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Reacoes de oxidacao
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Metanol (alcool da madeira)

methy: intoxicar (Grego)
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Ataca os ganglios da retina
degenerando o nervo otico




Oxidacoes biologicas

Fermentacao do acucar
Por leveduras e bacterias
com producao de etanol

Fermentacao do etanol
bactérias aceticas com
producao de acido acetico

Leveduras e bactérias
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Acido acético

== Via periplasmatica, prioritaria
== Via citoplasmatica
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Oxidantes biolégicos (NAD* - NADH)

enzimas do tipo oxidoredutases
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Estados de oxidacao do carbono

Os estados de oxidacao (nao representam a carga real), estao associados
ao numero de elétrons (ganhos ou perdidos) por um atomo especifico durante uma reacao.

Regras para se calcular o estado de oxidacao de um atomo de carbono:

Atomos ligado ao C | Adicione (ou subtraia)
C 0
H -1
N, O, S ou halogénio +1
Exemplos:
C:I | |
.-’H ! ) HP ﬁl v’fj
H.C—C—H H,C—C—H H.C—C C H,C—C
Y ¥ ¥ H,C” “CH;, OH
Ethane Ethanol Ethanal Propanone Ethanoic Acid
Oxidation State: 3(-1)+0=-3 2(-1) +1 +0 = 1 2(+1)1 +0 = +1 2(+1)|+ 2(0) = +2 3(+1) 0 = +3
Most Reduced | > Most Oxidized

C=0 (conta como 02 oxigénios) 03 oxigénios




More oxidized

So—T—ocoao3;

Less oxidized

\

Estados de oxidacao de compostos organicos

Ox state ‘0
Ox state 0

1 . .
.. Carboxylic acids
3 /\\/E"'OH 4

Break C-0O, form C-H l Form C-0, break C—H

1
1 /\/(__':.,_ Aldehydes
Break C-0, form C-H l Form C-0, break C-H
H H
SN ..
=1 /\/C‘OH Primary Alcohol

Break C-0O, form C-H l Form C-O. break C—H

H _H
-3 /\,‘?«.H Alkanes

Examples of reductants: NaBH,, LIAIH,

Examples of oxidants: PCC, H,CrO,

A

More oxidized

SoO—~pa—xQ

Less oxidized

Movre oxidized

So—Tocaom@dm

Less oxidized
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3 /\/&. o~
Break C-O, form C-C l Form C-0O, break C-C
- ﬁ' .
2 /\/C_\ Ketones
Break C-O, form C-H l Form C-0O, break C-H
0 H 9" secondary
O Alcohols
Break C-0, form C-H l Form C-0, break C-H
H H
A
-2 /\/_C\ Alkanes
Y Examples of reductants: NaBH,, LiAH,

Examples of oxidants: PCC, H,CrO,4

A

More oxidized

SOT= D a—xXQ

Less oxidized



Oxidacao de alcoois pelo reagente de Jones

/ 1° Alcohol /\ch

///’I)
)I\OH Carboxylic Acid
Jones Reagent O
2° Alcohol )\OH ' Cro;, HpS0y | )J\ Ketone
H,0, heat
3° Alcohol >I\OH --------------- "" >I\OH No Reaction
O O
Aldehydes )LH )LOH Carboxylic Acid
@)

k Ketones )l\ j k )-K No Reaction /

alcohal gets oxidized in the reaction o
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X {gets reduced in the reaction) Cr lost a bond to oxygen
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Cr.
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Teste do bafometro

—— —

https://entropialivre.blogspot.com/20‘| 1/11/como-funciona-o-bafometro.html

etanol

werde
+7 H,0 +3 CH,CHO + K_SO,

acetaldeido

!
@Rcce ) >

NEGATIVO

POSITIVO = mais que 0,1 mg/l

1.3

POSITIVO = 0,3 mg/l ou mais

sulfato de
sulfato de cromo
cromo


https://blogger.googleusercontent.com/img/b/R29vZ2xl/AVvXsEjh0DRHQZeJiMmzOhLB5iB3WV5mcRugjoCfIM9h1BWuxaYWP-2zYzF-54JvWZePYqv0A25r181CzDZDXA1_ZI7a01YM0gm0ZsIvorUAc_M4dIyMB7tkbWVnCG_Y4fA_g4kJXFbu7HsLpoc/s1600/cartoon+bafometro.jpg

Mecanismo de oxidacao do alcool

O cromo esta sendo reduzido de Cr(VI) no CrO3 para Cr(IV) no produto H,CrOs.

Pode sofrer novas

oxidacoes
e /
0*‘qr’*o ,/_\
o)
/_. + (l:l} _ (;:l} H’,O.\_H H _ O OH
A~ Cr-O C(_I':lr—OH /\/&0 + Cr

Ester cromato
A ligacao C=0 é
formada na terceira
etapa por um
mecanismo tipo E2



A oxidacao de aldeidos requer a hidratacao na primeira etapa e o mecanismo torna-se
semelhante a oxidacao de alcoois formando um éster de cromato

R OH
O H,O0 R Oxidant
I OH -
H -
Aldehyde Hydrate

OH LG
P

J
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Carboxylic acid

A oxidacao de cetonas nao progride devido a auséncia de um hidrogénio que possa ser
removido como em aldeidos
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Ketone

OH

R
Hydrate

Oxidant

OH/

R%O

- R \
No elimination

is possible!

Ndo ha um
hidrogénio



Reacdes de oxidacoes de alcoois com PCC
(clorocromato de piridina) a aldeidos

O PCC oxida alcoois primarios para aldeidos

(mas nao até acidos carboxilicos).
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Cu _ - hu
R |:|H CH2C|: RHUHH
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e )
OH PCC O
IH I
H"‘E"‘R' EHECJE H-“'"E""H
2° Alcohol Ketone

o

Alcoois secundarios sao oxidados
para cetonas.
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Cr{lV) Pyridinium Chloride

Preparation of PCC Reagent

Step 1: Chromium trioxide dissolves in hydrochloric acid to form chlorochromic acid
(0] (0] cl
I I,
/Cr\ + H\—2C| _> /Cr\
7 N 7
o Go: 0o” "OH

Chromium trioxide Hydrochloric acid Chromic acid

Step 2: Addition of pyridine to chlorochromic acid gives PCC reagent

(0] cl A N o)
(9% | [ o I
//Cr\ + P e ~) 0—Cr—(l
o’ “02n N o i
H
Chromic acid Pyridine Pyridinium chlorochromate (PCC)




Reacdes de oxidacoes de aldeidos com nitrato de prata amoniacal

(teste de Tollens#: diferencia aldeidos de cetonas)
https://theedge.com.hk/blog/the-silver-mirror-test/

O
P NS T Aprats et
- R” “OH
NH3, "OH reacional.

Teste de Tollens para aldeidos e agucares redutores.
O depdsito de prata forma um revestimento espelhado no interior do frasco reacional.

A giant silver mirror (https://www.youtube.com/watch?v=y-4qqcCxD6q) # Bernhard Tollens
(1841-1918)

Royal Society of Chemistry


https://www.youtube.com/watch?v=y-4qqcCxD6g

Acucares redutores podem ser oxidados para acidos

Teste de Tollens em acucares redutores

CHO _
Hemtom OH i

HO=tmH T

| +2AgH +BOH  e— OTOTH 0 g

| 2 g (5)
H=t=0UH HemComm OH
H==0H HetmOH
CH,OH éHzDH

OxidacgOes de acucares com acido nitrico

HO 0
H\C¢o \Cé
CH,OH H——OH H——0H
O HO——H
HO —— HNO3, H-O
o T — HO H 3, M2
H—l oH Heat H———OH
OH
H——OH H——0H
C
D-Glucose D-Glucaric acid
(an aldaric acid)




Reacdes de clivagens oxidativas de olefinas e acetilenos com ozénio
(com Zn, a reacao é branda e oxida até aldeido)

10 0’ 0’
= : > 4
H,C t_ 2)Zn,acid H,C 7 2 3 5
D Aldehydes
H,C° _.0..
*\2_s 1) O3 JL
H,C : . 2) Zn, ar:ld > CH

Kefone Aldehyde



Reacoes de clivagens oxidativas de olefinas com oz6nio
Com H,0,, a reacao leva até cetonas ou acidos (se H ligado a dupla ligacao)
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Reacoes de hidrdlise do ozonideo

Summary - Ozonolysis of Alkenes (and Alkynes)

+ Ozonolysis is a useful reaction for the oxidative cleavage of alkenes to carbonyl
compounds.

+ When a C-H bond is present on the alkene, choice of workup will affect the final
product(s). Reductive workup leaves C-H bonds alone. Oxidative workup gives COOH

Step 1: Ozonolysis Reductive workup
@ aEEEE AR R R R, . & ( P
2 ' ' 0
I:l 1) .5,0*-. &) i R? 0-0 3 ' ] 9
Cs _.R? © o~ scf 'b,Fl ' .C. +|  _Cy
R °C —— M :_"" R1 1 R2 H 5 R?
12 ozone ' R O 'H :
H low : y :
Alkene temperature i Ozoni e Ketone Aldehyde
' [intermediate] : \_
Reductive workup (most comr-r;t_:ar-]i -------------
¥ DimethYI SU"ide {DMS, {CHS)ES) Oxfdaﬂve St oo,
O ( o)
or workup 1l T
» Zinc (Zn) + acid 1.C.., s I+ C
R", R HO” ,TR2

Oxidative workup T
» Hydrogen peroxide (H,0,) P C-Oibond

+ Generally, more electron-rich alkenes react preferentially with O Carboxylic
* Ozonolysis of compounds with multiple alkenes gives acld

fragments
L Ozonolysis of alkynes gives carboxylic acids




Mecanismo de clivagens oxidativas de olefinas com oz6nio

Step 1: Cycloaddition Bonds Formed Bonds Broken
6 1 6 1
2 Os 2 a G0 A Cp—Cj (m)
54 { H —_— 543/ H, ¢ C3-0 8 O0-0O (m)
H SN, o C3-0 () o Cz-Cs
/
eo—oé?a ¢ Cp=O (n) c 0-0
¢ 0-C; H O-Cj(n)
l 1 0-C 4y 0-C, ()
Step 3: 1,2-addition Step 2: Reverse cycloaddition

(with bond cleavage)

6
H
6 5 432 F
OHH\I/ - H..):‘C::)
o..ﬁf’o/

HGE) L@

E
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Step 4: 1,2-addition
6
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2 o
HO SR, 6 VAt
0-0, 0-0

5 H

o0zZonide



Mecanismo de clivagens oxidativas de olefinas com ozénio

Step 5: Breakdown of
ozonide

6
(0]
3
H
H 2
gy

ozonide
(decomposes upon
warming)

Step 8: Elimination to form C=0
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Step 6: 1,2-addition (of HOOH)

Bonds Formed

K Cs=O (n)
H H Ceo

N(.O—OH /i 0-H 20 ()
H H ) N O-C
2\n’ oty ® > o

o @*"m ®

e ® O-H

l s 0-C; (m)

Bonds Broken

L Cs3-0O

M Cx-O

0 0-C; (n)
@ O-H

s Co-H

T O-OH



Reacdes de clivagens oxidativas com KMnO,

\ / KMnO,, OH" \ /O
C:%:C - C:O + o=C
/ \ heat / \
!R R!! !R R”
ketone carboxylate
Fi\ R
1) KMnQO,4, OH™, heat \
C=CH - C=0 + =—C=0
Ot 2) H30" / O=¢C
R R carbon dioxide

ketone

+

H.O



Reacoes de oxidacoes de alquil benzenos com KMnO,,

H+
KMnO,

OH
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Reacoes de clivagens oxidativas com OsO4 seguido de NalO,

Reagcdes com OsO, geram os correspondentes diois que, por sua vez, podem ser clivados por NalO,

How it works: Dihydroxylation of alkenes

The dihydroxylation reaction with OsO,4 proceeds as a concerted cycloaddition NalO H
between the alkene pi-bond and two Os=0 bonds O: 4 O 0
In the first step: In the second step, H
the osmate ester is 2° OH Aldehyde
*two C-O bonds form  _, This forms an “osmate ester”  hydrolyzed to the diol
* a C-C pi bond breaks (e.g. with KHSO5)
. OH NalO O
o, ° OH a4
N/ A ° N — Ho o+
e — O e O AN Y A
0 0 20 OH 30 OH Ketone
“osmate ester” A cis- 1,2-diol
This addition occurs Note that the oxidation state of Os
exclusively on one face has gone from +8 to +6 OH NalO O O
of the alkene 7oTTemeaTTmsmssesgmssessseassessssssresesseestess . \)\J’ OH 4 + J_L
An example of “syn” addition i he purpose of -<*=rf‘w or | «?Hm (bisulfite) is v\ " v
: to break down th 1 compound into :
; ' : 1 OH Formaldehyde

..................................................



Reacoes de oxidacoes de alquil benzenos com KMnO,

CH,
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