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Br—Br + FeBrg

l

Br* —“FeBrg
;’f
Il An electron pair from the benzene ::

ring attacks the positively polarized

bromine, forming a new C-Br bond EN I Slow
and leaving a nonaromatic
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B3 A base removes H* from the
carbocation intermediate, and the
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as two electrons from the C-H bond
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X NO, Cl g NO2

o-Nitrotoluene 2-Chloro-6-nitrotoluene  4-Chloro-2-nitrotoluene
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Lylae lal> ao) capns Lubg ASIIS (p s 93kl Osal delany S <o g Al Gy Blawsl oty codlelanl a3
Geaziuwdls Lall 11X o113 (Azo Compounds) 93¥1 LS e oy 4yl Eiligd of eMgrall Jto T dls sie

Jlasdl Jadll Jie (AlasS Caiilsag § LuolS Tylaes

;1;
_ | =N HSOj4 _ | ¥ _ Nioy /l: j
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I e T

An azo compound

where ¥ = —0OH or —MR2
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HSO + R — H .
4 x___-:0Hy
Benzenediazonium Phenol
bisulfate j
OH
N
N
p-Hydroxyazobenzene

(orange crystals, mp 152 °C)

N
CH3 ““CHj3
¥ !
N=N N
“CHg N
HSO4~ + —

Benzenediazonium N.N-Dimethylaniline p-{Dimethylamino)jazobenzene
bisulfate (yellow crystals, mp 127 °C)
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AROMATIC CARBONYLIC DERIVATIVES

Introduction 4. ds

Ukl Gleol days of Lyaall Zaladly $pilie dasipe Juign)S Aegeme e dyhaall Alig, SO clanadl ggixs
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(orz 9y Bydy Aaiie L, Sl Aegazma 9SS Loie) Aromatic Aldehydes 2 ,laall AR

Lbolayl ol ) &byl of 4deSl degamar Juig,SIl degame Laisys Ledie Aromatic Ketones &yasll oilign S

Ayhaall dalxll
i haall oty

WLl Wl 8y dle wand¥ 5y Led Lagys @l 2yaall wlaaat¥ wwd: Nomenclature deewdd! Yo

‘Aaletl dlazl @l J| Carbaldehyde aanlls,S 2a-01

0 CHO
I

Benzenecarbaldehyde 2-Naphthalene Carbaldehyde
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3-Phenylpropanal 2-Phenylethanal
s pami]) Lol

LTl Joad agusliall ST wwled aluasiuly (pgled| RNy RCERNPAPH] duwst -1

CHs CHO
V,05
—_—
0,

Benzaldehyde
SlaaddM Dess Martin 8uwS|
OAc
A h
e I OAc
TN
0
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\ H
" 0 N 1
) . \/CHZUF CHCly N . C\:’
Geraniol Geranial (84%)
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Functional Group and Reactivity :aJladlly i ds ol dc gozel!
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\4\120 °
204 C S0

120 °
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O: HIC H

(B~

Resonance Effect of - CHO
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CHO
_HNOy
+ H,0
2504
NO,

Oxidation : 5uusSY -2

Lol paes Jand psruliodl cilisiny sezsy dusSTly . gales
COOH

Lloe grudig digb olial dhass> e iy Auto-Oxidation aslid) BuwsSY Jelat) Loyl candind) ooyl g
b g idl aes ‘,\gjuip (oyalall CMAT Ji) slawglly ¢ gunll Sgmgn BuusSH

COOH
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H, / Ni
C6H5—CHO W 06H5—CH20H
Jelazdl 20

~>10 D_ OH
~—| _——y | HzO+ |

.___,C:_:- — ___JC-H..___ = 2 d,.--':"-\-\.,\_

R "R’ R™J H R4 H

R’ R’
Ketone/ Tetrahedral Alcohol
aldehyde intermediate

Nucleophilic Addition Reactions &g 08¢0l quadl clelas

dalall 33 g cyanohydrin (yyuelond) Sy Jeladdl lda Jany tHEN (s gyl wiibew g -1

//o /OH
HsCe—C—H + HCN ™ HsCe—C—H
CN

»:0: =202 C] HO
- l— ‘\C/ \C/
r/"/\\’_// ~H P /’\H/ ~H ” [//%\|/ ~H % &
\/’ -
Benzaldehyde Tetrahedral Mandelonitrile (88%)
intermediate

¢l Jo=STl 9o cluant¥ ) 5Lisne il s @biddaall Lgaall alS)ll oo -2

OMgBr N OH
/' CH;MgBr H,0
CeHs=C ———> CeH5=C—CgHs ———= CgHs—CH-CgHs
H 4
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R™ R R4 “CH R4 CH
| R R’
Ketone/ Tetrahedral Alcohol
aldehyde intermediate
Sl 2lid S aalayl edlelas
0
l
- /C\C/M o
RNH . 8 V=
/ /N TR
R R R
| A ketone or N R
20 + (l,l e an aldehyde (I: + H0
7 \C/‘ o C/
/\ |
An imine An enamine

Lbas 5918 sy 3 O3S 9 aadl of cpaanll a3l i :Clasien — Schmidt Reaction &ued-(pdIS Jelas- 3

45,S- At eMlelany cMlelazll sda ooud 9. Aacda aé bignS of cluwandi

‘OH

CeHs—CHO + CH3CHO ——— CgHs—CH=CH—CHO + H,0

O

Cianamaldehyde

O
‘OH

I I
CeHs—CHO+ CH3—C——CHg — CgHs—CH=CH—C—CHz +H,0

O

Benzalacetone

O
‘OH

[ I
CeHs—CHO+ CHz—C——CgHg—— CgHs—CH=CH—C—CgHgtH,0
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C6H5—C<EJZCH2—C—H ———> CeHg—C—H ——>
HCHCHO—OH
(OH
| H,0

—>06H5—(|3EC|ZH—CHO — 2%~ » CgHs—CH=CH—CHO
H H

Aromatic Ketones :4,kaal| &b oS
:Nomenclature &eeuddl ¥l

10sS AelSs Aeguin Juign,SI Ao gazmay Aoyl sodall clowls ylaall SlignSIl (oud

@ i Q T C C i

C CHs;—C C
CHg

Phenyl-o-tolyl ketone Methylphenyl Ketone Diphenyl Ketone

{(0gu8) phenone 4&sM alusiuly Loyl s

I i
Acetophenone Benzophenone
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O
[O]
C¢Hs—CHOH ——— > CgH5 —C—CHgj + H,O

CHs

u"".’,ﬁj e 3929 9 u'a.o.‘xj\ ela D ol u'a.q.w_“ QU.:)}JS ﬁ‘..,\'ai.w\.g :%g,.[a.!." ;Lgpjj.\..g.g." “.\‘9.‘:;9." a.h__wi -2

O O

| AlCI |
CgHg + CHzy—C—Cl ——2—> C4gHs—C—CHj3 + HCI
//O
HCC A i I
AlC
CeHe + O —2» CgHs—C—CHz + CH3—C—OH
HsC—C
N
o)
o)

I
—2 > CgHs—C—CgH5 + HCI

:Chemical Properties 4oleeSII ol g2e)!

o $old laug § Suslgdl Al eus IS Jelas a5y :Intramolecular Aldol Reactions -1

3- methyl-2-cyclopentenone le Jhaxid 3ledl Ldas @i @ O Al AT
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\-\ Ethanol \ + H0
H O\

0 CHa

2,5-Hexanedione 3-Methyl-2-cyclopentenone
(a 1,4-diketone)

(0 o)
CHj NaOH A
Ethanol * -
CHj CHj
0
2,6-Heptanedione 3-Methyl-2-cyclohexenone

(a 1,5-diketone)

AW AT sy Jeladd! 1 ol

o CH, NaOH, H,0 i
/,- J';.J 3-Methyl-2-cyclopentenone
H— CHq Path b

H O w, HoO [ ] CH5
2.5-Hexanedione 3
\ — + H30
THOHT
LR EH3
o

(2-Methylcyclopropenyl)ethanone
(Not farmed]

LSy (ar gy alyd e oo (Jlg Aalisll 4yhall wligwSdl Jaai: Claisen Condensation (p)S (a31&5 -2

Ancall e SlsnSl JSady adlss cMlelas Juign, ST degazl Awilly O 285l 3 (235);)
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CGH5_C_CH3 + CHO_C6H5 — C6H5_CH:CH_C_CGH5 + Hzo

O O ﬁ
CgHs —C—CH3z + CHz; —C— CgHg —> C6H5—C|:CH—C_C6H5

CHj
O3S IS e adief
Aldehydes H
N\
H H H HH C=O0
NS \c/ \c/
C\c/ " __NaOH B -l
2 g Ethanol H/ \OH
Phenylacetaldehyde (90%)
(10%)
Ketones
O
O
- NaOH OH
Ethanol
Cyclohexanone (22%)
(78%)
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Aromatic Carboxylic Acids And Their Derivatives

: Aromatic Monocarboxylic Acids JeuSgs,SJ! Lalsi dybaall (ogesll

. -COOH ji -CO,H & )L;M‘ 4.93—4-‘&1‘ b._LQJ).A).ﬁ My)ﬁ‘ 4.&:5.0&& UL&‘. 4.»_})]4.5‘. ‘_vaS).A uib

: Nomenclature &eewudd! ¥l

Legiing aes Ll (Bgun 3915l laall Gz 9yl pamill ooy JiaeSn S Bl Alaall (orgacd! (ol

COOH COOH (oic) elsy e
I I 'COOH
Benzoic Acid o—Naphthoic Acid B -Naphthoic Acid

Aol Ayl 659 ALl elasls By el paly clig ull paes o0 a8l SLSL (s

COOH COOH COOH

COOH
1 1
2 CH3 1
2 2
3 3
CHg 4
Br CHs

p-Bromobenzoic  2-Methylbenzoic ~ 3-Methylbenzoic  4-Methylbenzoic
Acid Acid Acid Acid
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: Preparation =il Lol
psslisdl Lo gyS ol pguslisadl clidiny plusiuly 107! JoSI GliSpe Buusi -1

KMnO, , K,Cr,0,
Ar—R » Ar—COOH

" KMnOy4 L.

CH- —_— _OH

OzNM o N -
| M

p-Nitrotoluene p-Nitrobenzoic acid (88%)

$543 of (o Jaseg & <3 oy Hydrolysis of nitriles :ob Al dals| -2

base, or
Ar—C=N + H2O0 ——facid—>= Ar—COOH + NHj

CN 75% H, SO COOH
NH4
150 160 °C
CHs

o-Tolunitrile

Ibuprofen
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Mg COZ H*
Ar—X ———— > Ar—MgX — > Ar—COOMgX——— Ar—COOH
dry ether

Mg 1) CO,
Br —— > MgBr———> COOH
dry ether 2) H,0"

: Physical Properties agbindll (olgsdl LIG

a3 100 °C oy el slumil Sl s ool Zage Blis lSie e Bylee JeaSen,SIl Bl 2ylaall (g0l

O3S 3 e sl uas clles @ AsladY) (agezll (e del oldeg sluail oileys &kaall (bl

Lty JuSad e 5,58 g oaladl el G aer (Ko it cinile (Ko syl elll § Bslaadl (agandl Jxis
b gyuen Loyl gy LLSCAS Al pans S8 (e AdiuSe ST (agesdl ualons (o oSy IS sl ae Adi 9)usn

W5l C8ymeld 3L Loadl & laall (agesdl o) LS cLlisia on

O-rsrrerrH—0O

HaC C// \C CH

ho=— —wi3
\ /
O—H--------O/

Acetic acid dimer

:Functional Group and ReactivitydJlailly 4iads oll dc gozel! Laal,

The Structure of Carboxylic Group dliuSs: I dcgazell 4dy -1
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+

(-R ) Resonance Effect

Reactivity :adladll -2
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: Chemical Properties 4olesSI| (olgidl Lusls
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Aagezdl BoL5 I (695 wlig ASIW &b c¥slie 929 LELL Abgaxll (lads | clig ASIW Aol
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of oasendl Juad 3 Lalill sia (e slituas 2lsd Ml GLSL sda ao Joad Cus . aladll 5 pgaageall

1653 Lguaall SLS,L
Ar—COOH 4+ NaOH —— > Ar—COONa 4+ H,O

Ar—COOH 4+ NaHCO; —— ArCOONa 4 CO, + H,0

Ar—COOH 4+ NH; ————> Ar—COONH,
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Logendl e c¥alall 0 pibgs oo b Lot

o
i o
K C
*,
OH

Y Ky = 105 pKg
Stronger MNO2 39 3.41
acld CM 28 3.55
CHO 18 3.75 L Deactivating groups
Br 11 3.96
l 10 4.0
—H G.46 4.19
CHz 4.3 4.34
Weaker OCH3 3.5 4.46 Activating groups
acid OH 3.3 4.48
Aol 090,81 e aszmdls o I cdleladll-2
o> by 3 JsmSIl an LS5, ST el Jelasy @5 g Esterification 3 -1
H+
Ar—COOH 4+ ROH 4_’ Ar—COOR 4+ H,0

These bonds are broken
1 i

T ,.C e - .’-f'. i~
|\4/ \|,|/ o + “|—> H e /j;xx] o e + HOH
x:i‘:,/ = A catalyst \iﬁ:‘.‘ '

o=

Lol mild Hedwgall 99l gules ol Juiguddl w ol (LeuS9a, ST (aex]l dxllasy pi5 Halogenation :dizxl ) -2
S8l aesdl ue 9y g‘a_q.ﬂ J9dweall PO L_,SM.? ‘A‘J.'zla\ Lo 39lell Laes]!

Ar—COOH+ PCly;  — Ar-CO-CI 4+ POCI, + Hcl

Ar—COOH+ SOCl, —— Ar-CO-Cl + SO, 4+ HCI
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&8l e 9yuull @xall Jany Decarboxylation : JewsSgySIl 35 -1

S 90ySI Ao gz b J5us (1 il Melis-3

Decarboxylation
Ar—COOH » Ar—H 4+ CO,

Ar—COOH + Ca0 —2—» Ar—H + CaCO;

Lgie 425> 800 s> (nseudlls 3819l (aesdl slodly (de Juaxi: Dehydration :U| ¢35

//O
Ar—C
OH  heat \
o — —> /O + H,0
/
AI‘—C Ar_C\\
OH ©

i laall Blgill e o5 ) cMelanll-4
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SO3H

m-Sulfobenzoic Acid
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oL o 5l
COOH COOH 5954

HNO,/H,SO,
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NO,

m-Nitroobenzoic Acid

o> A9y e AdeuSes S Aa by old duddly s adsll (e a9 )l Acgoxa J5u5 Bromination gl -3

il
COOH COOH

Br,/FeBr,

Y

Br

m-Bromobenzoic Acid
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: Derivatives of Aromatic Carboxylic Acids
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R ;P\ NH- /
0 O 3 R’ R
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Hydrolysis Acid Grignard reaction
derivative

Acyl Chlorides : Ju¥1 Sl g lS Yol
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Benzoyl Chloride
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: Acid Anhydrides o gozedl &leladl Lol

:Jle Anhydride (ool
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O=0
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(@]
\

HaC N0~ Acetic benzoic anhydride

Benzoic anhydride

: Nucleophilic Substitation of the Acyl Carbon Ju¥! 098 (e AedglSod! Jladluy) LIG

N —~:Nu~ -~ _ -
\:0: -:0: (0]
. > Lo
R . e +
R v R’I)\Nu R™ “Nu
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Alkoxide ion
intermediate B
- - Asal
O O ] ]
Il [l [l Il
R~ o R R~ ~onr R~ N,
Acid anhydride Ester Amide
\:: CO5~ IF: OH ﬁ-;
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H 0 I R'aCuLi I
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Carboxylic Acid Ketone
acid chloride
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~cl CHaMgBr “CHj . CHaMgBr ~OH
Ether 2.H30 '
Benzoyl chloride Acetophenone 2-Phenyl-2-propanol
(Not isolated) (92%)
g idl e cle Db c)elas p.ai
0 0
2 :
R” NOR' R” ~ NH,
Alcoholysis Aminolysis
R'OH\ / NH3
o) 0 0 (0]
Il H,0 I I (H] Il [H] \/
R” SOH R/C\O/C\R R H R” “OH
Hydrolysis Acid Reduction
anhydride
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Hetero cyclic compounds

General introduction dle deuids

s dl dole 2l 4_,5444_1\ LS (s

) oliseeudls « ( Cyclohexane ) oluSasSud! @ Jie  dapdn ae 065 U8 sday duilzie Lal> oS -1
. Leglaziws (Nephthalene) cwlliadls «(Benzene ) Gl Jie dwlegyl (1955 489. ( Cyclopentane
4ile gyl 09Ss A8y « (Tetrahydrofuran) ¢l yed 9yl iall 1 Jie dadne (195G U8 siag dudleie pé al> clSpw -2

. Leayeq (Thiophene ) oy35xidlg « (Furan ) ol yeuall: Jie
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