O H
I

PhOCH,—C—N S. CH,

O
COOH

Reactions of Carboxylic Acid
Derivatives



Nucleophilic Acyl Substitution

Interconversion of acid derivatives occur by
nucleophilic acyl substitution.

Nucleophile adds to the carbonyl forming a
tetrahedral intermediate.

Elimination of the leaving group regenerates the
carbonyl.

Nucleophilic acyl substitutions are also called
acyl transfer reactions because they transfer
the acyl group to the attacking nucleophile.



Mechanism of Acyl Substitution

.'(”)} :(|):_
Nuc: + C = R—L==Y
/N |
R Y [ Nuc |
nucleophilic attack tetrahedral intermediate

Copyright © 2010 Pearson Prentice Hall, Inc.

R—C—\VY — C + Y:
| /N
. Nuc R Nuc
tetrahedral intermediate products leaving group

Copyright © 2010 Pearson Prentice Hall, Inc.

This i1s an addition—elimination mechanism.



Reactivity of Acid Derivatives

Reactivity Derivative Leaving group Basicity
more reactive oy (”) less basic
chloride R—iC =g b

] o |
anhydride R—(HZ—O—(Hi—R _O—‘C|—R
O
ester R—g—O—R’ —R
O
amide R—g—N H, “NH,
O
less reactive carboxylate R— (”Z— O~ — more basic
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Interconversion of Derivatives

Interconversions of acid derivatives

O
acid chloride I =
R—C—Cl
T
S e = More reactive
. derivatives can be
I N 30C, converted to less
T | reactive
w0 derivatives.
amidae R—C—NH2
O
carboxylate R—(”Z—O‘

Copyright © 2010 Pearson Prentice Hall, Inc.



Acid Chloride to Anhydride

Step 1: Addition Step 2: Elimination Step 3: Loss
of the nucleophile. of the leaving group. of a proton.
o 0 0 £ (o} 0O
u u -~ u [

R—C—Cl + HO—C—R' = R—C—Cl — R—C Cl. = R—C—0—C—R'
M N | |

) 0 0O
N
R’ H C—R’ gl - L B

anhydride
acid chloride acid O] (
acid chloride Vaita /

H o

tetrahedral intermediate
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= The carboxylic acid attacks the acyl chloride,
forming the tetrahedral intermediate.

= Chloride ion leaves, restoring the carbonyl.
= Deprotonation produces the anhydride.



Acid Chloride to Ester

Step 1: Addition Step 2: Elimination Step 3: Loss of a proton.
of the nucleophile. of the leaving group.

- R / |
R—t—C] ‘- B—UH =— R—C—\g —> R—C + El — R—C—0—FR
acid chloride alcohol " P (,)\ " :(])‘) H SRlet

tetrahedral intermediate R’ + B
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* The alcohol attacks the acyl chloride, forming
the tetrahedral intermediate.

= Chloride ion leaves, restoring the carbonyl.
= Deprotonation produces the ester.



Acid Chloride to Amide

Step 1: Addition Step 2: Elimination Step 3: Loss of a proton.
of the nucleophile. of the leaving group.
P .~ . o o
R—C—Cl: /2R,N—H = R—C'=—Cl: —% B — R—<
‘ \\/‘ 3\ _”4—\ ‘NR,
acid chloride amine R'N—H ’
) R,NH + RINH, CI

tetrahedral intermediate
Copyright © 2010 Pearson Prentice Hall, Inc.

= Ammonia yields a 1° amide.
= A 1° amine yields a 2° amide.
= A 2° amine yields a 3° amide.



Anhydride to Ester

Step 1: Addition of the nucleophile. Step 2: Elimination Step 3: Loss of a proton.
of the leaving group.

B
.

.-() O O 0 ,.O._ 5
R—C0—C—R + R—0H = R—CTO—C—R — R—C -
anhydride alcohol (') ()‘7
i ]

tetrahedral intermediate
I I
- m— R—C—0—R" + R—C—0H

ester acid
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» Alcohol attacks one of the carbonyl groups of the
anhydride, forming the tetrahedral intermediate.

* The other acid unit is eliminated as the leaving group.



Anhydride to Amide

Step 1: Addition of the nucleophile. Step 2: Elimination Step 3: Loss of a proton.
of the leaving group.

O 0 +0)s 0 e 0
P < | ||
R—C—0O—{—R + R;NH = R—CDO—C—R —> R—1 —L—5
T, B | I

anhydride amine N—H /]\\_ &
; R'/ \R’ R’ R’

tetrahedral intermediate

— R—C—NRE 4+ R—C—0H
amide acid
Copyright © 2010 Pearson Prentice Hall, Inc.

= Ammonia yields a 1° amide; a 1° amine yields a 2°
amide; and a 2° amine yields a 3° amide.



Ester to Amide: Ammonolysis

Step 1: Addition of the nucleophile.
R—C—O0—R’' + R'—NH, =

primary amine
(or NH,)

Step 2: Elimination
of the leaving group.

Step 3: Loss of a proton.

S0 4
< [
R—C-—+—0—R’ P— R—L —R’
RS [ ¥
"N—H ";N—H
R"” “H R “H
tetrahedral intermediate
I
—> R—C—NHR"” 4+ R'—OH
amide alcohol

Copyright © 2010 Pearson Prentice Hall, Inc.

= Nucleophile must be NH; or 1° amine.
* Prolonged heating Is required.



Leaving Groups in Nucleophilic
Acyl Substitution

~OCH; leaves in an
exothermic step

0~ QO Q
| | -oc, | Hoc,
R—C—OCH,; == R—C — > R—C
hr \+NH3 “‘\NHI
"']“"JII-l3

= A strong base, such as methoxide (OCHs), Is
not usually a leaving group, except in an
exothermic step.



Energy Diagram

Acyl substitution ~“OCH; leaves in an
exothermic step
O )
I | | "OCH; | HOCH,
R—C—OCH, 7= R—CC(OCH3 =~ R—C — R—C
NH, *NH,

;.
R—C~=0CH, :
|~ bond to methoxide

"NH; has ] ust be gun
‘ to break
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* In the nucleophilic acyl substitution, the elimination
of the alkoxide is highly exothermic, converting the
tetrahedral intermediate into a stable molecule.



Transesterification

Transesterification

0)

O
(& R—C—O—R + R—OH o OR", R—C—O—R’ + R'—OH
(large excess)
Example
O O
@g—o—cmcm + CH—OH O Ot @(Hi—O—CH_X + CH,CH,—OH
ethyl benzoate methanol methyl benzoate ethanol

Copyright © 2010 Pearson Prentice Hall, Inc.

= One alkoxy group can be replaced by another
with acid or base catalyst.

» Use large excess of preferred alcohol.



Transesterification Mechanism

First half: Acid-catalyzed addition of the nucleophile.

Step 1: Protonation
of the carbonyl.

||\

OCH; L C
o8 o,
ROH

Step 2: Nucleophile attack.

Step 3: Deprotonation.

é') —H

RQH

Second half: Acid-catalyzed elimination of the leaving group.

Step 1: Protonation of
the leaving group.

Step 2: Elimination of
the leaving group.

Step 3: Deprotonation.

B |

| CH,OH

I
©/ SOR

%_
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6H

—OCH; C —OCH;
@ gl oL

.'()'.
I
C

SOR + CH;0H;



Hydrolysis of Acid
Chlorides and Anhydrides

- < I r
(& R—C—Cl + HOy — R—C<C — R—C (C — R—C—0—H + HC
- ) [ N \ A H ;
"OH, 0L

H
Copyright © 2010 Pearson Prentice Hall, Inc.

= Hydrolysis occurs quickly, even in moist air
with no acid or base catalyst.

» Reagents must be protected from moisture.



Hydrolysis of Esters:
Saponification

Step 1: Addition Step 2: Elimination  Step 3: Proton transfer.
of the nucleophile. of the leaving group.
O :(52_ . .
K <. or . o
R—C—O—R’' + :0—H < R—(ljﬁo—R' <= R—CZ , ¢y :0—R — R—CZ  H—O—R
.O—H z %
ester acid alkoxide carboxylate alcohol

tetrahedral intermediate
Copyright © 2010 Pearson Prentice Hall, Inc.

*» The base-catalyzed hydrolysis of ester Is
known as saponification.

= Saponification means “soap-making.”



Saponification

O (‘)
|

|

/ \ \ / 70\ / / /
LN AN SN AN X 7 \\
\/ \ \/ \/ \ \

(\) (\')
|

CH—O—C A A A A A + 3NaOH — CH—O—H + Na* " 0—C A A A A A
V V v \. // \A \v/ \\_,/ "\v/‘/ \\

£ Nt N 74 y
v \V4 \ L N

O (H)

CH,—0—C_A A A A A A A CH,—O—H + Na* 0—C A A A A A A
- \/ - \\ / N \\ / X / \. 7 /
vV \ \ VvV / \ V

CH,—O—H + Na* “0—C A A A A A A A

\ \ oot \ g0\ \ giN /
S 3 7 \ \ \ Z X NG VNS NG S AN
\ / / \ W, / \ / 7/ N/ / / e, \
// V V V V V V \ \4 V V V V vV \

a fat (triester of glycerol) glycerol soap (salts of fatty acids)
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» Soaps are made by heating NaOH with a fat (triester
of glycerol) to produce the sodium salt of a fatty

acid—a soap.



Hydrolysis of Amides

Basic hydrolysis
O O
|| i || N

(& R—C—NHR™ + Na*OQH —— R—0—0 *Na + RKNH,

Acid hydrolysis
I |
(& R—C—NHR + HO* —> R—C—OH + R'NH,

Amides are hydrolyzed to the carboxylic acid under acidic or
basic conditions.



Mechanism of Basic Hydrolysis

Step 1: Addition Step 2: Elimination Step 3: Proton transfer.
of the nucleophile. of the leaving group.
9 b y ;
P < . o o
R—C—NH, OH <= R—C-+NH, <= R—C :NH, — R—C :NH,
. CNH, Lo SiNH, S
| O=—H '0:
OH
tetrahedral intermediate
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= Similar to the hydrolysis of an ester.

= Hydroxide attacks the carbonyl forming a tetrahedral
Intermediate.

* The amino group is eliminated and a proton is
transferred to the nitrogen to give the carboxylate salt.



Acid Hydrolysis of an Amide

First half: Acid-catalyzed addition of the nucleophile (water).

Step 1: Protonation Step 2: Addition Step 3: Loss of a proton.
of the carbonyl. of the nucleophile.
R J’_ e .e
) :O—H :O—H :O—H
[ O [ |

R—C—NH, + H* =— R—C—NH, = R—(lj—NH =— R—C—NH, + H,0*

:0 H76: :O—H
Pa oy 2 o
H H‘—2

Second half: Acid-catalyzed elimination of the leaving group.

Step 1: Protonation Step 2: Elimination Step 3: Deprotonation.
of the leaving group. of the leaving group.
:0—H :0— H +
| ¥ W <>| .OJHﬁ 7 +
R—C—NH, + Hf &= R—C— NH = R— C ‘NH; — R—CT_ NH;
| | A .Q—H *O—H
:Q—H :Q—H
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Hydrolysis of Nitriles

Basic hydrolysis of nitriles

| 1
“OH “OH
@ R—C=N: HQO W R—C—NH, W R—C—0O
nitrile 2 1° amide 2 carboxylate ion
Acidic hydrolysis of nitriles
@) O
_w || . [ +
(@D R—C=N: W R——NH, H,0 R—C—OH + NH/

nitrile primary amide carboxylic acid

= Heating with aqueous acid or base will hydrolyze a
nitrile to a carboxylic acid.



Reduction of Esters to Alcohols

O
| LiAIH, H,0"
(&> R—C—0—R" ——> R—CHO Li* + R—O Li* —— R—CHOH + R—OH
ester primary alkoxide primary alcohol
(or acid chloride)
Example
O
CH;—C—0OCH:CH, CH,—CH,OH
- - ) (1) LiAlH, - -
ethyl phenylacetate 2-phenylethanol

Copyright © 2010 Pearson Prentice Hall, Inc.

= Lithium aluminum hydride (LIAIH,) reduces
esters to primary alcohols.



Mechanism of Reduction of Esters

Step 1: Addition of the nucleophile (hydride). Step 2: Elimination of alkoxide.
(o} H :0:y *Li .
® | < . P .
R—C—0—R’' + H-—AI—HLi* —> R—C—k?—R' — R—C\ + Li" :0O—R
es:er\_/ I!I I!l 4
tetrahedral intermediate aldehyde alkoxide
Step 3: Addition of a second hydride ion. Step 4: Add acid in the workup to
protonate the alkoxide.
. Pll ='|0'=‘ +Li :tliH
O H,0"
F
R—C<\) + H—/Td‘—H Lit — R—clz—H — R—(li—H
H
\/ H H H
aldehyde salt primary
alcohol
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Reduction to Aldehydes

[ Li(--BuO),AlH |

@ E—t—L] R—C—H
ether
Example
O O
| Li(+-BuO),AlH |
CH,(CH,).—C—Cl ‘ CH,(CH,),—C—H
octanoyl chloride octanal

Copyright © 2010 Pearson Prentice Hall, Inc.

= Lithium aluminum tri(t-butoxy)hydride is a
milder reducing agents.

» Reacts faster with acyl chlorides than with
aldehydes.



Reduction to Amines

[ (1) LiAIH,
@ R—'C—NH2 (Q)T R—CHZ—NH2
primary amide 2 primary amine
|
T - (1) LiAIH
Amides ¢ (&= R—C—NHR' oo 4 R—CH,—NHR'
secondary amide 2 secondary amine
O
I (1) LIAIH,
@ R—C—NRZ' (?_)H—O> R—CHz—NRz’
\ tertiary amide > tertiary amine

Example
O
| (1) LIAIH,

CH3—C—NH—Ph W

acetanilide

CH,—CH,—NH—Ph
N-ethylaniline
Copyright © 2010 Pearson Prentice Hall, Inc.

= Amides will be reduced to the corresponding
amine by LIAIH,.



Reduction of Nitriles to Primary
Amines

H
B H,/Pt |
EF RTC=EN S OTAaE, o8R0 R_(|:_N:
H

Copyright © 2010 Pearson Prentice Hall, Inc.

= Nitriles are reduced to primary amines by
catalytic hydrogenation or by lithium
aluminum hydride reduction.



Organometallic Reagents

O OLi OH
- ‘ | H,0* |
H—C—OEt + 2CHLI  — H—C—CH, — H—C—CH,
a formate ester | |
CH, C,H,
a 2° aleohol
O OMgBr OH
| | H,0* |
CH3CH3—C—CI + 2 PhMgBr —> CH,CH,—C—Fh —_— CH,CH,—C—PFh
an acid chloride | |
Ph Ph
a 3% alcohol

» Grignard and organolithium reagents add twice to
acid chlorides and esters to give alcohols after
protonation.



Mechanism of Grignard Addition

Step 1:
[0} :0:7 *MgX (o}
||) . . |<) . J .
R—C—OR’" + R"—MgX —> R—C—OR’ > R—C + :OR’
N ks .
R”
ester Grignard tetrahedral intermediate ketf)ne

Reacts with a 2nd
mole of Grignard.

= Esters react with two moles of Grignards or
organolithium reagents.

* The ketone intermediate is formed after the first
addition and will react with a second mole of
organometallic to produce the alcohol.



Reaction of Nitriles with Grignards

Attack on the electrophilic
cyano group

f{ —\‘fl? —x Protonation Acid hydrolysis
R! MgX H.0* R! H H,0" R
PR A RS 3 o 7~ 3 8 .
R—C=N: — /CZN', _— /CZN_, —_— /CIQ.
R R R
salt of imine imine ketone
Example
Ph Mgl H,0" Ph
) ™ Fe 3 = 2
Ph—C=N: + CH Mgl —> /C=N., —_ /.CZO_.
CH., CH,
benzonitrile methylmagnesium magnesium salt acetophenone

1odide
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= A Grignard reagent or organolithium reagent attacks
the cyano group to yield an imine, which is
hydrolyzed to a ketone.



Acid Chloride Synthesis

O O
| s0Cl, |
(& RC—OH o5~ R—C—C + 50,1 + HOI

= Thionyl chloride (SOCI,) and oxalyl chloride (COCI,)
are the most convenient reagents because they
produce only gaseous side products.



Acid Chloride Reactions (1)

1
R—E—(

acid chloride
(acyl chloride)

H,0

_

R'OH

R'NH,

R'COOH
s

O

R—g—OH + HCI
acid
O

R—(”?—OR' + HCI

ester
O
R—yf—NHR’ = HC
amide
O O
R—(H?—o—(”:—R' + HCI

anhydride
Copyright © 2010 Pearson Prentice Hall, Inc.

(Section 21-7A)

(Sections 20-15 and 21-5)

(Sections 20-15 and 21-5)

(Section 21-5)



Acid Chloride Reactions (2)

(‘)H
(1) 2 R’'MgX , .
(2) H,0 > R—(|3—R (Sections 10-9 and 21-9)
R/
3° alcohol
@) @)
I R,CulLi I
——gl > R—C—R’ (Section 18-11)
acid chloride LA ketone
ars = - 1
LS e - > R—CH,0OH (Sections 10-11 and 21-8A)
(2) H,0
1° alcohol
@)
Li(+-BuO);AlH [

A\

R—C—H (Sections 18-11 and 21-8B)
aldehyde
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Friedel-Crafts Acylation

O O
| (1) AICI, |
@ R—C—Cl .y W C—R
Z Z
(Z = H, halogen, or an an acylbenzene
activating group)
Example
O O
I (1) AICI, |
CH,—CH,—C—Cl + CH,0 W CH,0 C—CH,CH,
propionyl chloride anisole p-methoxypropiophenone

(major product)
Copyright © 2010 Pearson Prentice Hall, Inc.



General Anhydride Synthesis

| I 1
@ R—C—Cl + ~O—C—R/’ — R—C—O—C—R' + (I
acid chloride carboxylate acid anhydride
(or acid)
Examples
(") (il O 0O

| |
CH—C—Cl + H—C—O-*Na —> CH—C—O0—C—H + NaCl

acetyl chloride sodium formate acetic formic anhydride

The most generalized method for making anhydrides

IS the reaction of an acid chloride with a carboxylic
acid or a carboxylate salt.

Pyridine is sometimes used to deprotonate the acid
and form the carboxylate.



Reaction of Anhydrides

0
R—C—0—C—R

anhydride

0

H,0 |

— 2 5 R—C—OH + R—COOH
acid
T

% R—C—OR’ + R—COOH
ester
O

R'NH, |

2, R—C—NHR' + R—COOH

amide
Copyright © 2010 Pearson Prentice Hall, Inc.

(Section 21-7A)

(Section 21-5)

(Section 21-5)



Friedel-Crafts Acylation Using
Anhydrides

AlCl H
@ 4+ R— C O0O— C R C—R
(or other ac1dlc

catalyst)
(Z H, halogen, or an activating group) an acylbenzene
Example 0
(l) AlCl COOH
(2) H,O
benzene 4-ox0-4-phenylbutanoic acid

succinic anhydrldg

= Using a cyclic anhydride allows for only one of the
acid groups to react, leaving the second acid group
free to undergo further reactions.



Acetic Formic Anhydride
T |

CH;—C—O0—C—H + R—OH —> H—C—O—R + CH;COOH

(more reactive a formate ester

carbonyl
\ )

T ]
CH,—C—O—C—H + R—NH, —> H—C—NH—R + CH,COOH

a formamide

= Acetic formyl anhydride, made from sodium formate
and acetyl chloride, reacts primarily at the formyl
group.

* The formyl group is more electrophilic because of the
lack of alkyl groups.



R—C—OR’

ester

Reactions of Esters

O
H,0 [ ,
H* or —OH R—(C—0OH + R’'OH
acid
O
RTOH R ——g—OR" + R'OH
H™ or “TOR”
ester
O
R''NH, |
R—C—NHR'’ + R’'OH
amide
(1)LiAIH, ,
(2H,0 R—CH,OH + R’'OH
1° alcohol
OH
(1)2 R"MgX |
(DH,0 R—(|j—R + R'OH
RH
3° alcohol

Copyright © 2010 Pearson Prentice Hall, Inc.

(Section 21-7B)

(Section 21-6)

(Section 21-5)

(Sections 10-11and 21-8A)

(Sections 10-9D and 21-9)



Formation of Lactones

= Formation favored for five- and six-membered
rings

+ Hzo
COOH

= For larger rings, remove water to shift equilibrium

toward products.
OH 0
COOH N




Reactions of Amides

O
0 H,0 I | |
I H orOH R—C.—OH + R'NH,  (Section 21-7C)
R—C—NHR' acid
amide (1) LiAIH, .
oo R CHNHR' (Sections 19-19B and 21-8C)
2 amine
Br,, "OH . .
O (Hofmann rearr.) g R—NH, + CO;3 (Section 19-21D)
R (H: NH 1° amine
9
bamide o *  RF—C=N (Section 21-13)
(or P,Og) T -
- nitrile
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Dehydration of Amides to Nitriles

O
| . POCI, B
& RCRH, (o> RC=N

primary amide nitrile
Copyright © 2010 Pearson Prentice Hall, Inc.

= Strong dehydrating agents can eliminate the
elements of water from a primary amide to give a
nitrile.

= Phosphorus oxychloride (POCI;) or phosphorus
pentoxide (P,O;) can be used as dehydrating agents.



Formation of Lactams

NH NH
<: 2 heat n H2 0O
COOH o

y-aminobutyric acid y-butyrolactam

= Five-membered lactams (y-lactams) and six-
membered lactams (o-lactams) often form on
heating or adding a dehydrating agent to the
appropriate y-amino acid or 6-amino acid.



B-Lactams

O H O H OH
| | < | NH
PhOCH,—C—N S. [CH, Ph—EH—C—N CH,CH [
jﬁ—Nr CH WHe j/jNr = N—/ o
0 3 0 CH, O H
COOH COOH COOH 7
penicillin V cephalexin (Keflex®) imipenem (Primaxin®)
a penicillin a cephalosporin a carbapenem
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» Unusually reactive four-membered ring amides are
capable of acylating a variety of nucleophiles.

* They are found in three important classes of
antibiotics: penicillins, cephalosporins, and
carbapenems.



Mechanism of -Lactam

Acylation
P | L L
H—C—C—H H—C—C—H H—C—C—H H—C—C—H
N—(‘ - 1L—(|— . H—N/-‘ \C—N- T N/H \c—\
H/ \C\f) H/ ~ (‘)O-W& \J}J (H) ”
[3-propiolactam .
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* The nucleophile attacks the carbonyl of the four-
membered ring amide, forming a tetrahedral
iIntermediate.

* The nitrogen is eliminated and the carbonyl reformed.

= Protonation of the nitrogen is the last step of the
reaction.



Action of Antibiotics

i u
PhOCH,C—NH S CH, PhOCH,C—NH
Y N
COOH

:OH
active
enzyme

* The B-lactams work by interfering with the synthesis
of bacterial cell walls.

* The acylated enzyme is inactive for synthesis of the
cell wall protein.

acylated,
1nactive
enzyme
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Reactions of Nitriles

O @)
%5 ] 50 || |
T or _OH R—C‘—NHQ m R—C_OH (Section 21-7D)
amide acid
(1)LiATH,
R—=N R—CH,NH, (Sections 19-21B and 21-8C)
(2)H0 .
nitrile amine
~MgX
N O
R'MgX I H,0* I
R—C—R’ —_— R—C—R’ (Sections 18-10 and 21-9)
imine salt ketone
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Resonance Overlap in Ester and

l I good C—O ” I | p00r C_S
ester C—O 7 overlap thioester CI - i T overlap
(”) :?:— (”) :?Z_
R—C—O—R «<— R—C=0—FR R—C—S—R «— R—C=§—R
stronger 1 overlap J weaker T overlap J
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* The resonance overlap in a thioester Is not as
effective as that in an ester.



Structure of Coenzyme A (CoA)

N/ N
D
ﬁ H O H O CH; e oy N~ "N
|l |l | | |
CHy— Cr—85—TCHRCH N — C— CHyCHaN—C— L —C.— Ly — O — P — 0 — P —O—CHjy O
thioester | ‘ I I H H
OH CH; @) O H H
O OH
|
O=P—0"
coenzyme A (CoA) (‘)H
P % P
B ] + Bge = om—t=iEa] — wd o+ HEA
Nuc s
acetyl coenzyme A

tetrahedral intermediate
Copyright © 2010 Pearson Prentice Hall, Inc.

= Coenzyme A (CoA) is a thiol whose

thioesters serve as a biochemical acy!
transfer reagents.

acylated product



Mechanism of Action of
Acetyl CoA

0 :ij:— e
B - A )
CH;—C—8—1CoA| + Nucim = CHy3—C<S8—tCoA| — CHS“‘“C\ + S—rCoA

|_ Nuc
Nuc

acetyl coenzyme A tetrahedral intermediate acylated product

= Acetyl CoA transfers an acetyl group to a
nucleophile, with coenzyme A serving as the leaving
group.

* Thioesters are not so prone to hydrolysis, yet they
are excellent selective acylating reagents; therefore,

thioesters are common acylating agents in living
systems.



Synthesis of Carbamate Esters
from Isocyanates

|
R—N=C=0 + H,0 — |[R—NH—C—OH| — R—NH, + CO,
an isocyanate a carbamic acid an amine
tabl
(unstable) (”)
@ R—N=C=0 + HO—R’ — 3 R—NH—C—O—R’
an isocyanate alcohol a carbamate ester
(urethane)
O
Example |
OH CH3—1\|I—C—O
H
CH;—N=C=0 + —
methyl isocyanate
1-naphthol Sevin® insecticide
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