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R-C-H woadlaua:zAtau Us:NduQduHL) 5+
aldehyde ﬁUUDUE)\)mSUE)uaD\)ULLS\)S HJ10 R—C\ .
U (Dipole-dipole interaction) H
O upvlulanagouIn | |
R C Rl length energy douliddy doulbin
ketone C=0 bond 1.23 A 178 kcal/mol
ketone R @:@ (745 kJ/mol)

12 ()i 8
R % alkene C=Cbond 134 A 146 kcal/mol

(611 kJ/mol)
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Class | : Carboxylic/carbonic acid derivatives

lcarbonyl compounds with groups that can be replaced by a nucleophile

/ |/ |
9 / e /g lg
/ 1 /
C C & €
R~ OH R~ OR’ R Do~ R’
a carboxylic acid an ester an acid anhydride
i i i i i
5 C € C C
R j@ R™  Br R SNH, R~ "NHR’ R~ “NR,
an acyl chloride an acyl bromide amides

Class Il : Ketone and aldehyde (lack potential leaving group)

carbonyl compounds with groups that cannot be replaced by a nucleophile

|/ |/
O / O \’ /
[ [

R/C\H R’/C\R
a ketone

an aldehyde

Reactivity

Functional Group
(o]
I
R i
Acid Chloride
(o] (o]
P!
R/ \o/ SR
Acid anhydride
(o]
|«
R/ ~o~”
Ester

0

c
< NH,

Amide

R

N
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Leaving Group



Aldehyde

CH, C|)
5 3 1
AC8 2N,  3-methylpentanal
Y (0
o)
a | y benzaldehyde
©/\ (phenylmethanal)
O]
s 3 2 ||
H,C H

2-cyclohexylbutanal

N

K e t 0 n e nAITASAUATW RSB0 D 0UAANSE:ARSE
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HeG I
B CH, 4-methyl-hexan-2-one
Y o a
o)
o | & acetophenone
’ (phenylethanone)
0
. M
6 2 3-methyl-2-cyclohexanone
p 3-methylcyclohexane-2-one
5 3 CHjy

NSTUNKY CHO coAuIVUKIUKEDIVIUUEU LG

MeoQd8 -carbaldehyde
ﬁ 0]

H3C\©/\H H3C\@H

3-methylbenzenecarbaldehyde  3-methylcyclohexanecarbaldehyde

NSTUNKL C=0 unuftu aldehyde tHIS8N31 oxo

ch\/\/”\H
]
o)
4-oxopentanal



Aldehyde & Ketone in nature

HO

SN

CH,

vanillin
(vanilla bean)
mp 80°C, pb 285°C

2

2.4

CH
H5C 3
\\
H3C O
camphor

(mp 179°C \ f

O CH,
I 0
>
X H N
cinnamaldehyde benzaldehyde \CHZ
(cinnamon bark) (oil of almonds) .
pb 253°C pb 178.1°C (R)-(-)carvone
(spearmint oil)
pb 228°C
@)
CHj CHj |
AN NS N
H,C
citral CH,
(lemongrass) jasmone
pb 229°C

(oil of jasmine)

N
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CH,

°x

:\ o |
H3C/\CH2 ) b

(8)-(+)carvone
(caraway seed oil)
pb 193-231°C
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0. {l:lvh— :ﬁ: :0:
] . |
0. Co+ G- Co
“7OR R™ R R R R ® R
major minor
H'l. H"'. H'\.
c=0 c=0 c=0
H B R
- | - | -
D= 2.29 D= 25 D=29
/
Aldehyde 2.72 D
. Ketone 2.88
Dipole Carboxylic acid ~ 1.74
moment of Acid chloride 2.72
C arbonyl Ester 1.72
r S Amide 3.76
group Nitrile 3.90
S Water 1.85 )




Type of
Compound

alkane
aldehyde
alcohol
alkane
aldehyde
alcohol
alkane
aldehyde

alcohol

Compound

ethane
methanal
methanol

propane
ethanal
ethanol

butane
propanal
|-propanol

Molecular
Structure Mass
CH;_CH_n 30
H—CHO 30
CHy—OH 32
CH—CH,—CH, 44
CH,—CHO 44
CH;—CH,—CH,—CH, 58
CH;—CH,—CHO 58

CH,CH,CH,CH, CH,—O—CH,CH,

butane
bp 0°C

methoxyethane

bp 8°C

Boiling
Point (8°C)

-89
-21

65
-42
20
78
=1
49
97

CH,CH,—C—H CH,—C—CH, CH,CH,CH,—OH

propanal
bp 49°C

acetone
bp 56°C

1-propanol
bp 97°C

N
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Water
Boiling Point  Solubility
Structure Name 0 (g/100 mL H,0)

HCHO Formaldehyde 21 55
CH,CHO Acetaldehyde 21 Soluble
CH,CH,CHO Propanal 49 16
CH,CH,CH,CHO Butanal 76 7
CH,CH,CH,CH,CHO  Pentanal 103 1
QCHO Benzaldehyde 178 0.3
CH,COCH,4 Acetone 56 Soluble
CH,CH,COCHj,4 2-Butanone 80 26
CH,CH,CH,COCH, 2-Pentanone 102 6
<:>:O Cyclohexanone 156 2
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5
+ O 4 + +
P D 0 / \5
; H .H R
5-0O 5O
N N
2 o
R
Water Water
Number of Solubility Solubility
Carbon Atoms Aldehyde of Aldehyde Ketone of Ketone
1 methanal very soluble
2 ethanal infinite
3 propanal 16 propanone infinite
4 butanal 7 2-butanone 26
5 pentanal 4 2-pentanone 5
6 hexanal 1 2-hexanone 1.6
7 heptanal 0.1 2-heptanone 0.4
8 octanal insoluble 2-octanone insoluble
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O
PN _or, I
R OH R/\H
OH O
o f
R R'
(@]
o |

/|\ AlCl, CHs
+ H,C Cl Lewis aua
catalyst

CH H
HyC AN 3 (1) O, O§ CH,
(2) Zn/ Hzoi N + (
H,C o

CHj CHj

N
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1) Sia,BH or 9-BBN Ho 9
-  H—C—C
/Ej Ho0,, OH 7 Y
N—C=r—H Aldehyde
Terminal \ itl
Alkyne H.0, Hy50 H
20 HIC :
HgS0, | "H

Methylketone

HO H OH O\\ //O
NalO,
Ry —» —H + R3—X
3
R, R, R, Rz



Hoe” > HC I
@)
1°alcohol aldehyde
CH, [O] - CHs
H3C/\( 3 R e H3C ||
OH ©
Na,Cr,0,/H,SO0,
2°alcohol  11CrOs ketone
CrOy/H*
KMnO,/OH-/H*
NaClO/AcOH

Oxidation using
chromic acid

PCC (pyridinium chlorochromate)

PDC (pyridinium dichromate)
Swern (DMSQO, COCl,, Et;N)
DMP (Dess-Martin)

| ©
R—lIZ—OH e m—
H
H [H]
primary alcohol
7 ©
R—(lj—OH —..H_"
H [H]

secondary alcohol

I OH
O I
OZ(‘TrZO
i i
R:-C. — > Br-C.
RO H R

i

=

R™ "H

aldehyde

carboxylic acid

—7
D

OH

| Cr
o=crfo °0” "OH

1D

Q S
R"ig)‘ "R

N

aaaaaaaaaaaaaa



TOF \

o -
CHSC - 'f:l MCIB e
O l
0 I Y
AlCI, CHs CH,C+ 11— AICL,
© + H3C/\CI Lewis acid

catalyst
: sl o
benzene acetyl chloride

()
o
CH,C
: 0= AICL +

fast l

O
||

alcy, CHC
HCl O



H2350, O
—R —» R
H,0 R
1) R,BH O

OH H
Hy0, HySO, |
R—Cs=CH Fpm > R—C=CH
HgSO.a,
Alkyne o Enol
Aqueous sulfuric acid
with mercuric sulfate
catalyst
Terminal alkyne
o H,0, H,SO0,
R—C—C—H HgSO,
Symmetrical internal alkyne
o H,0, H,S0,
R—C—C—R HgSO,
Asymmetrical internal alkyne
o H,0, H,S0,
R—C—C—R HgSO,

N
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T
- R—C—CH
Ketone H
I
R—C—C—H
I
R—C—C—R
@) H O
| |
R—C—(|3—R R—(lZ—C—R'
H H
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= (Oxidation reaction HO W OH o 0O
= C—Chbondin HRS Mo \/\__H N R3_</
a vicinal diol (glycol) R, R, R, R,

1s cleaved and instead the two
oxygen atoms become C=0

= To be ketones or aldehydes o
depending substituted C-C @ NalO, W\/H\H

NalO, || H\)\
HsC CHy ——» H3C/\(\H S L
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= Addition reaction

(MsLau) C,,) "
—C- ¢+ Nu
C=0 as electrophilic
= Substitutjon reaction
(Mswunun) E? Nu: X~
R—-C-X

C=0 as electrophilic
X as leaving group

O-H
—C—-Nu

|
R—C—-Nu
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(I)H
Reduction
Nucleophilic |
addition of hydride R,
IﬂIR
RNH, C
0 —s RT R
Nucleophilic
| | addition of amine o
R/C\RZ | I —_—
1 Electrophile /\(
_— R1
o-Substitute
reaction R
R, R, O
Acetone ></||\
HO CH,
Carbonyl

condensation reaction

O

Pl

R” "R

aldehyde or
ketone

5

OH
(1] *Nu L
= R Nu
[2] H—OH R
nucleophilic addition
. N O
*Nu
nucleophilic R Nu
substitution
:OH
= A
anol
reacbon at
the a carbon :0:
N |
H
enolate

N
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With no leaving group,
H and Nu are added.

‘7 With a leaving group,

Nu replaces Z.

E replaces H
on the a carbon.
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Fehlmals 5ol
warm

FMV\OQ_ ov K—:_(V;O}
heat ov VEFIIAX

o Tollen's Roy
WQRYM

NVaBdy lag) vt
0F [ LiRlHy dryether
2. Hmu,f.’t- OH

2 e Gt =M

Kalr,03 , ohi| HaS0y
veflux with
immedinte distil|ation

HCN
—ffzoma ) tvace NaOU or
" s b trmnce NaCN
WnvVm
H(JOD_Nol+ 10 -20°C

+ oLz [5)



Nucleophilic addition reaction to the C=0 bond

-

~

o -
|l (1) Nucleophile |

. -o
O-

———> R—C—

PO
R ) H Nu sp3 I
Sp Nu

Grignard reaction
Addition organo-Li

Reduction

Addition cyanide

Addition hydroxide

Addition alkoxide

R-MgBr
R-Li

NaBH,
LiAlH,

-CN

-OH

-OR

(2) Protonation

—_
(acid workup/
H* H;0%)

N
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e

/

,CI)L H" OH hydrate
R™ "R ‘“20 R’ng_llq' (geminal diol)

Acid-Catalvzed Addition of water

@) "OH OH
hydrate
—»
R)LR' ""‘—H : R)VR' . .
,O OH (geminal diol)

Base-Catalvzed Addition of water

I T .
tH— H;0%
C @) o . —= > _.C ~
V4 H 4 H
[Alkoxide ion] Alcohol

O
|

C + H-,O
H/ \H 2

formaldehyde
(0.01%)

/C\ + H,O

acetaldehyde
(42%)

acetone
(99.9%)
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HO OH
N\ _/

EEEE——
~_

~ C
H” H

formaldehyde hydrate
(99.9%)

HO OH
N\ /

EEEE—

- /C\

HeC~ H

acetaldehyde hydrate
(58%)

HO  OH
N\
HsC~  CHj

acetone hydrate
(0.1%)



O
g
H” H
Methanal

(formaldehyde)

O
||

Aldehyde

O
||
C

7T

R R’

Ketone

H OH
1) LIAIH,/ ether N C/
2) H,0" TR
methanol
H OH
) LiAIH,/ ether N C/
2) H,0" R 4
1°Alcohol
H OH
) LiAIH,/ ether N C/
2) H,0" R g
2°Alcohol

N
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Mechanism of aldehyde and ketone reduction by LiAlH,

Catalyzes H addition

©)
.® h
w’"LI e/(_D\ Li AG|>H
(j)\'. oL AlH; oM
_’. ,
R)\QR

Hy R R™4R
H—Plxl_—H a lithium alkoxide
|_|| a tetrahedral intermeduate 6)
H ™ H
Nucleophilic attack Proton transfer
workup ¢
OH

Li* and AI** salts + | Alcohol RJVR
s H

Simplified version:

‘@ O\
()Oi OeLi@ H(b‘H OH
y R R)\QR ) R/IER

H



Aldehyde/ketone

+

1°amine

—

R,

\
C=—N

/

R1
[mine

N
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R/ \R . \( o | \‘/
1°amine Imine
O
R, N
! ~c” TOoH
PN + HO—NH, —— |
R1 R,
R,
hydroxyl amine oxime o
” |C|) Rl\ /N\ /||\
Ot N NH C” "NH  "NH,
R7 R, HN NH I
R,
semicarbazide semicarbazone
O
I Ris NS
C C NH,
Ry R,
. R2
hydrazine hydrazone
ﬁ ®
NH R N
R/C\R ' ©/ i I>ScZ SNH
1 2 |
R,
phenylhydrazine

phenylhydrazone



N
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|C|) OH
C + 1) Dry ether
PN R—MgBr ; > CH
Rl H 9 2) H,0O Rl/ ~R
|C|) HO\ -
C N 1) Dry ether -
N R—MgBr — > C
Rl R2 2) HSO Rl/ \RZ
CHs CHs
H3MgB | . |
CHy— c=0 ZM980 [ —c—o mger | H22/H0 ¢ oM
| |
CHs CHa (|:H3
Propanone n -
(Acetone) 2- Methylpropan -2-ol
;,Elr
+ Mg
™



H.C
\
C=0 + HCN

/
H

ETHANAL
(ALDEHYDE)

H.C
Sc=0 + HCN
/

H.C

PROPANONE
(KETONE)

OH
HEAT I
> H,C—C—C=N
KCN |
CATALYST H
2—-HYDROXYPROPANENITRILE
OH
HEAT I
> H,C—C—C=N
KCN |
CATALYST CH,

2-METHYL-2-HYDROXY
PROPANENITRILE

wngon LA MSOABY
m:rl:am‘rl nclNachwuwa

§g‘

Cyanohydrine

PN + HCN - ‘RJVROH
CN

CH,NH,
A H, / Pt
o] OH 2
Oﬂ LHON o OH
or LiAlH, and H30+
Benzaldehyde cyanohydrine

CN .
heat

COOH

@




N
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n 1
C B —C—
Rf \H + R-OH Rl (|: OR
H
aldehyde alcohol hemiacetal
I 1
C<g * R-OH =——= R;—C—OR
PN ~
Rl R2 ' |
ketone alcohol hemizetal

OH

HyC™ “CH, = MG OH

CHj



N
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%) O
|l
/C\ + /C\
H,e” ~H T O " H,c” OH
acetaldehyde acetic acid
N 0
Co., v O > C.
HyC™ "CHy 2 HyC”~ "OH

acetone acetic acid



Alpha-Substitute reaction

=0

@: 01
AT e S [
AL AL 7| samedtion. O otHR

C C
A | P
A carbonyl An enoclate ion
compound
:0: :0:
)J\./ H & )'I\/ X
oL =
R H* or "OH R &
R = H or alky!l o-halo aldehyde
X5 = Cly, Bry, I or ketone
0] O
Cl
Cl,

HCI, H,0

inplulagRunTW Seod 0 oA mMss:aaSY
HEALTH,COSMETIC &
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Acetaldehyde

(Ethanal)

UDVIHAdIDE AalwWldvie a:aetudh Dnauqu
uIN udmiSavvavo:Unaulkiiouwald odor
threshold ogi 0.05 ppm (0.09 mg/m3) 13
naula:oNNss:MeLFnY Wudtunudiaula
s:ikgLJuloNDruRNORDY 1AtUSSSUBIADEU
AW YUUUY WAluan wazv1nNszudUNISLAN

WAaTUDIKISUDOWY

H

Food

Yogurt (from cow milk)
Bananas

Garlic

Peas (canned)

Lemon Flavor for baking
Orange Flavor

Orange Juice (direct Juice)
Orange soft drinks
Coffee, roasted, powder

IARC carcinogenic class 2B ACGIH Carcinogenicity = A3
UztSvntgoylwsvoyn (nasal mucosa) ua:naovldev (larynx)

tuaadnaaov

N
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Acetaldehyde
content mg/kg
6.05-17.42
1.88-18.27
5.60
4.49
26.32
1416
5.89
14.01-16.30
1.15-40.15



MSHVIU/MSDDNANS: a1SIRAIIUHDL astinau

H UNHDU UNUUHDUS:LHY
anutu=NMEYNW: colorless to pale yellow clear oily
O liquid (est)
Shenylactaldehyde 21gudVINaU (AXWAaNU): 400Hour(s) o
[UPAC : 2-phenyl ethanal StQuUADIUUSVUDVNAU: high ,recommend smelling in

a 10.00 % solution or less

50s1Mstd: 0.10% - 5.00% (FWsaduIn K3pUpENIT
10 10g 2.9. La:WWAQ WIANMKUQDASICKSDJVD)
20s1NMsBuu:=th: 0.50%



raspberry ketone

a1sanavinwas1auass Wu Phenolic 91N
sssUBIa aauTldadgaiscuayyanas:=tu
nau Anthocyanidins (WoulslyeUauU)
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Us=Tosliupvsialuass Alau

= Juarsdunuyadas: (Anti-oxidant) ¥oe
SAVILBaavINNISHAMIa1gNDUYaDas:

» ¥oglkUgdUNWUlBUaWa ¥igLsy
Ns:udUMISIWNIWaItyluuddulnuiRdu
wa‘ooqumatuszaéth}uz‘juﬁorhtﬁs'woma
2UDUTUQDY

= ¥ognUAUUIKUNTQYTUDWAUIVLIAEY

= WJuaisuniunisys) (Anti-aging)
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1) HAanASaATYHSDRANWUZIUNYNCDY

2) 351sAUdTUAINONCEDY

3) 3805UNgLBuwaAanssy (35UUA) Ngndov
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