Adicao Nucleofilica ao
Grupo Carbonila

Aldeidos e cetonas —
reatividade



Compostos carbonilicos

Hibridos de ressonancia
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v'A carbonila tem carater polar
v'Pode ser atacada por espécies nucleofilicas
v'Exemplo: CN-; H,O



Reatividade de aldeidos e cetonas

aldeidos cetonas

Mais reativos Menos reativos
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formaldeido aldeido cetona




Eletrofilicidade de Aldeidos e Cetonas

* Aldeido C=0 é mais polarizado que cetona C=0

* Como em carbocations, uma maior quantidade de grupos alquila
estabilizam o carater +

* Cetona tem mais grupos alquillicos, estabilizando o carbono C=0
indutivamente

H
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1° carbocation 2° carbocation
(less stable, more reactive) (more stable, less reactive)
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Aldehyde Ketone
less stabilization of §+. more reactive) (more stabilization of §+. less reactive




Reatividade de Aldeidos Aromaticos

* Menos reativo em reacdes de adicao nucleofilica do que
aldeidos alifaticos

* Efeito de ressonancia doando elétrons do anel aromatico torna a
C=0 menos atrativa para nucleéfilos do que o grupo carbonila
de um aldeido alifatico
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1° carbocation 2° carbocation
(less stable, more reactive) (more stable, less reactive)
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Aldehyde Ketone
(less stabilization of 6+, more reactive) (more stabilization of 6+, less reactive




CONJUGAGAO ( EFEITO DE RESSONANCIA)

[nlmummg.ﬁo DA REATIVIDADE]
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The reactivity of carbonyl compounds is also related to the
basicity of Y—:

relative reactivities of carbonyl compounds

acyl halide > acid anhydride > aldehyde > ketone > ester ~ carboxylic acid > amide > carboxylate ion

Copyright © 2007 Pearson Prentice Hall, Inc.




Reacdes de aldeidos e cetonas

alkane alcohol

%
reduction~_ ,./' reduction

oxidagao N

rd

reducdo aldehyde addition
ketone product

nucleophilic

oxidation addition

carboxylic acid

adicao nucleofilica
Aldeidos sao facilmente oxidados, cetonas nao.

Aldeidos sao mais reativos em adi¢des nucleofilicas do que
cetonas.



NUCLEOFILO

v'doa par de elétrons para um eletréfilo para formar

uma ligacao
v'moléculas ou ions com um par de elétrons livre ou

com uma ligacao

v'sao bases de Lewis

|
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Basicidade vs nucleofilicidade

Basicidade € uma propriedade termodinamica:

HA + HO K = constante de
equilibrio

Nucleofilicidade: conceito cinético

Nu + RX —> NuR + X k = constante

de velocidade

Bases fortes séo tipicamente bons nucledfilos



NUCLEOFILOS VS BASES

Misturas de produtos s&o comuns




ESPECIES NEUTRAS OU CARREGADAS NEGATIVAMENTE QUE POSSUAM

PAR ELETRONICO EM ORBITAL DE ALTA ENERGIA




Adicao nucleofilica a aldeidos e cetonas

Exemplos de nucledfilos:

Nu o Negativos 4 3 Neutros ¢




ESPECIES NEUTRAS OU CARREGADAS POSITIVAMENTE

COM UM ORBITAL VAZIO OU COM UM

ORBITAL ANTI-LIGANTE DE BAIXA ENERGIA

® .
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Adicao nucleofilica a aldeidos e cetonas




Adicao nucleofilica a aldeidos e cetonas

R 3 \ /@\« ' \
n,, . H—Nu
Esql'l,ema /C:O.. —>| \\““.,C_.C;: IR\\\\\‘-C_:CE_H + :NUG>
genérico R RR/ o = R/
trigonal plano intermediario produto
tetraédrico tetraédrico
®
i o 71 H OH
o) Q |
Exemplo:  ( |
x I wC . ch\“‘“'C\ +  H,0
Reagao e LA H C/
com 3 3 HsC 3

Hidreto cetona ou aldeido fon alcoxido alcool



QUAL O MECANISMO DA REAGAO ?

Neor = \c/9H
e = 4+ C=N: —» / \CN

CONSIDEREMOS A ESTRUTURA ELETRONICA DO GRUPO CARBONILA

Carbono Oxigénio
o] 2

ligagdo m.
orbital sp

pares de elétrons
o ndo-compartilhados
orbital sp’ i

ligagdo uc o __ligagdo n.,




INTERAGAO ENTRE O ELETROFILO E O NUCLEOFILO




Adicao nucleofilica a aldeidos e cetonas

Sob
condicOes
basicas
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Principios da Adicao Nucleofililica aos Grupos Carbonila:

Hidratacdo de Aldeidos e Cetonas



Hidratacdo de Aldeidos e Cetonas

Elimination of Water — H H,O <« Nucleophilic Addition

HO —C —0O —H A Carbonyl
oe | oo Hydrate




Efeito dos substituentes no equilibrio da hidratacdo

O Cl)H
”
OH

compared to H

electronic: alkyl groups stabilize
reactants
steric: alkyl groups crowd

product



Constantes de Equilibrio e Taxas Relativas
de Hidratagdo

C=0 hydrate K % Relative
rate
CH,=0 CH,(OH), 2300 >99.9 2200
CH;CH=0 CH,CH(OH), 1.0 50 1.0
(CH;);CCH=0 (CH;);CCH(OH), 0.2 17 0.09
(CH,5),C=0 (CH5;),C(OH), 0.0014 0.14 0.0018



Quando o equilibrio favorece o hidrato?

when carbonyl group is destabilized
ealkyl groups stabilize C=0

eelectron-withdrawing groups destabilize C=0



Efeito dos substituentes no equilibrio da hidratacdo

0 Cl)H
|
C + H,0 R—C—R
R/ \R I
OH

«——— R=CHy K=0.000025

R =CF, K =22,000 ‘



Mecanismo de Hidratacdo (catalisada por base)

‘ Step 1:

>9-_/+\*>c:99: Hé—({,—(:)::_



Mecanismo de Hidratagdo (base)

‘ Step 2:

| ..
i
I o

HO—C —OH + °o°



Mecanismo de Hidratacéo (catalisada por dcido)

‘ Step 1: H

/ oo +\H
N\ /"
C:(.)H + O



Mecanismo de Hidratacgdo (catalisada por dacido )

‘ Step 2:

:\o :C\\C(Z\SH :\O—C| — OH
/ /" /7



Mecanismo de Hidratacéo (catalisada por dcido)

‘ Step 3:

H H
NS
+0 H « H
I \o/
y "
N
) | .
“ . :0—C —OH
*0—C —0 H/ |
/ | 'Y

H



[Anlg:ﬂo NUCLEOFILICA A ALDEIDOS E CETONAS]

[m. ADIGAO DE NUCLEGFILOS DE CARBONO]

A1.1. ADICAO DE CIANETO

NaOH (a CN
H , non _2OH(aa)
S HO H

Ciano-hidrina

MECANISMO

HCN+ B — - CcN"+ HB GERAGAO DO NUCLEOGFILO

? “0O. CN
- . ATAQUE NUCLEOFILICO
RJLR + CN =——0un R><R

O CN HO__CN | PROTONAGAO

+ HB =——— B™ REGENERAGAO
R><R R><R DA BASE




[ OUTRA METODOLOGIA]

o) H,80,(aq) HO CN
M.+ NaCN -

78%

Ciano-hidrina

MECANISMO

CN-\«)OQ . ‘&CN




OUTRA MANEIRA DE ESCREVER MECANISMOS DE REAGAO

Ne_ |
/’>£ o0 — - ‘\c—-—oq .
NC " / H

MOVIMENTO DE ELETRONS
SE DO HOMO PARA O LUMO

SETAS CURVAS OUTRA SETA PARA QUEBRA DA LIGACAO

'

SETA SOBRE O ATOMO QUE RECEBERA O PAR




IMPORTANCIA SINTETICA DA ADICAO DE CIANETO A CARBONILICOS

Exemplo: Fara R=CHs

0
HCN H N
- H N
R 78 %

HalC CHz
hidroélise
Hz5004 f MelH
HO

reducao
CO:H Héyifmm
M D

R R

a.-hidroxi acidos f-aminoalcoois ]
acrilato

de metila
90%




Estereoquimica da Reacao de Adicao
Nucleofilica the Si face

1
O

i
p(C

CH3 CH2CH3

the Re face




Estereoquimica da Reacao de Adicao
Nucleofilica

H™ attack on the Re face C

— >
2 followed by H* CH:~ \'"”’CHQCH3

3 <. 2 3
CH; “CH,CH;~ H

the Re face is closest (S)-2-butanol

C

to the observer ~ OH
\__ H attack on the Si face |

followed by H* CH{C ]
CH,CH;,

(R)-2-butanol




[FATOS EXPERIMENTAIS ]

HO CN
NaOH (aq)

+ HCN - H)C CHJ

NAO HA CENTRO ESTEREOGENICO

NaOH (aq) HO
+ HCN — ~

f

o

MISTURA RACEMICA

TMSCNIC HZC L, Ph . N, CN Ph N CN

g—/_ {'OTMS * g—-/_ __<DTMS

92 8

MISTURA DE DIASTEREOISOMEROS




SINTESE ESTEREOSSELETIVA - PRINCIPIOS

FACE DA FRENTE | &~ * FACE DE TRAS

\_¥*

FACES HOMOTOPICAS

8]
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Ph” “Ph

BENZOFEMNOMNA

FACES ENANTIOTOPICAS
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Me-



faces homotépicas
nao ha formagdo de centro estereogénico

]. Nu: Nu,_ OH
SR .
2 H R' R?

i

faces proquirais enantiotépicas
ha formagao de uma mistura racémica

estados de
transigdo
enantioméricos

O-

Il"llerf'!'ll?dlf.lr.IOS R? "“J\Nu
enantioméricos R

caminho da reagdo
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2. H*
OH OH
5" R. 5 !
b e
1 ]
R ke R Nu & R
produto secunddrio produto principal

diasterenisdmeros

estados de transi¢do diosterecisoméricos
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Nu 5 R’
R

caminho da reacdo



A2. ADIGAO DE BISSULFITO A COMPOSTOS
CARBONILICOS

v o ,°  ADUTODE

o”s><0H BISSULFITO

R R
COMPOSTOS BISSULFITICOS

FREQUENTEMENTE ESTAVEIS E CRISTALINOS

UTILIZADOS PARA PURIFICAR ALDEIDOS

0°C HO SO;” Na'

Acido ou base R R
diluidos

+ NaHSO,(aq)




OUTRA UTILIDADE DE COMPOSTOS BISSULFITICOS

+ Na,S0,
Me Me

DISPENSA O USO DE ACIDO E. PORTANTO. SEM GERACAO
DE HCN




Nucleophilic Addition of

Alcohols: Acetal Formation

\ = Alcohols are weak nucleophiles but acid promotes
: addition forming the conjugate acid of C=0

- Addition yields a hydroxy ether, called a hemiacetal
k (reversible); further reaction can occur

Protonation of the —OH and loss of water leads to an
oxonium ion, R,C=0OR* to which a second alcohol adds to
form the acetal

OCHj
O
2 CH30H OCH;
2 + H20
HCI catalyst
Cyclohexanone Cyclohexanone

dimethyl acetal




Uses of Acetals

) = Acetals can serve as protecting groups for aldehydes and
| ketones

= Itis convenient to use a diol to form a cyclic acetal (the
k reaction goes even more readily)

0 / \
HOCH,CH,OH 0 + o
—_—
)K/\C/OCHZCH:; Acid catalyst ></\C/OCH2CH3 2
| |
\ O 0
L Ethyl 4-oxopentanoate
1. LiAIH,
\\\ Can't be done 2. Hz0*

“\_ directly
\\N

0

H 0" o_ O
HOCH,CH,OH  + )J\/\ — ></\ +  CHgCH,OH
CH,OH CH,OH

5-Hydroxy-2-pentanone




[HEIVIICETAIS cicucos]

ESTAVEIS COM ANEIS DE CINCO OU SEIS MEMBROS

HO

HO
OH TbH

— HO
MISTURA DE EPIMEROS




a-D-glicose
[a), = +112
36%

‘CH,OH
D-glicose

HOH
%H
= HO
H HoAA P
OH H OH
0 H H

conférmeros da D-glicose

A
—r—

HOH
H
H OH
H H

p-D-glicose
[a], = +18,7
64%




FORMACAO DE HIDRATOS E HEMIACETAIS
SOB CATALISE ACIDA

HO OH
R" R

HIDRATO

R" R

HEMIACETAL




Nucleophilic Addition of

Phosphorus Ylides: The Wittig Reactionf

\ - The sequence converts C=0 to C=C

- = A phosphorus ylide adds to an aldehyde or ketone to
yield a dipolar intermediate called a betaine

k - The intermediate spontaneously decomposes through a
four-membered ring to yield alkene and
triphenylphosphine oxide, (Ph);P=0
Formation of the ylide is shown below

+ CH3 BI’

THE
Bromo-
methane

Triphenylphosphine Methyltriphenyl- Methylenetriphenyl-
phosphonium bromide phosphorane

PRI




Mechanism of the Wittig

Reaction

:ﬁ:
| - /c\'\/\ P(Ph)3
© The nucleophilic carbon atom of iC

the phosphorus ylide adds to the R~ "R
carbonyl group of a ketone or aldehyde OH
to give an alkoxide ion intermediate. An ylide

-

o)k P(Ph)s

@ The alkoxide ion then undergoes
. intramolecular O-P bond formation to QJ
produce a four-membered ring . . .

. :G—Ptpmz
] -
_-C—C.,

- MR’
/%

© . . . which spontaneously decomposes to
give an alkene and triphenylphosphine QJ
oxide.

C=C  + (Ph)sP=0




Uses of the Wittig Reaction

= Can be used for monosubstituted, disubstituted, and
: trisubstituted alkenes but not tetrasubstituted alkenes
The reaction yields a pure alkene of known structure

- For comparison, addition of CH;MgBr to cyclohexanone
and dehydration with, yields a mixture of two alkenes

CH3 CHQ
1. CHEI\/}QBT
2. POCl3 +
, 0
" 1-Methylcyclohexene Methylenecyclohexane
(9:1 ratio)

CH»p

+ -
(CeHs)3P—CHp,
THF solvent
+ (CgHg)3P=0

Methylenecyclohexane
(84%)

Cyclohexanone




Conjugate Nucleophilic Addition to

a,B-Unsaturated Aldehydes and Ketones |

\ = A nucleophile

protonated

/ can add to the Direct (1,2) addition
C=C double 20°) 0~ Nu HO Nu
bond of an a,B- i { \/ ] o \/
unsaturated N - -
Eled'tgﬂ)e/de Or Conjugate (1,4) addition
(conjugate I
addition, or 1,4 B
| addition) . P
: . .. 0 0
- The initial N IR NV
product is a A 1 TR
resonance- : 00\ ;
2tna(§ig_ltzee%n ;f;\]:;:;:;::‘i - C\.(F/C\Nu aldes:yf::/l;?tjone
which is then Erolate ion



Nucleophilic Addition of Grignard

Reagents and Hydride Reagents:
Alcohol Formation

) - Treatment of aldehydes or ketones with Grignard
reagents yields an alcohol

= Nucleophilic addition of the equivalent of a carbon anion,
k or carbanion. A carbon—magnesium bond is strongly
polarized, so a Grignard reagent reacts for all practical
purposes as R: - MgX*.

Methylmagnesium
chloride

Nucleophilic




Mechanism of Addition of

Grignard Reagents

- Complexation of o e
: C=0 by M92+’ Il The Lewis acid Mg2* first f ¢
oS e Lewis acid Mg#* first forms an N
Néjc(l:leoph I-II:I% acid-base complex with the basic oxygen
a |t|0n 9) —’ atom of the aldehyde or ketone, thereby 1]
k p_rOtonati_On by :citi:tgc:wecarbonyl group a better l
dilute acid yields oM
the neUtral B3 Nucleophilic addition of an alkyl /g\/_\H
aICO h0| :R™to tie aldehyde or ketone grfduczs El
Y . G r|g nard ianniztr?:?arta; magnesium alkoxide
. additions are G emmeine
irreversible P
because a

Cal’baﬂ IOﬂ |S nOt El . . . which undergoes hydrolysis when Bleo

water is added in a separate step. The

a IeaV|ng group final product is a neutral alcohol.

An alcohol




Grignard reagents are used to

prepare alcohols:

‘0"

(JH s + H-0" .o

/C\ + CH3CH2_MgBI' _—> CH3CH2CH29: MgBr 3% CH3CH2CH29H
‘\H /

N formaldehyde ethylmagnesium an alkoxide ion 1-propanol

bromide a primary alcohol
‘O {94 Mg+Br :OH
& | H0" |

/C\ +
A\ CH,CH; + “H
. N

propanal methylmagnesium 2-butanol
bromide a secondary alcohol
C(”) :6’5:‘ MgBr :'c|3H
H;0"
+ CH3CH2—MgBr — CH3CCH2CH2CH3 =, CH3CCH2CH2CH3

C
CH; A “CH,CH,CH; / | |
CH,CH, CH,CH;

e I

2-pentanone - ethylmagnesium 3-methyl-3-hexanol
bromide a tertiary alcohol

© 2011 Pearson Education, Inc.




[A.G. ADIGAO DE COMPOSTOS ORGANOMETALICOS A CARBONILICOS ]

PREPARANDO ACIDOS CARBOXILICOS

MgBr

Et,O 2) H30+

&

CiMg

/\
t-Buli
EtQO




1) co,/Et,0
R—MgBr

2) H30+

MECANISMO




PREPARANDO ALCOOIS PRIMARIOS

ORGANOMETALICO + FORMALDEIDO

S Nop-Nea
e - 2)Ho*

69%

1)( CH,0)

2) HO*




PREPARACAO DE ALCOOIS

ORGANOMETALICO +

ORGANOMETALICO =

1) >—MgC{

2) Hot

Me” g

-

HO
1) <N >

~— O -‘

SECUNDARIOS E TERCIARIOS

ACETALDEIDO = ALCOOL SECUNDARIO

CETONA = ALCOOL TERCIARIO

Ji 1) Me-MgBr I
-~ TOH  2) HOT {0

- 69%
N

89%




Oxidacao de aldeidos e cetonas
Aldeidos: facilmente oxidados para produzir os acidos

carboxilicos

Cetonas: normalmente inertes a oxidacao

Diferenca: aldeidos tém um hidrogénio (—CHO) que pode
ser abstraido como préton durante a oxidacao, mas a

cetona nao



Oxidacao de aldeidos e cetonas

O
. A I
CrOs. HyO CH;3(CH;)sCOH

Acetona

acido hexanoico (85%'

CrO5; em acido aquoso: oxidacéo rapida, a temperatura
ambiente e com bom rendimento.

Outros agentes oxidantes: KMnO,, HNO, a quente



O

CO,H
KMnQ,, H,0, NaOH
n > CO,H
H3O
ciclo-hexanona acido hexanodidico

Fonte:


http://www.esalq.usp.br/departamentos/lce/arquivos/aulas/2016/LCE0118/quimica_organica.pdf
http://www.esalq.usp.br/departamentos/lce/arquivos/aulas/2016/LCE0118/quimica_organica.pdf

Oxidacao de aldeidos e cetonas

Desvantagens da oxidagdo com CrO,: condi¢des acidas, podem ocorrer
reacOes laterais.

Alternativa: 6xido de prata, Ag,0, em amdnia aquosa = reagente de
Tollens.

@) @)
| |
o Ag,0 “on

H _
NH,OH, H,0O +
etanol

benzaldeido acido benzéico Espelho de prata
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