aet as a nucleophile. The formation
e jon followed by its addition to a carbonyl group is the process involved in a]
"ﬂ;m reactions of aldehydes and ketones.

the
T o
~C i -
“f \H 7, \R
Alcohol Alcohol
R\C/R NaBHX /RMgX ?H
i .y
~C vPh\;P-_éR HCN { "CN
Alkene Cyanohydrin

_‘NHz R
| e \ N #
L Ketone/aldehyde |
{ “oR .Y
NH,NH, R,NH
KOH Imine
! P
J?C R » L e
I
Alkane Enamine

%

Ty 'mportant feactions of Carbonyl compounds
Wm:: portan reactions
: }ai,;on?tnons

‘mi“h- 1 sadillm Ricoore.

of aldehydes and ketones are described below :
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0 OH
|
—C— + NaHSO; —— —(C—

SO3Na
Bisulphite
addition COmMpoung
i e ot
CH;—C—H + NaHSO; O
I
Acetaldehyde SO3Na
Acetaldehyde bisulphite
0 o
CHz—C—CHg + NaHSO3 CH3—C—CH,
Acetone éOaNa

Acetone bisulphite

The bisulfite addition compounds can be decomposed with dilute acids or bases 1o feg
the carbonyl compound. For example,

3 j
CH;—C—CH; %% CH;—C—CH, + NaCl + SO, + H0
!!303Na Acetone

Therefore, the formation and decomposition of bisulfite addition compounds is use!
purification and separation of carbonyl compounds from mixtures.

(2) Addition of Hydrogen Cyanide. Aldehydes and ketones react with hydrogencyai
Cyanohydrins. The reaction is carried in the presence of a basic catalyst.

O OH
Il

—C— 4+ HCN — —C—
|

CN
Cyanohydrin
i i
Acetaldehyde (|3N
Acetaldehyde cyanohye""

0O OH
| |y
CH;—C—CH; + HCN — %  CHy;—C—Chs

Acetone (!;N

in
Acetone CYanthd ™

- . . jlute
HCN is a very poisonous gas. It is produced in sifu by the action of &
potassium cyanide.

)

_d
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hanism involves the following steps :

o THemee
L]

. a proton from hydrogen cyanide to produce cyanide ions.

\ ~move
"t pas¢ ref -
L™ N o+ OH — hO + CN
. Nucleophile

- on attacks the carbonyl carbon to form an anion.
JORE T

ide
A :|.I'Ill
e L.

o - - i
>C+=f/4 + CN S CcC—0
proton from the solvent (usually water) combines with the anion to give cyanohydrin.
m
3
o . 2T ™ CN_
>c—0 + H  —* _C—OH

«_cvanohydrins can be hydrolysed to give O-hydroxy carboxylic acids. For

Cyanohydrin

e OONT nitril

g~ CI)H ?H
~ HYH,0
CH;—CH—CN ——* CHy—CH—COOH
Acetaldehyde cyanohydrin Lactic acid

. \adition of Grignard Reagents. Aldehydes and ketones react with Grignard reagents to give
oo product which can be hydrolysed with dilute acid to yield an alcohol.

e ae 4 s
0 :0: MgX ; :OH
YR MgX (I: H.0 (I:
/f\ Nucleophilic’ P oN "o .C_ + MgxOH
addition / R / R
Ctonyt _ Unstable Alcohol
=mound intermediate

=rzxtion provides a convenient way of preparing alcohols that contain a larger carbon chain

& 1%

<2suring materials, Formaldehyde reacts with Grignard reagents to produce primary alcohols.

,%.‘Ikh?"fﬁ give secondary alcohols. Ketones react with Grignard reagents to produce tertiary
& Feevample, :
0 OMg| OH
H—C CHaMgl | H-0 |
—H —= | H—C—H —= H—C—H
Fomaldehyde [ l
CHj; CHj
0 Ethanol
O, I 2 (l)Mgl CI)H
~C—p LHMgl H20
*eadehye SHCTH] - e GHy— O
CH, CHj,
2-Propanol
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) Addition of Ammo
\Idehyde ammonias For cx:ucl)lplc, i
CHs——y;-—H . NHs CHS-—(:;._H
Acelaldehyde NH,
Acetaldehyde ammonia

acids, regeneratc the aldehyds: 1
d for purification of a!dehxéw; '
pounds with ammonia, but jne

ated with dilute

The aldehyde ammo :
5 is use

decompositio

formation and
d ketones do not

Fonnaldehyde an
complex condensation products. For example.
?. o g
|
2CH3""'C"""CH3 + NH3 — CHa_—(l:-—CHE_C_C.'"-_
Acetoné NH,

Diacetone amine

OWED BY LOSS OF WATER
hydes in the presence of anhydro=

B. ADDITION REACTIONS FOLL
s react further Wit

(5) Addition of Alcohols. Alcohols react with alde

. Hemiacetals. These hemiacetal

form unstable addition products known as
to form stable compounds known 4 Acetals. Notice that the acetals ar¢ gem-diethers
(I? OH OR'
rR—C—H + R'OH :_ﬁ__ﬂ,_ F{-——(I;-—-H & (!‘, H+ '
Aldehyde | HCI R | |
OR' OR’
Hemiacetal Acetd
iethe)
- o ' (gem-dlet b
o reaction is reversible. A large eXCess of alcohol is used t0 shift the equilibnﬂ-'_f‘-i

acetal formation. The reaction of
acel: :
Jcetaldehyde dimethyl scetal. cetaldehyde with methy! alco

@)
Acetaldehyde 3OH CH3—‘?_—H L
OCHj3
Acetal T o

Ketones don '
. ot react w
ith alcohols to form the corresponding hemiketals 2
> p | — . - J{[“I'J
e

(6) Reaction wi
ith i gk
and ketones to form t;:t::;)?mmnmu‘ﬁ-SOmcammoniaderi\'ali\C*l- :
r . o e S CO . . . . ‘|£|-
elimination of a water molecule ntaining carbon-nitrogen double bof s 152

o
=T
No=N—2Z * e

o % HZN—Z — P

Scanned with CamScanner



l ALLE fne

g
wucts are usually crystallipe Nids wi -~ n 401
“ v s

Mine

r i f ey
o P st of which are liguid Eling v

~,.J petones: mo

’ 'q.“ The ”H.dmm[”“:' I'I,r-',-,],,,_, feaction Involye
\NE atives (NH nves the .1
g1V ja denvanves CNHy 7)) behaye -, CI0NOwine .
o pmmont n. Th I “* hucleophiy;e | £ ¥ey
b * on nitroge ¢y add tothe ¢t " CAZENL vines o
w .I'.'Jnm-[ulr e ”h ”l."! :'T'.'JIJ In .".F':.‘!" ' Se——y
2 705 and ke
A
C{O O
pa
5JC|_____ —_— ____C’____ ;‘"‘I . ?H
C | trar _u,:_," .
| H—N—2
H ru.’l',!::b';_

| 2)
y  addition product rapidly loses &
”r

OH
<
—

e A

In JI ¥ v L4 l Wi,
f ) V d' - e A

~ mmonia derivatives which react in this way are : hy )
i . . “hydroxy]z R
_=phenylhydrazine, and semicarbazide, yiamine, hydrazine, phenylhy
- Reaction with Hydroxylamine, Aldeh
- xmes. Forexample,

drazine.

ydes and ketones react with hydroxylamine ( NH-OH)

I CHSCH:‘N“—'OH + H,0

Acetaldehyde Acetaldehyde oxime

(CH3),C=0 + HoN—OH — (CHaJEC:N“‘OH + H;0

. Rm:ce‘_‘:;i{ Acetone oxime
nwith Hydrazi s | . o
i~ Forcxzm:p]e, vdrazine. Aldehydes and ketones react with hydrazine (NH,N H-) to form
f:?a?:::o + HoN—NH, = CH3CH=N—NH, + H,0O
ehyde Acetaldehyde hydrazone
(CH C-:" """"""""
:3:{ O+ HN—NH, — (CH3),C=N—NH, + H,0
Reagt 0 Acetone hydrazone
e clion wig Phenylhy . ’ __ P :
'ﬂﬁgmf% Yihydrazine. Aldehydes and ketones react with phenylhydrazine
Phenylhydrazones. For example,
o CeHs CeHs
3CH=0 """""" |

“otage, . T TEN—NH  ——  CH.CH=N—NH + H,0
o8 Acetaldehyde phenylhydrazone

CeHs CeHs
b, © TENTNH > (CHy),C=N—NH + HO

Acetone phenylhydrazone
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() Reaction with 2. 4-Dinitraphenylhydrazine Aldehyd,

i ';'t"fi ll oo
2 A-dinitraphenylhydrazine 1o form 2.4 dinitrophenylhydrazones. For ¢ rample, -
NO, e
“\ H,0 _
{CH';)pr.;:O 4 H:,”HH'_@/_ ”O', —p fCH-};./r', :‘““H__/rf’
"
Acelone

Ao,
2. A-dintrophanas.
Jpn ;.]fb firapes
(e) Reaction with Semicarbazide Aldchydes and ketones react wigy, I arh
. a0

semicarbazones, For example,

(I? 0
CH,CH=0 + H,N—NHCNH, > CH':CH=|"4—'HH(;NH? + WY
Acetaldehyde Acetaldehyde semicarbazone &
O 0
I ;
(CH3),C=0 + HoN—NHCNH,  —*  (CHy);C=N—NHCNH, , 4
Acelone

Acelone semicarbazone
(. REACTIONS INVOILVING ALKYL GROUPS

(7) Aldol Condensation Aldehydes containing ¢-hydrogens undergo self add
presence of a base to form products called Aldols. The reaction s called Aldol Conden» -
term aldol is denived from the combiation of the words Aldehyde and Alcohol, the tan 1

groups present in the product. For example, two molecules of acetaldehyde combine with
in the presence of dilute NaOH to form 3-hydroxybutanal.

o) H O OH 0
I Ll &4 | n
CHy;—C—H + CH,—C—H -

CH3-—*CH—'~CH2—C"‘H
3-Hydroxybutanal
(aldal)
MECHANISM . The reaction is reversible and involves the following steps:
Step 1. The enolate 1on is formed

Acetaldehyde Acetaldehyde

i i
I _
H-Csz—C-“H + OH F=2 :CH,—C—H + H0

Enolate 100
Acetaldehyde (Nucleophile)
i | o] aldehye’ I
Step 2. The enolate jon attacks the carbonyl carbon of another unionized 3
q - 0
< 0 o
l I

"

—CH;
CH—GTH + GH—C—H o= OH—CH e

Acetaldehyde Enolate ion

R
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ive oxvgen in the product aceepts ,
- pegative OXy e PISa proton fy _n _
Q-P"‘ The Om water give aldol
{
APY
.JO]'H )
0 N
—
_ = I
CHs < H + oH
3'Hydr0xybulanal
(aldol)
inall aldol condensations has severy| Common structyrg| characterist
. <1 s ¥al a ) Ine - - » Ics
e product s a larger molecule that contains g newly formed carbon-carbon bond
. menewly formed C—C bond occurs between the o carbon of one aldehyde molecyle

" dwhat was originally the carbonyl carbon of the second alde
- . -

. he product contains two functional groups: one carbony]

group- .

The hydroxyl group is always attached to the beta car

«rhons away from the carbonyl group.

hyde molecule.
group and one hydroxyl

bon (B carbon), which is two

\isls are easily dehydrated either by heating or b

Y treatment with dilute acid to form
. -urated aldehydes. For example,

o i
|
CH—CH—CH—C—H —"» CH;—CH=CH—C—H + H,0
3-Hydroxybutanal 2-Butenal
(Crotonaldehyde)

Lzozs containing O:-hydrogens also undergo aldol condensation to form Ketols. For example,
wizaules of acetone combine with each other in the presence of barium hydroxide to form
“#n-+methyl-2-pentanone (diacetone alcohol).

0 H O (IJH ﬁ
I | I Ba(OH

3?'*3-? + CHy—C—CH, ——"k, CHy—C—ChH, —C—Ch,
CH, Acetone CHj

 Reetone Diacetone alcohol

,_l"""IS “e also easily dehydrated by heating or by treatment with dilute acid to form o.-
““dketones, For example,

" g ﬁ?
o Il
%H{I:‘CH“C—-CHg ~ CH;—C=—=CH—C—CH; + H0
|
CHy CHs
D'a“’“’ﬂe alcohol Mesityl oxide

]

g (4-Methyl-3-penten-2-one)
i ¥ | g F which
| e m~|d0l Condensation, The reaction of two different carbonyl compouf‘ds (I‘;’“e :\t.::nhplfc
R i I 4 - ~ T .“ .
e 'In the presence of a base is known as mixed aldol condensation. £0

gy S : enc a base to form
{A*h}dc S With benza[dehyde (which has no a-H) in the presence of

X i
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- cohols Aldehydes ;_uul l.v}nnvs can be reduced 1o alee hols by treatment with

0 i lae T arv aale . . - ¥

-|iﬂ“|‘1 atalyst. thh_\.llu give prmary alcohols, Ketones grve secondary alcohols
caldi}e ’ ' e '

it
’“,,.1.\'“ I
.-\".]‘l. I Ni
Aldehyde Primary alcohol
(0]
I Ni
cH,—C—H + Ha ——*  CH;—CH,0H
Acetaldehyde Ethyl alcohol
i i
R—C—R' + H; —> R—CH—R'
Ketone Secondary alcohol
j )
Ni
CH;—C—CHz + Hz —> CH;—CH—CHj,
Acetone Isopropyl alcohol

(2-Propanol)
e results can be achieved with chemical reducing agents such as lithium aluminium
o S

"rl ::;]}{l] or sodium borohydride (NaBH,). For example,
@)
: A, CHa—CH,OH
CH3—C—H 3 NaBH, 3 2
Acetaldehyde Ethyl alcohol

7 Reduction to Alkanes. Aldehydes and ketones can be reduced to alkanes by either the

=xnenreduction or the Wolf-Kishner reduction. _ ’
+ Cemmensen Reduction. This involves the use of zinc-mercury amalgam in hydrochloric

<22 reducing agent.
0
Zn/M '
gens R—C—R’ %CI—% R—CH,—R
Jora! Alkane
_"_“"U‘Kkhner Reduction. This involves the use of a basic solution of hydrazine as the
Thageny,
0
|
| R—C—R' wosi» R—CH—R’
oo™ e Alkane

! Redugyj " _ . . N
i ,:;F 0 Pinacols. Ketones when reduced in neutral or alkaline medium, form pm::‘colh
L O : : : i am to form
Sy Ols). For example, acetone undergoes reduction with magnesium amalgan

-2.3diol,
CHa CHgz (|3H3
2CH,— Mg/H
™~C= g/Hg _ ———C——CH
. O+ 2] g CH—C—(—5%
' OH OH
".a‘ |
tﬁﬁts b 2.3-Dimethylbulane-2.3-d|ol

BIve this reaction.
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draut ¢ condimons r . .
1 Ohnidation of Aldehydes Aldehydes can h'-'“"-‘-"’f‘(_".j"]?f ', g
in acrdie madium to form carboxylic acids containing the same nymi,., |, bor
b
@) O

R—C—H —

Algehyde

!\ 2
Ve

g s ' n
LR | T .I..\:\

(JRSSLN

SN v -

lull-.ns Reagent. Tollen's reagent 18 an ammoniac

SRS

e L .

hvdron

R

1 4
(4N REL <RLIARG R

v. n-\ -\\ \'\,.:‘i l\

1 T N
i

-~

Jde. When Tolke
-
-

’\\ Y -‘-i uv\\‘:

L]

i

2Ag(NH:),0H — R—C—OHNH.

prec

- A 1a]
cns f..l‘..u
- - e
118 u..‘...n.d

~srye

a*-

ate

ta

r
L3

Il
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e of sily

‘» R—C—OH
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ot g
-
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HE C-—_._H ol ) -
-

T . > r
Lo £ = J -

Acetaldehyae ¢ )

can also be used in place of sodium d; ’
der oxidizing agents such as Tollens’ reqge;

b r
T Crn -

- 4
. e a1, .
.a,,f;_i..,.,b‘ . - .
S O s #
’
acal solution of . '
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£ r - | - .
SNt Iﬂ d N0 T"lr..— of " T
i <1 ’

*‘»‘-d*r‘w ts as 2 mi, rOr The .\ 2t
‘pﬂLL. = MV

llu\-

o)
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The presence of an aldehyde
group in a molecule is -
shown by the formation of a
brick-red precipitate of
copper (1) oxide in the
Fehling's test.

f'-'--—-_—-——__
(jonis an alkaline solution of cupric ion complexed with citrate ions. It reacts in
e (111 (LLLR By
‘1 3 .h['lll i , . .
19 Fehling’s solution- . ,
g ¥ { Ketones Ketones can be oxidized by strong oxidizing agents such as alkaline
b Lk . 1[1 3. ) : : ;i ‘ )
« (uidatio! rrated HNO;j to form two carboxylic acids with fewer carbon atoms than the
entre ;

B conc o o  F i —— . -
yorhtt because the ketone 1s broken into two fragments by attack on either side of the

yial J, A1 1
Mt

i ..-'L;‘l\"nc'This »

s 0P 0 ﬁ 0
n-F(l'," R’ —l%o—a' R—C—OH + R'—C—OH
Either of these Carboxylic acids
bonds can break
I I I
CH CHz—g-—CHg HNOs, CHaGH,—C—OH + CHy—C—OH
3:Z-Bmalnomaﬁ Propanoic acid Acetic acid

acent. Fehling's solution, or Benedict's solution.

| OME OTHER IMPORTANT REACTIONS

) Haloform Reaction. Acetaldehyde and methy! ketones react
¥ mresence of alkali to form haloform. For example.

rapidly with halogen (Cl>.Bry,orl;)

0 0

' | —
“~CH, + 3Br, + 4NaOH —3» R—C—ONa + CHBrg + 30 + INabI
2 ketone Bromoform

This ppas: . . nlace | VO Sieps.
- feaction, called the Haloform reaction, takes place in ¥ P

| v aced by halogen atoms.
1. Three hydrogen atoms on the o-carbon are successively replaced b) g

? 0 |
:HC-- . 3H.O0 + 3NaBr
| O+ 3B, + aNaOH —> R—C—CB * 72

"Mhetong «.o.a-Tribromoketone
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