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Aldehydes and Ketones : <l gisl)  Slulgaal)

4 aimal Syl (a1 6 ey ((CNHoNO) bl Basally il Sl o3 s
. . C=0, (Carbonyl group ) dsi s Sl de sean e Lei o) aly
() SI(RCHO ) 4pally La see (Aldehydes) <ilalgal¥) Jias
i lasie 5 (- Alkyl group ) JoSllde sasa sl Can g 08 33 05S8 0f S R
i laaie 5 ( Aryl group ) il de sexe 5 (- Aliphatic aldehyde ) il el
. ( Aromatic aldehyde ) iy ulgall

R=R" 05S8 o (Sas 38 ( s ) 51 (RCOR) dapally La sac <l s3SI Jiai
R#R™ Gaililaia e 5 (Symmetrical ) shliie 0 5iS nal ) 5<5 My opilil <
LK 05 <8 of 1 Sars . (Unsymmetrical ) _bliie ,e oS linl g sS laaic
O b el oS Ll i oiila s ) Sl L 5 Ll iy (pilial) e sanal)

( Mixed Ketone) Lalise () 538 Ll i Aila g )) LAY Al saa) (585
R R
H ™~
/ H/ R \_/4
H 120
Aldehyde Ketone

This difference in structure affects their properties in two ways :

A: aldehydes are usually more reactive than ketones toward nucleophilic
addition , the characteristic reaction of carbonyl compounds.

B: aldehyde are quite easily oxidized , whereas ketone are oxidized only
with difficulty
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Nomenclature : &zl

Gl o Uil el (e O S 3 Ji 0 SIS e Bl (5 T L
ashall o a5l o LS el o3 (s dend (Sa Y Common Trivial System )
LS ye aen dpand LA (e 4Sa & (Systemauc, IUPAC System ) dllaill
OSPIPIN|

§ Sl dsand

Le3 oS3 Al (Carboxylic acid ) 4leasS g Sl iaal gall chJ e Ui iluenl) 3
AV AW a5 -iC) (gl pdaall 1y Lgia ST o e & yiaall Cila gl
. 4ie Y (aldehyde )

Carboxylic acid - ic - acid + aldehyde — carboxaldehyde
Aiaie A8 e Y Cagyall s 230 ud 0 eVl Ay 80 e pede panay sagdlla i
LAMbJJ\AA‘u}JJ\S‘a)ﬂ—auﬂbuﬁml_@_:ﬁ‘yu.\_:ﬂ (6 A Bca )
0 —CHO Jaesill de sandl
8 Y p o
HsC——CH,—CH,—CH,—C——H

oS 51 IS s algl
o}
- . I
H C—OH =~ W A4
Formic acid Formaldehyde
Aldehyde o ‘0‘
Acetic acid Acetaldehyde

o ﬁ

H,C——CH,——CH,—CH,—C——0H ———» H27— CHym—CHym—CH,—C——H

Br Br
§- Bromovaleric acid §-Bromovaleraldehyde
ﬁ ﬁ o] o]
HsC——C CH,—CH,—C——OH » H,C—C——CH,—CH,—C——H

B- Acetylpropionic acid B- Acetylpropionaldehyde
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o 0
| |
C—OH ¢
. . Benzaldehyde
Benzoic acid
o 0
I |
C—OH ¢—H
OCHj, OCHs
P-Anisaldehyde
P-Anisic acid
O
i |
! .
C—OH ¢
NO
NO, 2

P-Nitrobenzoic acid

o

C——OH

CHj;

P-Toluic acid

P-Nitrobenzaldehyde

O——0

CHs

P-Tolualdehyde
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° ﬁ
C—OH C—H
OH OH
Salicylic acid Salicylaldehyde
or O-Hydroxybenzoic acid or O-Hydroxybenzaldehyde

 Agallail) 48, )

e il de gana auzai ((CONEINUOUS OPEN Chain ) 3 e 45 53 S Aludas Jghal jlias
Ol ALuball 28 o8 )5 LaS L (V) B i)l A gana (ani Gy 0855 5( -CHO))
Ay ae e b Laie) paAYL S jall sl Glisas g ) ) dua grall gialaall 8l g0
(-al ) el a5 (-0 ) Gl gd e YALKaNe ) OIS sl (e A jall g5 S
D dde Yy

Alkane -e +al — alkanal

(tri-) 5 S (di-) Quladl p adiidi s Y S el sanl g de gena e ST s g dlla
Tl acl yaadl D0

CH
’ 8 7 6 5 4 3 o, 1

HyC——CH——CH,— CH,——CH,——CHO HC==C—— CH,— CH,— CH——CH——CH,—CHO

CH;  CH,
5-Methylhexanal

3,4-Dimethyl-7-octynal

CHz——CH,— CH,— CH——CHO

HyC——CH,——CHO CH
3

Propanal 2-Mehtylpentanal

OHC——CH,—CH,—CHO CH,—CHO

Butandial

Phenylethanal
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- il gkl Avands
Lo paner il pall R pebadl o im ALiaiie el 300 (e Lin w1 (5S35
Ethyl before  Stie Jiall 8 (g1 s pall Jlagd) s il coves 5 )Y 51 Ji 0 S
Lasmadge fanlaey sagdlla A0S ALl aul) o s (M JS E oY Methyl
Ll Al 3 LS Ad e Y) Cagyall Mim o 23

ﬁ ﬁ
H3C—CH2—C—CH3 CH3—C—CH2—CH—CH3
EthylMethylKetone Br

-BromopropylMethyl Ketone
CH o)
] i

HyC——CH——C——CH,—CH,

H3C—CH2—C_CH2_CH3

Ethyllsopropyl Ketone
DiethylKetone

ﬁ 0
CHZ—C—CHg |C1—CH3
BenzylMethyl Ketone MethylPhenyl Ketone
0

O

@]

scolNeAe

CyclohexylPhenylKetone DicyclohexylKetone
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QM’“ \?jbeﬂé

- Agalatl) dsandtl)

o 8 (aad Camy o8 535 g0 JISH Ao e (5 938 yadtase A3 53 IS Abualis J 5l s
OSIVY as) e A pall A S 2o b LY L ansY) iy o5 4 i) Ao ganall (Saa
e Y —one Al sy -e il iy Y
Alkane-e + one — alkanone
S -dione Al akliall Jasting S jall 3435 518 de gane e ST Y gl 8
A0 S sl ae ey We) o Sl Stfione |, oSl

CH; O
4 | 3 | 2 1
HsC——CH——C——CH,

3-Methyl-2-butanone

C_CH3

Acetophenone
(|)| ﬁ
HgC——C——CH,—CH,—C——CHjs

2,5-Hexadione

O
s 3 4 1
C——CHj

HsC TH

§

3-phenyl- 2-butanone

O

Cyclopentanone

(0]

H3C_CH2_CH2_C_CH3

2-Pentanone

O—0

Benzophenone
ﬁ

C_CHZ_CH3
1 2 3

1-Cyclohexyl-1-propanone

5 NO,

4 -Methyl-3-nitrobenzophenone
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0O 0] 6]
I I CH, I

/C\ /C‘\ I A

CH3 CH; CH;CH, CH,CH,CH; CH,CHCH,CH,CH, CH;
systematic name: propanone 3-hexanone g-methyl-2-heptanone
COMMOn name; acetone
derived name:  dimethyl ketone ethyl propyl ketone isohexyl methyl ketone
0]
1 &

3 0 6] 0]
cHy & I i I

| (

0 cr{ cw; CH, CH,CH=CHCH; CH,
systematic name:  cyclohexanone  butanedione 2 4-pertanedione d-hexen-2-one
common name: acetylacetone

0] 0 O
; g z%-
~ G
O CH, @’ CH,CH,CH, @’ \Q
CONHNON Bame: acetophenocne butyrophenone benzophenone
derived name: methyl phenyl ketone phenyl propyl ketone diphenyl ketone

If the ketone has a second functional group of higher naming priority, the ketone
oxygen is indicated by the prefix “oxo.”

systematic name: 4-empentanai methyl 3-oxcbutancate 2-{3-oxopentyi}-
cyclohexanone
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Physical properties ;4 judll gal sl
The polar carbonyl group makes aldehydes and ketones polar compounds,
and hence they have higher boiling point than non-polar compounds of
comparable molecular weight

Ao i€ And e (o Al gl) A ) O syl s S agsfwdg}m;@w
CanS oY) & a5 elall @l a o (Hydrogen bonds ) i s el sl oY) o 5l
Ji s8] Ao sena (8 A0k HeSI Allall il

\ Hydrogen bonding
c=—o0_ / H.b
/ H
\\ /
*H 0

Lis el eal sV ae i g ) LS e 4 5
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Preparation of aldehyde : ca\-\gl.g_;.ﬁ‘i) el
Oxidation of primary alcohols : 4ds¥) <Y sasli Baws) -

o)
K,Cr,O,/H* ||
R——CH,—OH : R——C——H
1 Alcohol
Aldehyde
0
K,Cr,0,/H* |

H3C CHZ—"CHZ—"CHZ—"OH

> H3C—CH2—‘CH2—‘C H
n-Butylalcohol n-Butyraldehyde
1-Butanol Butanal

Oxidation of methyl benzene : ¢t Jiiall 8aus) -¥

Cl, . heat
= Ar CHCI 2 H20
Ar CH3 | .
Ar CHO
aromatic aldehyde
CrO3 H,0
> Ar CH(OCOCH 3) 2
Acetic acid
CHs CHCI , CHO
CIZ . heat Hzo
light CaCO;
Br Br Br

P-Bromotoluene P-Bromobenzaldehyde
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CHs CH(OAC)
CrO; X H,O
AC,0 j H2SO,
NO,

P-Nitrobenzaldehyde
P-Nitrotoluene

© el gad) il oIS J) A -y

o o)
I ||
R—C—Cl R——C—H
or LiAIH(OBu-t) 5
> or
ﬁ Red. o)
Ar——C——Cl ||
acid chloride Aldehyde
0
| I
c—cl
C—H
LiAIH(OBu-t) 3
Red. j
NO,
NO,

P-Nitrobenzoylchloride P-Nitrobenzaldehyde

Reimer — Tiemann reaction . . 4 suéll Cilaleal¥) | ladi— el y Jelds - ¢
Phenolic aldehyde

Y sl Jomd aal
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Preparation of ketones : <l gl juaal

Oxidation of secondary alcohol —: 4 gitill & gasli 3ausi - )

0]
CrO3 or K2Cr207/H+ | |
R—CH—R > R c R
OH Ketone
2 Alcohol
Examples:
OH e}
CrO3 or KzCI’207/H+ ||
H3C——CH——CH3 » H3C——C——CHjs
2-Propanol Acetone
CH,
CHs
CrO3 or K20I’207/H+
>
OH
O

4-methylcyclohexanol
4-methylcyclohexanone

Friedel- Ceafts acylation : i S — Ja b Al - ¥

| ALC |
R——C——CI + Ar H - - > R——C——Ar + HCI
Lewis acid

Acid chloride ketone
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EX. r ﬁ
c—cl c
+ —_—
Benzoylchloride Benzene Benzophenone

or Diphenyl Ketone

CH; COOH COOH
KMnO, HNO, PCl;s
—_— - [
H,S0,4
NO,
Toluene i i
Benzoic acid m-Nitrobenzoic acid
I
c—-cl ﬁ
® :
—_—
AICl, \©
NO,
m-Nitrobenzoylchloride NO,
m-Nitrobenzophenone
(|)|
cC—dcCl NO,
AICI
+ P -~ NR
Benzoylchloride Nitrobenzene
I
C——CH;,4
AICI
(CH3-CO )0 . - . +  CH,COOH
Acetic anhydride Acetic acid
Acetophenone

or  Methyl phenyl Ketone
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Reaction of acid : 4 gaad) uladll il ja g (sl gl Cilay oS Jolds -
chloride with organocopper compounds

R
CuX |
R—Li — > .
R——CulLi
O ﬁ
t———» R—C—FR or Ar C—R
R——C——CI
or
ﬁ
Ar cC—cCl
Cul )
HaC——CHy— CHy—CH,—Li ——— (HsC——CH,—CH,—CH,) 2CulLi
Lithium di-n- butyl cuprate
(o] CH4

— H;C—CH,—CH,—CH,—C——CH——CHj,4
CH: O n-Butyl isopropyl ketone

” or  2-Methyl-3- heptanone
2 moles of H;C—CH—C—CI |

Isobutryl chloride

HaC HC

()= )~ = ), o

m- Bromotoluene

2 moles of H;C——CH,—CH,—C——Cl

Butyrylchloride

H3C

ﬁ

C——CH,—CH,—CH;

n-Propyl-m-tolylketone
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Reaction: Nucleophilic addition

Aol 1< guil) ABLZY): el

The typical reaction of aldehyde and ketone is nucleophilic addition

/\ 8z
AN

/C@
R

Reactant trigonal

Z
: z 7
> R_/é\\ o (|: H,0 |
) R'/ /C
R/ \O_ R / \OH
R R
Transition state product tetrahedral
dolé galS 5l Aslialy)
Nucleophilic addition
Z
£ z
NS H |
C—O0OH ——> R— A ; > o /C\
/N / OH / oH
R R |

Transition state

aelise Jala€ (malall 3 ga g0 43l IS o) ZaLaY)
Acid — Catalyzed nucleophilic addition
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Reaction of aldehydes and ketones : < giusl) g cilalgualy) uﬂ:—m
Oxidation : 3aws¥) -

aldehyde : ulga) -a

Ag(NH3) "
R——CHO R——COOH
or KM nO4 _
> or
Ar——CHO
Ar——COOH
aldehyde KoCra07 carboxylic acid

Tollen test

HiC—CHO + 2Ag(NHz) ', +30H ———— 2Ag + CH,COO + 4NH; + 2H,0

Silver
mirror
0
| KMnO, |
HsC——CH,—C H > H,C CH,—C——OH
Propanal Propanoic acid
: -l gl il -
Haloform reaction Methyl Ketones : <Uigis Juidl -b
I
or ox 60 C
O > or + CHX3
KOCI
or Ar oo Haloform
Ar——C——CHj, ONal
0
” 60 C
CoHs——C——CH;, + 3KOCI ———  » GCpH;——COOK  + CHCI3
Butanone Chloroform
H,SO,

or Ethyl methyl ketone
C,Hs——COOH

Propanoic acid
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CHs o) CHs o]
|| 60 C | ||
HsC—C CH——C—CH; + 3KOClI — » HC—C CH——C—O0K + CHCl,
5 4 3 2 1 Chloroform
4-Methyl-3-pentgn-2-one H2504
? CH3 ﬁ
Hz3C——C——=CH——C——OH
3-methyl-2-butenoic acid
Reduction : J) 3aY -¥
Reduction to alcohols : <¥ gasl) A J) 3548 -a
H,, Ni or Pt
>c:o - ——C—OH
H
Aldehyde & alcohol
or
Ketone or NaBH4 then H+
O
H OH
H, , Ni
Cyclopentanone Cyclopentanol
0] .
|| LiAIH4 ot
C—CHs - - CH——CHjs3
OH
Acetophenone 1-phenylethanol
i
1. NaBH
e —?ﬁ(f—“> CH;CH,CH,CH,0H
CH3CH2CI12 H 2 t-butanol
hutanal a primary alcohol
an aldehyde
9 -
1. NaBH ;
G S — CH,CH,CH,CHCH;
CH;CH,CH, CH, i 2-pentanci
2-pentanone a secondary alcohol

a ketone
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Reduction to hydrocarbons : <Ugts g, A JIFAY -b
Clemmensen reduction : (miesdS J) 3840 -3

- (pfie de gana ) @l Sl 8 i g S Ae gane J) FA) ) g0

Zn(Hg), / HCI
>c=o + - >CH2

\j

Zn(Hg), / HCI
C——(CHy)4s—CH;z + - \ / CH,—— (CHy),—CHg

n-Pentylphenylketone n-Hexylbenzene

|| Zn(Hg), / HCI
C——CH,——CHjy4 > CH,—CH,——CHjy

Ethylphenylketone n-Propylbenzene

A

AICl; Feidel-Crafts acylation

CH3—CH,—C——Cl +

Propanoylchloride
Benzene
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Wolff- Kishner : JdS — calgg J)5a) -¥

\ NH, - NH, / OH™
cC— + > CH,
/ 200 C /
HaC HsC
NH, - NH,/ OH™
C—(CH,),—CHj; + > CH,—(CH,),—CHjs
200C
n-Propyl-m-tolylketone m-(n-Butyl)toluene
" H H
NH, - NH,/ OH™
200C
Cyclopentanone Cyclopentane
Reductive amination : 4l 3y 4wy -¢
H y H
H, , Ni
R—C=—0 NHy ————— = |:R—C:NH 2, ™ R——C——NH,
aldehyde ammonia — b
1 Amine
R” R _ R™
\ - \C_NH H2 , Ni |
/C—O + NH, - s — ——— > R——C—NH,
R ammonia R |
ketone imine
1 Amine
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o)
|| HZ ' Ni
HC——(CH)s—C——H + NH; > HgC——(CHp)s——CH,——NH;
ammonia )
Heptaldehyde n-Heptylamine
or Heptanal or 1-Aminoheptane

H
c—0 H2 , Ni
ammonia
Benzaldehyde
Benzylamine
O]
H, , Ni 5 43 2 1
HC——(CHz);—C——CH; + NH;, »  H3C——(CH,),—CH——CHj,3
ammonia
2- Pentanone NH,
or Methyl-n-propylketone 2- Aminopentane
| Hy (NI
C__CHQ, + NH3 E CH __CH3
ammonia
NH,
Acetophenone or & Phenylethylamine
1-phenylethanamine
chr207 H2 , Ni
> O + NH, > NH,
H,S0, .
ammonia
Cyclohexanone Cyclohexylamine
OH
Cyclohexanol PBr; NH3
— Bf ——mM
Bromocyclohexane Cyclohexene

V4
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Preparation of secondary amine : sl ¢l sl
A 52 SN S s an Al el alelin Gayb e Glld oy

H H H
| H, , Ni

R—C—O0 4+ H,N—CH,—R ——» | R—C—™—N——CH,—R —— > R—CH,—N—CH,—R

reduction
Aldehyde 2 Amine

1 amine
imine

H H H
H, , Ni

HsC—C—0 4 Hy;N——CH,—CH;—— H,C——C——N——CH,—CH{ ~—— > H3C——CH,—N——CH,—CH,

reduction
Acetaldehyde Ethylamine Diethylamine

. imine .
1 amine 2 Amine

Addition of cyanide .Cyanohydrin : ¢xsb sibd) o 6<5 uilud) AdL) - ¥

formation
N . H |
ﬁ + CN > —C——=CN
0 OH
Cyanohydrin
. TToTTTm massasuuvwaUbLAL ILBVIULLLIT UL IlyUIUgCI] CyaﬂldC.

o} 55 .
C” 0 \ - :OH

=N — Cmeo=y H-EN it i
CH; X\ CH, 4 CH;CC=N + C=N
\ / CH; !

acetone -
atetone cyanchydrin
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H H
NaCN | H,O , HCI
c—o0 > C CN ——  » C——COOH
NaHSO;
OH OH
Benzaldehyde . .
Y Mandelonitrile Mandelic acid
O CHg CHg
NaCN | H,0 , HCI
HyC——C——CH,; > H,C—C CN » HsC——C——COOH
Acetone H250,
OH OH

Acetone cyanohydrin

- H,0
CHg
HsC—C——COOH
3 2 1

Methacrylic acid
or 2-Methylpropenoic acid

CHs CHs
NaCN | H,O , HCI
HeC——CH,—C——CHy ———————— H,C—CH, C—CN —— » H,C——CH,~——C———COOH
Ethylmethylketone H280,4
OH OH
or 2-Butanone
--H,0
CHg
H3C——CH=——=C——CO00H
4 3 2 1

2-Methyl-2-butenoic acid

AR
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Addition of derivatives of ammonia : Wi s cAiidia 48l - ¢

N\

O,

+ H,N—G

g C—NH—6 | — > SNc—n_ g+ WO
|| > 2
0 OH
™~ N name
H,N—G name /C—N—G
~o O
H,N——OH Hydroxylamine /C_N_OH o
. N
H,N——NH, Hydrazine /C—N—NHZ Hydrazone
. N
HN——NH—— Phenylhydrazine /C—N—HH—— \ / Phenylhydrazone
o]
H Semicarbazide C=—N——NH——C——NH, Semicarbazone
HoN——NH——C——NH, e
" H
| H'
Acetaldehvd Hydroxylamine _
cetalgenyde Acetaldoxime
O
” H* HeC
HC—C—CH; + H,.N——OH > C——N—OH
1 H3C
Acetone Hydroxylamine _
Acetoxime
'|* H
H+
Benzaldehyde

Phenylhydrazine Benzadehydephenylhydrazone

YY
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H+
O 4+ HN—NH—C—NH, ———  » ——N——NH——C——NH,
Cyclohexanone Semicarbazide

Cyclohexanone semicarbazone

HsC
. ’ \c N——NH
HsC H
c——o + H,N——NH - 5
Phenylhydrazine
Acetophenonephenylhydrazone
Acetophenone
Addition of alcohols . Acetal formation : Jisd) cpsss, <Y gasl) ddL) -0
il AY Gada s s DU i g0 Sl de gana () Sliay J eaSl Ga (pl ge
Jlaay)
H H H H
| _ o | |
“R—Cc— + first mole of H— "R—(|3—§R —_— "R—IC—OR
0. OH
hemiacetal
H H H
| | HO |Q@
"R—C——OR + H+ —_— R—C OR —_— R——C=—//OR + HZO
| (' more stable)
OH o®
. RN
hemiacetal H H
|
“"R——C——OR
®
| | |
® . H
"R—CQOR + second mole of ROH ————= --R—|c OR ——> "R—C——OR
®O0R OR
{
Acetal
H

Yy

+ H
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DAY Jo i) 4ila ko

H
dry HCI
H,c——C—0 + tow molesof CH3;CH,OH
Ethylalcohol
Acetaldehyde
sJad)
H
H Ethylalcohol HoH

H3C_C£O + first mole of CH36HZOH‘:H3C_C_%CH2CH3— H3;C——C——0OCH,CH,3

Acetaldehy;\/ O. ayl
hemiacetal

H H H
-H;0 -\
HiC—C——OCH,CHy+ H' ====== H,C—C——0CH,CH, HyC——C=—=0CH,CHz + H,0
(' more stable)
OH 0®
_ VAR
hemiacetal H H
|
ch—%—OCHZCHa
H H H
/\@ 'H+ +
HaC——C=——=0CH,CHj3 + second mole of CH,CH;0H =—= H;C—C——OCH,CH; — H3C—|C—OCH2(:H3 +H
G)(OCHZCHa OCH,CHjz
| Acetal

Cannizzaro Reaction : )=\ Jelds -1

o g3 Y aleall A s e 3yae JUE) Jedys B el y s g b deldll b o
Jsil 00585 leiay ¥ @l 5) RgCHO |, Ph- CHO |, e -0 Wi (o 5 52 BN
ddide Ml 4iin ol gl ol e Wl A well avu3a N (enol
s (<8 ) b € Crossed- Cannizzaro reaction  halisa 5 i€ Jelds)
NOPNY

50% NaOH
2 moles of HCHO » HCOO~ + CH3O0H

R.T
Formaldehyde Acid salt Methanol

Y¢
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RSN

(0 S} on

| [ Jor |
first mole of H_Q_\H/ H—C—H
.

q 7) I |

-Ht l
H—C——O0"~ CH3OH
Acid salt Methanol
CHO (olelo CH,OH
50% NaOH
2 moles of > .
R.T

“ cl cl

m-Chlorobenzaldehyde m-Chlorobenzoate ion m-Chlorobenzylalcohol

; pdaliid) ) 5ls Jolds

il AT g (e g ) slgmall G ol oy 8

CHO
CH,OH

50% NaOH
+ HCHO

Y

65 C + HCOOH

formic acid
formaldehyde

benzaldehyde Benzyl alcohol

Yo
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Addition of Grignard reagents : s S cidi g8 ddL) -V

‘ oO® H,0 ‘

R
R

Grignard reagent R

| |
H
o® HO .
DR s = e e o
H | i R
Formaldehyde  Grignard reagent 1 alcohol
H
AN S T o@ HO |
/c: + R—MgX —> "R—C—OMgX —> R——C—OH +Mg®" + X~
i
. Grignard reagent R R
Higher aldehyde 2 alcohol
R: =
R~ | R
AN 0® H0
R
Grignard reagent R R
Ketone
3 alcohol
O ! OH
o @ | 6 2 1
HsC——(CHy)3—MgBr  + HsC——C——CH3 —— H,C——(CH,);——C——CHj
Acetone :
. CH
dry ether] Mg P
KaCr07 2-Methyl-2-hexanol
H3C—(CH2)3—BI’
OH

HaC—— (CH,);— OH Isopropylalcohol

n-Propylalcohol

¥l
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OH
6 | 2 1
H3C— (CH2)3— C_CH3

’, ~~
. ~
P ~“~
" CHg “s.
.

2-Methyl-2-hexanol

Methylmagnesiumbromide 2-Hexanone

alkylhalide ——— Grignared
reagent

alcohol ——— s more complicated
alcohol

oxidation
L aldehyde

or ketone

Cl, , heat Mg
CHy —————— CH,—Cl m CH,—MgCl
OH
Toluene @ 1 ZI 3
— CH,——C——CH;
o ] |

CHs
K,Cr,0,
HC—CH—CH; ——  » -
g : HC—C CHs — 2-Methyl-1-phenyl-2-propanol
Isopropylalcohol
HBr |\/|g
— CH3-CHyBrf ——— (CH.-CH.-MgBr
dry ether 3 g
—— CH;-CH,-CH-CH
CH3-CH,-OH —— ¥ 3
(0] OMgBr
Ethylalcohol
y K,Cr20;
[—]» H,C—C—H H,0, H
(0]
Acetaldehyde

CH3-CH,-CH-CHj
OH

Sec-butylalcohol
or 2-Butanol

Yv
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Br MgBr
PBr; Mg | CH;CHO
——> H3C——CH;—CH—CH; ——» H,C——CH,—CH——CH;
dry ether then H,0, H*
CH,Y OH
OH | |
H;C—CH,—C CH—CHj,
H3C——CH,—CH——CH;, 3-Methyl-2-pentanol
Sec- butylalcohol
lo) OH
CrO; || C,HsMgBr
L » H,c——CH,—cC CH, > H;C ——CH,—C——CH,—CH;
then H,0, H*
CH,
3-Methyl-3-pentanol
Br,, Fe Mg
—_— Br —— MgBr
dry ether
H
phenylmagnesium |
bromide —> T CHz
9 OH
CrOs
HeC—CH,—OH —  » H,c—C H

Cl, , heat
CH3— > CH,—ClI

Toluene

CHg
HzC——CH—CH,—OH
Isobutylalcohol
or 2-Methyl-1-propanol
(0]
HC==C—Li + H,c—C—CH,

Ethynylithium Acetone

o)
HaC—— C==C——MgBr

Propyn-1-ylmagnesium
bromide

Mg
dry ether CH—MgCl —

1-Phenylethanol

124%4

> CHy—CH——CH——CHjs
CHy M OH
K,Cr,0;
HC—CH—C——0 — 1-Phenyl-3-methyl-2-butanol
2-Methylpropanal
OLi OH
H+
———» HC=C——C——CH; ——» HC=C——C—CH;
CHjy CHjy
2-Methyl-3-butyn-2- ol
OMgBr OH
H+
+ HC——C——H ———» H;C——C==C——CH——CH; ——>» H,C——C==C——CH——CH,
5 4 3 2 1
3-Pentyn-2-ol

YA
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‘ ‘ ~ Aldol condensation : Js) il
o) Bacld il ‘;J\'q LSS e Cpagaas — Ll e 4 oladl b 1KY g Chlagleaaly) (s
Ml S5 am Uy aedl ddide ac) B VA e ) 8o 23 A W)dia paala
oy b Lady JsalV) Gl (Sl e p ol 13 e dyy o siS S5 Ly f

L IS (e g sl 13g] ALY

o o] H H o
[ gil. ~OH ]
H,C—C—H + H,C—C—H » H3C C|= <|J C—H
2 mole from acetaldehyde OH H
3-Hydroxybutanal
o) o) OH CH; O
| | dil. “OH .
HgC——CH,——C——H + H,C——CH,—C—H > HeC——Chly——C73—C5—C—H
5 4 |7 ]° 1
2 mole from propanal H H
3-Hydroxy-2-methylpentanal
0 o OH o
I gil. ~oH |

H3C_C—CH2—C—CH3
5 |4 3 2 1

CH,

HiC—C—CH; + H,C—C—CH; — >

2 mole from acetone

4-Hydroxy-4-methyl-2-pentanone

s O g JsalY) LSS A (e LSy ey Al il 530 5 gl (dBiada
Y AL g S LS ) oamy L  CBLSEN o gaad Uy o gy Ll e
Comnsoas — W) e Wl gial o aed JalV) Gl da gl cn Ll ) LS,

o]
|
T il
ﬁ HsC——C——C—H
—— T,
Benzaldehyde Formaldehyde

2,2-Dimethylpropanal

AR



Balall i Al A e /4G guand) sliassl) A dals /43 pall o glalt 4y it 4308
Olaudy daal diga 3 il gl g culalguaty) slassll agle and

Benzophenone

Ar-CHO

HCHO dilute
(CH3)3-C-CHO —on N.R
Ar-CO-Ar

Ar-CO-CR;,

NO  «- hydrogen atoms

; Jeldnl) 4l

Al gl saclall el el g Ll oo )5 0 Jatal) ¢ g8 gl cnse Y1 5 ghadll paats
Ao sana 0 S 5,0 paben (o215, (L858 i JalaS Jamg (531) (1) (S S 52
ALl din 3l JasY ] sV e (saelill s il e oAl agyial) Ju s
5aaY) 3 ohadll 8 S S ga ] Of e 138 5 DoY) a5 350 e oY Al sene
oY) s hall 8 40 Sial slall 4 S (e (5 s ne (e 1] 2SSV 5l Jany
el S g yam — Uy Al 8l aad

:_g.\&&b—m\’é—\

\T’(\ 0
| © o | o
|

H—C—C—H + OH H,C——C—H first stage
H (n
first mole

(O/\ (0] o@ O
I o | | I

HsC——C——CH,—C——H  second stage

H (1)

o

T o |
HyC——C——CH,—C——H + OH thirdstage

H H

()



Balal) Ml

A0 Al ya [Ag gulanl) £liass)

(sl el /A8yl g gl A 1 205

Olaad s daal Aga 2 el gt g culaslgualy) slassll agle and
: ‘:thlA Lﬁﬂj ué -y
@
OH TH
1- HiC—C——H + H* HSC—‘C‘,—H «—» HC—C—H first stage
ﬁ OH OH OH
2. H;C—C——H + H2C:c‘:_H —_— Hac_ﬁ_CHZ_CH second stage
enolform
second mole
OH OjH OH o)
3- ‘ H’ H
H3C—ﬁ—CH2—%H —_— Hsc_ﬁ_CHz—’C_H third stage
Dehydration of aldol products : JsalN¥) il ¢ (s slall £ 30
OH H O H o H O
| dilute HCI |
HsC C C C H » H,C c——cC C H + H,O
| | warm 4 3 2 1
Y Y 2-Butenal
or crotonaldehyde
Aldol y
OH H O Q
| dilute HCI 5 4 3|
HyC——C——C——C——CH, » HC——C—=C—C—CH; 4+ H,0
| ] warm || 2 1
CHy H CHs H

4-Hydroxy-4-methyl-2-pentanone

AR

4-Methyl-3-penten-2-one
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ﬁ i T
e — T
CH;,
Acetophenone
2 moles -H,0
3
C—CH—C
2 1
4CH3

1,3-Diphenyl-2-buten-1-one

Use of aldol condensation in organic : (s g<asd) gllaay) b J galy) il 3.l
synthesis

o taaialy g 4y pumall S pall (e agandl ) Lely sat g J gtV ol o5 el (Saal) (1
LSl oda e Lgilad ol Sy (1 5 daliad) e W) (e 3yl

OH (o]
©
H,C—C——H——>H,C HC—CH,—C—H———>» H,C—CH=——CH—C—H
2 mole from Aldol 2-Butenal
Acetaldehyde
H, , Ni

H,C—CH2——CH,—CH,—OH
n-Butylalcohol

(0] e OH (0]

| |

OH H,0

HyC——C——H ———— H;C——HC——CH,—C——H———— H;C——CH=—=CH——C——H

2 mole from Aldol 2-Butenal

Acetaldehyde WI\—M/ HY
H, , Ni

H3;C——CH=——=CH——CH,-OH
H;C—CH2——CH,—CH,—OH
Crotonylalcohol

n-Butylalcohol

or 1-Butanol

AR



Balall i Al A e /4G guand) sliassl) A dals /43 pall o glalt 4y it 4308

Olaudy daal diga 3 il gl g culalguaty) slassll agle and
O e HO (0]
K,CrO; I oH I
H3;C—CH,——CH,——CH,—OH ——— 3 H;C—CH,——CH,—C H » Hy;C—CH,——CHj CH——CH—C—H
n-Butylalcohol 2 mole from Butanal CoH
or 1-Butanol or n-Butyraldehyde
(aldol condensation)
H,O
Y
o]
6 5 4 3 2 1 H2 Ni ”
HaC—CH,——CH,——CH, CH CH,—OH H3C—CH,——CH——Clt =—<|3 C—H
CyHs CoHs

2-Ethyl-1-hexanol

:Crossed aldol condensation : adliial) J galy) i<

JsadVI BIST A sy W) e LaaBIS ()l siag 5 (pilide Ji g0 IS (S je a0 il die
S Gl ) @b g AlsasSl Sl 8 Al gl o8 a ) () ¢S B guid
S el G AV AL all aa g Lgia 0S8 AL Jall e DS e Jelihy Cogun (S yall
1 R PN
QLS5 OstS Wl e (55 08 laghaton AB Jiigo SN LS 5o IS S JU) A
A, B Ss)sl Gl S sa
BsA aedelily o) i B @i B 5 A e Jelihy o) aodaion A’

OH
CH;CH (|:H CH(@H £ty I H
. l CH, CH
CH,CHCH e i 3
b OH
HO_ A B\l = Gy l “ H20 o i “
o CHS.?HCHQCH—CHCH — CH_;,(liH'CHZCH—(iZHCH
} (") o (ﬁ) CH; CH, CH, CH,
cH3_CAHZCH + CH;,(lZHCHggH ?‘ (If Cf)H ”
i H,0 _
Gl o CH:CH,CH—CHCH =— CH,CH,CH—CIICH
H,0 _
: 0 L CHCtt; CHH,
CH;CHCHCH CHy CHj
CH 0 0 OH
= B 1 o i~ n
CH; (!:HCHICH —-f(iiHCH = CH;(;}L‘_HCH;CH—CHCH
CH3 ?HCH3 CH3 CHCH3
Py
LSisE CH;

gl . damaa Lebomd dlee Jany Laa sl il ciliall (i @lliag day j¥) il 5il) pen
Ay gamal) Sl jpmatll & Je il 138 o 230

Yy
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Jsall RS Addda el g g g Cpliaall o s SIS je (e (S pa (g S oy

£ le s e aaiay Al i) G il ) Llee (g0 5 Jeliil) s o shlaliia

G ez siie o Jgeanl) (S Al A Cagpla cnig an g A1 Y) L pleliiall (S al
oy okall ol (e, aal g il

Y g 008 a5 2 — Lall 550 e o sing Y oo S S e aal (LS 1Y) -
18 (e (i s (o LSS gy W g5 (s ) (58 S e 0 585 iy
- ulgzalle ) sill ) Aile 5 )V Sl ey e JUaS 5 Syl

S A Ak ) sam (gt — W e (g lall i g S (S e ddliza] 3 131 -
Crasow W e ggla il SUN S pall (a3 08

CH3;-CHO
> CH——CH——C——
Acetaldehyde H H H

3-Phenyl-2-propanal

(o]
o © I o
|| OH CH3-C-CH, ||
C—H CH=——CH——C—CH;,
Acetone 4 3 2 1

4-Phenyl-3-buten-2-one

Y

Benzaldehyde
I
L) |
L CH——CH—C
Acetophenone 3 2 1
1,3-Diphenyl -1-propenone
0 0 OH 0O O
| | Ho | | |
CH + CHyCH,CH,CH =— CH—?HCH s CH=CCH + H,0
| 2
excess add slowly CH,CH; CH,CH;

AR
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The Witting reaction : & Jeli

Camy s Jeliil 13a 5 LSV (0 sSH i sill bl e i so &I LS ja Jeli

5 osi 8 S ye il Do sl (e iy &5 i s WS (50 1S (e ALY oy olid Je
sonl sa OV Lyl oal (KFAs 0 Sl Aoyl N LS 0 Lay g oS W) Iy J g 8 S

2l e s S

R
AN ® o . AN _
c=—o + phsP CHR —>» C——=C=——CHR

Ee/ 5/

D oSl cpdgh BaclE s sa g SO i i e AV S JSIV s Je i daey
LS e il il 5 )W) 5 i) s il ae ol Jelai o o8 Ylid) 2l )
el e At ) il S5, L
§ Al

D i sill) o o g sil) le yucand JsWUelE 13 85 jaaie Ol ghad GG Gl
Asfsrell e dldlaadh Al G (2l ) Sl (O stusill) (o daan o s (2alLedl
il o amal Ji g0 SN S je ae ol 13 Jelay | jaal 5

N

+ | NaNH,

- + f‘— -
phsP  + R-CH,Br ———> phgP CH-R > phsPZ— CH -R
tri phenyl phosphine alkyl halide Br
allyl halide
5 phsP ——=CH-R

phenylene tri phosphine

(Ylid)
+
0 hsP—— cH—R —CHR
+ ] |) phs | - phsP \ HR
phsP—CH-R +  RCR C< ‘\
(Ylide) Ketone | R o CR
0
CHR
ph3P:O + ‘
tri phenylphosphine CR,
oxide
Alkene
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TK\
+ NaNH, + -
phP 4 CHyBr ——= php—CH, ——m PP’ CH,
. . Br
tri phenyl phosphine  Methyl
bromide
phsP CH,
phenylene tri phosphine
(Ylid)
o +
. _/\ “) ph3P CH, ph3P —\>CH2
ph 3P—CH2 + CH 3'C'CH3 - C/CH3 - ‘\ ‘
[ cn, O——C(CHy),
o}
l CH,
phgp —0 + ‘
tri phenylphosphine C(CH3) 2
oxide
2-Methyl-1-prpene
® NaOEt ® @
H,C==CH——CH,—Cl + phgP —>  phP—y,c—cH=—ucH, > phgP. C——CH=—CH,
Cl
Allylchloride I

phsP=——=Hc——cH=—cH,

ylid

428y @Amjdﬁuy‘)&\:\_cw&s&\_u)ﬁm:u;u@ama Pﬁd“‘w‘t,)—““
S i) Jhe gy Al de gana Ao 5 Al (s sinl W1 (ylid) CnsSS & e
e Ae s Jeldhy (ylid) 1 Jhe el g o s S (e ddlad) daalil) s Al 5 Jy i)

. Clalgaaly)

1
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o)
I ® © |
C + phsP CH, _ (|3—CH2
Methylenetriphenylphosphine
y phenyiphosp Q0 Pph3
Benzophenone ®
NaOEt l

HsC—Cl + phsP
Methylcloride

C——CH,

1,1-Diphenylethene

o)
I ® g,
C——H + P3P C——CH=——CH—— — (|:H— HC——CH=—=CH :

[

©

phsP @
Benzaldehyde
NaOEt
+“2T_C“=°“_® |
cl
4 3 2 1
CH=——HC——CH=——CH——

1,4-Diphenyl-1,3-butandiene

v
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Problem:Give structure of an (yild) and a (carbonyl compound ) which
each of following could be made:

CHs

1- H3C——CHy——CH,——CH=—C——CH,——CHjs 3-Methyl-3-heptene
7 6 5 4 3 2 1

4 ch,
2 c——=8—ch, 1,3-Diphenyl-2-butene
3 2 1
2 1
3 HC=——CH 1,2-Diphenylethene
4- CH——CH, Ethylidenecyclopentane

4 3 2 1
5- HC——=CH——CH=——CH 1,4-Diphenyl-1,3-butadiene

(@]
5 4 3 2 |

6- H,C—=——=CH——CH=——=C——C——0——CH, Methyl 2-methyl-2,4-pentandienoate
1
CHg3
7- CH——CHj, Ethylidenecyclohexane

CH,
CH,
8- & |

Methylenecyclopentane
Methylenecyclohexane

YA
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Reformatsky Reaction : (Swsiba iy Jolis

R R OH
Zn / Benzene ./
C

XCH,CO,Et + /C=O —_—
R R CH,CO,Et

Oa A S e Jala cnde b Samall Cpraa AN ae i) Gas sl — Wl Je s asy
Ardiall Agile 5 )W) 5 Alady) il gl g ClaglealV) ) Galay o Sy 531 5 (5 guianll
S sy — Uiy il aail dapiial) e

- ®
(O O ZnBr
R——HC——CO,Et —> ——
2 R(_:D C OEt ——» RCH——C— OFEt
Br*\ +
$Zn ZnBr
7 ®
(\TZnBr (ﬁ 1) 1)
RCHw—H — T?—(|:H—(|:H—C—0Et —>Fe—(|:H—CH—L|—0Et
_O R OH ||?
+
ZnBr(OH)
CH3 CH3
‘ 3 2 1 Zn/ Benzene ‘ 3 2 1
CHj3(CH,) 3,CH CHO + CH3CH, CO,Et » CH3(CH,) ;.CH CH2— CH,CO,Et
6 2 1 8 4
Br OH  CH,
2-Methylhexanal Ethyl 2-bromopropanoate Ethyl 3-hydroxy-2,4-dimethyloctanoate

A
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