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Glaady 2aa) Ba 2 Carboxylic acids 4k g8l () gal) sbaasl) agle acd

Carboxylic Acids: 4l g Sl (aal gal)

i all ()5 69 @l palaal) (Y @l fatty  acids dsesill aleaVl GlAS ey
835 50 Steric acid b il (mals s Palmitic acid eliadldl s Jic 4l
P ., ) o Al 5 KU alan DU daladl dxpall o, Lpngdall o sl
3 SI e gens o s 33 Jid R das (RCO,H) i (RCOOH ) Lad
O

( —Eom ) U 5 JSl A sane e Ledlsinly plan 38 Sliciy, s i e sans
(-OH) S5 36l i 5ana a2 5 555 ) (-COH ) 51 (-COOH )
5 e L3585 Lanie el CaliaS (prie sanall yiila clia (&1 ( C= O ) Jiss Sl
b 4n i LS 5 paall g Ll cliall b Jous 5o S0 e sana g A jlally 53 jiie
Jeadll 138

oalaaYl G pyatsaaly JuS g S de gana e HEST e siat il e elllia of LaS
S 5 Jaadl) 12 (3 e i WiST g, tricarboxylic 45U 5 ¢ dicarboxylic 4Ll
K G yat Al g Jaus o8I e gane Apalal b 5 S el gall el g (al 53 5
saal 5 dpadda a5 8 33 e Ll 5iaY mono basic acids sacall dyalal (el sally

Nomenclature : dsawdl)

a3kl S (common names) Alall dg il Al g K el sal) A (S
o Al Llanls ALl o KN alaaY) o gas V) A4y ) Pl diad dallal)

Formic acid HCOOH

Acetic acid CH;COOH
Propionic acid CH3;CH,COOH
Butyric acid CH3(CH2),COOH
Valeric acid CH;(CH2);COOH
Caproic acid CH3(CH,),COO0OH
Caprylic acid CH;(CH,)sCOOH

COOH CH,COOH

Benzoic acid Phenylacetic acid

\
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Glaady 2aa) Ba 2 Carboxylic acids 4k g8l () gal) sbaasl) agle acd
COOH COOH COOH
? CH, |
CHs .
o-Toluic acid m-Toluic acid p-Toluic acid
CH,
COOH COOH COOH groH
Cl OH
o_
0_
m_
m_
P- NOZ p-
Salicylic acid OH
m-Nitrobenzoic acid 0-Chlorobenzoic acid L
p-Hydroxybenzoic acid
HsC——CH=—=CH——COOH  H,C——CH=—=CH——COOH H,C=—=C——COOH  H,C=—=CH——COOH
L Acrylic acid
Iseckotonic acid Crotonic acid CHs Y
(cis) (trans) Methacrylic acid
COOH
NH,
CH=—=CH——COOH H3C ——CH——=CH——CH=—=CH——COOH
Cinnamic acid or Sorbic acid

3-phenylacrylic acid hexa-2,4-dienoic acid

Anthranilic acid

or . . .
2-aminobenzoic acid
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Aromatic acids,ArCOOH, are usually named as derivatives of the parent
acid, benzoic acid ,CgHsCOOH.

COOH
COOH
COOH
OCH,4
OCHj
OCH;
O-Methoxybenzoic acid p-Methoxybenzoic acid m-Methoxybenzoic acid
or (Anisic acid)
COOH
COOH
NH,
NH,
p-Aminobenzoic acid =~ m-Aminobenzoic acid

Branched- chain acids and substituted acids are named as derivatives of
the straight- chain acids .to indicate the position of attachment, the Greek
letters (a.,3, v, d)are used . he-ocarbon is the one bearing the carboxyl

group.

O
s v B _
H4C —— CHy— CH,—CH,—C——on  Used in common name

HsC——CH,— CH——COOH H4C —— CH,— CH——CH——COOH

CHs; CHs; CHj

a-Methylbutyric acid o, B-Dimethylvalrric acid
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Oy daa) ysa 2 Carboxylic acids 4xlus g2 S () gall sbaasll agle aud
H,C——CH,——CH——COOH CHz—CH——COOH
cl CHg OH

-y Lo
v-Chloro- a -methylbutyric acid o- Hydroxypropionic acid

(Lactic acid )

CHj CH,——CH,— COOH

v- Phenylbutyric acid

IUPAC Name : 4zaUaill dpandl)

The IUPAC names follow the usual pattern .the long chain carrying
the carboxyl group is considered the parent structure and named by
replacing the (-e)of the corresponding alkane with (-oic acid ).the position
of a substituent is indicated as usual by a number .We should notice that
the carbonyl carbon is always considered as C-1,and hence C-2

3 2 1
CH,—CH,—COOH H3C——CH,— CH——COOH
H3C——CH,——CH,——CH,——COOH
Pentanoic acid o CHs
3-Phenylpropanoic acid o
2-Methylbutanoic acid

CH3—CH——COOH

CHg
OH H4yC——CH,——CH——CH——COOH
H;C—C CH,—COOH
2-Hydroxypropanoic acid CH; CHy
CHg

2,3-Dimethylpentanoic acid 3,3-Dimethylbutanoic acid
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Oy daa) ysa 2 Carboxylic acids 4xlus g2 S () gall sbaasll agle aud
HzC——CH——CH——CH,——COOH H3C——CH;——CH;——CH——CH——COOH
HyC——C=——=C——CH,—COOH

Br Br

3,4-Dibromopentanoic acid

Cl
H,C—CH——CH——=CH——COOH H;C——C
CH, CH,

4-Methyl-2-pentenoic acid

4 3 2 1
H3C ——CH——CH,—COOH

3-(p-Chlorophenyl)butanoic acid

c Dicarboxylic acid

Structure

CHj CyHg

2-Ethyl-3-methylhexanoic acid

CH——=CH——COOH

4-Chloro-4-methyl-2-pentenoic acid

3-Pentynoic acid

—c CH,—COOH

5,5-Dimethyl-3-hexynoic acid

HOOC——COOH

HOOC——CH,—COOH

HOOC—— (CH,),—— COOH

HOOC—— (CH,),——COOH

HOOC——HC—=CH——COOH

Cis Isomer

HOOC——HC—=CH——COOH

trans Isomer

HOOC COOH

cis - Butenedioic acid

IUPAC name Common name
Ethanedioic acid Oxalic acid
Propanedioic acid Malonic acid
Butanedioic acid Succinic acid
Pentanedioic acid Glutaric acid
Hexanedioic acid Adipic acid
cis - Butenedioic acid Maleic acid

trans- Butenedioic acid Fumaric acid
H\ /COOH
HOOC H

trans- Butenedioic acid
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COOH

COOH
COOH
H,C——=CH——COOH
Propenoic acid (IUPAC)
Acrylic acid  (common)
NH,

Cyclohexanecarboxylic acid Cyclopentanecarboxylic acid

4-Aminocyclohexanecarboxylic acid

Physical properties: 4zt 3l gal gl

ol s o (i Uil (omala — ol gilinal) adla ) (A 69 daeil) dpeail) alaaY)
Gl il gl (pmalan Al (5 AY) A5 Laiy 380 AaSl ) Cld Leda 5D DN 5 ¢y 5l Aasae
N ga gd Iacbiad ol GG adlay s DAY Lpenill (aleal) W, (583 0 3 ke (A
" el o) pall 4 (5l dapae 4la
OOV b3k glsAl ALE Ji s ¢ elally Gl saad 5V A yY) Al 0 )ISH mleny)
O A g pua aal gl apay U elall o8 Gl AU G g g ¢ aslall iy al
) 3000 e LS g slall ¢y Ja g iaalall

H.B

----- H—(|)----H o CIZ_O----H—(|)----H O—C—0-----
H H H H
s Vs ¢ O s G 3ullS A gazmnl iladall 8 Al g S (alea) 53 LS

; RGBT
)l s cald Y sl ) 8 La 13 Alle Al g ST Galea) glile ds pa )
Caalall (e (it pa Ty 55 s dian el aal W1 2 5a o) D 8 i) 3 say 5 Jilaal
dimmer el JS& e laa
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Acidity of carboxylic acid : daaalall

& buSe it (aalall 3 8 o), (aelall 3 8 e AVA pKa sl Qlladl 3 Jeatios *
. pKa 4l

Methane ¢l pKa Wiv (16) » Methylalcohol (il J =Sl pKa asé *
(3.77) » Methanoic acid <l sl padal pKa of s & (4)

T H
H—(|:—H H_T_OH o
" H H—|C!—0H
Methane Methanol Methanoic acid
pKa =43 pKa =16 pKa =3.77

ALE 1) A4 e 5 s 83ke ) 5y Sl ALY 8 Gl el (aslal dpadlal) 30k (s i
W € W) 3 A KV AT ey A s SN Ao ganal 5 STV Gaal)
SV somd Jaslh A jlee el el (mala 8 il cund Wl G5 g L Jeay
A ) sl e Wl (Methanoate ion) bl @l glindl (sl )i

ol e (adlall 44 550 45 )las (reconance )

- O O

0 U |

) | —_ HY + g B —_— R—C

A R P N
OH QH °
. Equivalent:
Fesonance ess important resenance more important

b Sl g (plSia e S il eadll o a5 8SER (paS Ji
Al i) (pe gy 138 g lialll) 8 Al 8 ey 18 5 lianil) 8
aalall Oy

ety My alladl o Uil ¢ ) Ay ) sl 3305 (e 50 88 10 0 3l w58
o). (Charge separation ) Siaill G deaill (e a5 AU i Legd 0ty S i
3 5ole lia il Bliad Jadiy &l 5 V) Liayl s ol giliaall (asla (8 Jaasy Aa8l) a5 58
e L AT Gl il siliall (o) L Ale ge (pidlSia e Cpini ) S ) S e
Al (Ml s callad) ol il & sl g (A iy 33le ) )5l Gl 13gd 5 A Gaalall
) . Ka ol s
it Jpasll A ( ROT) llaadl a0 SV 1 it Jale 0 gl b Glilia
A o JISI (el gl dpaals (o S B Y el dadlas o8 Gl

©

R—OH = R—O +H"
Alcohol Alkoxide ion
Acidity RCOOH > HOH >ROH > HC==CH > NH3 >RH
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Structure of carboxylate ion: Culuws g Sl &) QS 5

According to the resonance theory , then ,a carboxylate ion is a hybrid of
two structure which ,being of equal stability , contribute equally .Carbon
Is joined to each oxygen by a" one —and- a half " bond . the negative
charge is evenly distributed over both oxygen atoms .

) >
R—|(l R (|;\O Equivalent to R C<O } O

Effect of substituents on acidity : 4uaelal) o ciliay gail) il

Any factor that stabilizes the anion more than it stabilizes the acid should
increase the acidity .any factor that makes the anion less stable should
decrease acidity .

*Electron- withdrawing substituents should disperse the negative charge ,
stabilize the anion , and thus increase acidity .

*Electron- releasing substituents should intensify the negative charge ,
destabilize the anion , and thus decrease acidity.

Acid strength
S Vs
G 4——-——c<\': e G —»—c<\:’ e
0" 0"
G = with electrons : stabilizes anion , G = release electrone : destabilizes anion ,

strengthes acid weakens acid
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acid K .
— SIS Gmadad Ka (e et ol sliud adal K aadl
by Ul Ka ghaii Al 258 Al ehlall s

HCOOH 17.7x10°
CH;COOH | 1.75x10°

Apadall

acid Ka =8 =S8l ) i Baa) 5 Gaaslld 3,3 G ST LAY

CI-CH,COOH | 136x10° R Uasla s cllall (s 518 33 ()l 13g) dpaalal)

Cl,CHCOOH | 5530x10° e Al lliall & 0¥ Ay ) il (8330 51 oy o
Cl;- C-COOH 23200 x 10°° 3ys% Al AN ISl analae JB (e S g SV s

pssisued) O sy Al o oY) s delaill dal ) ) o

o ©
Poe o
c|—<—c<—c<::‘_~ H—C—C«:\
+ [e) | (@]
cl H

acid Ka
Ao sana o (asrall (o lledl Alaily (it dpaalal)
CHg- CH,- CH,- COOH 1.52 x10° . S SJ—.‘J&‘
CHjy- CH,- CH- COOH 139x 10°
Cl
CHs- CH- CH,- COOH 8.9 x10°
Cl
CH,- CH,- CH,- COOH 29x10°
4
acid Ka . . .
daalall Gl y LS s ol Al 5 ST) andlad) coal )y WS
F- CH,- COOH 260 x 107 CeldAl) padlald
Cl- CH,- COOH 136 x 107
Br- CH,- COOH 125x 107
I- CH, -COOH 67 x 10°
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Al A ja [Ag gulanl) plaassl) (b daala /48l o glall 4y 1) 4418
Carboxylic acids 4xlus g2 S () gall sbaasl) agle acd

acid Ka
@CHZCOOH 49x10°
14.1x10°

OZNOCHZCOOH

COOH

.

—NO, Jie il 5 i8S (5 jaT dalis galaa cllia

CN, R3N+, SOzH, -CO-, -COOR , -COCH , -OH
ol Al G, dpcadall 303 (e 2 3 5 AY) 4 OR
8 _malial) e 45 SV Leila s 5al —OH, -OR  (xie saxall
Gl A s g il A0 A e dcadadl 30l e
oS 1 S Ao ganna g e Jaai ) Anpiial) ¢ 5 S0
Caall 5l L et e ganall Cpiled GaanS WV 3,35
Wil S5 IY(Inductive effect)

s g Hl) paala Laala o A gral) aalaal) il

COOH

COOH COCH
NO,
NO, NO,

Benzoic acid Ka= 6.3x10° Ka =36 x 10 Ka =670 x 10”° Ka=32x10"

£ sl 8 2 e 55 Laie L gt s el al (e e 35 IO ALl el
s A Gl 530 (il o)) @ siall (e g L Ao samar Gy el Al 88, 1 L5 5 )
s s Lo @l a0 5 ) Ui ) 535 5) (e i Laie ZdLesdll e
S @l sall B dn gre 5 LN e same (ST ladie (AHI) s el LS ddaud 5
e L saall Gaalall Siaas )50 138 5 Uie adsall (84 gaa (g 5S0 Laie il s s
553 AV elyg 3l pmdla 5 il — Ve (s e Al JST o el 3l (s

Cadd @l g 3l aala (e dncadda ST
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&2 (s e e il il (5 58I s )-OH, -OR e gaalae 253
saelall (e dpiadls Conaal (alealloda Jaa J) 0 2581 5hg 5 ) a8 sall 8 dia gaf
; Al i gaall e paalall (e Sa g s Uie @ sall 2 Ga gl
28 A0 adeddl A& —OH (25 dadlall de ganall 3 ga g ol 3L Sl (e JaaBly
Dmalill Y A a3 § adsiall GuSe ob 5 5 UG Ay imalall 335

Passi (aalall Lae |8l ST 8 Ll Gadall gl 8 8 Al el s g el

o 5 )53 Bl A a5 s praelall L) (sl )R e s 0 sis oAl () ]
coaalall 3 8 e 2 5 Ml

COOH

COOH COOH COOH
OH
OH o
) _ 5
Benzoic acid Ka= 6.3x10° Ka = 2.6 x10> Ka=83x10" Ka =105 x10
C)
O
_ H+ ' —» HB
_— (@]

7 &
C

R - o
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Preparation of carboxylic acids : 4sbws s &l (e gal) juias

Oxidation : 5awsY) -

Oxidation of primary alcohol or aldehyde : clalgaly) ) 4 641 < gasl) aus) -g

o)
KMnO, |
R——CH,—OH —_— R——C——OH
Alcohol carboxylic acid
CHs CHs
KMnO4
H3C——CH,——CH——CH,0H » HyC——CH,—CH——COOH
2-Methyl-1-butanol 2-Methylbutanoic acid
CH3 CH3
KM nO4
CH;—CH—CH,0OH —— » CH;—CH——COOH
Isobutylalcohol Isobutyric acid
o) o)
| KMnO, [
R—C H > R——C—OH
Aldehyde carboxylic acid
o o
|| KMnO,
Acetaldehyde Acetic acid

Oxidation of alkene and alkyne compounds : <lilsty g cAisly) awsi -

[ o]

R— CH—CH—CH,—R —————> RCOOH + RCH,COOH

HyC—— CH=——=CH——CH,—— CH,——CHj

2-Hexene

[ o]
— > CH3;COOH + CH3CH,CH,COOH

Acetic acid Butanoic acid
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gy daa) dyga 3 Carboxylic acids 4k g8l () gal) slaas agle and
I
c—OH

HC—CH@ ﬁ» 2 @

1,2-Diphenylethene Benzoic acid

[ o]

R—C==C—R ———» 2 RCOOH

Alkyne carboxylic acid

[ o]

HsC——CH,~—C==C——CH,—CH; — ", 2 CH;CH,COOH

3-Hexyne Propanoic acid

Oxidation of alkene by Ozone (O,) : ¢959%¥) Aol g3 CliSY) 3auss) -C

o]

o} N\ H,0

HyC——CH,—CH=—=CH—CH; —» jc—CH,~—CH CH—CH; ——— CHsCH,COOH + CH;COOH

2-Pentene o 0 Propanoic acid Acetic acid
Ozonide
2 3
4
! 1- 0,4 HoOC
—_—

HoOC

8

7 6
Cyclooctene Octanedioic acid

Oxidation of alkyl benzene(arenes) :( <ibia ¥1) ¢p s JuS) 3awsi -d

KMnQO,
Ar—R +~——> Ar——COOH
CHg
COOH
KMnQO,
-—
NO,
NO,
p-Nitrotoluene p-Nitrobenzoic acid
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Glaady 2aa) Ba 2 Carboxylic acids 4k g8l () gal) sbaasl) agle acd
COOH
CHs
KMnO,
—
Br
Br

m-Bromobenzoic acid
m-Bromotoluene

CH, CH, CH,CH3 COOH
KMnO,
—_—
n-Butylbenzene Benzoic agig
CH
3 COOH
KM nO4
—_—
CH
3 COOH
P-Xylene Terphthalic acid
or 1,4-Benzenedicarboxylic acid
CHs
CHs COOH COOH
CH, COOH
KMno, KMnO,
. —_— >
CHs COOH
m-Xylene
Isophthalic acid o-Xylene Phthalic acid
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vl i dgla g W) A8 8 (-NH,) Ol sI( -OH) JiS 5508 Ao ganae Juail 2ic*
A @8 4 adl aalaall oda (s Sl ellag Lgakand N 25 Lae 5208 Al dilall o34
o2 Jy gt aiy LS all oda (8 0 3l Adls e pLaY) 2y 138 1agl s il g iK1
Jsa3 S (Acylation ) Ayl 3ok e 138 oy | Canaal Z2dls aaalas ) Gile gandl)
i 5o Sl de sana o585 G ((@cetamido) sie) Cund de sane () el de gane
el Ll g LS g IV a5l o 591550 g il g SIY oy
Axdlall 3580 JalEE Y a5 Laa i) Al i g0 IS e sana (Ll £ 53 i) )
Ay lee ¢l pa) U8 V) S el pe & lie Adlaldl Ay jad) d8la) g i 5 I

Cr5l Al e RS sy sy i3 (el e sandd ol () s pall L
NS Al N 23 Laas

(?\‘H ®NH G?\,H @NH NH

NH2 NH——C——CH;
Q
+  HLe—C—0C —

Acetylchloride

Aniline
NH— C——CH, N m

Naay— C_ ChHs NH——C——CHj

Ciliaia | Jslae Jie Aalate 5 50 Jel se Jlanind Mall oda Jie b i 4e
) &l gl U e 3LSS) JBll 5, ALY =30 st aial @l g saniaall il 1S 2 g o
Sl Ol de gana g Sl aselne o sini Al g ) S e B Sy LadlAS caay

A gre JuuS 5 2

\o
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I I
NH
NH, NH—C— NH——C——CHj 2
H3C—C—CI
Acetylchlorlde
K'V'”04 H,0 / H*
B —
MgSO4
CHs COOH cooH
i . P-Aminobenzoic acid
p-Aminotoluene p-Acetamidotoluene p-Acetamidobenzoic acid
I
OH 0——C——CHj O——C—CHs OH
H,c—C—cl
N
Acetylchloride KMnO, HO/H
> MgSQO,
CHy CH, COOH COOH
m-Cresol

m-Hydroxybenzoic acid

Haloform Reaction : a s siledl Jelii -¥

The reaction in base of methyl ketone with iodine ,bromine ,chlorine
gives the acid and the haloform

CH; O CH; O
| 1-NaOH /1, 0C |
HsC C C CH - H.C C C OH + CHI
’ | — 2~ H;SO, ° | ’
CH,4 CHs
2 2-Dimethyl-2-butanone 2,2-Dimethylpropanoic acid lodoform
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QM’“ \?jbeﬂé

CH; O H ®0 CH; 70 o~ CH; O
| || | NaOBr | |’,-@/\I—I | ”
HyC—C—C—C—H =———= HsC——C——C——CH, ———— > H;C——C——C——CH,—I
CHg H CHg CHs
2,2-dimethyl-2-butanone
90
NaOBr
CHg o@
CH; O

NaOH

s el Al

HaC——C——C==CH,

CH3

CH3

CH; O

o

HsC—C——C——OH + Cl;

CHs CHg
H
CH; O
carboxylic acid ch—clz—lclz—OH
(2,2-dimethylpropanoic acid) CHs

"

]
H,c—C——C——0ONa +HCl3

HC—C—C—— Cé;_ |

2

HsC——C——C——CH—1

0]

Haloform
(lodofoem)
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QM’“ \?jbeﬂé

Gedaal g JBl G S &y e fiagddy hllsdgdile Jpaallaly Al adlaldl o)
O Butanoic acid <l silisad) asla e Jpuaall iy Diad | Lal) ¢ 5iS Jiall

O

CH3CH2CH2_C_CH3

2-Pentanone

(0]
NaOH /1, ”

HCI

O

CHSCHchZ_C_OH

2- Pentanone .S

O®

——————— > CH4CH,CH,—C——ONa

+ HCl,
lodoform

+ NaCl

Butanoic acid

Carbonation of Grignard reagent : 3t S cails 43, S - ¢

+

Mg CO, o0® H
R X > R MgX » R COOMgX > R COOH
or or
Ar X
Ar—— COOH
D Jo Ul Al
0]
i T [
o ) |
— Mg > C
| \O® \OH
O Mgx
0]
Br
MgBr COOMgBTr COOH
Mg C02 HJr
- It -
HyC——CH .
3 HaC——CH HsC——CH HzC CH
CaHs ot C,Hs CaHs

p-Bromo-sec-butylbenzene

p-Sec-butylbenzoic acid
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CHg CH3 CHa CHs

+

Mg H
CoHs—C——Cl —> (C,Hy——C——MgCl ———» C,Hs——C——COOMgCl —————»CyH;——C——COOH
dry
CHs ether CHs CHs CHg
tert- pentylchloride Ethyldimethylacetic acid
or 2,2-Dimethylbutanoic acid
CH, CHs CHj CHs
HCI Mg )
HC—C——O0H ——— HC—C——Cl —— >  H,C——C——MgCl ——>» H,C——C——COOMgClI
dry
CH, CH, ether CHs CHs
tert- Butylalcohol tert- Butylchloride y
H
CHs
H;C——C——COOH
CHs
Trimethylacetic acid
Br MgBr COOH
HsC. CH
3 3 HC CHg HaC CHs HsC CHg
Br; M H*
9 CO,
dry
ether
CH
3 CHs CHs CHs
Mesitylene Bromomesitylene Mesitoic acid
or 2,4,6- Trimethylbenzoic acid
- - - . - e R -
Hydrolysis of nitriles : <k alll Jlal) Jladl) -0
R——C=N . - Cc—
Acid or base R c OH
+ Hzo >
Ar——C=N Ar——C——O0OH
CH,CI CH,COOH
NaCN 709,50,
> —_— + NH,

Phenylacetonitrile Phenylacetic acid

Benzylchloride

V4
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Olagdy deal Mg 3 Carboxylic acids 4l g Sl (sl gall Slasl) asle and
©

NaCN aqg. alc. NaOH + NH

n-C4HgBr ———— n-C4HyCN »  Nn-C,H,COO 3
n-Butylbromide Pentanenitrile ot

or n-Valeronitrile
n-C4HgCOOH
n-Valeric acid

or Pentanoic acid

CH;——COOH ('same carbon)
Ethanoic acid

CHz——CH,OH

Ethanol

aC H,0/H"

NaCN
CH3——CH,Br—————CHz;——CH,CN  ————— > CH;——CH,COOH

Propanoic acid ( Higher carbon number )

dry | Mg
ether,
H+
CHy——CH,MgBr €O, CH;——CH,COOH

Propanoic acid ( Higher carbon number )

NO> NH, N2 CN
HNO,4 Red. NaNO, NaCN
— —_— —_—
H,SO, HCl EE——

Benzene Nitrobenzene Aniline Diazonium ion
H,O/H"

COCH

Benzoic acid



Balall i Al U pa [ gucanl) gloass!) A dals /43 pall o glalt 4y it 4308
Glaady 2aa) Ba 2 Carboxylic acids 4k g8l () gal) sbaasl) agle acd

s oaa) gl Eild jagdl ¢ SlaaY ¢ laal gald) il olS ¢ iU lad) Jlal) -1
Hydrolysis of : Esters, Acid chloride , Amids , and Acid anhydride
(0] e (0]
OH/ H,0 H ©
HyC——C——0CH; ——— HC—C—0 + CH,OH

Methyl acetate

o) o)
| o
H,C—C——Cl - H,C——C——O0H + HCI
Acetylchloride Acetic acid
o) o)
H*/H,0
HC—C—NH, — %= {,Cc—C—OH + NH,
Acetamide Acetic acid
|
HLC C o—=cC CH;+ H,O ——— 2 CH3COOH

Acetic anhydride Acetic acid

Friedel — Crafts method : <l S — Ju 4 48y ) -V

O3Shy pu sl el sa 2al 3 sa g dile 5 )Y SUS el ae (Phosgene ) s sl Je iy
ekl g3l 55 aalS Lo g ) iaalal)

O

AlCl, || H,0 /H”
> Ar—C—<C —°___ 5 Ar——COOH

O—=0

Ar—H + cl

Phosgene carboxylic acid

S dsat  M(Ar =CO = Cl) @S el (s o Jeliil) a3 Y6 gladll
PP N3 BN [ T DY P PRSPPI LN A BN

CHs CHs CHj

Phosgene

+
o)
O—=0
o)
>
Q
\j
=
O
T
.

Toluene

o} p-Toulic acid

AR
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Glaady 2aa) Ba 2 Carboxylic acids 4k g8l () gal) sbaasl) agle acd

lasind (s sdll (0 Yoy (- Carbamoyl chloride ) diseb S & 558 Jlarivl die L
(Gatterman amide synthesis )" <lae¥) jumadl gl JS " Jelity Jelaill oy

0 0
Ar—H  + yN—-C—cCl _Alch Ar—ﬂ—NHZM Ar——COOH
Carbamoyl Amide carboxylic acid
chloride
0
<|:|—NH2 COOH
0
+ HZN—M—Cl _ ACL —>HZO/H+
Carbgmoyl
chloride Benzamide Benzoic acid

; Arndt — Eistert synthesis : < il — <t ) 48y yha -A

\GB.J;\}Q}.JJ\SE):J;L.;:\“S}._U\SM QAA\;“ Q}.}J\SCJ\JSJ.\Q E.JL)\)SM.J‘)H\ 03 Jaxiidi
Jaii 5, Atilaiall G gamall 8 SASY) Gamalall L Al L€ g SH malall yuzaa]
I a5 Al o e s paalall s ) L 0 QN ) st e 4 5Ll
O ((diazoketone ) usiS 53 AU Ao J sl (diazomethane ) olis )

JalaS diaall 2S5l 2 g g gl_d\@qoj_“\:\s 5 ‘_,,_‘1\_13 Cdaad e :JJ.:_NS_. ﬁ)\ﬁ\ aelall

PCls CH,N, H,O/ Ag,0
RCOOH ——— » Rcocl ———» RCOCHN;

RCH,COCH

¢ Aryl  d) s Alkyl O de saae = R 0585 Ledie 43kl o3 Jlexinl (Sayg
-l il gl Gaala (e 5 gull (s jpmat B Coge Gl e Yl

PCI; CH,N, H,0/ Ag,0

HyC——CH,COOH ——— % HC——CH,COCl ————» HsC——CH,COCHN, — 9 H3C——CH;CH,COOH

L Butanoic acid
Propanoic acid

YY
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Ol ) daa) Bisa 2 Carboxylic acids 4alss g Sl (2l sal) sbiasl) agle aud
: Jo i) 4ilia
i PN (?
4 o |
HiC——CH,COOH —  » H;C—CH,C—Cl + H,6—N==N CH,—CH,C—Cl ———
Propanoic acid (,:HZ—NEN

3 carbon atoms

©

® 0
H—gﬂtﬁ:N _— ozc—(-CH CH, CH;

HiC—CHC—CH—N=N ____
@

e OH OH
OH | HY |
O—C——CHCH,CH; ———> O—C—CHCH,CH; —
—r >/ L =)

O=——=C——CH, CH, CH,

Butanoic acid
more one carbon atom

4 carbon atoms
H

0
o |
0——C——CHCH, CH;

N- Cyclopentene )5 (it sl =N 5 (asladl alla oy Jelaill )1y
b€ o SN Gamalall Abidi ) ¢ g LS Y el ALY 323a 48 1l morpholine

_EUJ‘Q:\.}ALAS}
o
N-Cyclopentene
morpholine . o
N
®
0 % |N
PCls (*| >
HC—C—OH ———— > H,c—C—Cl
N HsC—C
Acetic acid Acetyl chloride : |
o Cl
@
N ©
o OH
ﬁ | o (Qm 0 \
+
H,C—C HO/H ” OH ” ¥y { HCI
—— > H,C—C E—— ch—cz 3 6 >
4 5
|| Zn/Hg H,
H3C——C——CH——CH,—CH,—CH,—C——0H ————— H3C——C——CH——CH,——CH,—CH,—C——O0H
1 2 3 4 5 6 7 HCI 1 2 3 4 5 6 7

Heptanoic acid
Yy
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Glaady 2aa) Ba 2 Carboxylic acids 4k g8l () gal) sbaasl) agle acd

s Aol g Y Galaal) juaatl i) oligllal) 48,k - 4
Malonic ester synthesis of carboxylic acid

One of the most valuable methods of preparing carboxylic acids makes
use ethyl malonate (malonic ester ) ,CH,(COOC,Hs) ,and is called
malonic ester synthesis . this synthesis depends upon :

a- the high acidity of the - hydrogen of malonic ester ,and

b-the extreme ease with which malonic acid and substituted malonic acids
undergo decarboxylation.

Alaaiul | Lgie de il cilally 5 3l g SN (alaa¥) ariail dagall (3 )kl gan) (auals
i slle Je i IR (e iy o S Al Qi sl i€ Jiiyl A s silal  5Y ) el
il 481K 5 48 ld A nlia 3acld aw (diethyl malonate ) Jol AL
)& i) asil (sodium ethoxide ) s seall 1S gl Jie  ocasladl o5 5 50l
.('sodium malonic ester )

®06 S ®
H——CH(COOC,Hg), NaOC,H; ———— CH(COOC;Hs),Na + HOC,Hs

Stronger acid sodiumethoxide sodium malonicester
Jalse 4l 5l QS ol alasinly & geun s & 5l 128 e Y 1Y) il il AN (S
¢ ALY el alasiin) oSy 4l JSIV) caladled dpailly | AV (o jad Alxiisall 5 5 5a0
el (e et LY elld g aadiog ¥ Ldle Lls AN Ll 40 690 50 5 500 ¢ A 5ul
CAllad e Lo oSV YT il aladin (Say VS LSV Jlasdl s ) S o) 5

4 o\ [ ®0
CH(COOC,Hg),Na +RLX ———= R——CH(COOC;Hs), + NaX

sodium malonicester Alkylhalide

OSay Al g dpadda gy 3,0 e giag J1 Y (I IV 0 ld Wl U S3 LS

QSIS il g oSl Al 3K 8 LIkl
| ®

R——C (COOC,Hs); + NaOC,Hy —— R——C COOC;Hs),;Na +HOC;Hs

sodiumethoxide
R—X

R——C (COOC,Hs), + NaX

Y¢ R
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Glaady 2aa) Ba 2 Carboxylic acids 4k g8l () gal) sbaasl) agle acd

bl Lo allas (S 4 B 5 A0 51 AV s () 3 g liaaV) 138 5 e (1SS
2yl (A A sama A gem s 288 O Sy M5 el 3l i€ g JISD) JSLE aal sl
a0 e olel 0sSi Le Le da il a3a | Ale 50 a Ao die 4bdd &5 13 L s AS))

- & otkall i g SN adlall Gl dais o sS] Gaslall jleaal

R—— CH(COOC,Hs), coon

C)
H,0 / OH H heat
——— > R—CH —> R—CH ———> R——CH,——COOH +CO,
or heat, 100 C AN 140C )
COOC,H ’ coc® COOH mono substituted
zs acetic acid
R—CH
COOC,Hs
mono alkylmalonic ester
R——C COOC,Hz) a
o Q coc® . COOH oot
- H,O / OH H 2
R > p—cl g ——> R—C—R — > R——CH——COOH +CO,
o heat, 100 C AN 140C _
COOC,H ' coc® COOH di substituted
2s acetic acid
R—C—R "~
COOC,Hs

di alkylmalonic ester
Al g S Gl gl e 2aall rimad (el e Ol A8 YAl (e ey
OapSal 5 pmal) SV el il LWl ellh o) alySa 4l ddle 5 5m
O Cliiie aay M| (Isocaproic acid ) elis S s ) (adla Nidd | ciadl (adlal)
(Isobutyl ) Jisms ) 4o sanay A 5 pa @l )3 aa) Jlaiuly éllyg ¢ cllall adla
Sas oy aladial Caoay 4050 @l ) jind glikual aladinly Gaalall 138 sl gl dle
4Kl Jaa< (I1sobutylbromide ) Jssu s 1Y)

HyC—— CH——CH)—Br CH
@O COOC,H; 3 k_, 3 COOC;H; ©

N30C2H5 @ . H,O / OH
CHy(COOC,Hs), — = 5 NaHC< Isobutylbromide -HiC CH CHy—HC 2
COOC,H;5 COOC,H;  heat
Ethyl isobutylma;onate
or Isobutylmalonic ester
CH C
’ coo® | Hs COOH CHs
H / - C02
H;C——CH——CHj HC\ o ——> H,C——CH——CHj HC\ T» H;C——CH——CH,—— CH,COOH
ea
coo COOH 140 C

Isocaproic acid

or 4-Methylpentanoic acid

Yo
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Glaady 2aa) Ba 2 Carboxylic acids 4k g8l () gal) sbaasl) agle acd

pasla bae jand (K dils o — Methylvaleric acid & lé Jiie — Wl (aels L
Clagiuls Ll L (Methyl ) de seaas a5 5 i3 Clagial (o il S5 ells
A lee o) ya) an s 450 Y1 @l slla (e o el 101 (propyl) de sesa
Jdms 01 ng( Methylbromide ) Jiall Asa gy aladiuly
. 4l Jal s2S ((n-Propylbromide ) slieY)

®0 H3C—CH2—CH><BL
NaOC,H P b id COOC,Hs @ @
2Hs n-Propylbromide
CHa(COOCHs), GN)aHC< >  HyC——CH,— CH——HC NaOCHs
COOC,Hg COOC,Hs
® COOC,H ©
/ Hic—sy, S/ 5 H,O / OH
HzC——CH,—CHj c\ » HyC——CH,——CHy C! _—
COOC,Hs N COOC,Hs heat
Ethylmethyl-n-propylmalonate
or Methyl-n-propylmalonic ester
coo@ COOH
H* -CO,
HzC——CH,——CHg c\ ———— H;C——CH,—CHj c W»ch—CHZ—CHZ—HC—COOH
O
€00 COOH
CHy ¢ 140 C CHy
2-Methylpentanoic acid
rAuia gral) JaS g3 Sl) ALl (jiaa) gadl sl
Br
H3C——CH——COOCHs
® 0O COOCH, _ COOC,Hs o /% y
NaOC,Hs ® 06 Ethyl - bromopropionate H;
CHp(COOCyHs), ————  NaHC C,Hs00C——CH——CH - =
heat
COOC,Hs COOC;Hs
CHs
Coo COOH
S / o / -CO,
OOC——CH——CH —_— HOOC—CH—CH\ oo™ HOOC—— CH——CH——COOH
@) ea
coo COOH  140C
CHs CHs CHs

- Methylsuccinic acid

¥l
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Glaady 2aa) Ba 2 Carboxylic acids 4k g8l () gal) sbaasl) agle acd

( Adipic acid ) ) paala gudaat: s gy Sl 4l (el gall judaas

CH,CH,

® 0O , i COOC,H
COOC,H COOC,Hg 2Hs
2 NaOC2H5 @/ Br Br
H,C HC » H,C——CH;—CH
COOC,Hs COOC,Hs COOC,Hs
COOC,Hs
HC
COOC,Hs
o C]
00C COO0 e) C,Hs00C, COOC;Hg
OH—— ey —CH{_ H,0/OH CH——H,C——Crz——CH
B ——————
0ocC Ccoo C,Hs00C COOC;Hg
H+
H COOH
ooC -2c0,
cH H,C—— CH;—CH » HOOC—— CH,—CH,—CH,—CH,—COOH
heat 140 C
HOOC COCH Adipic acid

Acetoacetic ester;: i) gl siu) 480 -9
Jlaainly 1y g, soratie B € 60 ) Galaal jramad o8 Jeaiod las dege 48y yha olllia
Acetoacetic ester Gl siwl yiul Jie Alad (plic de geona e a3 Al GLSHl)

ﬁ

HzC——C——CH,——C——O0C,Hs Acetoacetic ester

Cilia ld ¢ 9S8 i g LS asalaad 3y bl G s S 353 (e fan g sl < 3 0
u\j&b}jﬂmmuwm@\_mﬂm((:—H)DH;Y\M&JJ}M\;
Al sl sl LYY ey Ll 5 e () 5S35 LS pall 338 < 53
© ©)
O O O (0] O

HyC—— C——CH——C——0C,Hs <—>H3C—C—£CH—C—OC2H5 ~——— {,C——C——CH——C——0C,Hs

Yv
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Glaady 2aa) Ba 2 Carboxylic acids 4k g8l () gal) sbaasl) agle acd

LS ) 2y € gSIVD ¢ 5l e 2y 8 8308 e i) o Je i die <l i) o () 5SS

R e
ﬁ Tﬂ o m ( o " o
HC——C—=¢ C——0CHs ——> H,C——C——CH——C——O0C,H;s HaC—— C——CH——C——0C,H; + X

H
monoalkylacetoacetic ester

Compound (1)

JoSl il L oS oSV ol e Joo iy Cm aa Jd S i i) 12 iy

0 Hm 0 0
Il OR | o |
HC——C——C——C——0CHs —— > H,C——C——CH——C——O0C,Hs + ROH
H

Omsa 50 e sing I Y Alkylation) 2SIV ddae (e () sSiall i) o Lay g
LA SN A sanay Lgaiay a3 (Saall (e 13| ALal) (pliadl G gene 8 5 AT dpadla

Q T Q o R o B o R 0
” ” Il R-X |
HC——C—— G C——0CH; ————— H,c——C——C——C——0C,H; ——> Hy,C——C——C——C——0C,Hs
©
OC,Hsg -

R

Dialkylacetoacetic ester
compound (1)

Acid Hydrolysis : 1,11 ¢S sall daalali Jtast)

Jadis s e Ll 3 Jia b e iS5 S il (3255 s 13S0 ans il
o s saall 1€ 5 53 (e S e Jslaa g |1 g 58 o DSl L e el Jlaill
) 232 Al (it o) Sl 0 (e GLSE iy a5l 4 prli sl
7o 4358 (CH3-C = 0) dit¥) de ganal Jii o Sl e sana o dlud) JouS 5 0]l
LaS 5 Lile alla i sllaall LS 50 JISI aalall 653550 Ally il g GlAl) (aals
s 3L (e

R O
L L

o R 0
Q] 1 3 Ol I
OH |l |
HsC CH——C——0C,Hs

|
I, \

CZHSOH + R——CH,—C—OH - R——CH,——C——0CHg
H,O/H"

YA
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Pentanoic acid from acetoacetic ester :; was [/ (w

Hm 0 @/\ (. i I
| OC,Hs [ I CHyCHSCHBr I I

SC_C_C_C_OCZ 5 ————— H;C—C——CH—C—O0CH; —————» HC——C——CH——C——0C,Hs

H CH,CH,CHj

0 o
(” ” J i i
OH I |
HsC——C——CH——C——0CH; HyC——C~<,CH——C——0CH; —» HiC—

CH,CH,CHg OH  CH,CH,CH, L

\ -
gH ﬁ . l

C,H;OH + CH3CH2CH—'—CH2—C—OH <——————————— CH3CH,CHz——CH;——C——0C;Hs
54 3

...........-..' 2 1 20/H
Pentanoic acid

2-Methylpentanoic acid from acetoacetic ester: saa /o«

Hm o @/_\ O CHy O
| i i e [

3C_C_C_C_OC2 s ————— H3c—c—c—c—oc2H5 HaG—— C—— C——C——OC,Hs

CHZCHZCH3 CHZCHZCH3 CH,CH,CH3

Q  CHs O O cHy O 0
U 1 1 S fﬁ i |

CHgCHzTHZ o
HC——C——C———C——O0C,Hs ¥

| Hsc_TT_ﬁ_C_OCZHS —— HC— (|: /\@T—C—OQHs
K CH,CH,CHy OH  CH,CH,CHy OH CHy
Q
OH |C|’
H3C—C—O®
_____________ 2
C,HsOH + CH3CH2CH—'—CH—C—OH <«—— CH3CH,CH;——CH——C——0C;H;5
RIS B SRR H,0 [ H'
| CHy ! CHs

_______

2-Methylpentanoic aC|d

AR
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Glaady 2aa) Ba 2 Carboxylic acids 4k g8l () gal) sbaasl) agle acd

Draat! i) GV adla Ld) cany 8)le ) o peanall cpe il) e aala ] jucaadl
D3l Lale ydise graelall lggle i Al Al as gl o Lale | (o gllaall adlal)

ﬁ | ﬁ

HsC——C—CH,——C——0C;Hs | Acetoacetic ester

503 Jae Auliall R Ae gana (525 (RCH2COOH) g 54 (0 padls praaidlla 4
Dpaat die Lal ¢ il gl oS il o oS3 Biall de gana A Baalg Cang yous
O 5mae) i3 Je Adidl) R el a5 (R,CHCOOH ) ¢ 55 (e inals
e a5y i i) QS S8 il Sl e J granll ALl il e gandl

.( 2-Ethylhexanoic acid ) asall jucass Jsliiis 33le ) 440 Lad

H/O\ o /_\ e o
| OCaHs I & | CHacH,oMyciker I

H3C_C_|C_C_OC2H5 —— HC——C——CH——C——0C;Hs
H CHZCH,CH,CHs
Hm O /\ o CH,CHLO
| OC;Hs e} CH3CHZBr ” | ”
H3C—C_C_C_OC2H5 —_— H3C—C—C—C—OC2H5 —— 3 H3C—C—C——C——0C,Hy
CH,CH,CH,CHg CHZCHZCHS CH,CH,CH,CH3
( CHZCHgo ) o CH,CH30 O  CH3CH,CH,CH, 0
|| on ] || [
H3C_C_C_C_OC2H5 HC——C<£——C—0CH; — » HsC—T * C——C——0C,Hs
CH2CHCHoCH3 OH  CH,CH,CH,CHs OH CH,CH;
Q
OH ﬁ
ch—c—o@
o
16 54 3 ¢ 2 ||
CoHsOH + ; CH3CH,CH,CH—CH——C——O0H <-——— CH3CH,CH,CH;——CH——C——0C;Hs
-------------------- I H,0 / H*
! CH,CH; | CHaCHs

___________

2-Ethylhexanoic acid
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Glaady 2aa) Ba 2 Carboxylic acids 4k g8l () gal) sbaasl) agle acd

e siad palaal jrcaad b clivn) givad Y bl ¢V Jlastinl GLSGY1 A

a5 g Jeliilly b s ((dicarboxylic acid ) (A58 saleal) dias 50 IS e sana

st Ay Gaelall mle 0 sSal5 38 jebacl Jleniuy Sledgdee i laden 5 Y il
$ 30 (s LS 5 o gllaall Gaslall e Jpasll eV aala g dalny

o
| —— OCHs I o | Br(CH,),COOC,Hs
HC—C—C—C—0CH; ——— H,C——C——CH——C——0C,H; ———— > HC——C——CH——C——0C;Hs
H (CH,), COOC,Hs
0
0 o ”
( o o o o
2 || | oo
H3C_C_‘|3H_C_OC2H5 H30—|CT,|CH—0—OCZH5 - - H3C—(|: + e
K (CH2),COOCZHS OH  CHy) ,COOC,Hs OH (CHz)RCOOCHs
©
OH |C|’
H3C—C—O@ I
O ﬁ
C—OH C——0C;Hs
C,HsOH + CH3 - cHS
+
(CH,)COOH HO/H (CH,),COOC,Hs
= H . 8 . . -
Adipic acid: dul gasla juaad
o) Hm o o) O
Il OCzHs | o | Br(CH,)5C00C,H; I
HC—C—C——C—0C,;Hy —4m8M—— HyC——C——CH——C——0C,H; —————» H3C——C——CH——C——0C;H;
H (CH,)3COOC,Hs
il ft S o 0 o |
” ” OH || | /C—OC2H5
HC—C |CH C—0CHs HSC_TTJFH_C_OCZHS - . H3C—(|3 + &
K (CH2);CO0C2HS OH  CHj,) 3CO0C,Hs OH (CHZ)3CO0C,Hs
Q
OH |C|’
Hyc—C—3° l
i I
/C—OH C——OC,Hs
or CHJ -« CH;
HO—— C—— CHy—— (CH,)s——C—— OH o
(CH,)3COOH 2 (CH,)3COOC,H5
Adipic acid

AR
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Reaction of carboxylic acid : 4xlus g Sl (aal gall cle i

Acidity: salt formation . g3 ¢ i duaalald) -

©)
RCOO + HY

RCOOH

©
(CH,C00),Zn + H;

2CH3;COOH + Zn

Acetic acid

O®
CH3(CH2)4COO Na + Hzo

CH3(CH,),COOH + NaOH

Sodiumhexanoate

COOH COO Na

QO®
+ NaHCO; ———> + CO, +H0

sodiumbenzoate

Conversion into functional derivatives : 4il&ida J) Jgadl) - ¥

I I i
- I -
R—C\ - v R—C\ Z=-Cl , -OR , NH2 ,-0O-C-R
OH z

Conversion into acid chlorides: gas sall cilaysls M Jgadll -a

O 0
| socl, |
R—C + PCl R—C
AN PCl; .
OH cl
Acid chloride

SOCI, thionylchloride
PCl;  phosphorus trichloride
PCls  phosphorus pentachloride

AR
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Olagdy daal Lsa 3 Carboxylic acids 4l g Sl (sl gall sLoasl) agle acd
I
COOH + PClg C—0o0l +POCI; + HCI
Benzoic acid Benzoylchloride

I
3 CHCOOH + PCl; — > 3 CH,Cc—cl  HsPOq4

Acetylchloride

Acetic acid
ﬁ 0
C—OH C|J—C|
+PCls —_—
O:N NO, O,N NO,

3,5-Dinitrobenzoic acid 3,5-Dinitrobenzoylchloride

CH3CH 2COOH + SOC|2 —> CH SCH ZCOCI + HCI + 802

Propanoylchloride

dLAa:\.u\J_\.cbJA\}UJJ‘)EB‘)JJ&.\uS}JJ&\um\;j‘éuj.\‘)&‘k_ﬁ\)dddsbJ\.ﬂJuSAJ}
) J) 8 LS 5 4 Ll 38

| PCls I Red. PBrs KCN
R—C—OH ———> R—C—C ———» RCH,0H ———» RCH,Br ——» RCH,CN
H,
H,O/H"

RCH,COOH

Cand m all AN Ayl Jlexind (S g

(0] (o) (o) (0]
| PCI, | KCN | H,0 / H* | Zn/Hg

R—C—OH —» R c cl » R C—CN ——» R—C——COOH ——=> RCH,COOH

HCI

Yy
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Conversion into esters: < i Jd) Jsadl) -p

R——C——OH + ROH I S
Ester
o) 5 ] )
R—ﬂ—OH + SoCl, — R ﬂ o ROH R_|C|—OR_
Acid chloride Ester
Tl - <|>|

C—OH + CH 30H C——ocH; +H20

Methanol
Benzoic acid Methyl benzoate
H* ﬁ
HiC—C—OH + CH,0H H;C——C——0O——CH, + H,0
Acetic acid
Benzylalcohol Benzyl acetate
CH; O CHy O Ethylalcohol CHs O
] socl, |l C2H5OH |l
HC—C—C—OH ————» H,C—C—C—C| ————— H;C—C—C—0—CyHs
CH4 CHg CH4
Trimethylacetic acid Ethyl trimethylacetate

CH,CH,CH,—C——0H + C,H;0H
Ethylalcohol

CHZCH,CH,— C——0C2Hs  + H,0

y-Phenylbutyric acid Ethyl y -phenylbutyrate

HOOC——(CH,),— COOH + 2 CZHSOH

e CoHs00C——(CHz)4— COOCHs + H,0
ipic aci
Ethylalcohol Ethyl adipiate

AR
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Conversion into amides : <laay) A Jsaill ¢

SOCl,
OH > R

NH,

O—O0
O—O
O—O0

Cl

Y
P

NH,

Acid chloride Amide

ﬁ 0 0
SOCl, || NH ”
QCHZ—C—OH -, CH,—C—<Cl — ° CH,—C——NH,

Phenylacetic acid Phenylacetylchloride Phenylacetamide

I
COOH c—cl C——NH,
PClg @ NHs @
. —
Benzoic acid Benzoylchloride Benzamide

Conversion into anhydrides: <l 3¢ ) Jsadl) -d

| eo

O—O0
O—O0

R—C—ONa + R—C—ClI > R o R + NaCl
Acid chloride
Q Q 0 0
| o [
H3C C ONa +H3C_C_C| —>H3C C 0] C CH3 + NaCI
sodium acetate Acetylchloride Acetic anhydride
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Reduction : J) R4y -
1) LiAIH 4
R—COOH ——F—————> R—CH,OH
2)H,0*
1 alcohol
I 1. LiAlH,
—— CH,CH,OH
CH-"/ \OH s e?chan;!
acetic acid
0
1. LiAlH,
: C\OH e : CH,OH
benzoic acid benzyl alcohol
COOH
CH,0OH
1) LiAIH,
—_—
2)H;0*
CH
s CH,
m-Toluic acid m-
Methylbenzylalcohol
AL

mechanism for the reaction of a carboxylic

hydride ion
removes an

acid with hydride ion

H H new hydri
_ ydride
N
0"

i s
HisBiot .. “AlH
C?I) acidic proton :(I): 3 I H (?—Ale
E oy _ 5 " 44
(.H;;C—Q——H\ + H-AlH; — CH,C=0: —s CHC=0: — CH3CH—\9:_
a carboxylicacid + H, l
- of hydride ion
Hs0" o <A N 7
CH,CH,OH <" CH,CH,{j7 < AlHs CH;CA—0:
an alcohol an aldehyde
+ AIH,0™
BH,- THF
R—COOH —— » R—CH,OH 1 alcohol
H, / Ni
R ——COOH = R CHgz Alkane
HI/P
R——COOH R CHg Alkane

1



dalall i)
Gl ) daa) Liga 2

40 A e [4g guanl) slrasl]
Carboxylic acids 4l g Sl (sl gall

s B, 8 il By 2 s

Substitution in alkyl or aryl group : Ja) s JSl 4 ganas (ya gaill) - ¢

D eSadl) — kel s — o Je i ;AU Al 5o Sl Gl gl (A (- ) W a8 gal) Al -
Alpha — halogenation of aliphatic acids : Hell — VVolhard — Zelinsky reaction

1- (PBr3or P)/Br,

RCH,COOH > RCHCOOH + HBr
2- H,0
Br
D ASailSuall
= mechanism for the Hell-Volhard-Zelinski reaction

O: O: -:0H

Il PBrs I |
CHeCH = — = CH3CH,—C—Br —— CH;CH=C—Br
a carboxylic acid an acyl bromide } enol

Br—Br~«
e

O: O: *OH

|| o u 3
CH3(|3H—C—0H «—— CH;CH—C—Br — CH3(i3H-~C—Br + B

Br Br + HBr Br
an a-brominated an a-brominated
carboxylic acid acyl bromide
Cl
P Cl, /P Cl, /P
CH3;COOH + C|2 —» CH,COOH __3 C|l—/CH COOH =——3» C|——C - COOH
acetic acid Cl Cl Cl

CH3

Chloroacetic acid

Br, /P

Dichloroacetic acid

CHj

H3C——CH——CH,——COOH ———» Hy,C——CH——CH——COOH

Isovaleric acid

Br

a-Bromoisovaleric acid

v

trichloroacetic
acid
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Halogenation is therefore the first step in the conversion of carboxylic
acid into many important substituted carboxylic acids

Br,/P ' large excess of NHs
R—CH;=—COOH ——» R——CH——COOH » R——CH——COOH

Br NH;

a-Amino acid

e 00 Br, /P large excess of NH,
HaC——CH,— H —— — CH—— >
3 2 H3C CH COOH HsC ——CH——COOH
Propanoic acid
Br NH,
a-Amino acid
NaOH o® H*
R—CH—COOH ____ o — CH—— o
R CH COONa » R——CH——COOH
o OH OH
o- Hydroxy acid
C C CoOo —)NaOH OD H*
HsC——CH— H -
3 H3C CH COONa » HzC——CH——COOH
Br OH OH

o- Hydroxy acid

] H*
R—CH,—CH——COOH + KOH (alc) ——— > R——CH——CH——COOK ———» R——CH——CH——COOH

Br o, B - unsaturated acid
H+
HsC——CH,—CH——COOH + KOH (alc) —— » H,C——CH——=CH——COOK ———»  HzC——CH=—=CH——COOH

Br a, B - unsaturated acid

Ring substitution in aromatic acids : 4sitag ¥ 48l Jo (sl -p

-COOH : Deactive , and directs meta in electrophilic substitution .
COOH COOH
HNO3/ H,SO,
heat -
A NO:

Benzoic acid m-Nitrobenzoic acid



R——COOH + HN, — R—N=C=—=0
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Schmidt reaction : <ad Jeldi-o

wasla 353 s Hydrazoic acid ) sl suell (s ae Bl g ISl Galead) Jelis
O s ) @bqﬁu\mm;’mw Sl 45 S sale el <)

H* H,O/H"

R—NH, + CO,

Hydrazoic acid
s aalll) ol gladlly P Jelaill gl A yidal) A0Sy all

] N AN
C

H N “a
R—C——OH —— » R—C<—OH R—C—OH —>»
® R/\>4|N:—H
NH—N==N )
® N—
H,O/H"
CO, + R—NH, == R—N=—7=C=—0

+

H . . .
CH;COOH+HN; —— > 2 ) Jeliill A€ulSua acf /

(0]
I . A ||
H,;C C OH H H,;C C OH Ns H.C |C/‘OH C
b—L—— _— 3/ LT 3C—C—— e
- ® | H3C/\-\VN‘:—H
Acetic acid NH S )
N=—=N

H,0/H"
CO, + HyC—NH, «=——— H;C—N——=C—0

Methylamine

A
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Hundsdiecker reaction : JSsawaia Jeldi -1

SSonnia Jeldh (a5 LS5 IS Gaelal dcadl) gl (g Jealall Jeliill eay
O SN 2l ) AU AL e 8 ey S alla 0 <5 ) Jeladll s g

O®

R——COOAg +Br, > R Br + CO, + AgBr

alkyl halide

. ah‘juy‘)lﬁme@yJ\S}J%\w‘ww\ k_im.clsﬂ‘wd&w\ Jaa Py
Ly i gull mala e propanoic acid b sibs pll (acla e J ganll LiiCay D
; Al @ sdadlly WLl xie hutanoic acid

©
Ag,0 o® B HO/on CH3CH,CH, OH
CH3CH,CH,COOH — 5 CH3CH,CH,CO0Ag ———— CH3CHCH, Br ———> ,CH,CH,
. ) H,O
Butanoic acid
KMnO,
CH3CH,COOH

Propanoic acid

S35 5180 Olariad (S At W) Sl Va5 Jmball Cm sl 5t sl o

Ag,0O ©®  Br,
COOH —— » COOAg — = »

H,O

Benzoic acid

Bromobenzene

Br



