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Chapter 17
Carboxylic Acids and Their
Derivatives. Nucleophilic Addition-
Elimination at the Acyl Carbon

4 Introduction

=>The carboxyl group (-CO,H) is the parent group of a family of
compounds called acyl compounds or carboxylic acid derivatives

]

PN

R OH
Carboxylic acids - Substitution of hydroxyl group will produce

Structure Name i Structure Hame
o | o
C.. Acyl (or acid) chionde C
R (=] R MNH,
o o o
c.. C. Acid anhydride c.. Amide
A g R “NHR'
o o]
c. R Ester k 1
R a” R “NR'RT
R—C=N Niride |

¢ Nomenclature and Physical Properties

= In IUPAC nomenclature, the name of a carboxylic acid is obtained
by changing the -e of the corresponding parent alkane to -oic acid
# The carboxyl carbon is assigned position 1 and need not be explicitly numbered

0 (o]
6 s a3 2 | [ |
CH,CH.CHCH.CH.COH  CH,CH=CHCH.CH.COH
CH,
4-Methylhexanoic acid 4-Hexenoic acid

{or hex-4-enode achd)

= The common names for many carboxylic acids remain in use
# Methanoic and ethanoic acid are usually referred to as formic and acetic acid

> Carboxylic acids can form strong hydrogen bonds with each other
and with water
# Carboxylic acids with up to 4 carbons are miscible with water in all proportions

Carboxylic acids — Physical Properties

Water Sohubility
{5108 mL~' H,0),
mp *C) bp (*C) 25'C

8BS -300 nsokubie anr

2Naphhoic acid

Biaph
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e Acidity of Carboxylic Acids

=>The carboxyl proton of most carboxylic acids has apK,=4-5

Carboxylic acids are readily deprotonated by sodium hydroxide or sodium

bicarbonate to form carboxylate salts

7 Carboxylate salts are more water soluble than the corresponding carboxylic acid
(i}

y—COH + NaOH HAo

Bensoic acid Strovger Sodivm benoate Weaker
iwaber [msoluhie) base iwaber suluble) aeid
Strunger acid Wiaker base

| i
—COH + NaHCO, - ¢ COt+ HD
Awater insoluble) Stronger {water solishle) oo,
Seromger acid tane Wealer bave Weaker
acid

=>Electron-withdrawing groups near the carboxyl group increase the
carboxylic acid’s acidity
# They stabilize the carboxylate anion by inductive delocalization of charge

1 H H

A | |
CO.H = O C—C0.H > C1<=C—C0.H > H—C—C0O.H
|

H H H

pk i 148 2,56 L7

® Dicarboxylic Acids
Dicarboxylic acids are named as alkanedioic acids in the IUPAC system

# Common names are often used for simple dicarboxylic acids

P,
(at 25°C)

Carboxylic Acids and Their Derivatives
Nomenclature—Esters

* Name the R’ as an alkyl group. This becomes the first
part of the name.

* Name the acyl group by changing the ic acid ending of
the parent carboxylic acid to the suffix —ate.

Naming esters E alllqrt group ? e!l‘:yl group 2 ?H‘
—_— ' St
R OR' CH; “OCH.CH, N0 C—CH, — fertbutyl
5 o ! group
derived from g CHy
acyl group acetic acid .

aerivad from

[1] Name the allyd group. athyl acetate cyclohaxanecarbawylic acid

[2] Name the acyl group.

tevt-butyl cyclohexanacarboxytate

Carboxylic Acids and Their Derivatives
Nomenclature—Anhydrides
« Symmetrical anhydrides are named by changing the acid ending

of the carboxylic acid to the word anhydride.

* Mixed anhydrides, which are derived from two different
carboxylic acids, are named by alphabetizing the names for both
acids and replacing the word acid with the word anhydride.

Symmetrical anhydride | Mixed anhydride
2 9 g 9
t:H;'C“LJ’ “CHy CH; S
[derivad trom acetic acid] N
acetic anhydride [darived from acetic acid

and benzoic acid]

acelic benzotc anhydnde
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Carboxylic Acids and Their Derivatives

Nomenclature—Acid Chlorides
» For acyclic acid chlorides: change the suffix —ic acid of the
parent carboxylic acid to the suffix —yl chloride; or

* When the —COCI group is bonded to aring: change the suffix
—carboxylic acid to —carbonyl chloride.

Naming
acid chlorides
i

e carbon or G2 o

T
A - C.. A
CHy Tl r j’ ol CH,CH,CH™ el
S ~ oy
derived from s e -
acetic acid derived from darivad from
| cyclohexanecarboxylic acid 2-mathylbutanoic asid
o
; -mathyl icf
acolyl chionda cyclohaxanecarbonyl chicrida emathyibubipic A4

Z-methylbutanoyl chioride
or
a-methylbutyry chiorida

Carboxylic Acids and Their Derivatives
Nomenclature—Amides

« All 1° amides are named by replacing the -ic acid, -oic acid, or -ylic
acid ending with the suffix amide.

o]
Naming i
f o : ce, SHy o
1° amides |I_|‘ /'f\\I'"I"‘NHR --\)\ L
CHY M, ) e,
Sl - oy %
gerived from e b el
ooebe aoid dertvad rom darivad from
benzoi acid Z-mathylzyccpentanecarboxylic acd
2 ick

* For 2° and 3° amides, use the prefix “N-" preceding the name of each alkyl
group to show that it is bonded to a nitrogen atom. If the two alkyl groups
are different, alphabetize their names. Use additional prefix “di-". One “N-"
is needed for each alkyl group, even if both R groups are identical.

Naming 2° and o |0
3 amides CI . ‘? ethyl group /.—_.%,U\N,L‘ Hy
RTNT e 2= w0 methy
L HTNHCH,CH L o "o
dorived from ey
re derivad from
[1] Name the R grou(s) and add Toemic acid benizoie eicl
the prefix N- before each .
2] Name the acyl group (RCO-). N- i NN

Carboxylic Acids and Their Derivatives

Nomenclature—Nitriles

« In naming a nitrile, the CN carbon is carbon atom ONE of the longest
chain. Number the chain to put CN at C1, and omit this number from
the name. So, CH;CH,CN is propanenitrile, not ethanenitrile.

« Common names of nitriles are derived from the names of the
carboxylic acid having the same number of carbon atoms by replacing
the —ic acid ending of the carboxylic acid by the suffix —onitrile.

« When the CN is named as a substituent it is called a cyano group.

IUPAC name for a nitrile | Commaon name for a nitrile | CN as a substituent
o]
cz ';' (4] ] l o
CH,CH,—C—CN CH—C=N f
GHy derived from s ]' CN
[4 C's)—= butane + nitrile woatic ack/ c2
2-methylbutanenitrile acetonitrile 2-cyanocyclohexanone

1

Carboxylic Acids and Their Derivatives

Spectral Properties of Acyl Compounds:

IR spectrais important in identifying carboxylic acids, because C=0
stretching bond occurs at different frequencies for acid, ester & amides
(1620-1780 cm 1)

Funetionsl Group annm:mnuy .lyu 1820 1800 1THO0 1760 1740 1720 1700 1680 1060 1640 1620 160
Acid chioride :::utll;\::-m: Ezjejen I | I _]_ |
ot | o o (oo |
Esterfactona :;3:3:2@-\,\ 1 =1 x‘éc.imm:;oml' |
[— R ) e
s T P Lk 50 o
[ | ] TTFTE T
= e L] HHHHH
Carbowylate st 1650-1550 [Twa & 'arulm:s-ui-; | | | -

B ey e p——
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Carboxylic Acids and Their Derivatives

13C NMR Spectral Properties of Acyl Componds:

*13C NMR spectrais also important in identifying carboxylic acids
derivatives. The carbonyl carbon of acyl derivatives occurs downfield
inthe 8 160-180 region. Please note that they resonates not as far as
ketones and aldehydes which have their peaks at § 180-200.

* The nitrile carbon absorbs in the § 115-120 region.

o 0 ° o
Sl % -

HiC™ “OH  HyG7 TOCHCH, HiC™ Gl HaC™ “NH,

"C NMR chemical shifts for the carbanyl or nitrile carbon atom

13

¢ Preparation of Carboxylic Acids
® By Oxidation of Alkanes

, (1) KMatl, 04 ¢
RCHCHR * RCOH + R'COMHN

heat
2 M0

(2) M0,

® By Oxidation of Aldehydes and Primary Alcohols

(1) At or Agi N1, OH

RCH=CHR"

RCOH + R'COH

R—CHO .« RCOLH
2rHA ¥

1) KM, OH
RCH,0H —————t—s RCO,M
2In0
H.Cr0,
R— CHO or RUH O ——

« RCOH

® By Oxidation of Alkylbenzenes
( )}—('u, "'—"‘Ej‘—'”" <I\ /':)—('n;l

ot =

14
® By Oxidation of Methyl Ketones (The Haloform Reaction) ® By Carbonation of Grignard Reagents
0 (") Experiment which you did in Org. Chem lab.
C.. e CHX,
Ar” ]
CH, CH CH
H == Mg ill(l\! H I!(III
. . I CH,—C 1 =+ CH,CMgC CHC00,)
® By Hydrolysis of Cyanohydrins and Other Nitriles 1 B L s
# Hydrolysis of a cyanohydrin yields an a-hydroxy acid e et 2.2 Dimethylpropaneic acid
. (79-80% averall)
R R OH OH 1o,
o ¥ N HA e CH,CH.CH.CHL.CI CH,CH,CH,CH M€l s CHCHLCHLCHLCOH
C=0 + HCN == /.( . o R—C—COH Tutyl chbaride Peistansic acid
R’ R’ CN . 1805 averadl)
R
« Primary alkyl halides can react with cyanide to form nitriles and these can be hydrolyzed to carboxylic acids .
Benzale acld
i g o NECN s s (1) O, B T L]
HOCH,CH,CI 0% HOCH,CH,CN e * HOCH,CH,COH
JeHydroky- (TSEES) Hydrowy propancic
propanenitrile weid
" & - Nal'N P - - w HO0* . . ~ »
BrCH,CH.CH,Br g NCCH,CH,CH,CN it HO,CCH,CH.CH.COH
Pentanenitrile Glutaric acid 15 16
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Carboxylic Acids and Their Derivatives—Nucleophilic
Acyl Substitution — Critical Concept.

* This is the characteristic reaction of carboxylic acid derivatives.

* This reaction occurs with both negatively charged nucleophiles
and neutral nucleophiles.

Nucleophilic substitution— Nu replaces Z.
General reaction (IJ N o]
R or A" "Mu or > leaving group
HNu H-z *
“
1
nucleophile

+ Carboxylic acid derivatives (RCOZ) react with nucleophiles because they contain an
electrophilic, unhindered carbonyl carbon.

+ Substitution occurs, not addition, because carboxylic acid derivatives (RCOZ) have a
leaving group Z on the carbonyl carbon.

Chapter 18 17

Carboxylic Acids and Their Derivatives—Nucleophilic
Acyl Substitution - MECHANISM

Acyl Substitution occurs by a Nucleophilic Addition —
Elimination mechanism (Important new concept !)

Acyl by Nucleophilic Addition-Eliminat
H
A | Ny N
=0 Nu—H —= — ctg- — ¢ HL
Rl oy
An acyl compound HL
[ ncts 5 8 leaving group.} Tatrahedral intermediate
Mucleaphilic addition Etim,

[1] Find the sp? hybridized carbon with the leaving group.

[2] Identify the nucleophile.

[3] Substitute the nucleophile for the leaving group. With a neutral nucleophile,
the proton must be lost to obtain a neutral substitution product.

Acyl substitution requires a leaving group (LG) at the carbonyl

carbon

Review the relative atrennth nf acids (nK ) (See tahle R 1 nn
REMEMBER: The stronger the acid (lower pK,) OR the weaker the
conjugated base - the better the leaving group)

=>»To undergo nucleophilic addition-elimination the acyl compound
must have a good leaving group or a group that can be converted
into a good leaving group
# Acid chlorides react with loss of chloride ion
# Anhydrides react with loss of a carboxylate ion

Specific Example

0 0 0

R—C /T i0—H7—2 R—( 0—H — R—( + 1€

a: n “Clt H 0—H

Laoss of the *H

chlaride jon

as a leaving

wroup

R—C L0

19

=>Esters, carboxylic acids and amides generally react with loss of
the leaving groups alcohol, water and amine, respectively
? Theseleaving groups are generated by protonation of the acyl compound

BUT

= Aldehydes and ketones cannot react by this mechanism because
they lack a good leaving group

'~

R—C —Nu—-—*R—('\ + H:

7 - Hydride
Ny ion These reactions
o rarely occur.
O

R—C—Nu—>R—C + R
. \ Alkanide

SR N an

20
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® Relative Reactivity of Acyl Compounds
= The relative reactivity of carboxylic acids and their derivatives is as

follows:
8 0 (4] (4]
R—C > R—( R—{( R—(
Cl 0 OR NH,
R L
(8
Aeyl Acid Ester Amide

chioride anhydride

=>In general, reactivity can be related to the ability of the leaving group
(L) to depart
Leaving group ability is inversely related to basicity
# Chloride is the weakest base and the best leaving group
# Amines are the strongest bases and the worst leaving groups

= As a general rule, less reactive acyl compounds can be synthesized
from more reactive ones (CRITICAL: help in avoiding memorization)

# Synthesis of more reactive acyl derivatives from less reactive ones is difficult and
requires special reagents (if at all possible)

21

¢ Acid Chlorides

® Synthesis of Acid Chlorides
=>Acid chlorides are made from carboxylic acids by reaction with
thionyl chloride, phosphorus trichloride or phosphorus
pentachloride
? Thesereagents work because they turn the hydroxyl group of the carboxylic acid
into an excellent leaving group
O O
i
RCOH + S001, » R—C—C1 + S0, + HCI
Thiony! chloride

0 (4]
| I
IRCOH + POl — IRCC1 + H,PO,
Phosphorus
hloride
(4] (8]
i I
RCOH + PCl — RCC1 + POCI, + HCI
Phosphorus
pentachloride

22

A mechanism for the reaction of thionyl chloride with carboxylic
acids.

Protonated scyl
chlarasullite HCL + S0

23

Reactions of Acyl Chlorides
* Acyl chlorides are the most reactive acyl compounds and can be used to
make any of the other derivatives (Why? Because chloride ion is the best LG.
Why is the best LG?)

« Since acyl chlorides are easily made from carboxylic acids they provide a
way to synthesize any acyl compound from a carboxylic acid
« Acyl chlorides react peadily-with-waterbut this-is-aota-synthetically-useful

. o i1
reaction -
* i « >
1=Na"C1'} ! _‘ "
Anhydride
0
T, e
————— RCOR'
HCl R
Ester
S0C1
0 e i 0
Pl
RCOH ey RCCH
“arboxylic acid 'O, Aryl chloride
1N, .
7] | e J RUNHR
N-Substituted amide
R + I
e L .
0
st RHNH I
I 4] TRRNLG RENRR
e O : NN-Disubstituted
Acyl chioride 0 S RCO- + 01 amide
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¢ Carboxylic Acid Anhydrides Reactions pf C.arboxyl‘lc Acid Anhydfldes
) . ) X =>» Carboxylic acid anhydrides are very reactive and can be used to
® Synthesis of Carboxylic Acid Anhydrides synthesize esters and amides
=>Acid chlorides react with carboxylic acids to form mixed or # Hydrolysis of an anhydride yields the corresponding carboxylic acids
symmetrical anhydrides
# Itis necessary to use a base such as pyridine
(1} 0 0 (4] (1] [+
F, \ C. ¢ ¢ ROH -
R on m 1 o ~R' HCOR' RCOH
.II
I
- Sodium carboxylates react readily with acid chlorides to form s T 7 0 [0
anhydrides — RCNH, + RCO'NH.* RCOH + HOCR
“y 0 0o 0 o o T » 0 T RCOH + HOG
RO —0—CHR — RC—0—CR* __ o o
e bl =t e, Nt Anbigidride i - o Anhydride
R 0 Na R «l 1} (1) R RN, S ¢ RCO-RNH,* OUR
N-Substituted
Cyclic anhydrides with 5- and 6-membered rings can be synthesized by heating diacid 4side.
o o
b 0 0 0 RRNH . ’
‘ * HUNR'R + RCO R'R'NH,®
e ol C. " NN-Disulsstituted
. o [ on zor 5 +HO smide By-products
HC. __OH on r 3
q C
0 @ 0 0
Suechmic Suechnic Phitbalic acid Phthalic ankydride 25 26
acid anhydride i ~10%)
Mechanism of the Fischer Esterification
¢ Esters
® Synthesis of Esters: Esterification
= Acid catalyzed reaction of alcohols and carboxylic acids to form
esters is called Fischer esterification
= Fischer esterification is an equilibrium process
# Ester formation is favored by use of a large excess of either the alcohol or
carboxylic acid
# Ester formation is also favored by removal of water "
H Ty
H—{} '|J H-T (1]
0 0 H
HA i B, Co.
C. * R'—OH— G + HO (S]] “O—CH, " O—CH
R "OH R “OR’ B
0 0 . I'_
HA
CHLCOH + CHCHO0H =— CHCOCH,CH, + HO
Acetic acid Ethanal Ethyl acetate . . . . .
0 0 To remember: reaction is catalyzed by acid and is reversible
CHOCOH + CHOH CHOOCH, + HO
Benzokc acid Methanol Methy! benzoate The reverse reaction is called: ACID CATALYZED ESTER HYDROLYSIS
0
HO (" R —0H
27 ‘ r™ oM 28
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=>Esters from Acid Chlorides

# Acid chlorides react readily with alcohols in the presence of a base (e.g. pyridine)
to form esters

HCl
R—i R—0—H — R—(

N M.
1l 0—R

0 0

CHLO—C  + CHCOH0H — 1,000

Benzoyl chlaride Fihip] henang
(H0% )

29

=>Esters from Carboxylic Acid Anhydrides
# Alcohols react readily with anhydrides to form esters
0

He 0 0

0 + R'—O0H — R( + ROOH

— CH,COCH
Benayl a

CHOOH

CH,
C ~ e "
0+ CHEHCHCH, - :m”[ W
s OH y
(4] 0O
Phthalic sec.Huty) alcnhel sec-Butyl hydregen phibalate

anhydride (7% )

What is the mechanism? Nucleophilic Addition —Elimination:
Hint: Find carbonyl carbon and nucleophile 30

® Base-Promoted Hydrolysis of Esters: Saponification

= Reaction of an ester with sodium hydroxide results in the
formation of a sodium carboxylate and an alcohol

o 0

I Ho i
RC—OR' + NaOH —— RC—O"Na* + R'OH
Ester Sodlum carboxylate  Alcohol

= This mechanism is IRREVERSIBLE because the salt of the
carboxylic acid is formed
# The last step draws the overall equilibrium toward completion of the hydrolysis

Please workout problem 17.5 (p. 802) at home 31

® Lactones

=>v- or 3-Hydroxyacids undergo acid catalyzed reaction to give
cyclic esters known as y- or §-lactones, respectively

‘ . 0—H
A—H: O—H d H
b 12 =
& ¥ ] - 4 0
R—CH—Cll,— CH,—CH, —C— 0! ==
Wy
R R
H
A Gehydrony wcid
O—H- (2]
{ e 0 0 +H—0—H + A
] H g H
R R
A G-lactone

32
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=>Lactones can be hydrolyzed with aqueous base

Since reaction is reversible acidification of the carboxylate product can lead back
to the original lactone if too much acid is added. Exactly one equivalent of acid
produced hydroxycaid

¢

OH O
0 L |
=== C,HCHCH,CH,C

na eNCE

0

OH 0
|

CHCHCH,CH,COH

Lactones in nature

¢ Amides

® Synthesis of Amides
= Amides From Acyl Chlorides (widely used)

# Ammonia, primary or secondary amines react with acid chlorides to form amides
?  An excess of amine is added to neutralize the HCI formed in the reaction

? Carboxylic acids can be converted to amides via the corresponding acid chloride

A R
3 C — K R —R N + R'RSH,* O
NHR'R” H—N*-R " R
: INHRTRY
R

Product

Unsubstitmted smbde; K, R*
" = alkyl, aryl N-Substitnted amide; B 1t aral
Dhsubrstituated smibd alkyl. uryl

R -
T Amine: R', k" = alkyl, sryl

= Amides can be also prepared from Esters

3 a, 3, o
v 4 o i
on HQ H S a® ‘0 Ih L . ol S,
| /\\,OH L B f 3
MK e®eb o
O .
o H o Please note chemoselectivity of the
MH Q) T A * CHOH il ition —Elimingtic
Vitamin € M T e W, :uc:eap:!:!cls\d:m}on Elimination vs.
(ancorbic acid) 33 2 lucleophilic Substitution
(Ba-87%)

= Amides from Carboxylic Anhydrides
# Anhydrides (carbonyl substrate) react with 2 equivalents of amine (nucleophile) to
produce an amide and an ammonium carboxylate

L4 0

| i | I .
RC—}0 + 2 R —NH— RC—N—R' + RCO, R'R'NH,

K R
R, B cum b 1, alkyl or aryt

Reaction of a cyclic anhydride with an amine, followed by acidification yields a
product containing both amide and carboxylic acid functional groups
Heating this product results in the formation of a cyclic imide

o o
|
¢ i
5 Cm, o NN,
L/ O NI, TR L on
. - : s
i |
o o o
Phithaic Asmasiins Phahataric
anhydeide Pcatmmin i
e )
o o
i «
N—H 4 HO
on [\
g
o 0
Phikalamic ackd Fhihalimide
(1005 )
35

=>Amides from Carboxylic Acids and Ammonium Carboxylates

Direct reaction of carboxylic acids and ammonia yields ammonium salts
(8] 4]

P

' + NH, == C
R OH R O"NH,
An ammonium
carboxylate
# Some ammonium salts of carboxylic acids can be dehydrated to the amide at high
temperatures
This is generally a poor method of amide synthesis

+ H,0

THE BEST way to synthesize an amide is to convert a carboxylic acid to an acid
chloride and to then to react the acid chloride with ammonia or an amine

Note: Amides are the linkages that join individual amino acids together to form

proteins.
Formation of amide bonds is therefore of great importance in biochemistry.
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® Hydrolysis of Amides
=>Heating an amide in concentrated aqueous acid or base causes

hydrolysis
¢ Hydrolysis of an amide is slower than hydrolysis of an ester
[l_l

(|f

H.O +

Acid hydrolysis By WP B H
Pan N Wil g oM 4

R™ TNH, R
7 7
Basic hydrolysi 1.0 -
2210 yd OVELS A + Na*OH —-L P =N + NH,
R "R 0" Na'*

37 38
. . . : lic Ami
Basic hydrolysis of an Amide M Lgctams ch ¢ ) des
The size of the rings designed by greek letters
Recall: lactones (cyclic esters)
" 0 ?
(o]
"E af NH “UH
B'—NH B 8
[ s
A f-lactam A y-lactam A d-lactam
) The penicillin antibiotic is B-lactam: It acts by interfering with the synthesis of bacterial cell
(4] walls by reaction with an amino group of the essential enzymes of the cell wall biosynthetic
U, +iNH, +:0H p Y
R i) |~|1 Ji{
5 S, cH ' CH "TN S,_cH.
( I T Tl . I— )
&) ! N cH, O _K_C\EN\><CH, \ Hrslle(cu,
COH E CoMH COH
39 Active enzyme A penicillin Inactive enzyme Inactive enzyme

10
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Nitriles: Preparation and Chemical Properties

o Nitriles by the Dehydration of Amides
= A nitrile can be formed by reaction of an amide with phosphorous

pentoxide or boiling acetic anhydride

o
& P00, or (CH,C0)1L0 L -
R— —C DS R—C=N + HPO, or CHCOM
A nitrile

® Hydrolysis of Nitriles
=>A nitrile is the synthetic equivalent of a carboxylic acid because it

can be converted to a carboxylic acid by hydrolysis

_u\-“‘"‘t RCOH

R—C=N{ + H :
——

Protonated nitrile

.
= He N1 [

Coy 0, l.'»‘
NH +

R UNH === R

Amide tautomer

» RCOH + N,

Protonated amide

R—C=N
gy
g
“heas ™ RCO,
41 42
: : Ao 4 Decarboxylation of Carboxylic Acids
Basic Hydrolysis of Nitriles yiatio Y _
=>B-Keto carboxylic acids decarboxylate (release of CO,) readily when heated.
# Some even decarboxylate slowly at room temperature
NS NH o o o
g 15 s | |l 100 - 150°C - .
R—C=N 1 —H = o H—m = RCCH.COH ———— RCCH, + €O,
R OH A Bketo acid
Amide
P i 2 The mechanism of B-keto acid decarboxylation proceeds through a 6-
lI —H+ membered ring transition state
R R R, ==
| "o H
O e fla o
. C - i-'
l|'- o rR” Sen, R TcH
R t_' + NH, « OH- B-Keto acld Enol Ketome
0 i
Sarbetityy Malonic acids (which are too B-keto acids) also decarboxylate readily
(malonic ester synthesis: more in Chapter 19)
0 R liJ R O
i P | . . —
HOC—C—CoH —5 ¢ —comn + co,  Here dicarboxylic acid is converted
':{ % to mono carboxylic acid
43 A malonke ackl 44
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