Carboxylic Acid Derivatives
Nucleophilic Substitution: 7) Addition & 2) Elimination

GUAR: A General Utilitarian Approach for Reactions of
Acid Derivatives (Carbon,Sulfur & Phosphorous)

Systematic Names of Functions

(@) e coch group nto the doted bos 1o s the systematic names of the carboxylic acid
and its denvatives.
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5-hydroxy-4.4-dimethylpentan

Systematic Names of Acid Functions

Malonic Acid / Condensations
and
Barbiturates
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an acyl chloride an acyl bromide amides
acyl halides
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Malonic ester is hydrolyzed to malonic acid,
which reacts with urea to produce barbituric
acid.

Barbiturates / Condensations
Urea + Malonic Acid & Derivatives —> >2,500 Compounds

1864 —> Present H H DEA Schedule II, 1l & IV:
Anesthetics / “Sleeping N | “luebirds, downers,
Pills” / “Truth Serum” 0 o) goofballs, tooties, yellow
R. Rs jackets”
Barbiturotes
ShortName ~ R® L Full Name.
5.5 Galylbarbturate
LCHCHyz ety Siscpenybabtuste || Nembutal
2 CHCH): S-allytSisopropylbarbiurate
2 CeHs 5-allyl-5-phenyl-barbiturate
3 |CHiCH, 55 Sethyfbarbiurate Veronal
2 CHaCBICH; S-allyl-5-{2-bromo-aifyl)-barbiturate.

s [CeHs 5-phenyl-ethylbarbiturate




Salts of Carboxylic Acids

7 f 1
HCO™ Na* CH;CO™ K* QCO' Na*
ic name:  sodium it
common name: sodium formate potassium acetate sodium benzenecarboxylate

sodium benzoate

Esters
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systematic name: ethyl ethanoate

‘common name:  ethyl acetate  phenyl methyl 3.
phenyl propionate  methyl 5-bromobutyrate

ethyl

Cyclic Esters:Lactones
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B-b lactone

CH,CHj;
S-caprolactone y Y yrolactone ‘y-caprolactone

Question

Which compound cannot form a lactone?

Answer

Which compound cannot form a lactone?
OH
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Amides
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mon name: acetamide i, CH,CH;

benzamide cis-2-ethylcyclohexanecarboxamide




Cyclic Amides: Lactams
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2-azacyclohexanone 2-azacyclopentanone ~ 2-3zacyclobutanone

S-valerolactam y-butyrolactam fB-propiolactam
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Recognizing Functions

Touch each label on the left to see the corresponding molecules, substituents,
or positions.

2N
\[r o
nitrile o
o
carboxylic acid °
o
ester
carbonyl oxygens o OH
amide
anhydride

o o o
lactam é /\)L J\/
N o

carboxylate ion

Recognizing Functions

Touch each label on the left to see the corresponding molecules,
substituents, or positions.

nitrile o (‘/’N o)
carboxylic acid \I/ NLOQ
ester o

carbonyl oxygens

umidl:y yg 07 oH 0O o
anhydride

Jacta o o o u:N)\éo
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carboxylate ion
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C—OH = =
H——OH H

HO H HO OH

CH,0H

L-ascorbic acid (vitamin C)

H CHyHC g HiC oy

H
O—sugar

CHjy
H
H CH,CH, O H O—sugar

erythromycin

lactone
i i
Ph()(‘H:—(‘—ij‘/S CH, Ph—(l"H—(‘—N S
N NH, j;l\vl/ =
o \%C H, o CH,
COOH COOH
penicillin V
a penicillin a cephalosporin
OH
N
CH,CH I N

| SCH,CH,N—C—H
Ny SO
[ H
COOH

imipenem (Primaxin®)
a carbapenem

Chemical Reactivity
of
Carboxylic Acid Derivatives




REACTIONS WITH A COMMON
MECHANISM
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Generic Reaction:
Nucleophilic Substitution

In general:

| £ Ay — | + HX

Reaction is feasible when a less stabilized
carbonyl is converted to a more stabilized
one (more reactive to less reactive).

oSt fezlgiive

i
RCCI fl.'l) ﬁ

RCOCR'

A carboxylic acid i
derivative can be RCOR

converted by .
nucleophilic acyl RCNR: ﬁ
substitution to any other RCO-
type that lies below it in

this table. lazigi reziciive

Reactivity of Carboxylic Acid Derivatives

reactive

)Ok most Reactivity is related
R™ o:

o o
. R/U\o‘u\ R Leaving group
Increa.s:.ng Induction (R-)
Reactivity
o Resonance (R-)
R” "OR Steric effects (R-)

O
)k least
R™ “NH, reactive

Generic Steps for Nucleophilic Substitution

involves formation and dissociation
of a tetrahedral intermediate

. OH .
7 A R x
R/C\X — c vy R/C\Y
X

Question

When benzoic acid reacts with '80-enriched
methanol (CH,'80OH) and an acid catalyst,

which product will be obtained?
0

Il
CgH5COH + CH;3'®0OH—>

o}
I I
A) CgHsC-'80H B) CgH5C-OCH;

180
Il 18, I 18
C) GCeMsC-"OCH; D) GCgHsC-"®0CH;




bond to methoxide is about half broken

HoF Most Least
HE;* OCH, —>| H( > HO ('\;’li: OCH,§ reactive CH3C—C| Sta!lhled
VN
= CH;C—OCCH;,4
Acyl substitution OCH
Oy 5 { -ocn, i Hocu,
R “(' OCHy; &= R -c JOCH; & R C\‘\H\ > R c\w: CH3C_00H20H3
v
|
CHZC—NH, Most
stabilized
}Reactivity, Electron Delocalization & Relative Acidity-Basicily| | Carboxylate lons |
The extent of delocalization depends on: ﬁ: :?‘
1) The electronegativity of X R _C~ §=- R ~Cx, o:

2) The interaction of X with the x orbital of C=O

Very efficient electron delocalization and dispersal
of negative charge

Maximum stabilization

lzast stabilized c=0)]

i
RCCI fl.'l) ﬁ

RCOCR'

I
RCOR'
RCNR',
i
RCO-

Lot sizibilized =0

| Reactivity is Related to Structure

Stabilization  Relative rate

? of hydrolysis
I
RCCI very small 10"
il
RCOCR' small 107
I
RCOR' moderate 1.0

The more stabilized
the carbonyl group,
the less reactive it

I
RCNR', large <102 s,




Relative Acidity-Basicity

g BHp o . P
R/CUT' R?UY T’R/\Z+Y.
/A

a tetrahedral intermediate

Z- will be eliminated if it is a much weaker base than Y-
(ky>> ky)

Y- will be eliminated if it is a much weaker base than Z-
(ky>> k_y)

Reaction Coordinate Diagrams for
Nucleophilic Acyl Substitution Reactions
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Progress of the reaction Progress of the reaction Progress of the reaction

(a) the Nu- is a weaker base
(b) the Nu~ is a stronger base
(c) the Nu~and the leaving group have similar basicities

L The pK, Values of the Conjugate Acids of the Leaving Groups of
Carbonyl Compounds

Carbonyl Leaving Conjugate acid of
compound group the leaving group K,
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Molecular Orbitals Describe How
Compounds React

empty =
antibonding —czo0
orbital / antibonding
\/ / . Lorbital
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~C—0 > =0 3
a ° J g ’ O x
. ) & / antibonding
a filled new C—2 - orbital
nonbonding 5 bond gV / —
orbital /1 N :
[ these orbitals nonbonding | . =T
. overlap orbital of the “_A | /= bonding
lone pair | Ty~ |orbital
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Two major resonance contributors in esters,
carboxylic acids, and amides

R™ OCH, R C\écu)
acetic acid (") :?:-
R/C\é
:?:‘
T C\ﬁmz

acetamide

Malathion Module: Exploration 3

http://chemconnections.org/organic/chem227/Exploration%203/
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Reactivity Derivative Leaving group  Basicily
more reactive acid (I? less basic
chloride R—C—Cl ClI~

(ﬁ O 0]
anhydride R—C—0O—C—R “O—C—R
|
ester R—C—O—FR’ O—R’
, I

amide R—C—NH, NH,
(0]
|

less reactive ~ carboxylate R—C—0O more basic

Interconversions of acid derivatives

(o] o

I |
R—C—0—C—R

anhydride

Touch armows to see the reagents needed to carry out the conversions.

OH

SOCl,
R—C—OR' [
ester
amide Il
R—C—NH,
(0]
carboxylate Il
R—C—O"
P p
PhOCH,—C—N S. CH; Ph—(l‘H—C—N S
N NH, N
T X PO
COOH COOH

cephalexin (Keflex®)
a cephalosporin

a penicillin

OH
CH,CH D
Y, SCH,CHN—C—H
N |
(o] H
COOH
imipenem (Primaxin®)
a carbapenem

B-Lactams & Antibiotic Resistance

I I
PhOCH,C—NH
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acylated,

inactive
enzyme

enzyme




B-Lactams & Antibiotic Resistance
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B-propiolactam

http://chemconnections.org/organic/chem227/Staph-infection/index .html
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H + HCl

Basic hydrolysis

H,0
Y+ Na* OH——>R—C—0 *Na+ R'N

Na

~

Example

0
I

C—N(CH,CH,), o €00~ Na*
+ NaOH —— ©/ + (CH,CH,),NH

sodium benzoate diethylamine

diethylbenzamide

The basic hydrolysis of carboxylic acid derivatives is accomplished
by heating the carboxylic acid derivative in the presence of aqueous
hydroxide. To view its mechanism click “Begin

0 NaOI %+ HSO. NHCH
e - ~Aon
HO. b

a NaliSO,
1SOUHO

B




0 0

R—( N + H,0* —> R—C—OH + R'NI

Example o o
| |
N\

| Reactions of Acyl Chlorides

i

RCCI

A

RCOCR'
RCOR'

RCNR),

RCO-

%\_\ CH,—C—NHCH, HO /R\/(ﬂll;—(‘—()li
() + H,80, — || + CH,NH, HSO;
DS S
N-methyl-2-phenylacetamide phenylacetic acid methylammonium
sulfate
Reactions of Acyl Chlorides

Acyl chlorides react with carboxylic acids to give
acid anhydrides:

P70 iR

RCCI + R'COH RCOCR' + HCI

Reactions of Acyl Chlorides

Acyl chlorides react with carboxylic acids to give
acid anhydrides:

P70 i

RCClI *+ R'COH RCOCR' *+ HCI
H\? ?
I
via: R—?—OCR'
Cl

I
CHy(CH,);CCl *+ CHy(CH,);COH

pyridine

A

CHy(CH,)sCOC(CH,)sCH,

(78-83%)

Reactions of Acyl Chlorides

Acyl chlorides react with alcohols to give esters:

i I

RCCI + R'OH RCOR' + HCI




Reactions of Acyl Chlorides

Acyl chlorides react with alcohols to give esters:

I 7

RCClI + R'OH RCOR' + HCI

H

?

via: R—? —OR'
Cl

pyridine

I
CeH:CCl * (CHy);COH CsHsCOC(CHy),

(80%)

Reactions of Acyl Chlorides

Acyl chlorides react with ammonia and amines
to give amides:

i i

Reactions of Acyl Chlorides

Acyl chlorides react with ammonia and amines
to give amides:

i I

RCCl *+ R,NH + HO- RCNR, + H,0
H\ ? +Cr
via R—?—NR'2
cl

RCCl +R,)NH + HO- RCNR', + H,0
+ Ck
. NaOH - ﬁ
CgHsCCl + KN Hz—o’ CyHsCN
(87-91%)

Reactions of Acyl Chlorides |

Acyl chlorides react with water to give
carboxylic acids (carboxylate ion in base):

I I

RCCI + H,0 RCOH + HCI
i I
RCClI + 2HO- RCO- + Ci

+ H0




| Reactions of Acyl Chlorides |

Acyl chlorides react with water to give
carboxylic acids (carboxylate ion in base):

I 7

RCCI + H,0 RCOH + HCI
H\?
via: R—?—OH
Cl

I
CeHsCH,CCl * H,0 —— C¢HsCH,COH * HCI

Reactivity

Acyl chlorides undergo nucleophilic
substitution much faster than alkyl chlorides.

I
CgHsCClI CgHsCH,CI
Relative rates of

Activation of Carboxylic Acids

i 1
CH;C—OH + SOCl, —~> CHC—Cl + SO, + HCI
acetic acid thionyl acetyl chloride
chloride
(ﬁ I
3 CH;CHCH,C—OH + PCl;  —~> 3 CH3CH,CH,C—Cl + H3PO;
butanoic acid phosphorus butanoyl chloride
trichloride
7 g
3QC—OH + PBry —» 3QC—Br + H3PO;
benzoic acid hosphorus b yl i hosphorous
tribromide acid

hydrolysis (25°C) 1,000 1
O: o] o:
\ e g 7. )
CHy—C—0F + :01—8—Cl: —> CHy—C—0—S—Cl: + (I
S ‘T‘_'/
Rl O:
. Ty
CHy—C—{: + 50 + L < CHy—C<Grs—Lr
Qe

| i P
RC—Cl + RCOT —> RC—O—CR + CI”
an anhydride

o)
| |
RC—Cl + ROH —> RC—OR + HCI
an ester

0}
| .

RC—Cl + 2RNH, —> RC—NHR + RNHj; CI”
an amide




Question

Match the reagents to the corresponding reaction.

e,
7R

o

e

M. Butanol, H

A. SOCl,, pyridine o
B. Ethanol, pyridine
C. 1)xs LAH 2) H,0 Seh
D. 1) xs CHyCH,MgBr 2) H,0
E. 1) NaOH 2) H,0* A.AMKC,FD
F. 1) DIBAH 2) H,0
G. HO B. AB,KC,ID
H. xs CH,CH,NH,
1. 1) LIAIOR);H 2) H,0 C.G,B,H,F1,J
J. (CHyCH,),CuLi
PR D.AMHFFJ
L. 1) NaOH 2) CH,CH,CH,COCI E. A,B,HC,IJ
M. Butanol, H*
Question
Match the reagents to the corresponding reaction.
9
A~y o/\/\ I
A 1M, I:E, 1K, IV: C, V: F, VI: F.D
~F B. I:B, Il:G, Ill: H, IV:C, V: 1, VI:D
N, C. M, I:G, N:K, IV:1, V:C, VI:F, D
D. :B, I:E, lll:H, IV:1, V:F, VI:D
E. IEM,I:G, lll:H, IV:1, V:F, VI:D
A. SOCI,, pyridine G. H,0
B. Ethanol, pyridine H. xs CH,CH,NH,
C. 1)xsLAH 2)H,0 1. 1) LIA(OR);H 2) H,0
D. 1) xs CHyCH,MgBr 2) H,0 J. (CH,CH,),CuLi
E. 1) NaOH 2) H,0* K. xs NH,
F. 1) DIBAH 2) H,0 L. 1) NaOH 2) CH,CH,CH,COCI
M. Butanol, H*
Question
Match the reagents to the corresponding reaction.
A. F,GEJCK
Ko, s B. FEG,JCF
C. AELJ DK
PO W D. AGEDCF
E. FEIDCA
A. soCl, G. H,0
B. Ethanol, pyridine H. xs CH,CH,NH,
C. 1)xs LAH 2) H,0 I. HyO0*/Heat
D. 1) xs CH,CH,MgBr 2) H,0 J. (CH,yCH,),CuLi
E. 1) NaOH, H, 2) H,0* . NH,
F. NaCN L. 1) NaOH 2) CH,CH,CH,COCI

Question
Match the reagents to the corresponding reaction.
o SN
/\)kon —_—
0 \
AL B,K 1| C,J
e B.L,B,H,C,1,J
A. SOCl,, pyridine G. H,0 CJ, MK I,C,D
B. Ethanol, pyridine H. xs CH,CH,NH.
C. 1)xs LAH 2) H,0 I 1)LiA|(30R)23H 22)H20 DJ,M,H,C,|,D
D. 1)xs CH,CH,MgBr2) H,0  J. (CH,CH,),CuLi
E. 1)Na0H32)ﬁ30' ‘ K. ><sr3m322 EJ,B. K/, D,J
F. 1) DIBAH 2) H,0 L. 1) NaOH 2) CH,CH,CH,COCI
M. Butanol, H*
Question
Match the reagents to the corresponding reaction.
0 o o
~ e ! ~ A, [ ~ Ko
n
s
/\)
A. SOCl,, pyridine G. H,0
B. Ethanol, pyridine H. xs CH,CH,NH,
C. 1)xs LAH2) H,0 1. 1) LIAOR)H 2) H,0
D. 1)xs CH3CH2N2IgBr 2)H,0 J (CHacHz)zéuLi ‘ AK,G,F
E. 1) NaOH 2) H,0* K. xs NH.
F. 1) DIBAH 2) H,0 L. 1) NaOH 2) CH,CH,CH,COCI BKEC
M. Butanol, H* CH, E‘ F
DA G,F
EH G, C
Question

Identify the reagents needed for the following synthesis.

/\/\)koﬂg, A~~~

SOCl,, pyridine
H,0
. 1) xs LAH 2) H,0

TMOO®»

. 1) (CH,CH,),CuLi 2) H,0
. 1) (CH,CH,CH,),CuLi 2) H,0
1) (CH,CH,CH,CH,),CuLi 2) H,0




Activated Carboxylic Acid Derivatives

in Living Organisms
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an acyl an acyl an acyl adenylate a thioester
“activated" carboxylic acids
B-phosphorus
IN/ 119 7
enzyme
A /T\O/"’\’(V)/'l)\“ R/C\O/If\o/‘l’\ " _ /T’\Ad
(O N o O o
adenosine triphosphate an acyl
ATP AMP

o o
P
N0 ™ad
0’0 o~
ADP
a-phosphorus
o o O o (0] o o
| [ I enzyme Il [l
C + Q — C_ P P
o Do’ Dy Dad R o Do Do-
o7 0" O o 0
an acyl adenylate pyrophosphate

adenosine triphosphate
ATP




