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Reactivity Compound formmla model carbonyl group
2 ¢ ©
" &

Most reactive  Acetyl chloride CH;C—Cl1 “% Least stabilized
5 B &

Acetic anhvdride

CH,C—OCCH;

o ® e
Ethyl acetate CH:C—ocH.cH; @_ @ ‘ <
P
O '™ .
| G- &
Leastreactive  Acetamide CH;C—NH-» I 4 Most stabilized
[ 1%
o
f: }iﬁ_ }El:_
CO: 0 :0: R—C <« R—C'_ <> R—C
4 / / \ ol .
R—C +«—R—C «—— R—C ‘Cl: -Cl+/ iCl
H'"'E{-_ H'.? %’j{* Lone-pair donation Mot a significant
) . meffecuve because of contnbutor
poor orbital overlap
_E}: 0 (0 3§ H J ) H 3
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0: 0: 0 O: .67
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R—C is more effective than C.e C — «— R—
\9 R™ 07 TR 9 Y+
OR ) NR’ NR
Ester Acid anhvdride Very effective resonance stabilization
:0 O:
(:.._ slow _ —+ s Nu —
Ty — X + R—=0: ———— _
R X fast R Nu
Carboxvylic acid Acylium ion Carboxylic acid
derivative derivative
= B
0 :0, i 0
X _
>~}: +  Nip — >: — Nuo+ X
R R Nu’ R
Carboxylic Nucleophile Transition state Product Anion of
acid derivative leaving group
TR T =
H —t..]}\}i—H I-I—{}>:\‘}{ 10 X
R MNu R Nu R N
TI—H* TI T
fli‘ﬂt:]jugu!c: acid of _r].l_‘E[.';ﬂ'll..'jd_l.'Lll\ Conjugate base of
tetrahedral intermediate intermediate tetrahedral intermediate
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Propanoyl bromide 2-Methylbutanoyl chloride

(Propionyl bromide)  (2-Methylbutyryl chloride) Heptanoyl chloride
2 o 0 o O o o
O \)J\G)J\/ AJ\D)J\ R).I\DJJ\R
O Propanoic anhydride Ethanoic anhydride Symmetrical Anhydride
Succinic Anhydride Propionic anhydride)} (Acetic anhydride)
\Jj\ J[L P! 1] E
0 )kg)k/\ CH:COCCH; |0
Ethanoic propanoic anhydride Butanoic ethanoic anhydride \
(Acetic propionic anhydride) (Acetic butyic anhydride) 0
Acetic anhydnide Phthalic anhydride Maleic anhydride

Chain from the Corresponding > J\ < Aloxy Alkyl Chain

Carboxylic Acid
Df‘
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Ethyl acetate Vethyl propanoate 2-Chloroethy| benzoate
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3-Methylbutanamide N-Ethyl-3-methylbutanamide N-Ethyl-V.3-dimethylbutanamide




Esters are named as if the alkoxy alkyl chain is a substituent (Prefix + yl). This is followed by the name
of the corresponding carboxylic acid part of the ester with -ic acid or -oic acid replaced with the
ending —ate. The carbonyl carbon is given the location number. The carbonyl functional group is
assumed to be on the end of the parent chain, so it is not necessary to include the functional group

location number in the name

0O 0O 0 0 0
“
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MEthﬂ ethanoate Ethlﬂ propan oate Dimethyl glutarate Ethyl cyclopentanecarboxylate

Thioesters are named as if the sulfide alkyl chain is a substituent with the letter S preceding (S-Prefix +
yl). This is followed by the parent chain of the corresponding carboxylic acid, named as an alkane with
the ending —thioate added. For thioesters attached to a carbon ring the ending -carboxylic acid is
replaced with -carbothioate. When using the common names of the carboxylic acid the -ic acid ending

IS replaced -ate and the prefix thio- is added.

' - 0
Chain from the Corresponding T
Carboxylic Acid ’ R)LS’RI <—  Sulfide Ayl Chain
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HsC”~ TSCHs

S-Methyl thioacetate

=0

C
i O “SCH;
C
CH1CH,CH?Z “SCH,CH;

S-Ethyl butanethioate S-Methyl cyclohexane-
carbothioate

Nomenclature of Amides, RCONH,, RCONHR', RCONR'R"

Primary amides (RCONH,) are named by changing the name of the corresponding acid by removing

the -oic acid or -ic acid endings and adding -amide. Amides derived from a cyclic carboxylic acid have

the -carboxylic acid ending replaced with -carboxamide. The carbonyl carbon is given the #1 location

number. It is not necessary to include the location number in the name because it is assumed that the

functional group will be on the end of the parent chain.

O

\)J\NH

Propanamide

z

Z2-Bromobutanamide

O

0
/%NHE NH

Br

Cyclohexanecarboxamide

MNH2

Benzamide




Secondary (RCONHR') and tertiary (RCONR'R") amides are named by using an
upper case N to designate that the alkyl groups are attached to the nitrogen atom.

These alkyl groups are named as substituents (Prefix + yl).

i 0 I
"VCEHJ" /\)LN,""‘““‘..__ \"‘-\",,-"C‘-HN.-’"
) ! |
N-Methylpropanamide N-Ethylbutanamide N,N-Dimethylpropanamide

0 0 e
—N_ N—H
H

B-Lactam y-Lactam d-Lactam




1.2-methylpentanoyl chloride .
2.2-cyclopentylacetamide .
3.propyl 2-methylpropanoate .
4.Cyclohexylbutanoate .

5.sec-butyl cyclopentanecarboxylate .

6.1-methylbutylcyclopentane carboxylate.

7.N-methyl-3-butenamide.

8. propyl 2,3-dimethyl-2-butenethioate .

1.benzoic anhydride

2.phenyl hexanoate

3.methyl benzoate

4.3-chloro-N-ethylbenzamide

5.pentanamide
N-phenylethanamide.1

6.Methyl 1-methylcyclohexanecarboxylate

/.Ethyl 3-oxopentanoate

8.5Methyl p-bromothiobenzoate

9.Formic propanoic anhydride

10.cis-2-Methylcyclopentanecarbonyl

bromide



Reaction of acid anhydride

T | |
RC—OCR + HY: — RC—Y + HOCR
P
Bond cleavage Nucleophile Product of Carboxylie
occurs here in nucleophilic acid
an acld anhydnde. acyl substitution
Conversion of Acid Anhydrides into Estes

O O

g 00 g 0

TOH T NaOH TOH I

+ CH3COCCHy  —o— + CHsCO™
OH l-'.|]'
Salicylic acid Acetic D{,—'C ~CH
{o-hydroxybenzoic acid) anhydride 3
Aspirnin (an ester)
Conversion of Acid Anhydrides into Amides
H
|
NH; 00 N._ .0 0
+ CHtolch, -NeoH I + CHito
3 3 H,0 CHa 3

HO

p-Hydroxyaniline

Acetic
anhydride

HO

Acetaminophen
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RCOCR + ROH —— RCOR' + RCOH

Acid Alcohol Ester Carboxylic
anhydride acid
A0 o §
+
(9 HO™ T~ o T~~~
Acetic anhydride sec-Butyl sec-Butyl acetate
alcohol (60%)
O O O O
[l || |l +
RCOCR + 2R.;NH —— RCNR> + RCO HzNH:
Acid Amine Amide Ammonium
anhydride carboxylate salt
O
L )0 )
)]\ + NH N
AL \_/ \ 7\,
Acetic anhydride p-lsopropylaniline p-lsopropylacetanilide

(G8%)
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Acetic anhydride Sodium p-Nitrophenyl Sodium

p-nitrophenoxide acetate (T8%) acetate

THE MECHANISM:

Step 1: Nucleophilic addition of p-nitrophenoxide to one of the carbonyl groups of the anhydride gives the conjugate base
of the tetrahedral intermediate (T1™).

Q
:0 0: D_(
5 -

Acetic anhydride p-Nitrophenoxide ion Conjugate base of
tetrahedral intermediate (TI")

Step 2: Expulsion of acetate from TI™ restores the carbonyl group.

ﬂ%ﬁg{}m = _éi_}—@—woz + i@.—

Conjugate base of p-Nitrophenyl acetate Acetate ion
tetrahedral intermediate (TT)




Chemistry of Esters

i
CHaCH2CH2COCHS

Methyl butanoate
(from pineapples)

l:l:il CH=
CH3COCH3CH2CHCH4

Isopentyl acetate
(from bananas)

It
CH,OCR

i
CHOCR
| o

Il
CH,OCR

A fat
(R = Cq9-17 chains)

Preparation of Esters

1. NaOH

2. R'X

O
1]

C
H.-f"‘ -“HDHJ

Method limited to
prnmary alkyl halides

simple alcohols

i i
SOHCl
~C £ G
R OH R Cl
H OH H "
HCI Pyridine
O O
,'.1 ]
R~ TOR' R TOR'
Method limited to Method is

very general




Reactions of Esters

A lactone
0 (cyclic ester)

Conversion of esters into Carboxylic Acids: Hydrolysis

il i
H>O, MaOH
+ R'OH
HICMDH or HgO+ HMCMDH
Ester Acid Alcohaol
Cl Cl
o HCl1 OH
= ~ + HO0 — - =
et ] ~"OH
Ethyl Water 2-Chloro-2-phenylacetic Ethanol
2-chloro-2-phenylacetate acid (B0-—82%)
(8]
f{} water— — OH
+ NaOH mn:lllannl )J\
~heat ONa N
o-Methylbenzyl Sodium Sodium o-Methylbenzyl alechol
acetate hydroxide acetate (95-97%)

Mechanism of base-induced ester hydrolysis (saponification)
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malall Tl 3 Jlasl

o O
H,;0+
J.I\ B HO )‘I\ + CH?DH
R OCH4, R OH
A ]'ne.th}r[ Water A ca[‘hnz}r[i,c Methanol
ester acid
. ._H
O .'/_\ H +0 H
+/ fast
RJ\.. =+ H—G\E _— R . + :DII‘:
OCH3 - OCH; -
Methyl ester Hydronium ion Protonated ester Water
.. .H Y
+0~ HO: :0—H
Cnfﬁ‘\ - Blow % P
)-I\ .. + 0: —_— X ..
R '[_:]'C Hs ""H R '[:_]'C Hj;
Protonated ester Water Conjugate acid of tetrahedral
intermediate (TI-H*)
H
HO: }D?H’_\ H HO: :0H H
% fast Y
/< + :G::: e /< + H—T)i'.
E QCH; u E QCH; H
Conjugate acid of Water Tetrahedral Hydronium ion
tetrahedral intermediate intermediate {TT)
(TI-H*}



HO: :0H H HO: :0H H

= + fast ;
/4" . Hﬂ:{: o + .'D“.'
R QC H; H R .(%:._'_ 11
CH3
Tetrahedral Hydronium ion Cunjugafe, acid ":"f Water
intermediate (TT) tetrahedral intermediate
(TI-H™)
- re .. .H
HO: O—H o H
= glo
L= L VO * S
R o R - CH3
CHsx
Conjugate acid of Protonated Methanol
tetrahedral intermediate carboxylic acid
(TI-H™)
6" o
- H : H
fast
R +0 LI R 0O: H
Protonated Water Carboxylic acid H vdroniurm
carboxylic acid iom
This bond is broken.
O
I 1. NaOH, H,0 | *
_C.“4 3 TOF _C.__+ HOCH,CH;3
CH3CH3 ~OCHsCHg =3 CHaCH; ~OH




Conversion of Esters into Amides: Amino lysis

Methyl benzoate

i 0
RCOR" + MH —— RCNH-, + R'OH
Ester Ammonia Amide Alcohol

O (o]

Il I

E"‘h C""H..

OCH3 N NH>
©/ T.:,' ©/ + CHz0OH

Benzamide

=

0
F\)J\(:,f’“x + <:>7F~LHL

0
F\)J\.‘#H—< > " oo™

2-methylpropenoate

Ethyl fluoroacetate Cyclohexylamine N-Cyclohexyl- Ethanol
fluoroacetamide (61%)
O O
_ H-0
+ NHj; + CH;0OH
OCH; NH; '
Methyl Ammonia 2-Methylpropenamide Methanol

(75%)
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O
= o T~ LiAlH,, diethyl ether = OH o~
- | 2. H;0° -~ N OH
Ethyl benzoate Benzyl alcohol (90%) Ethyl alcohol
O
1. LiAlH4, eth
CH3CHoCH=CHCOCH,CH3 H'?G;‘ . CHaCHyCH=CHCH,OH + CHsCH,OH
Ethyl 2-pentenoate 2-Penten-1-ol (91%)
O
?H
1. LiAlHy, ether
0 2. Ha0* HOCH3CH3CH7CHCH,
1.4-Pentanediol (86%)
CHsa
A lactone
l'.-_-l: HAIH; AlH, H ;::}\_ ()
) ~ ~ s oo
R {:'CH'{ diethyl ether B [(_.-E}CH'J. R H
Methyl ester i Aldehyde Methoxide ion




Je lail) 4K

E_:D: P 0" 0 OH
—|l N LiAHg | l:|: I | 1LiAH (|:
Ao Pl e R T 0, RO R0 Rt
R” “OR H*D{*‘ R H HJ
Aldehyde A primary
alcohol
0 _ 0
| 1. DIBAH in toluene _ | + CHaCH-OH
C 2. Ha0* C -
CH3(CHs)gCHy ™ ~OCH,CH4 ! CHa(CHylgCH, ™ H
Ethyl dodecanoate Dodecanal (88%)

H
where DIBAH = |
Al




Reaction of Esters with Grignard and Organolithium

Reagents and Lithium Aluminum Hydride )l S Rl ae Je il
0
f oo 1 diethyl ether X .
)‘I\ 7 2 . . CH;0H
R OCH, + 2R MgX or 2R Li > HO oH * 3
Methyl ester Gngnard or Methanol
organohthium reagent
O I -MgBr OH —_—,
I = |/ \
C.hh_h 1. 2 W C_‘.."-L _.-:.,}
OCH3 e, L " A
©/ 2. HzO™* -

Methyl benzoate

Triphenylmethanol (96%)

Ethylmagnesium
bromide

Methyl benzoate

0 1. diethyl ether
2CH:CH:MgBr + T {E{EHECHE}E
OCHa o

3-Phenyl-3-pentanol

OH




The Mechanism of Grignard reaction with Esters

nucleophilic
( ® attack
MMQCI — \KIYO =t
Ester .
Grignard Alkoxide
reagent Good TG

Expelling EtO"

S,
\’AR - RZMgel \'/”\R + EtO
R

The second Grignard

H " addition to the C—Q0
%@ Acid
H- " ~H workup
OH
R

R Two alkyl groups from the Grignard

3° Alcohol




Chemistry of Amides O 10 08
H H H
A B C
Preparation of Amides
I
c : H,C (J----H H
NH23 - H 2NH i - -
[IZI] e R CI 2 l.'i:ll S N
RN, | R R~ NRY, N A
s e
H H--=-0 CH-
0
'I:I:
R” TNHR

Reactions of Amides Conversion of Amides into Carboxylic Acids: Hydrolysis

o 55 5aY) zela 5 raalal) Llasa) 45 g8l (aleaVWI ) sany & by eladly Jlaill G W) el eday elally CilageYl Jlas
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RCNR: +

Amide Hydronium ion

0
|

— RCOH
Carboxylic

acid

Ammonium 1on

malall Tau gl 3 Jlal

An amide

Fr-" “‘NDH

A carboxylic acid

g2l Jaw gl) d Jlal

-""':.D . e
Il\__ ” l-{."‘__.-"'

PN

NH2

—_—
—

R

An amide

H"}C"—H{:}'H

O
I

.-""":"‘--. —

+  NH3
R 0

A carboxylate
ion




= I 0 — 0
Hz0, Ha50y .
. . | - NHs® HSO4
NH: heat OH
- ~
2-Phenylbutanamide 2-Phenylbutanoic acid Ammonium hydrogen
(B8—90%) sulfate
O

O

j KOH )]\
IHUHT ethanol—water, heat o K+ + HalM @ Br
H

A4 4-Bromophenyl jacetamide Potassium acetate p-Bromoaniline (95%)




Conversion of Amides into Amines: reduction

i ' i H H
| 1. LiAlH4 in ether \ /
C fCH 7 Ha0) i c ) CH
CHa(CHlgCHy ™ N7 7 CHg(CHalgCHy ™ N |
H H
N-Methyldodecanamide Dodecylmethylamine (95%)
. AH H. + _H
=~ LiAMH, - I N
HHCHNHE v Ether H*“E_EHH HECHH '-.III H.}{:H-..H
HEN!--’ W H
Amide . |
Iminium ion Amine




1. LiAlH,4, ether

N 2. H,0 "
H H
A lactam A cyclic amine (B0%)
ﬁ* 'r
Ny o ~CH3 | N ~CHa
“ 1. LiAlHg, ether. N\ ¥ Hy0
0 2. Hy0 H H

N-Phenylacetamide

N-Ethylaniline




Thioesters

| |
CHyCH;CH,CH,SH + CH3;CCl —— CH;CSCH;CH,CH;CH;
|-Butanethicl Acetyl chloride Buty thicacetate (91 %)

0 0 .
I I ‘fl’fJ ‘ﬁt‘?
CH;CH,—XH + COH —= C—XCH,CH; + H,0D
.-f"‘ct"j.!’ -~ C@f
Ethanol: X =0 At equ hbriom: X =0;68% I
More effschve Less effective

Ethanethiol: X = § X=515%




Enols and Enolates

- H
O
© keto—anal
H Automeration e
- =
Keto tantomer Encl tantomer
acid—base “ acid—irase
20 :} electron SO
delocalizatom
N - _ -

Enclate




0: . - .
e )v.:.: e A
OCH; 7 0H; N

H H
2-Methylpropanal

ﬁ: ia L) LL) -
)_L K=10"® /j\ 0: O P ‘OH O
T ra Dﬂﬁ‘-\. H""\- E]ﬁ

Acetic acid

Methyl acetate

Ethyl acetoacetate

O:
/”\ K=Bx10° )\
O O .OH O
K=2x10""
rostone M ' M

)l\: K=Bx 10~ /\ 2 4-Pentanedione
H H

Acetaldehyde




Acld-Catalyzed Enollzation of 2-Methylpropanal
THE OVERALL REACTION:

j i) n.0* : _‘.U—H

H H H
2-Methylpropanal Enol
THE MECHANISM:
Step 1. In aqueous solution, hydronium ion transfers a proton to the carbonyl

oxXygen.
ok H tO—H H
J—_j:\i]_l_af: fast “} {r + d
L \
H H H H H H
2-Methylpropanal Hydronium Conjugate acid of Water
ion 2-methylpropanal

Step 2: A water molecule acts as a Brensted base to remove a proton from the
o carbon of the pmnt-u:rnﬂtﬂd carbomyl.

H :0—H
E.lc-w N+ _
\\__-%—4 :O—H  + y—
H H

Water Conjugate acid of Hydronium Enol
2-methylpropanal ion




0 O O
cL, Cl H,0 OH
H, 0 K200
.
Cyclohexanone 2-Chlorocyclohexanone 2-Hydroxycyclohexanone
(61-66%) (T6%)
Br
OH OH
= Br, PCl,
| e 0 benzene, 80FC 0
Phenylacetic acid 2-Bromo-2-phenylacetic acid
(B0-62%)
Enolates - .07
— O :0
TN O .
HD : 4 H ﬁ —_—— HD —L1 + __.-'"-.
Hydroxide tert-Butyl methyl Water Enolate
{base) ketone (acid) (conjugate acid) (conjugate base)
tlli D_ ) D 0 D
H \’)J\ 25.6 )\ 13
o ™ o’ "ﬁ“OMDﬁ Ao o TS
Ethyl acetate H H H
A iliji_ ) Dietr'.y_-l malonate -
H \)J\ 19.1 )\ G: O Jo B e
11 —
)J}(U\D"h‘“- /\)I\D”ﬂx

Acetone H H H

Ethyl acetoacetate



Acylation of Enolates : The Claisen and Related Condensations

) O O
| NaOR’ [ -
2RCH-COR" m" RCH,CCHCORE" + R'OH
R
Ester B-Keto ester Alcohol
O O O
\)j\ 1. NaOCH,CHs
2 Dﬁ 2 HO - Gﬁ + "_.-"ﬁ“-.‘DH
Ethyl propanoate Ethyl 2-methyl-3- Ethanol
oxopentanoate
Step 1: l'.] I:I_
D + 'H f\ ,,m.\\ OH 70
Ethoxide Ethyl propanoate Ethanol Enolate of ethyl
Step 2: l'.:'.i_ D
Ethyl propanoate Enolate of ethyl Anmnionic form of

propanoate tetrahedral intermediate



Step 3:

Amnionic form of
tetrahedral intermediate

Step & C_D‘ :0
O + \)Mu\:‘jf‘“m —
k” ;
Ethoxide  Ethyl 2-methyl-3-oxopentanoate

(stronger acid: pK; = 11)

Step 5:
07 70
& oY
\““‘-. ﬁj’ﬁ"\,‘\ + H—-?'.‘:
- H
Conjugzate base of ethyl Hydronmm 1on

2-methyl-3-oxopentanoate

(stronger acid: pK; =-1.7)

0O: :0
Ethoxide ion Ethyl 2-methyl-3-
oxopentanocate
0: :0
/__,-"'\.“ as
O ¥ e
Ethanol Conjugate base of ethyl

(weaker acid: pK; = 16) 2-methyl-3-oxopentanoate

O: 0 IH
— Dﬁ" + :Dh:
H - H
Ethyl 2-methyl-3-oxopentancate  Water
(weaker acid: pKj = 11}



Dieckmann cyclization

0

ﬂDJM.r O._~

O
Diethyl hexanedioate

o} e ‘I\ . o ) : 5
(N of o 0: 100 0 oo
- O 0 LAY ) CH.CH.O f
— \i\, S . . ¥
N\
Enoclate of diethyl Ethyl (2-omocyvelo-
hexanedioate pentanejcarboxylate

1. NaCQ}CH;CH; i
07

2 H0T
Ethyl (2-oxocyclopentane)-
carboxylate (74-81%)

Alkylation of Enolates: The Acetoacetic Ester and Malonic Ester Syntheses

1. LDA | 1 2-dimethoxyethans
—T78*C 1o 30°C

(ID
2-Methyl-
cyclohexanone

2. C4H:CH,Br, 40°C

CH-CsHj5

O O

—— CH-C¢H;

2-Benzyl-6-methyl-
cveclohexzanone

2-Benzyl-2-methyl-
evelohexzanone




O O 8] O

K40,

2. 4-Pentanedione Methyl iodide 3-Methyl-2.4-pentanedione
(onlv preduct: T5-T7T% vield)

0: :0 0: 0 T0: O
> O & .
H H H
O o 1. MaOCH;CH;, ethanol e Q
)‘I\/H\Dﬁ 2. CH3CH,CH.CH,Br o~
Ethy] acetoacetate Ethy] 2-buty]-3-oxocbutanoate
(T0%)
) ) O O
J\/u\ 1. Natx“H+CHs. ethanol
=0 0~ ™ 2 H,C— CHCH,CH.CH.Br ~" 0 o T~
-
Diethyl malonate Driethyl 2-(4-pentenyl)malonate

(83%)



O 8]
)-I\/I-I\D o~ _|.NaOH, H;0

heat
2 HO OH "cpo,
w
Ethyl 2-butyl-3- 2-Butyl-3- 2-Heptanone {(60%)
oxobutanoate oxobutanoic acid
0 O :‘lj O 0
,"’"'—\‘“DJVIJ\D’HM 1. ¥NaOH. H-O neat ).I\
2 H:O° HO OH  —cor” OH
W - W
Diethyl 2-(4-pentenyl)- 2-(4-Pentenyl)- 6-Heptenoic acid
malonate malonic acid (T35
Q Q I. NaDCH,CH,, ethanol Q Q
‘__,,:-""‘*-._DJ'I\/I'I\DJ"""\.\“ 2. CH5Br ’ﬁD D"fﬁ-‘“\

Diethyl malonate

then
0 0 1. Ma(x“H2CHj;, ethanol
2. CH3(CH;)gCH,Br
.,-"”"‘H.D .D*fﬁ‘x. 3. KOH, ethanol-water
4. H;0*
5. heat

Diethyl 2-methylmalonate

Diethyl 2-methylmalonate

O

CH»(CH:)»3sCH53
HO

2-Methyldodecanoic acid
61-74%)




0
Br 0 MaOCHCH5 0 l. HyO"
+ —_—
gthanol 7
Br 0 0 2. heat OH
1. 3-Dibromio- [Diethy] malonate Diathyl Cyclobutane-

propans 1. lcyclobutanedicarboxylate carboxylic acid



