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Class | Carbonyl Compounds

carbonyl compounds with groups that can be replaced by a nucleophile

o/ 9/ ol
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R~ OH R~ “OR’ R o~ R
a carboxylic acid an ester an acid anhydride
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R™ I R Br R~ "NH, R~ >NHR’ R~ “NR,
an acyl chloride an acyl bromide amides
acyl halides
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Nomenclature of Carboxylic Acids

O (@) O O
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H~ TOH CH; “OH CH;CH;, "OH CH;CH,CH; “OH
systematic name: methanoic acid ethanoic acid propanoic acid butanoic acid
common name: formic acid acetic acid propionic acid butyric acid
9] @)
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OH OH CH,=CH OH ©/ OH
pentanoic acid hexanoic acid propenoic acid benzenecarboxylic acid
valeric acid caproic acid acrylic acid benzoic acid
4
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The functional group of a carboxylic acid is called a
carboxyl group

]
C —COOH —CO,H
“ 0l A A
a carboxyl group carboxyl groups are frequently

shown in abbreviated forms
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Naming Cyclic Carboxylic Acid

C
SR

cyclohexanecarboxylic acid
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COOH
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CH,
trans-3-methylcyclopentanecarboxylic
acid
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1,2-benzenedicarboxylic
acid



Structures of Carboxylic Acids and
Carboxylic Acid Derivatives
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Physical Properties of Some Organic Compounds

Formula IUPAC Name M\(/)\/l;(;;:?r BFE)(i)Iii:tg Water Solubility
CH,(CH,),CONH, pbutanamide 87 216 °C soluble
CH,(CH,),CO, H butanoic acid 88 164 °C very soluble
CH,(CH,).CN pentanenitrile 88 140 °C slightly

= == soluble

slightly

CH.(CH.),OH - o)

CH,(CH,),OH  1-pentanol 88 138 °C soluble

CH,(CH,),CHO pentanal 86 103 °C slightly

T soluble

CH.CO,C,H,  ethyl ethanoate 88 77°C moderately

ST T soluble

CH,(CH,),CH; hexane 86 69 °C insoluble
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Carboxylic acids have relatively high bolling points

because...

‘intermolecular
“hydrogen bonds

0—"HO
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Mo N,/
N=C C=N
X SN -
R i O R H-=eeee O\ /H
O i -
dipole-dipole X E/R / /C 1}3\
interactions C=N R R
R/ +\R intermolecular
hydrogen bond
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The reactivity of carbonyl compounds resides in the
polarity of the carbonyl group:

O—
O carbonyl carbon
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The tetrahedral intermediate Is a transient species that
eliminates the leaving group Y~ or the nucleophile Z~:

the © bond
reforms and
a group is
eliminated

> 0" | sp2 sp3 107 ‘U

] B Q < ks H

+ Z: <k: R—C@ — C + Y:
—1

w7 - PR

a tetrahedral intermediate

nucleophile adds to
the carbonyl carbon
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This Is a nucleophilic acyl substitution reaction
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The reactivity of a carboxylic acid derivative depends on
the basicity of the substituent attached to the acyl group:

relative basicities of the leaving groups

O
I

weakest CI" < "OCR < OR ~ "OH < "NH, strongest
base base

relative reactivities of carboxylic acid derivatives

i T i i i

¢ > ¢ C > C > G > G
most R~ Tl R SO R R~ TOR’ R~ TOH R™ NH, _ [least
reactive acyl chloride acid anhydride ester carboxylic acid amide reactive
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A carboxylic acid derivative can be converted only into a
less reactive carboxylic acid derivative:

7 7
C + CH,O — C + Cl”
R~ Cl : R~ OCH;
O
|
C + CI© ——> noreaction
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Reactions of Acyl Halides

i i 1

C\Cl + . 3/C o — = /C\O /C\CH3 + CI’
O

C\Cl + CH;0H —> n /C\OCH3 + HCI

A base is required to
trap the HCI product

Suitable bases include triethylamine (TEA) and pyridine
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TEA
o AT S C O
CH;CH; I CH;CH; (N“ c

O
propionyl chloride \©

phenyl propionate

O

(II) |
C + H,0O — C + H" + CI

CH,CH,CH;  CI CH,CH,CH;, OH
butyryl chloride butyric acid

O O
I [ + )
+ CH3NH; Cl

C\ + 2 CH3NH2 —2 C\
O/ Cl O/ NHCH; Excess amine
traps HCI

cyclohexanecarbonyl N-methylcyclohexanecarboxamide
chloride
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Formation of Amides from Acyl Halides

| H NH; = _
_C + NH3  —— C. + HCI ——> NH4CI

| (CH3CHz)sN_ (H:

+
C + CH3NH2 P + CH3NH3 Cl
R~ “NHCH;

© 2011 Pearson Education, Inc

Tertiary amines cannot form amides
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Reactions of Carboxylic Acids

relative reactivities toward nucleophilic acyl substitution

O O (H)

most reactive § (”: (Hj C 4 least reactive

R~ Y@l > R~ Hill > - &
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Reactions of Esters

a hydrolysis reaction

H H-,O A (HZ CH-:OH
R~ ~OCH; R~ ~OH
a transesterification reaction
(HZ CH,;CH,OH Hel g CH-,OH
+ 3CH, — o 3
R~ OCH, R~ T~ OCH,CH;
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Carboxylic acids do not undergo nucleophilic acyl
substitution reactions with amines at room temperature

I I
C + CH,CH,NH, > s ’
R~ “OH T R~ O~ H;NCH,CH,

an ammonium
carboxylate salt

I |
C 1 NH3 — C +

Heating the ammonium carboxylate will afford the
amide and water
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Amides can react with water and alcohols if an acid
catalyst Is present:

HCl |

I "
C =+ HQO — C o s CH3CH2NH3
CH; NHCH,CH; A cH{ DoH
N-ethylacetamide
I i
HCI
C

4
o = CH3CH20H T) C ~ + CH3NH3
NHCH; OCH,CHj;

N-methylbenzamide
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Synthesis of Carboxylic Acid Derivatives

Acid chlorides are prepared from carboxylic acids by reaction with
SOCI,

O O
I SOCl, ]
/C\ g
R OH R

© 2007 Thomson Higher Education

6. OH Ce
©/ Cl O/ Pyridine ©/ O
+ s

Benzoyl Cyclohexanol Cyclohexyl benzoate (97%)
chloride

] ]
+
CH3CHCCI + 2NH3 ——> CH3CHCNH, + NHyCI™

| |
CHs CHg

2-Methylpropanoyl 2-Methylpropanamide
chloride (83%)
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The Hydrolysis of Nitriles.
Synthesis of carboxylic acid

an SN2 reaction

‘CEN/ HC, H,0 I
CH3CH2BF W} CH3CH2CEN A ~

CH;CH; OH
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