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Aldehydes, Ketones & Adds

| cham'c compounds containing the carbony!
group 7C=0  are called THTBOEYt carbony!
compounds. One of the most important

Lfonctional 9roup5 n oryanfc' chemf'sf'ry.

Classification of Carbonyl Group
(1) Aldenyde ;R - cHO
c=0 bonc_/ed to one H + ome ¢ (or H).

(2)  Ketore - = el e

C=0 bonded to two carbons.

(3) Carboxyh'c aud - £ - CcOOH
-COOH = carbony! + hydroxyl.

Found Everywhere in Nature

* Vanillin (vanilla beans), cnnamaldehyde,

E- benzaldehyde (almonds) - #ragrances.

Formic aud (red ants), acetic acd (u:heyar),
butyric acd (rancd butter).

Acetonre, vcormaidehyo(e - industrial solvents

and starting materials for plastics.
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MNMomenclature - /‘lldeh:/de.s & Ketones

(A) Common names

Aldehyde : replace -ic of aud w_f'f'h' »aldehyde. :
formic acid --7 porma/dehyde (HcHO)
acetic acd --7 acef'aIdehyde i(CH.?CHO)

'bufyrfc aoid = w3 k;ufyraldehyde

Ketorne . name two alb{yl/aryl groups + 'Wetore'
._‘(CHB)Z c=0 s ak df'mefhyl Ketone = acetone
Ph-CO-CH3  --7 methyl phenyl Wetone
. (acetophenone)

Position by Gree letters Q, Q', (i 2l next

to carbonyl C, then beta, gamma, delta ... )

(B) ZIUPAC names

Aldehyde : alkarist -¢ + -al
HCHO methanal, CcH3CHO ethanal,
CH3CH2CHO propanal. :

Ketone s alkane -e + -one
CH3COCH3 = propan-2-one (acetone).
%X, S\CHO numbered = C-/. For «etorne - lower

locant to C=0 carbon.

Cyclic «Ketone + C€C=0 C is rumbered /.
-CHO on ring : ...carbaldehyde suffix.
CeHscHO = benzaldehyde (accepted IUPAC).
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Structure of Carbonyl Group

Carbonyl C is  sp’  hybridised.
Forms three .S{?rna bonds -+ one pi bond

with 0 (p'p overlap).

Bond anﬁle 120 (f‘r(yonal planar)
G0k, 7 are coplanar. i

**

R>C:O

Rr

Polarﬁ'z & fResonance

0 more e/ecf'roneﬂaﬁl/e than C -7 polar bond.
g = 0 (dipole)
[esonance - =C=0 <--7 ZC (e lsessOf -2
Hence -
®

x Carbonyl C = electrophilic (Lewis acud)

* Carbony! 0 = nudeophilic (Lewis base)

»

Substantial dipole moment , more polar

than ethers of comparable mass.
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Preparation - Aldeh:/de.s (7]

_’ /. Oxidation of /' alcohol

R-cH2-0H -.> pR-cHO --7 A-cooH

(Pcc stops at the -CHO sfaﬂe)

Pce lcsHe e €02 Ci-) in cHic

- is puld ; stops oxidation at aldehyde.

2. Dehydrogenation of /' alcohol

Vapours of alcohol passed over Cu / Ag at $73K

R-CH,-0H --> R-cHO + H, £ it

3. From acyl chloride - Rosernmund
* Hydfoyenah'on ofF RCOC! over Pd-B3aS09 -
FecOct + B, o Rcl) + HEL || 7 7
'/ = ; 1 C-(pmsoned) s
* Bas09 L S/Zw'noh'ne porsons P:d to prevent

over-reduction to alcohol.

9. From nitrile : Stephen reaction
R-CAN-  +-SnCl HCl--7  ReH=AH  --HO--7 RcHO

Also DIB/‘HI_’H reduces -CA or ester -7 -CHO.
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Preparahbn - Aldeh:/de.s (Fi)

Aromatic aldehydes from areres

$. Etard reaction (Toluere -7 .PhCHO)

PhcH, --C0LlI,--7 complex --H+--7 PhcHO

* Chromyl chloride +forms chromivm complex,

on hydrolysn’s ﬂ:‘ues benzaldehyde.

6. With C€r03 / acetic anhydride
PrcH, -7  PhcH0cOcH), --7  PicHo

(benzylfa’ene diacetate)

7. Gatterman - Koch reaction

" Direct ﬁormylah'on of benzene with CO + HCI

cH, + €0 + Hel --Aici Jcocl--7  PrhcHO

y. Hydrolysis of benzal chloride
PhcHcl, --H0 / OH---7>  PrcHO

(commercml route wvia side-chain C12.)

9. Hydrah'on of alynes {qtves MeCHO only)
HC -=- cH --HO / HS0, , Hgs0.--> cHcHo
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Preparation - Ketones

/. Oxidation of 2' alcohol

RCHOH --¢cr0. / KMnO --7 RcCO

2. Hydrahbn of alkynes (other)
fe -= CH + HO --HgS0 /Hi--7 RcO-cH

{Malicovnivor: - OH on more subk'd CJ.

5

3. From acy.l chloride + R2¢d
2 OROCh: by fed -7 ZREO0R s uCdel,

R2cd  prepared from 2 ﬁ'/l//yx + CdCi2,

Selective - does not owver-react.

Y. From nitrile + Grignard

r-cr  + ﬁ’/t/iyx -~ /?'C(Z/I/My)()»f\"
—-H30+~7 r-c0-R~

$. Friedel - Crafts acylation

Aromatic Ketores (Ar-CO0-/&) made +£rom areme

At + RcOCI  --AlCl--7  Ar-CO0-R + Hci

.®

€.9. PhCOCH3 = acetophenonre.
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Physical _Properties (RcHO , R2¢0)

State
X HcHO - gas ; cH3cHO - volatile Ifzw'd.

- H{gher members - h'zufd or solid.

801’/:'29 points
RcHO ; ft"ZCO 7 alkanes / ethers (same M)

due to dipole-dipole interaction.
geH) | Ked < alcohols  (no inter-H-pond)

Ordan, Wl 5560/ .
n-butare(273) <« €H30c2Hs(25/)
< propanal(322) < acetone(327)
< n-POH(370) . (K)

Solubility |

Lower--members (C/-CY97} miscble \wh"hl water

due to H-bond between H20 & lore pair on O.
Solvbility Frereases decreases with longer .

All  soluble in benzene, ether, cHci3.

Odour
Lower aldehfrdes - pur:ﬂenf' sharp  smell.

H_{?her members + cyclic ones - Frayranf' 1

vsed In pemCUrnes 5 e.g. muSscone, \jaSrm'ne.
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WMMucleophilic Addition - Mechanism

Carbony! grovp is polar- -7  C s electrophile.
Hence underyoes nucleophilic addition (unlike
dll«’enes which under:go electrophilic addition).

Steps

/. Mu- attaciks C of 7C=0 T Ll to plare

{ SPZ g ..spg rehybﬂ'dfsaﬁon). _q

e Tetrahedral alkoxide intermediate
RRICMG) - 0(-) ‘ 3
: + 1
= Alcoxide grabs H+ Fom  medivem E
el =0 - H £ -nediral 3
£ -pr:odu e 1{
Met ¢ Mo- + H+  added across C=0.
Reactivity Order (RcHO0 > R2¢0)
(a) Steric - 2 bulky R grovps hinder Mo attacx.
(b) +I eFfRect of 2 R lowers c(+) Eharye _‘
- . 4
in WKetone -7 less electrophilic.
Order : HCHO > RCHO > ArcHO R2€0 7 Ar2c0
(ArcHO less due to +M of rfnj -7 stabilised C+.)
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NMucleophilic Addition Reactions

/. Addition of Hcn -7 Cyanohydﬂ'n

—c=0 + Hen --0H-Jcnr---72  =2clOHNCAy

Catalysed by base : OH- generates CM-
which s a much Sf’ronﬁer nucleophile.

1
Cyano_hya’r;'ns - synthetic intermediates ;

hydro!y:ed to alpha'hydroxy acids.

2. Addition of NaHS03

=0 + /VaHSog --7 7C(0H)(503ﬁ/a7

]

W hite crysfalh'n.e addition producf'.
. Ezuﬂfbni}m 7 eH0 2= el (steric).
¥ Used to wwrde purify / isolate aldehydes -

!
reversible with dit HCl /| Aa2¢03.

. 3. Addition of Grignard reavqenf'

7e=0 A Bigx -7 ﬁ(ﬁ’)C(OMﬂX)

SHO+--7  RRICOOH)  (alkohol)

McHo =5 7 8H ¢ #cHo -» 2 0 ; g2¢0 -2 3 0OH.
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Acetals & ZImines

Y. Addition of alcohols
Aldehyde -/ eg ROH + dry Hc

REHO  --»  R-cHOOH)(OR) < heiacetal

Excess 0H gives

R-CH(OR), (acetal |, gem-dialkoxy) W

» Ketore + ef’hy!'ene ﬂlycal -7 cych'c «etal.
. dry Hci protonates 0 -7 C more electrophilic.

X Acetals hydroiysed bak by ag. mineral acd.

$. Addition of WH3 derivatives ( Haonwv-2 )

7€=0 + HAM-2 -7 =C=p.2 + WO <-acid-cat.

Important derivatives

L= (AHa) o
= @ IR A o i!/»sub imine (Schiff base)
= OH (AH20H) --> oxime '
M2 (A2 H2) --7 hydrazone

= /VHCfon‘ -7 phenylhydrazone

LSS S T
t

= A/HCO/I\/HZ --7 Semicarbazone
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Feduction of Carbon:/l.s

2,9 - DAP derivative (i Brady's test)
2,"7’-dlhff'rophenylhydrazfne ¥ 2C=01 =

7C20 + Hp-MH-A(M0), --> 7Czﬂ/;/VH‘/‘lr(NOZ)‘_

Ofanye / yello:u / red PPt e test for i
carbonyl yroup (/?CHO or 72¢0).

6. feduction to alcohol

l/

RCHO  --waBH,  or -+ LiAM -->  RCH OH

Re=0 --7 RcHOH (2' OH)

Also = catalytic Hz /| ri-Pr-Pd hydroﬂenahbn..

7. FReduction to hydrocarbon (lzcH2 )

(a) Clermmensen - Zn(Hﬂ) / conc. HCI

+ H 0 <-aud

< - medivm

(6]  WOoIFF - Kishner : AH2AMH2 ) KOH / glyeol
g et —ld SRR i o~ PRy ), o e PO B L

¥ U Clocwmpinsers: Loy acd-stable ; W-K +or base. E
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Oxidation Tests (RCHO vs /”2¢0)

RCHO easily oxrdtl;ed e, need v{gorous

conditions and break C-C bond.

¥. Tollens' test (silver m:)-ror).
ReHO + 2 [Ag(atl) T + 3 O
ez G fEOD- o 2 Mgls) -9 M4 2 1D
X Aldehyde -7 shiny Ag mirror on tube wall.
¥ Ketones do MOT respond (no -H on C=0).
9. Fehling's test (Cu20 red ppt)
A : ag C;SO%' B : alk. na-K tartrate (Fochelle)
RCHO + 2 cu(2+) + s OH-
--7  RE00- + CUZO(;{)G'F 3 HO
-

Reddish brown Cu20 ppt. Aromatic RCHO .

3;&4 M) response.

10. Haloform reaction (cH3cO- grovp test)

CHCOR + 3 maOX --7 CHX_ + RC00Na
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AI):ha-Hydroqen & Aldol
Acc’dﬁ‘y of alpha-H
H on C»alphja (ad)agenf to €=0) is acudic

becavse
{al T & -4 erfects of carbonyl pull e- Away .
(b) Corejuyafe base = enolate, resonance

stabilised over C and O.

Jesl- LR 2> el 0) = g

(Keto) (enoclate)

//. Aldol condensation

Aldehyde / wetore with alpha-H + dilute alxali
Fform bef'a-hydroxy carbonyl cOmpound (aldol).

2 cHcHO  --dit wraOH-->

CH cH(OH)CH cHO (aldol)

On heaﬁ'nj, dehydrafe.s‘ e

aldsl-" =-z eb ch=cHcH0 +. B0 - Bk el

< - (crotonalde

L3
Cross-aldol . : two diFF RCHO with alpha-H ->

+o four possible producw"s (mf'xfure).
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Cannizzaro & Other KReactions

<+

/2. Cannizzaro reaction.

Aldehydes WITHOUT alpha-H undergo  selt

dfsproporhbnaﬁbn n conc. alkalr .

S HcHO - =corc. MaOH--7

Hc00-va+  + cH OH <-salt +

<-alcoho!

Mechanism 7/ mol RCHO oxidised -7 f\’C.OO-,
another reduced -7 RcH20H (hydﬂ'de shif#).

Examples : HCHO, PhcHO, (cH3)3CCHO,
(cH3)2¢(M02)CHO - no alpha-H.

/3. Electrophilic Svbstitution (Ar-C0-)

Aromatic RCHO and /2C0 undefgo E4+ on rfny.
-CHO and -COR are

- deacﬁi/aﬁhy (electron wf'fhdrawfbﬂ - A1)

* meta- da'recﬁhﬂ

PhcHO + Ha0 JH SO,

--7  m-M0,-CH. -CHO
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Uses + ZIntro to RCOOH

Uses of HCHO , RcHO , R2¢0
X HcHO (90% az = formalin) - preserves

biological specimens ; makes baKelite,
ureaavcormaldehyde polymers, glues.

® CcHizcHO o - starting el for AOH,
ethyl acetate, vinyl acetate, polymers. :

*‘ PhcHl | - perfumery, dyes.

= Acetone, MEK - industrial solvents.

Camphor, vanrillin, civetore - Havours / scents.

Carboxylic Auds : R - COOH
® Lo = carbony!l + heroxyl grovp.
* Aliphatic R-COOH ;  aromatic Ar-COOH.

/

Common nrnames <- Latin / (sreek source

HcOOH - formic (Formica = ant)
CH3CO00H - acetic (acetum = ufneﬂar)

C3H7¢cO00H - buf'yrfc (bufyrum = butter)

IZUPAC : alkare -e & -oic aud.

“ HCOOH = metharoic aud

CH3CO0H = cethanoic acid
H00C-CcO0H = ethanedioic acid (oxalic)

PhCOOH = benzenecarboxyh'c acud (pbenzoil.
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Structure & Ph:/:fcal Properﬁe.s

Structure of -COOH

Bonds to carboxyl C lie in one plare ;
bond anyle /20 dey.
esonance
R-c(=0)-0H <--7 R-c(-0-)=0(+)H
<--7  R-c(+2(-0-)-0H

-COOH carbon 7o less electrophilic than
e =0 (lone pair of OH donates into C=0).

Physical Properties \
Lawer {CI-€9) - colourless h'zw'ds, .

sharp Vi u%pleasanf odour.

4
]
]

- H{gher members - waxy Soh'ds, odourless.

Boﬂfnﬁ Points : RCOOH - ROH > RcHO - r/H

feason : extensive intermolecular H'bondﬁnj,

exists as DIMERS even in vapour phase.

R =i " S (dirmer) 33
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Preparation of RCOOH

/. From /' alohols & aldehydes

RCH 0K --KMn0 /KCr0 --7  RCOOH

Mild oxidants like Tollens / Fehh'nﬂ also work

@,ue RC00- in alkaline medium).

2. From alkylbenzenes (side chain ox)

Ph-R  --Kmin0, / H+ , heat--7  PhcOOH

Entire side chain oxidised to -COOH,
rejardle.ss of length GF 7' or 2' alpha-C).
Tertiary alpha-C AOT atfected.

3. From nitriles & amides i

R-crv  --HO/Mt--7 R-COrMH, --> RCOOH

: Y. From G'rg'qnard + ¢c02

RiigX + CO, --dry ether--> RCO0- Mg X+

- -Hgo'f" -7 RcO0H (a.Scendfny Series)
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Acidffy of Carboxylic Acuds

~ Dissociation

RCOOH + HZO ex=7 KOO + H30+

K, = [R00-] [H0+] / [REOOH]
 pK, = - log K ( smaller pK, = stronger )

x Why  so acdic 7
7C00- stapilised by 2 EQUIVALEAT
resonance Structures - (hawye Spre'ad

over 2 eiecfroneﬁaﬁi/e 0 atoms.

RcOOH > Phenol 7 [OH
pKa x CH3CO00H = 9.76, phenol -::. /0,

ethano!/ = /b (e-pf:ech'vely nevtrall.

Pheno_xt'de Loiea/e c_hafge on C (less stable). %

Substituent efHrects
EWG '(CI, /VOZ, cH, F) -7 <heorease increase acd.
EDG (CHS, OCHB, nH2) -7 decrease au'dffy.

Increa.ﬂ'}:bg acidity (alpha - halo) :
CH3CO00H <« CICH2c00H < cC12cHCOOH < c13ccO0H

sl e or P e O e B e el e R e RO CFR
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Keactione of RcOOH - I

A. Cleavage of 0 - H bond

/. With active metals (Va, K, My, Zn):

Fz RCOOH + 2 Ma  --7 2 Fe0Opa + H,

2. With a{«ah’s (Form carboxylaf-e ‘sah“):

F RCOOH + naOH  --»  RcOOrma + M0

2 th MallcOz ) Aazc02 - - evelves €02

RCOOH + maHcO, --7 RCO00Na

<-test for
+ HZO + c0 {9057 el

(Phenols do AOT release CO2 with wWaHc03 -
dt'_shhjw'shes RcOOH +Hom AO0H.)

B. Addity comparison summary

FCH2¢c00H > cicH2c00H > BrcH2c00H > IcH2c00H

(decreasa'nﬂ -L as size of X increases)

G-p02-PhCOOH 7 PhcOOH > <-0M-PhcOOH

(pka. > 2.5/ “./7 9.96)
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feactions of [COOH - II

C. Cleavage of C - OH bond

/. Formation of anhydrfde

2 RCOOH --PO_ or H,50 /heat-->

(/20 + HO

2. Esterifcation Cuwith OH /) H+):

RCOOH + ROH <==» RCOOR + H

Mechanism : nucleophilic acyf substitution -
protonation of 7€=0 -7 AMu attack by rPOH ->

tetrahedral intermediate -7 -OH leaves as H20.

2baky Pric  kels . JX0cid

5 H2509

<2 conc.

fO0H + Pei. --7  ReOcl + Poci, + Hcl

geoat ¢ sder,. - > Redo + 30, + Hel

¥ S0C12 preferred - by-products are gases.

9. With MH3 -7 amide (via salt then heat).
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ﬁeacﬁons\ of COOH -

&)

D. [feactions involving -COOH itself

/. FReduction (to Vi alcohol) ;

RcO0H - an/-HHly or BzHe' -7 K"CHZOH

=3
¥ “B2Heo better - does MOT reduce ester / -A02 b

NaBHY  cannot reduce -COOH.

2. Decarboxylaﬁ'on C=c027;

L/?COO/Va' a0 /o Cal . btz R+ Ma €O,

raOH + Cal (B:4) =  odalime.

Kolioe elecf'rolys.r's (aZ 7c00a):

2 AKcO0- “e!ecf'ro/y_ﬂ's'-? - + 2 CO2 sl e

E. Substitution in hydrocarbon part

=, Hel! - Volhard - Zeh'n_s'b(y reaction

RCH COOH + X, --red P--7 - RCHX-COOH + HX

(X = Cl, Br ! afpha-haloﬁenah'on, -L increases acud.)
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Uses + Distinguishing Tests

Uses of RCOOH

#*

HCOOH (methanoi) - leather, dyefny,
electroplating, rubber industry.

CH3COO0H (etharocic) - solvent, vinegar.
(CH2)9(c00H)2 (adipic) - Mlon 6.
Esters of PhCOOH - perfumery ;
Phc00Na - +ood preservative.

H{gher fatty acds - soaps & detergents.

%

Key Disﬁrgqufshmq fesfs

/. RcHO vs R2¢0

Tollens (/49 mirror), Feh!inﬂ (Cu20 ppt)
REHO  +ue 7 2C0  -ve.

-CHO / -COR us others

2 9-DAP > orange / red ppt (only carbony.’).

CH3CO- group (or CH3CHOH-)

Lodotorm - test -7 yellow CHIZ ppt.

RcOOH vs AOH -
raHc03 fzz (¢02) -7 RcO0H only.

PhelOH ws PROH : - Eeclz vislet -= pherol.
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Worwed Example /

Q. Give IUPAC nrames

() cH3cH(cH3IcH2cH2CcHO

(i) cH3cH2cOcH(czHs)cHacH2Cl

(i) cHzcH=cHCcHO (i) cHzcOcH2c0CcH3

AnSwer

LY Mumber dvore. ~CHO carbon (=Cl):
CHeHO)-c2-c3ae(cHs)-cHEZ = £ carbons
Methyl at’ C-9 -7  F-Methylpentanal.

£l Longest C-chain through €=0 ; lowgr
locant to C€=0. Chain has & C, €=0 at C-3,
ethyl at C-9, Cl at C-6

6-Chloro-9 - ef-hy]hexan- 3-one.

Gii) cH2=CHCHCHO with ¢=C and -CHO ;
chain 9C : BOIr=S=vruar buf"Z'en:al.
(-cHO s e/, double bond between C2-C3.)

e

Gurdie €, €20 ar Gl Und T3

pentane-2,7 - dionre.

Always number 4rom end nrearest prinupal

functional group G B R -0H).
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Worked Example 2

Q. COmpouna’ (/4), MF CSH50

\

gives oranﬂe-red ppt with 2,9-DAP

\

vellow ppt with I2 /) waOH (iodotorm +)

\

does MOT reduce Tollens or F'eh!f'n\?
does AMOT decolourise 3Br2-water

drastic oxidation -7 aud (B) Cc7He02
Identify (A) and (B). *

\

\

Solution
+ 2,9-DAP -7  C=0 present (REHO or R2€0).
- Tollens / - Fehling -7  must be a Wetone.
+ iodoform -7 CH3CO-  group present. .
- Br2 water -7 no alkerne / alkyre ; h{gh
Dol comes +rom an aromatic ring.
(3) C}'?HGOZ = benzoic aud PhCOOH.
Thus (A) = ~PhcOcHz (acetophenone).

PhcOCH, + 3 I,/wvaOH --7  Phc00na + CHI. (yellow

PhcOCH, --Cr0,, heat--7  PhcOOH (8

Deﬁree of unsaturation = (2*5’1'-2-3)/2 S
-7 9 for benzene ﬂ'ny + /1 Hor c=0. oK

Confirmred : acetophenone -7 benzoic acid.
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Worked Example -3

Q. /Jrranﬂe " Ihcrean}‘:ﬁ order of aud sf'renjfh
cH3cH2cH(BrIcOOH (A
CH3CH(Br)cH2c00H (3)

(cH3)2cHCOOH (c)
cHzcH2cH2c00H (D)
Approach

Acd  strength depends on stability of RCO0-.

Two Factors

(7  EWG (3r) -7 stabilises carboxylate (-I)
(i) Closer EWG to -COOH -7 stronger -I eFfct.
Gii? EDG (extra -CH3) -7 destabilises

, wea Ker.
Analzsc's
A : Br on alpha-C =7 - strong ' - & clase !
B : Br on beta-C -7 -L weacer ('Farf'her);
C . isopropyl (extra -CH3 bra nchfnj) - no Br

but more +L -7 destabilises Rc00- most;

L2 n-propyl, nro O =2 Similar but +I less.

Or’der R o < D & 3 = A <-i'ncreas:'n3
: - C-a_(f'dﬂ'y

ie. (CH3)2CHCOOH < n-PrCOOH < beta-Br <

alpha - Br butanoic acud.

Scanned with CamScanner




