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Adicao Nucleofilica Acilica

Adicao Acilica
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* Formacao de cianoidrinas — Adi¢ao de cianeto.
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/‘—O H,0 OH  78% yield

i |
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of CN~to the Ncm>:/3 — NC%OﬂH@ protonation
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* Reacdo para a formacao de cianoidrinas € reversivel.
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Curiosidade
glucoside of acetone
cyanohydrin found in
HO o cassava - y hydrloxynitrile
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* Adicao de hidreto, reducao da carbonila por NaBH,.
H o H)<0@ Hd\H > Hy+X®
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nucleophilic attack by H™ almost never happens H~ almost always reacts as a base
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Estequiometria e 4:1
arrow cannot start on negative electrons must be
charge: no lone pair on B transferred from a bond
H H H H
N/ \_/ H. _H

/B@ E® %’ /B\E \B/% E® I B/ H_E
H H H |1| H  H Ill
eight electrons  impossible structure: ten eight electrons in six electrons in B—H bonds
in B-H bonds  electrons in bonds to B B—H bonds and one empty p orbital
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* Adicao de hidreto, reducao da carbonila por NaBH,.
NaBH, OH
les of reducti —
o ooy A)L MeOMH
H

OH
NaBH4 NaBH4
MeOH l-PrOH

* NaBH,é um agente redutor mais seletivo e brando do que LiAlH,, reduzindo somente

carbonila de aldeido e cetona. Nao reduz grupo nitro ou faz substituigéo.
H H

pél\H H
~N
H OH
NaBH4 violent (’(
EtOH reaction!

ALH H,  LioH
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Adicdao de organometalicos de litio.

(o) OH i
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R H_ p polarized towards
R H Me H H/ . '
H

organometallics are
destroyed by water

2. H20 R
A 9 Li—Lie ¥ H—@H
c—o fast and
l T HQH /O . l exothermic
o) 0® LUMO = r* Me—H LiOH
L'@)J\D = J\ orbitals involved in the addition
R H Me g H of methyllithium methane
j\ 1. PhLi, THF 0 O 4. n-Buli, THF on
L S SN
R >H  2.H,0 Ph™/H R” R 2. H,0 1R
secondary alcohol tertiary alcohol
* Adicao de organometalicos de magnésio, reagente de Grignard.
Mg
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ether
o OH 08\ HQH o
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R” H > Ph H ™~ #\ . R™ "H
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* Compostos carbonilicos em agua existem na forma de hidrato.

RJ\R HO OH
N
H,0 o \H—OH
2 Hzo/\v/l]\j H20 Q)§< 0© HO><O HO><OH

significant concentrations of
hydrate are generally formed
only from aldehydes H H H H H

e Ja alcoois formam hemiacetal ou acetal.

R20 OH R2?0 OR® j\ EtOH EtO OH

R SH R “H R >H R™ °H
hemiacetal acetal aldehyde hemiacetal

R20 OH O OH ..

Y4 Q< _ \HOE!

R? R3 H Q\,
hemiacetal from  a cyclic A n Et\o 0® EtO 9/) OEt

. Et—OH e ® —>

ketone hemiacetal >< >< Q

(or 'hemiketal’) (or 'lactol’) R H R H R

names for functional groups
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* Dois fatores sao responsaveis pela maior reatividade de aldeidos em comparacao com
cetonas: a) eletrénico e b) estérico.

2 5 a) Eletrénico: o
O
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S cl com isso o 3
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E H 2 carbono da p=2200| || 5+ || 2
t . 7 . ’ :
s i deCg F 12x108  carbonila é mais kS
= formaldehyde )L 2280 acetone ¢ F o H H U
Q H” OH F F positivo
|
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3 . o)
—l .
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T Nu
de hibridizacao. _—
. ~—
Quanto maioro " 120° Re ;
; 109,5°
rupo, mais ’
srup 7 R, e R, + afastados R, e R, - afastados
favoravel a menor tensdo estérica maior tens&o estérica
mudanca

sp? = spd.
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* Hemiacetais podem ser ciclicos e a formacao é catalisada por acido ou base.

E HO HO
o O OH canbe HO OH HO (0]
HO\/\)J\ H =~ = H drawnas “Ho =8 o HO o
OH OH OH OH OH
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oo . .
o hydroxyaldehyde cyclic hemiacetal .
P hydroxyaldehyde hydroxyaldehyde cygllq glﬁg‘,otse:
.8 l >99% in this form
8 . OH OH ©
o intramolecular attack of h can be
= OH hydroxyl group HY 5o Wl\ e o
o O) > \ = = H
8 ® H OH OH
© H hydroxyaldehyde hydroxyaldehyde cycllc ribose
S
T 3
S O R30H HO OR3
)
© . .
Q J\ = hemiacetal
| R1 R2 catalysed by acid or base R R?
o
<
™M
g acid-catalysed hemiacetal formation Me
(o] I
0 Yo )OJ;I’\I-/IO . Ho °d2 HO_OMe
nAN, Wy — X,

acid makes aldehyde more electrophilic hemiacetal

base-catalysed hemiacetal formation

Of) l;lH Vp@o o"vIe HO OMe
BGJ—)L/\% - X, =X,

Me Me H Me
base B makes alcohol more nucleophilic hemiacetal
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 Aformacdo de um acetal é catalisada por acido.
i MeOH MeO)ZH MeOH Meo)z”'e
Me H acid catalyst - Me H acid catalyst' Me H
hemiacetal intermediate acetal

acid-catalysed acetal formation from hemiacetal

®
[ H ® (e
HG omMe 1 H20\ OMe

2 @ - Me 3 OMe 4 OMe
Me H Me H Me H M I Me Me OMe

hemiacetal unstable oxonium ion H acetal
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0o R30OH HO ORS3 R3OH R3O0 OR3

R’ R? catalysed by R’ R? catalysed by R R?
ketone acid or base  hemiacetal acid only acetal
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* Acetais ciclicos e de enxofre (tioacetais) sdo mais estaveis.

CF;CO,H m
H,O
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acetal S S — > OHC S ° (0]
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MeO CHCly (solvent)
dioxolane o 0°C,1h 96%vyield O

ethylene glycol

> 0] O 78%yield
\)J\ cat. TsOH, heat, \><

remove water by distillation

o O
\Y

S
Me

p-toluenesulfonic acid

QFL0342 — Reatividade dos Compostos Organicos

acid-catalysed dioxolane formation
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13 oxonium ion the dioxolane
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* Deslocamento do equilibrio na formacao de acetais.

acid-catalysed acetal formation excess alcohol, removal of water
8 ___________________ oxoniumion oo T =
r . p :
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Acetais sdao grupos de protecao.

unstable structure

o) Vg o) — impossible to make
Br MgBr
2 OH o © Mg

)J\/\/Br—> ></\/

H* cat.

ketone protected as acetal

Et20

[\

(o) (0
MgBr

stable Grignard reagent
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Adicao Nucleofilica Acilica

* Aminas também reagem com compostos carbonilicos dando iminas ou enaminas.

O WD

—H,0
_— OH — H
cat. H* H

intermediate - imine

First step in imine formation:
the amine attacks the carbonyl group to form the hemiaminal intermediate:

(0) OH
)J\‘/\ Ph — )\@)/Ph s /k _Ph
H HN™ Ph N Ph N
H/ \H H  hemiaminal
@
¥ :0H »
® C 2 _AA@_Ph
H Ph N . _Ph
hemiaminal H iminium ion imine
this step is slow below pH 4 | catalyst nee l~‘\——\ w above pH ¢
A OH b
H
/\ H@ CO 2 /\@)/Ph
J\H Hali. )\O Ph — /k Ph)\(&,Ph == PN e N PP
Ph H H hemlamlnal H : imine

H® @
R—NH; —= R—NH;
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* Formacao de enaminas (no caso de aminas secundarias).

'i' TsOH catalyst ene amine
S calalys ; .
N Y Ly
benzene, heat . N
—H20 (Dean Stark) enamine
94-95% vyield

Ym”z %Q R T i

only proton iminium ion enamine

- | ‘r x’ !i ,‘-‘ . m‘\ 1€ can lose is this one
(pvrrolndaine
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e Assim como acetais, a formacado de iminas é catalisada por acido.

) Me
(o] Me cat. H®
Ph Me H,N Ph benzene reflux )I\ -yie
Dean Stark Ph Me

acid-catalysed imine formation

o)
C/u\ "o Ro _H® . ® A Hﬁ/ng

% N~ Ho NHR® *HY 1,6 (RiHRe
R1 R2 — *H E— — —
) R1 X R2 Rt X R2 R((X R2 Rt Jl\ R2

Rs-NHz hemiaminal o
intermediate NI fon

acid-catalysed acetal formation

e R3
@ -
I, <= HOR wo_og MY e e
R R2 >< ) R1 R2 R R2 Rt R2
R! R hemiacetal oxonium ion

intermediate
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Equilibrio

Deslocando o equilibrio quimico

e Aparelhagem para refluxo.

Dean-Stark




