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* Aldeidos e cetonas: estrutura,
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116.5° 117.5°
Formaldehyde Acetaldehyde

CH;CH,CH=CH, CH,CH,CH=0

1-Butene Propanal
Dipole moment: 0.3 D Dipole moment: 2.5 D
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CH;CH-CH,CH CH;CH,CCH;
Butanal 2-Butanone
Heat of combustion: 2475 kJ/mol (592 kcal/mol) 2442 kl/mol (584 kcal/mol)
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CH,CH,CH=CH,  CH,CH,CH=0  CH,CH,CH,0H

1-Butene Propanal 1-Propanol

bp (1 atm) —6°C 49°C 97°C

Solubility in Negligible 20 Miscible in all
water (g/100 mL) proportions

Van der Waals Forces Examples of Van der Waals Forces [FEEN H&+

Atom 1 Atom 2 T Fondendl . N /
ondon |sper5|on orces :
‘ Chlorine (Cl,) Ol L Ilé__!_ Oa_

&~ @

Step 2 2 Dipole-dipole interactions : Dipole-dipole interaction
Atoms are polarized and attract one another Hydrogen chloride (HCI)
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Sintese Quimica
O
reduce oxidize ‘
RCO,H — RCH,OH —— RCH
Carboxylic acid Primary alcohol Aldehyde
I i
1. LiAlH, PDC
COH T QCHzOH W CH
Benzoic acid Benzyl alcohol (81%) Benzaldehyde (83%)
Crence R M o 1%
=C _— RCR’" + R"CH
for better R’/ \R" 2. H,0,Zn
health!  Wokie
Alkene Two carbonyl compounds
R A
)\\/\)\/ 0> CH3CCH5 + HCCH,CH,CHCH,CH;
- 2%
2,6-Dimethyl-2-octene Acetone 4-Methylhexanal (91%)
. T
—CR’ H250, ,
RC=CR" + H;0 W RCCH3;R
Alkyne Ketone
H,S0, |
HC=C(CH,)sCH; + H>0 W CH3C(CH3)sCH3
1-Octyne 2-Octanone (91%)

| ac,
ArH + RCCl —— ArCR + HCI or

00 o]
I 1 ac, I
ArH + RCOCR —— ArCR + RCO,H
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ozonide
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Reduction by Me,S
Fragments recombine Ozonide
to form the ozonide.
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Primary alcohol Aldehyde
PDC |
CH3(CH,)sCH,0H T CH3(CH3)sCH
1-Decanol Decanal (98%)
]
RCHR SV, ReR!
CH
Secondary alcohol Ketone
i
CrO;
C6H5(|:HCH2CH2cH2CH3 m) C6H5CCH2CH2CH2CH3
OH water
1-Phenyl-1-pentanol 1-Phenyl-1-pentanone (93%)
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Electron Configurations of lons
. . Electron Configuration Chart
Z Element e configuration sholdsupto2  pholdsupto6  dholdsupto10
18 #S
19 K [Ar]4s’ Ar 22
20 Ca [Ar]4s? 3995 f&%
15°25°2p° 35" 3p° 2 o
2 T [Ar]3d?4s? 2 EH 08 2P
[ 24 Cr [Ar]3d°4s’ Cr3+, Cr* [Ar]3dP, [Ar] ]
26 Fe [Ar]3d%4s? Fe?*, Fe®+ [Ar]3dS, [Ar]3d°
29 Cu [Ar]3d"%4s’ Cut, Cu? [Ar]3d9, [Ar]3d°
30 Zn [Ar]3d%4s? Zn?* [Ar]3d"0
31 Ga [Ar]3d"94s24p’ Ga** [Ar]3d1"0
35 Br [Ar]3d"94s24p® Br [Kr]
half-filled and filled subshells are energetically favored
&
Pyridinium Chlorochromate (PCC) Oxidation Mechanism
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Cl
HH O\ 0 0) /O <)
i ~OH
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~o OH e ch

E2 removing
a-hydrogen
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The Most Common Mild Oxidizing Agents

o N 50 O ~
@ 2d—o (Nj@ 0048 E\;@
ﬁN/@) | M 6 & H
PCC PDC
AcO OAc
S e M _oAc
RN
N A @1@;
Swern Dess-Martin
Dess-Martin periodinane (DMP)
.doing "0 A primeira etapa do mecanismo envolve
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iodo (V) e eliminando um grupo de saida
acetato (AcO") para formar um
intermediario de periodinato.
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RCH 1. R'foi ]\Iitc):h\l ether RCHR’ oxidize RCR’
Aldehyde Secondary alcohol Ketone
(0] OH
T CH;5(CH,);MgBr _ |
CHyCHACH — "> CH,CH,CH(CH,)sCH; ——— CHyCH,C(CH2):CH;
Propanal 3-Heptanol 3-Heptanone
(57% from propanal )
General equation and specific example
..doing
science (ﬁ
beatnl SRR > ReHR
' Aldehyde Hydrocarbon
or ketone
~ o]
Rea(_;oes JV\)\/QH HoNNH,, KOH )\/\/J\/
= diethylene =
. glycol, heat )
C Citronellal 2,6-Dimethyl-2-octene
(80%)
Vd
Aldeidos ¢
RCR" —— RClHR’
C OH
Aldehyde Alcohol
Cetonas  orketone

o)
I NaBH,
CH3OQCH o CH;0 CH,OH

p-Methoxybenzyl alcohol
(96%)

p-Methoxybenzaldehyde
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H,0
RCR" + R"'M —— RC‘R' — R(|:R’
RH RH
o HO. CH,CHs
1. diethyl eth
é + CHaCHaMger - 2eeter, @
Cyclohexanone Ethylmagnesium 1-Ethylcyclohexanol
bromide (74%)
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/ v N

Y
Aldehyde Product of
or ketone nucleophilic addition
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0] OH
RC”‘R’ + R fast RC"R’ K . = [hydrate]
: ‘ hydr [carbonyl compound][water]
OH
Aldehyde Water Geminal diol
or ketone (hydrate)
..doing . X
science Constantes de equilibtio (K 4,) para
for better

health! wae.  hidratacdao de alguns aldeidos e cetonas

Carbonyl Percent conversion
compound Hydrate Khyar* to hydrate'
0]
HgH CH3(0OH); 41 99.96
0]
CHggH CH3CH(OH), 1.8 x 1072 50
0]
(CH3)3C(|%H (CH3)3CCH(OH), 4.1 %1073 19
(0]
CH3£CH3 (CH5),C(OH), 25x10°° 0.14
*Knyar = Divrlisite] Units of Kpyar are M.

[carbonyl compound][water]

"Total concentration (hydrate plus carbonyl compound) assumed to be 1 M. Water concentration is 55.5 M.
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Increasing stabilization of carbonyl group:
decreasing K for hydration
I i i
HCH CH;CH CH;CCH3
Formaldehyde Acetaldehyde Acetone
(almost completely (comparable amounts of (hardly any hydrate
hydrated in water) aldehyde and hydrate present in water) present in water)
i T
CF;CCF; + H,O —=— CF3C|CF3 Khyar = 22,000
OH
Hexafluoroacetone Water 1.1.1.3.3.3-Hexafluoro-
2.2-propanediol
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THE OVERALL REACTION:
R B
€=0: + HO: =~=—= R pn
R’ HO:
THE MECHANISM:
_—R slow R
Step1: HO: +NCo0: =—= RS o
R’ H’Q«- B
H
RR' S o fast RR- ” + fast
Step 2: ~ 0: H-OH =—= ﬁ—OH +Hz0: + :OH —/—~ 2HX:
H»O HO:
H20: 1
..doing : . . ~
Mecanismo de hidratacao
for better o L.
health] W em solucao basica
Step 1: Nucleophilic addition of hydroxide ion to the carbonyl group
R\ R’\RE
e — r slow z ce—
HO + Nelh: = e—0
.. / . “/ ..
R’ HO
Hydroxide Aldehyde
or ketone

Step 2: Proton transfer from water to the intermediate formed in the first step

RE RE
/E_QT/I\HEQH = C—0—H+  0H
HO HO
Water Geminal diol Hydroxide ion
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Mecanismo em solucao acida:
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science ion hidronio catalitico
for better Step 1: Protonation of the carbonyl
ep 1: Protonation of the carbonyl oxgyen
healthl i T o
X % AN
o ast + o
=67 + Splo! &£ Nc=6:  + uom
Ve N Ve N "
R’ H R’ H
Aldehyde Hydronium Conjugate acid of Water
or ketone ion carbonyl compound
Step 2: Nucleophilic addition to the protonated aldehyde or ketone
R RR
. N + slow z .
H—O +  Scfh == C—0
| SN 0N
H R H H—O H
|
H
‘Water Conjugate acid of Conjugate acid of
carbonyl compound geminal diol
Step 3: Proton transfer from the conjugate acid of the geminal diol to a water molecule
R' R 'R
E w0 g h G ot
/C*Q\ + H0: — /C*Q\ + H;0
H—?* H H—O H
H
Conjugate acid of Water Geminal diol Hydronium
geminal diol ion
..doing
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| I
RCR" + HC=N —— RCR’

|
C=N

Aldehyde Hydrogen Cyanohydrin
or ketone cyanide

HO CN 3
X+ uH LICN +)K+ H, %
R R

27/09/2023
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The overall reaction:
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R R’
Aldehyde or ketone Hydrogen cyanide Cyanochydrin
Step 1: Nucleophilic attack by the negatively charged carbon of cyanide ion at the
. carbonyl carbon of the aldehyde or ketone. Hydrogen cyanide itself is not very
\/I ecanismo nucleophilic and does not ionize to form cyanide ion to a significant extent.
Thus, a source of cyanide ion such as NaCN or KCN is used.
TN =
HCN iN=C? + \>C=Q= —  IN=C—C—O¢
R’ 1'{!
P
CatahtICO Cyanide ion Aldehyde or Conjugate base of cyanohydrin
ketone

Step 2: The alkoxide ion formed in the first step abstracts a proton from hydrogen
cyanide. This step yields the cyanohydrin product and regenerates cyanide ion.

1 1
= el )
:N=C—C—0:" + *HLC=N: — :N=C—C—0H + ~=:C=N:
R’ R’
Conjugate base of Hydrogen Cyanohydrin Cyanide 1on
cyanohydrin cyanide

Importante para a
producao em larga escala
do acrilico, o
poli(metil metacrilato)

(PMMA).

N H:80, 9
> O/"
CHSOH

15
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0] OH OR’
H R'OH, H” | R'OH,H™ |
RCH —/]—— R?H —————*R$H + H,0
OR’ OR’
Aldehyde Hemiacetal Acetal Water
i
HCI
QCH + 2CH,CH,OH — QCH(OCH2CH3)2
Benzaldehyde Ethanol Benzaldehyde
diethyl acetal (66%)
..doing + . .
science 0 :OH OH :OH
for b ” H | R'OH | H ‘
or better RCH =—=RCH=——= RCH =——= RCH
health!  Neke | |
(0] OR’
G;\
H R’
Aldehyde Hemiacetal
H H
w NG
‘OH 70 R H R H R H
‘ H', fast ‘ slow Nt . \6/ \C/
R(“.H = RC‘.‘H _ (‘j + H,0: (’I N ”
‘OR’ ‘R :OR’ ‘OR' TOR!
Hemiacetal Carbocation Water
H\+/ '
R’ m H o ‘OR’
o YL fast | H™, fast ‘
/=O + (”j = R(|.‘H — R?H
[
H +QRr :QRr :QRr
Alcohol Acetal

27/09/2023
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O .
” p-toluenesulfonic
CH;(CH,)sCH + HOCH,CH,OH # O O
H (CH,)sCH;
Heptanal Ethylene glycol 2-Hexyl-1,3-dioxolane
(1,2-ethanediol) (81%)
” ,i:-lu\ucnguulfulm'
CegHsCH,CCH; + HOCH,CH,OH # O O
CgHsCH, CH;
Benzyl methyl Ethylene glycol 2-Benzyl-2-methyl-1,3-dioxolane
ketone (1.2-ethanediol) (78%)
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OR” 0]

| H
RCR’ + H,0 == RCR’ + 2R"OH

|
O'R!F
Acetal Aldehyde Alcohol
or ketone
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