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TABLE 21-2 Esters, Amides, and Nitriles Commonly Used as Solvents for Organic

Reactions
Compound Name mp (°C) bp (°C) Water Solubility
i
CH ,—(J.' —OCH,CH; ethyl acetate —83 n 10%
O ; :
] dimethylformamide
H—C—N(CH,), (DMF) -6l 153 miscible
O : :
1 dimethylacetamide
CH,—C—NI(CH,), (DMA) -20 165 miscible
CH,—C=N acetonitrile =45 82 miscible




Interconversion of
Acid Derivatives by
Nucleophilic Acyl
Substitution

Nuclet:)philic -acyl substitutions are also called acyl transfer reactions because
they transfer the acyl group from the leaving group to the attacking nucleophile. The

following is a generalized addition—elimination mechanism for nucleophilic acyl
substitution under basic conditions.

Step 1: Addition of the phile gives a
o T
Nuc:™ + <l:|) == Re—C—Y
Nuc: y \Y :

Nuc
nucleophilic attack tetrahedral intermediate

Step 2: Elimination of the leaving group regenerates the carbonyl group.

R—(I:—Y = E + b
T~ e 4
Nue R Nuc

tetrahedral intermediate

products leaving group
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This mechanism applies to most of the
reactions in this chapter.




EXAMPLE: Base-catalyzed transesterification of an ester, cyclopentyl benzoate.

Step I:- Addition of the nucleophile gives a tetrahedral intermediate.

== ey
@“s CHLOH @OCH3

cyclopentyl benzoate tetrahedral intermediate

Step 2: Elimination of the leaving group regenerates the carbonyl group.

tetrahedral intermediate methyl benzoate




MECHANIS

B o

This mechanism foll

the dard pattern of an

final product.

Step 1: Addition

Step 2: Elimination
of the nucleophile.

of the leaving group.
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R—C—Cl + HQ—C—R’
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acid chloride okl

Example

I
+ CH,(CH,;);—C—OH
heptanoic acid

|
CH,4(CH,);—C—Cl
heptanoyl chloride

MECHANISM 21-3

Step 1: Addition
of the nucleophile.

Step 2: Elimination
of the leaving group.

o 0
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e Y + (- LS SIS
N 2L e a =~
acid chloride alcohol S
RESESH
tetrahedral intermediate
Example o)
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€l €Hy—CH—=-CH;
cyclopentanecarbonyl 2-propanol

chloride

ding with loss of a proton to give the

Step 3: Loss
of a proton.
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anhydride

+ H-—C]}

=R

Il Il
CH,(CH,),— C—O—C—(CH,).CH,
heptanoic anhydride

—_—

This is another reaction that follows the standard addition-elimination mechanism, ending with loss of a proton to give the
final product.

Step 3: Loss of a proton.

O
R c// +a R (": 0—R'
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R’ + HCl
(0}
[
C\
— OCH(CH,), + HC
2-propyl
cyclopentanecarboxylate



MECHANISM 21-4

This reaction also follows the steps of a standard addition-elimination mechanism, ending with loss of a proton to give the
amide.

Step 1: Addition Step 2: Elimination Step 3: Lossofa proton.
of the nucleophile. of the leaving group.
O Tely o ey
- . 20 =0
R—C—Cl;: —> R—CZ — RrR—CZ
[N RIN—-H~~ *NR;
acid chloride amine RN—H el X +
) . RINH + RjNH, CI-
tetrahedral intermediate &3 »

Reaction of an acid chloride with ammonia gives a primary amide. With a primary amine, this reaction gives a secondary
amide; and with a secondary amine, it gives a tertiary amide.

Example
(o] o
CH,—(CHZ),,—g-—Cl + <}NHz — CH3—(CH;)4—g—N'H~C> + Hal
hexanoyl chloride cyclohexylamine N-cyclohexylhexanamide

(primary amine) (secondary amide)




MECHANISM 21-5

This reaction follows the standard addition—-elimination mechanism, ending with loss of a proton to give the ester.
Step 1: Addition of the nucleophile. Step 2: Elimination Step 3: Loss of a proton.
of the leaving group.
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cyclopentanol acetic anhydride cyclopentyl acetate acetic acid
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MECHANISM 21-6

This reaction follows the standard addition-elimination mechanism, ending with loss of a proton to give the amide.
Step 1: Addition of the nucleophile. Step 2: Elimination Step 3: Loss of a proton.
of the leaving group.
o o) o) 6% o)
1’ 2 1 I I
R—C-0O=C—R + RNH == R—C-EO—C—R o R—(|3 /O—C—R
w-
anhydride amine ;N\_H ;NC H
R R’ R’
tetrahedral intermediate
| 1
— R—C—NR; + R—C—OH
amide acid
Example
) g
NH, ? C“) NH—C—CH,
+: “CHy —C= 00— C G === + AcOH
aniline acetic anhydride acetanilide

acetic acid



MECHANISM 21-7

This is yet another standard addition—elimination mechanism, ending with loss of a proton to give the amide.
Step 1: Addition of the nucleophile.

Step 2: Elimination Step 3: Loss of a proton.
of the leaving group.
gy 05 o
i° 2 |
R—C—O—R" 5 _‘R¥—NH, = R_C_k,?_k' == R—C ZO—R’
w % +N—H +1111H/
primary amine
(or NH;) R"/ \H R"/ \H

tetrahedral intermediate

l
— R—C—NHR" + R'—OH

amide alcohol
Example
TR
(") NH, N—C—H
H—C—O—CH,CH, + O/ - O/ + CH,CH,—OH
ethy] formate cyclohexylamine N-<yclohexylformamide ethanol

(90%)




Summary of the

Chemistry of Acid

Chlorides

synthesis of Acid Chlorides Acid chlorides {acyl chlorides) are synthesized
from the corresponding carboxylic acids using a variety of reagents. Thionyl chloride
{SOC,) and oxalyl chloride (COCL); are the most convenient reagents because they
produce only gaseous side products (Section 20-15).

(8] O

| soCl, Il
R—C—0OH m" R—C—Cl + 50;1 + HC

=
Reactions of Acid Chlorides Acid chlorides react quickly with water and other
nucleophiles and are therefore not found in nature. Because they are the most reactive
acid derivatives, acid chlorides are easily converted to other acid derivatives. Often,
the best synthetic route to an ester, anhydride, or amide may involve using the acyl
chloride as an intermediate.

|
R—C—OH +

— = a HCL
acid
W

ROH
- R R—C—OR" -+ HCl

ester

R—C—C1

ackd chloride .

facyl chloride) RINH, BR— é—NI—]R' -+ HCL
amiade
)i i

ROCOOH B — O —C— R’ 4+ HCl
anhydride

Grignard and organolithium reagents add twice to acid chlorides to give 3% alco-
hols {after hydrolysis). Lithium dialk yvicuprates add just once to give ketones. Lithium
aluminum hydride adds hydride twice to acid chlorides, reducing them to 1 alcohols
{after hydrolysis)y. Acid chlorides react with the weaker reducing agent lithium tri-r-
butoxyaluminum hydride to give aldehydes.
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Li{r-BuO, AlH I
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aldehyde
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Friede - Crafts Acylation of Aromatic Rings In the presence of aluminum chlo-
ride, acyl halides acylate benzene, halobenzenes, and activated benzene derivatives.
Friedel-Crafis acylation is discussed in detail in Section 17-11.

(8] O
I (1) AICI, g N
[ﬁ R—C—1CI + THED—"

Z Z
{Z = H, halogen, or an an acylbenzene
activating group)
Example
O O
Il (13 AICL, I
CH,—CH,—C—Cl + CH,0 W’ CH,0 C—CH,CH,4
propionyl chloride anisole p-methoxypropiophenone
{ma jor product)
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