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CH,COH

Acetic acid
(present in
vinegar)
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lonization of ethanol

(CHy),COH

COH
(CH,)4CH;3 @:
§ OﬁCH3

HO
OH fo}
PGE, (a prostaglandin; a small amount Aspirin
of PGE, lowers blood pressure
significantly)

~ [H'][CH5CH,0 ]

H,CH,OH =— H" + CH;CH,O K,= =10"1'°
CH;CH,0 CH;CH,0 a [CH,CH,OH] 0
Ethanol Ethoxide ion
lonization of acetic acid
i i
_ [H][CH;CO, ] _s
CH;COH — H" + CH,CO K,=——"=-"=18X%X10
3 ? @ [CH;CO,H]
Acetic acid Acetate ion
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21/10/2023

..doing
science
for better
health! Neoubien
| L) e K=10" [— .
RC—O—H + ‘OH —> RC—0: + H—OH
Carboxylic Hydroxide Carboxylate Water
acid ion ion
(stronger (stronger (weaker (weaker
acid) base) base) acid)
H
5= 5+ | /O
Cl—(lj—C
«—F | «—+ -
H 0]
Chloroacetate anion is
stabilized by electron-
withdrawing effect of
chlorine.
..doing
science { . . 1
for better Acidos dicarboxilicos
health! (e
0 T
©
HOC—COH == H' + HOC—CO~ K =65%X102
Oxalic acid Hydrogen oxalate pK; =12
(monoanion)
i i
K,
HOC—CO —=—=H"+ 0C—CO  K,=53x107
Hydrogen oxalate Oxalate pK; =43
(monoanion) (Dianion)
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SO, 0 0
— I I. ol
\ MgX :0 —> RCOMgX 7> RCOH
+ - 2 -
Grignard reagent Halomagnesium Carboxylic
acts as a nucleophile carboxylate acid
toward carbon dioxide
..doing
Preparacao de acidos
for better .
health! o carboxilicos
1. Mg, diethyl ether
CH3(|3HCH2CH3 S o> CH;CHCH,CH,
3. H;0
Cl CO,H
2-Chlorobutane 2-Methylbutanoic acid
(76—86%)
1. Mg, diethyl ether
2. CO,
3. H;0
CH; CH;
Br COzH
9-Bromo-10-methylphenanthrene 10-Methylphenanthrene-9-
carboxylic acid (82%)
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health! s carboxilicos
carbon dioxide carbonic acid
0=C=0 HO
- C—O - C=

H,0 \_) H r}'0/ HO/
..doing i
science Preparacao de acidos

health! Wi carboxilicos: hidrolise de nitrilas

P

+ “C=N: —> RC=N + :X:

Primary or Cyanide ion Nitrile Halide ion
secondary alkyl (alkyl cyanide)
halide

heat H

RC=N + 2H,0 + H" —> RCOH + NH,"

Nitrile Water Carboxylic Ammonium
acid ion
0)
II 50, I
NaCN H,S0,
QCHZCI S0 QCHZCN - QCHQCOH
Benzyl chloride Benzyl cyanide (92%) Phenylacetic acid (77%)
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I
RCO,H + SOCl, —> RCCl + SO, + HCl

Carboxylic Thionyl Acyl Sulfur Hydrogen
acid chloride chloride dioxide chloride

socl,

|
— CH,CCl

CH,CO,H

CH5;0 CH;0

m-Methoxyphenylacetic acid m-Methoxyphenylacetyl chloride
(85%)
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i
e
RCO,H + R'OH —— RCOR’ + H,0

Carboxylic Alcohol Ester Water
acid

CO,H COCH;
+ CHOH 224

Benzoic acid Methanol Methyl benzoate
(70%)
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0] /\ls this the oxygen originally present
|| in benzoic acid, or is it the

COCH; oxygen of methanol?

i i
CHsCOH + CH0H —— CeH;COCH; + H,0
Benzoic acid  '®O-enriched ¥0-enriched Water
methanol methyl benzoate
steps 1-3 OH steps 4—6
V4 | H V4
C6H5C\ + CH3OH C6H5(|:_OCH3 ] C6H5C + Hzo
OH OH OCHj3;
Benzoic acid ~ Methanol Tetrahedral Methyl Water
intermediate benzoate

..doing
for better ESt@I‘lﬁCﬂ(}ENLO
health! Neaubieo

The overall reaction:

CH 0O: H

7 VA 4 /
C,HsC + =o\= = CHC + :0\:
=QH H =QCH3 H
Benzoic acid Methanol Methyl benzoate Water

Step 1: The carboxylic acid is protonated on its carbonyl oxygen. The proton donor
shown in the equation for this step is an alkyloxonium ion formed by proton

transfer from the acid catalyst to the alcohol.

O: CH “O—H CH
/ /\ N / 3 7 / 3
CeHsC +  HO: — C¢HsC + 0
\ N\ A\ \
:0—H H :0—H H
Benzoic acid Methyloxonium ion Conjugate acid Methanol

of benzoic acid
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Step 2: Protonation of the carboxylic acid increases the positive character of its
carbonyl group. A molecule of the alcohol acts as a nucleophile and attacks
the carbonyl carbon.
O0—H CH OH cq
g /7 A
CHCE 10 — C6H5C| Jo\:
\
:0—H H :OH H
Conjugate acid Methanol Protonated form of
of benzoic acid tetrahedral intermediate
Step 3: The oxonium ion formed in step 2 loses a proton to give the tetrahedral
intermediate in its neutral form. This step concludes the first stage in the
mechanism.
:OH o, cHy =i|3H CH,
CeHsC —20: + 30: = CgH;C —OCH, + H-O:
| Y (_/ \ [ = \
:OH H H :OH H
Protonated form of Methanol Tetrahedral Methyloxonium
tetrahedral intermediate intermediate ion
..doing
science . ~
for better Esterificacao
health!  Nekio

Step 4: The second stage begins with protonation of the tetrahedral intermediate on
one of its hydroxyl oxygens.

=(‘)H H, =(|)H CH,4
CeHsC—OCH; + H C*g: = CHC—OCH, + :0\:
:(‘)H H +(|) H
e PN
H H
Tetrahedral Methyloxonium Hydroxyl-protonated Methanol
intermediate ion tetrahedral intermediate

Step 5: This intermediate loses a molecule of water to give the protonated form of

the ester.

QPH *OH H

s 7/ /

CeHsC—OCH; ——= CgHsC + O\
o {QCH, H

7N
H H
Hydroxyl-protonated Conjugate acid Water
tetrahedral intermediate of methvl benzoate
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Step 6: Deprotonation of the species formed in step 5 gives the neutral form of the
ester product.

L -y
//o He—  CHs //o ) /CH3
CeHsC + :0: — Cf,HSC\ + H—O\=
:QCH;, W :0CH; H
Conjugate acid Methanol Methyl Methyloxonium
of methyl benzoate benzoate ion
..doing
science . ~
for better HEsterificacao: Lactonas
health! Nk
O
|| 0
HOCH,CH,CH,COH ——>
0]
4-Hydroxybutanoic acid 4-Butanolide
I
HOCH,CH,CH,CH,COH — GO
O
5-Hydroxypentanoic acid 5_Pentanolide
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[+]

H20 f It Hz0 i only on heating with
. .
)l\ )I\ fastat 20 °C JI\ )J\ acid or base catalyst
R Cl R OH R OEt R OH
[o] [+] H,0 [o] Q Hz0 [ only on prolonged heating
Jj\ J‘\ N )I\ Slow at 20 C )I\ —_— JJ\ with strong acid
R 0 R OH R NHz R OH

or base catalyst

2o Y The Hell-Volhard-Zelinsky

for better

health! Neoukico reaCUOﬂ

R2(|3C02H + Br, —> R2(|3C02H + HBr

H Br

Carboxylic acid Bromine a-Bromo Hydrogen
carboxylic acid bromide

O O
[ B PO I
CHZCOH hcn/:n:, 80°C (|:HC0H
Br

Phenylacetic acid a-Bromophenylacetic acid
(60-62%)

10
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The Hell-Volhard-Zelinsky (HVZ) Reaction
The HVZ reaction replaces a C-H bond on the alpha-carbon of a carboxylic acid with
a C-Br bond.
Bonds Bonds
o] 0 Brok
1) PEry (1 equiv) Formed roken
a a
_— — _
\/%LOH - OH c C-H
2 (1 equiv)
H H H H-Br Br—Br
2) H20 . . - -
Carboxylic acid alpha-bromo Carboxylic acid
The reaction proceeds in four steps: +HBr  +HOPBr,
1. Nucleophilic
acyl substitution H,0
PBr; 4. Hydrolysis
2. Keto-enol 3. Bromination o
Q tautomerism OH
\/YL —_— \/\%\ 2 \/Y’L
~ —_—
H H H H
The resulting products can be converted into amino acids, alpha-bromo amides and esters.
. v

https://www.masterorganicchemistry.com/

...doi '
ctiencs 1. The Hell-Volhard-
for better . .
heaith! i Z.elinsky Reaction
Bonds Bonds
. 0 1) PErg (1 equiv) . o Formed Broken
\/%OH 2 (1 equiv) OH ¢ C-H
H H 2) H,0 H H-Bi Br—Br
+ HB + HOPB
Carboxylic acid

alpha-bromo Carboxylic acid

- The function of PBrj is to convert the carboxylic acid to an acyl bromide

* The function of Br;, is to convert the acyl bromide to an alpha-halo acyl bromide

- The quench with H,O (step 2) converts the acyl bromide back to a carboxylic acid.

21/10/2023
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el And Bromine: The
Reactants From “Hell”

“P, Brp “ Alternate Way Of Showing Reagents In A Hell-Volhard-Zelinsky Reaction:
(this actually ends up being the same thing as PBr; + Brp)

0 0
1) P, Br, "
B —— OH
2) H,0

P/Br; really just means the same as PBr3 / Br;.

2. Red Phosphorus
(P) and Bromine: The
Reactants From “Hell”

The Reactants From “Hell” - P + Br;
-[I'he “P” here is red phosphorus (not to be confused with ]
t

Black phosphorus.

he black or white phosphorus allotropes)
* Red phosphorus combined with bromine (Br,) gives PBry

2P + 38rp ———— 2 PBrg

Red phosphorus

+ PBr3 will convert carboxylic acids to acid bromides:

o] 0
PBrs
+ HOPBr,
A e A ‘
Carboxylic acid Acid bromide

+ Bromine (Br,) will form C-Br bonds on the alpha carbons of acid bromides
(via the enol)
So long as there is 1 equiv of Br left over after Br, reacts with phosphorus
to give PBrj, the reaction will go to completion:

White phosphorus

12
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0
+ HBr
Br
(1 equiv) 8 H

The final step is hydrolysis of the acid bromide with water
(or sometimes, other nucl f~L,Dh ies)

L

.}, ,.
| {

..doing : 3. A Gulded TOlll’

science

oY Through Hell. Stage 1:
PBr3

Step 1 of the Hell-Volhard-Zelinsky: Conversion of A Carboxylic Acid
To An Acid Halide

PB Bonds Bonds
\/\fo -3 O  Formed Broken
OH Br C-Er C-OH
+ HO-PBr,

21/10/2023
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Enolization
Second Step Of The Hell-Volhard Zelinsky Reaction: Enolization
Bonds Bonds
Q OH Formed Broken
PRSI /
\/% —_— \/\H\ cCE) €0 (i)
H H (process is H O-H C-H
facilitated by acid)
“Keto™form “Enol”-form
AC/DC - Highway to Hell (Official Video)
The Rube Goldberg machines
..doing 5 .
sclence 5. Hell’s Kitchen:

health!  Naki Bromlnation Of The EnOI

Bromination of the alpha-carbon of the acid bromide

alpha” carbon  Enolization Attack of enol 8
{'\_ .. onBr, r
o] LL;OH “90"'l
|
H H H H
“keto” tautomer enol

(redrawn nicely)

of acid bromide

l Deprotonation

Net Net
. Bonds Bonds
o Formed Broken
a C-Br CH

(“ugly version” of initial H + HBr
product of bromination)

alpha-bromo acid bromide

14


https://youtu.be/l482T0yNkeo
https://giphy.com/gifs/moc-organicchemistry-hell-volhard-zelinsky-uvayhDzcwC9Jgj0rf4?utm_source=iframe&utm_medium=embed&utm_campaign=Embeds&utm_term=https://www.masterorganicchemistry.com/
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doing ' 6 . He]]ish Waters:

el Y Hydrolysis of the Acid
Bromide

Final Step: Quenching The Reaction With Water Gives A Carboxylic Acid

Bonds Bonds
Formed Broken
0 0
H,0 C-OH C-
vﬁ)L E—— vﬁ)l\o“ H-Br O-H
+ HBr

..doing

science

for better
health! Neub o

“Quenches” With Alcohols And Amines Can Give Esters And Amides

Quenching with alcohols provides esters

0 o]

CH,OH \/\l)Lo,cH, ik

Quenching with NH3 (or other amines) gives amides:
0 o]

NH,4
> NH, + HBr

15
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malonic acid

RCO,H —> RH + CO,
Carboxylic acid Alkane Carbon dioxide

150°C

HO,CCH,CO,H —— CH;CO,H + CO,

Malonic acid Acetic acid Carbon dioxide
(propanedioic acid) (ethanoic acid)
H\
(0] 0] OH
clj g(l: s 0=Cc=0 + (|: = HogCH
_— == _—
SINETSTN N ?
HO CH, (0] HO CH»
Carbon dioxide Enol form of Acetic acid
acetic acid
..doing .
Decarboxylation of
for better
health! Neoukieo

malonic acid

,,"'H “‘Lx
Y
/C*\:a :’C*‘\x

HO CH;

Representation of
transition state in
thermal decarboxylation of
malonic acid

O

16
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CO,H . H
X s, Q< v Co,
CO,H CO,H
1,1-Cyclobutanedicarboxylic acid Cyclobutanecarboxylic ~ Carbon
acid (74%) dioxide
150-160°C
OCH(COZH)Z s @CHZCOZH + €O,
2-(2-Cyclopentenyl)malonic acid (2-Cyclgpgréte;gl)acetic Carbon
acid (96-99%) dioxide
..doing
science
for better ~ q
for betterl iy Condensacao de Claisen
the Claisen self-condensation of esters second

self- molecule
of base da 9

0 base 60 condensation E R O 0 0
A =pp 307 — L= L
oR OR OR oR ~ OR
H H

ester enolate
second molecule of

unenolized ester acidic Hs

0
(0 o o 0 0
)I\ OEt OEt MOEt
OEt okt

ethyl 3-oxobutanoate
(ethyl acetoacetate)

17
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0 0@

)j\ NaOEt )\
OEt OEt

reactive enolate

the complete Claisen ester condensation

S}
Q NaOEt o
—_—
oEt EtOH
stable enolate

..doing

science

for better

health! Neaubieo

enolate acylation at C

o 0
S — 0 i
Ry Ry e
Ry Rz
X Ra X

X = a leaving group

Etoe’) i
H

Et0,C

m

OEt ——

NaOEt
—_—

CO,Et
Et0, c/\/\/

EtOH

—_—

o 9 Et 0 CHOOEt
t OFt — COEt _ CO,E é,cozst

21/10/2023

Condensacao de Claisen

irreversible 09 o

deprotonation/UJ\
—_—
OEt ~ OEt

stable enolate

/I\/ﬁ\ - )(I)\/ﬁ\
—_—
~x oEt H20 OEt

ethyl acetoacetate

Condensacao de Claisen

overall, this acyl group has
been added to the C atom of
the carbonyl compound

—_——
M
Ry % R
‘hew C—C bond

0®

CO,Et

74-81% yield

18
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alkylation of a 1,3-dicarbonyl compound (or p-dicarbonyl compound)

o] 0 0

—_— —b
R R
delocalized enolate

H H
Eto(g\‘ pKa > 20:

PKa10-15 ot removed

0 0 4] 0
KgCO3, Mel

AN

acetone, reflux

v

77% yield

..doing .
science Sintese do éster acetoacético
health! (e '

o 0 OH 0
Et OEt - Et \ OEt

diethyl malonate stable enol tautomer

0 o) OH 0

Moa — )\/lkost

ethyl acetoacetate stable enol tautomer

HOMOH

malonic acid
= propanedioic acid

AN

acetoacetic acid
= 3-oxobutanoic acid

19
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Sintese do éster malonico

The Malonic Ester Synthesis: Example

1) CH;0"
o] (o] 5 4 (o] (o]
n
S O G i 0 Ho#\» X
e 2 e 3)H;0 2 o
heat -CH,
" i " H;C™ 4
Malonic ester' 5 MeOH
The Acetoacetic Ester Synthesis: Example
1) CH;0"
o o0 6 5 o] (o]
)I\/U\ 2) CH;CH,Br 4?:
- ——
7O ToMe  3h0T 1)?1\3 o
heat qu,ﬁ,}”z
Methyl acetoacetonate MeOH

Bottom line: 4 key steps in both of these reactions

1) enolate formation (strong base)
2) enolate alkylation (alkyl halide)
3) ester hydrolysis (aqueous acid)
4) decarboxylation (heat)

https://www.masterorganicchemistry.com/

1) cH;0° Na®

0o O = 0
)J\/U\ 2) CH3;CH,Br
MeQ™ 1 =73 "OMe 3) H30® H(:)J1j\|~2
heat Hac‘(-:Hz
1)EI‘.')O Na®
o o 2) C4H5CH,Br o
- —_— ‘
EIDJTJ\E)J]\OEt 3) H3O® HO™ 12
CH
heat CeHs™ 7 2
1) cHy0” Na®
2) CHl
3°0OMe 3)H,0®
heat

Key
Bonds
Formed

C-Cy
€40 (n)

Key
Bonds
Formed

C3-C5
C4—0 (1)

0=

o=

0:0

Key
Bonds
Broken

C,—Cy
C,-H
C4-Br

Key
Bonds
Broken

C3-Cy
Cy-H
Cs—Br

H=O0OMe

H-OEt

3C  H-OMe

21/10/2023
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The Malonic Ester Synthesis: Mechanism
8 In step 1, the CH;,O':_) acts as a base to remove the most acidic proton (on C,) to make an
. — enolate
(g o o o o na® D5 o
—
< MeOé(ILOMe — MeONLOMe - MeOMOMe
8 (rH H Na® “"H H
enolate enolate
~ CH 0[_”: Na® (resonance form) (resonance form)
D) 3
s
w
L
@) In step 2, the enolate acts as a nucleophile to attack an alkyl halide in an Sy2 reaction
o 0O o0 o o0
)
2] MeO” ' X ° 'OMe —» MeO °"OMe Na® Bre
¢ W "
‘vg( T Br
wn (4
..doing
science
for better,
health!  Wokie

In step 3, the addition of aqueous acid leads to hydrolysis of the esters into
carboxylic acids

“a°® I +2 MeOH
—— HO 1 OH

MeO™ '
1 H

Then, decarboxylation can occur to form an enol and carbon dioxide

"~ H\ .
O_}QO 10'H 9
g N heat lsoH ©°
HO 0 — HO u
4 H
enol

Sintese do éster malonico

21
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O

O
' a Finally, the enol tautomerizes back to the carboxylic acid
<O
— --_H ..

g : "0 H

“ H — . |

— HO’K\[ —— HOJ\E"

’5) .

)

»

O

®) enol carboxylic acid
o

Q

72

Q

=

g

Ny

w

..doing

science ~ .
for better Reacao de Mannich
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Mannich Reaction

@)
formaldehyde )j\
H H
enolizable O HC O
ketone JJ\ )J\/\ R2
R1 R1 |}|/
R
secondary 2\N/RS R3
amine | product has ketone

and amine functionality

22
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remee Reaciao de Mannich
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Rl
/
H H H_'N\ HO H R? HO H R!
HH* ® R? o H* /
O:< HO\/:<*/‘_ >L/N\ . >L"N\ ,
H H H H R H R
1
+H+ 28 H N/Rl H,0 H>:N/GF;
~ k2 H 2
...doin : ~ .
scienci RCZI(;ZIO d€ ManﬁlCh
for better .
hesithl Wb Mechanism...
Q o
R4 +H+ Ré -Ht
g e 2o R*r
” ?;>

23
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The Mannich reaction is a condensation of an aldehyde or ketone in form of

an enol with an iminium ion producing g- aminoalkyl carbonyl compounds.

o) O
o H 1) HCI, EtOH CHZ‘N/\
+ T . N —
SN 7 2)HO, H0 \
ketone aldehyde - 2° amine - aminoalkyl carbonyl

more reactive than the ketone

o Formaldehyde is used most often due to its higher reactivity.

» Works only with primary and secondary aliphatic amines.

o Aromatic amines tend not to react.

24
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