0O¢&woc xapaktnpog Twv KapBofuAikwv o¢Ewv

Kappoguhund 16v

I(”):
B + RCOH
Evolud v

0

|
B: + RICCHR = BH + [R'C—CHR «— RCfCHR «— R'C=CHR

Ta xappfoivika oléa NloTavtor svKola

| ] :
RCOH + H,0 =—  RCO:  + HOH,

K, = 10%-107° o
pK, =~ 4-5 KagpoEviizo 1ov

YOVTOVIopOG 670 KapBoZvlikd Kol EVOAIKE 10vTa

(B = paon)

#BH+RCO<—>RCO<—>RCO

:(”)D ‘:(|):

pK, ~ 4-5

K, ~ 19-21



BAZIKO2 XAPAKTHPAZ KAPBO=YAIKQN O=EQN

[porovinen evig kapPfovikod oééog

To Betnd gootio orabegomoteitat pe ouVTOVIOUO

/
1 : il g i /
\ /H H™ < C 25 «— C\q.

R Aev magamoBnze R QH k=107 R QH R

l L] B .
/\/H pK.~ =6

H otabepomotnon pe ovvroviopo
dev eivau duvam




Avdotaon Kappfolviikov OEEmy
o) NaOH O
R - R
%OH 4{0' Na™*
o)
+ HO = = R4+ HO
-
[ RCO, |[H407]
= pK, = -logK,
| RCO,H |

Acidity

Basicity

RCOOH > HOH > ROH > HC=CH > NH; > RH
RCOO™ <« HO” < RO™ <HC=C" <NH, " <R~




BILTCEEERR Tipég pK, d1a@opwv KapBo{UAIKwY Kal GAAwY ogEwyv

"Evoon pK, "Evoon pK,
ALKovoiKG o AL0TKG 0&€a,
HCOOH 3,55 HOOCCOOH 1,27, 4,19
CH,COOH 4,76 HOOCCH,COOH 2,83, 5,69
CICH,COOH 2,82 HOOCCH,CH,COOH 4,20, 5,61
Cl,CHCOOH 1,26 HOOC(CH,),COOH 4,35, 5,41
Cl,CCOOH 0,63 Adha o
F;CCOOH 0,23 H;POy 2,15 (mpod1N pK,)
CH,CH,CH,COOH 4,82 1TNO 14

3 ;

CH,CH,CHCICOOH 2,84 H,S0, 23,0 (apdm pk,)
CH,CHCICH,COOH 4,06 el 8.0
CICH,CH,CH,COOH 4,52 H,0 15,7
Bevioika oZéa. CH,OH 15,5
4-CH;CH,COOH 4,36
CxH;COOH 4,20
4-CIC¢H,COOH 3,98




R—O—H —> H* + R—O-
A p -3 A2 il
R, R—C = H*+ |[RC R
OH OH o- o
I 11 111 v

—

Potential energy

Non-equivalent:

resonance less impor rant

ROH

RO~ + H*

Small resonance
stabilization

Equivalent:
resonance more impovtant

L8
/ "
& (N ¢
] \_r/
Large resonance
stabilization
]
RCOO- + H*

RCOOH

Progress of reaction ——



1.23 A/O 1.27 A //Oﬂ

H—— >— Na*

1.36 AOH 1.27 A\

O,
Formic acid Sodium formate
OEwx6 aviov
i O 2 O
4 / , 7

R—C\ R—C\\ equivalent to R——C )
& O~ 1 0

R ° Figure 19.4 Carboxylate ion. Overlap of p orbitals in

both directions: delocalization of x electrons, and dis-

e persal of charge.



ZympaTicpnog Kapfolvikev aiatov

CH3 CH3
[ NaOH, H,O | B i
CH3(|:CH2CH2COOH > CH3(|:CH2CH2COO Na
CH; CH;
4,4-ApeBuioevTavoiné okv 4,4-ALpneBvioTEVTOVOiRG vATELO

(IToAv Alyo vOoTodaivto) (Ilaga mod ¥ vOuTOdwAVTO dAug)

+ HOH




i i
@COH + NaOH —Z» @—ccr Na* + H,0

Benzoic acid Stronger Sodium benzoate Weaker
(water insoluble) base (water soluble) acid
Stronger acid Weaker base
7 i
@con + NaHCO, —2» @—co— Na* + CO,t + H,0
(water insoluble) Stronger (water soluble) (H,CO,)
Stronger acid base Weaker base Weaker
acid
C.H3@OH + NaOH —» Ck13©0‘ Na* + H,0
p-Methylphenol Sodium p-methylphenoxide
(water insoluble) (water soluble)

CPISQOPI + NaHCO, 225 No reaction

(water insoluble)




Acid strength

O O
% /
G« C\ © G+ C‘\ S)
0 0O
G withdraws electrons: stabilizes anion, G releases electrons: destabilizes anion,
strengthens acid weakens acid

AcCIDITY CONSTANTS OF CARBOXYLIC ACIDS

K, K,
HCOOH 177 x 10~% CH,CHCICH,COOH 89 x 10°°
CH,COOH 1.75 x 10~% CICH,CH,CH,COOH 2.96 x 10°°
CICH,COOH 136 x 10°% FCH,COOH 260 x 107
Cl,CHCOOH 5530  x 1073 BrCH,COOH 125  x 10~
Cl,CCOOH 23200  x 1073 ICH,COOH 67 x 1075
CH,CH,CH,COOH 1.52 x 10~5 C.H.CH,COOH 49 x 107
CH,CH,CHCICOOH 139 x 1073 7-0,NC,H,CH,COOH 141 x 10°°




X@COZH COH

ACIDITY CONSTANTS OF SUBSTITUTED BENZOIC ACIDS

K, of benzoic acid = 6.3 x 1073

K, K, K,
p-NQ, 36 X 1077 m-NO, 32 x 1072 0-NO, 670 x 1073
p-Cl 10.3 x 107° m-Cl 15.1 x 1073 0-Cl 120 x 1073
p-CH, 42 x 1073 m-CH, 54 % 1073 0-CH, 12:4 2 1072
p-OCH, 3.3 x 1073 m-OCH, 8.2 x 1073 0-OCH; B2 x 107>
p-OH 2.6 x 10-3 m-OH 8.3 x 1073 0-OH 105 x 1073
p-NH, 1.4 x 1073 m-NH, 1.9 x 10~° o-NH, 1.6 x 1073




Bliopnyoawvikn ouvOeon kapBouAikwv o¢Ewv

Yovleon goppikov o&fog

150°C, 100 psi I, 0
NaOH + CO > HCOO Nat* —> HCOOH

O&1k0 0EV amd oeiomon Tov adeviov

0,, H,0, wataiitmc PACL, woaw CuCl, O,, natortme Co?
CHZ_ CH2 Avodumaoio Wacker i CH3CHO i CH3COOH
O&1k0 0S¥ and ofeidomon 1ov fovtaviov
0,, rataitte Co?, 15-20 atm, 180°C
CH,CH,CH,CH; > CH,;COOH

O%1x0 05V anod kappfovvrioon g pedavoing

CO, natarttne Rh3, [, 30-40 atm, 180°C
CH,OH > CH,COOH

Awdiwaoio e Monsanto




HMapayoyn aduriket o&fog

Toéyovoa ﬁtownxcwmﬁ TOQELQ Mio «wpdowvn» ovvieon

A
N r N

HNO;,, 60°C Afpag, 120°C
Ahata V, Cu COOH Ahlata Mn, Co
———> <
COOH

EEavodioixzo o&v
(Adumino 0Ev)

O 1. KMnO4, H50,
NaOH ) COOH

2. H0" COOH

KuxlAoeavivn Eavod10iko 0&u (79%)




Blounyavikn £0ovleon KapBoviikawv OEEmv

AlBovorn — » O&eikn (dpoon ——»  ZE081

Aimm xar'Eholow —— Awmapd O&ca
CH
<_
T U U s
Tetpéhaio — ToAovoio xaz| -CO,
@%
>
~Vor @
27e CO,H
0-ZVAOM0 N(x(pe(vaw DOalcd 0&D

 —
O 20 Terephthalic acid

p- ...1)7»07\.10



Hapaockevéic KapPolvikov OEEmy

1) Apouotikd o&éa: O&eidmwon mAevpikng aAVGIdNG

KMnO, (mpémel va. vhpyet éva
QR QCOZH tovAdyotov a-H oto R)
KMnO KMnO
5 om0 anen
KMnO / KMnO /

CHs KMnO
aALGL ©7Ci_CH3 T Sev AV TIOPOVV
CHj,




Napaockevég KapPBofuAikwv OEEwv (cuveExeLa)

2. IIpocOnkn HCN o€ aAdgDOEC Kl KETOVEC

CN
>:o + H-CN >< (Kvavvopiveg)

OH
Mnyaviouog

/_\@ CN/’ H-CN
>:O + CN ———* o —
U, @)

2uvleTikn acio

1) Zymupotiopdg deopot C-C, Avopbmon g avOpakikng aAlvcidog

CH,NH, LiAlH, CN  H.O" A CO,H
2) ~ X — X
OH OH OH

3) AcbOuuetpn Xvvheon



Napaokevég KapBofuAikwv OEEwv (cuvExeLa)
Kappo&vika oéa amo oleidomon

O O

OEeidwon I I OEeidwon | I
— T

RCH,OH RCOH

3) O&eldmwon Tp®TOTAY®V AAKOOADV KOl AAIEDODV

Cr® or Mn*’

R—-CH,OH » R-CO,H
+6 +7
R—CH=0 Cr'® or Mn ~ R-CO,H
i i
2HNO, + CICH,CH,CH —> CICH,CH,COH + 2NO, + H,0
79%
3-Xhogomgomavdin 3-Xlwgomgomavoiro oEv

4) O&eidwon arkeviov pe KMnO,4

KMnO
R—CH=CH—R *> R-CO,H + R-CO,H




Hopaokevéc Kappolviikov OCEmv (cuvEyera)

5) Méom opyavoUayNGLOK®OV EVOGEDY

R-X —> R-MgX ——= R-CO,H

6) Méoo vitpthiov

R-X —>= R-CEN ——» R-CO,H

Avolkooounon ™ avlpuKIKNS 0AvGidoag




5) Méo® 0pyavopayGLOK®OV EVAOGEMDY

To R umnopei va gtvat o,tidnmote:

) OAKOALO, TPOTOTAYEC, OEVTEPOTOYES, TPLTOTUYEC
B) apopatikdc dakTHAL0G

Y) OUTAOG M TPTAOG OEGUOG

Agv gvdvkveLtal Yo Tapovsio opdadmv mov avtdpovv ue RMgX.
XNV TEPITTOON AVTN TPETEL VOL TPOGTATELTOVV 01 gvaicONTEG
AELTOVPYIKES OLLAOEC.




6) Méoo viTprriimv

'/\CN' H,0, HO"

R-X ——= R-C=N ’ R-CO,H
\A SN2 1 H,0*

To R pmopel va gival pévo TpmToTay£Eg 11 TO TOAD dEVLTEPOTAYEG
AAKVOAL0, 0V €QOPUOLETAL Y10 TPITOTAYT] AAKVAOAOYOVIOLO OVTE
Y10, 0pVA- 1 Brvur-adloyovidia.

2NV TEPITTOOT TOV TPLTOTOYDV Kot ¢ £va Babud devtepotaymv
AAKVAAAOYOVIOI®V, VITEPIGYVOVV O1 OVTAYMVICTIKES OVTIOPACELS
anoondoeng (E).

[TAeovéxktnua: ZovnBwg oev ennpedleTal amd TNV TOPOVGIO AAAMV
AELTOVPYIKOV OUAS®V OV OEV amalTteiTon Vo TpocTaTELHOVHV.

/\ o~ [Tpwtotayn aAkvilaroyovido

CN" + R-CH,X »  Aoplaxog Mnyovioprog
Ynoxatdotoon

Tprrotayn ailkviaroyovidwo, Andonacn

CN" + HAT—c':—(; — - V—=( + HON + X
|
R

R




Napadeiypata:

Cl MgCl L co, COOH
| THF | 2. H*, H,0 |
CH3CH2CHCH3 + Mg E— CH3CH2CHCH3 > CH3CH2CHCH’;
86%

2-Ximgofovtavio 2-MeBviofovtavoizo oEv

CH,CN CH,COOH

H,S0,, H,O, 15 min, A R
NO, NO,
95%
(4-Nirgogparvvio)- (4-Nitgogaivvio)-
alfavovitpiiio oE1xo oEv




Epwtnpa:

NMwg Oa yivel n petatponn;

o) To Bpwuidilo eival tprtotayec. Apa 6€ punopei va epapprooBei n pEBodoc

TWV VITPLALWV.

B) H art’ euBeiac epappoyn tnc pe@odov péow evwoeswv Grignard
MPOOKPOUEL TNV Napovuoia tnE dpaotikng aAdsidiknc opadac.

v) Xpetdletan npootacio tov kapBovuliov yia va epappooBsi n pEBodog
Grignard.




BrMH

HOCH,CH,OH
H+

Anavinon:

O/\\o
H

co,

0
HOZCMH

H;O"

—

></\O)<
BrMgO,C

T O



_ n£0000¢ VITPLAL®MV GE UPONOTIKA

GCUGTNNOTO

CuCN R4 HO, H,O R
CuoN RN g @COZH




Dicarboxylic acids

HOOCCH,COOH HOOCCH,CH,COOH HOOCCH,CH,CH,CH,COOH
Malonic acid Succinic acid Adipic acid
Propanedioic acid Butanedioic acid Hexanedioic acid
(IZOOH
HEOVEE? > (I:Hz + NH4+
COO "Na* COQOH
_ ] S
Cl—-CH,COO"Nat ——— CH, e Malonic acid
|
Sodium CN
chloroacetate war e COOC;H;
odium C;HsOH, H* _ ,,
cyanoacetate i ?Hz + NH,
COOC,H;

Ethyl malonate




COOH COO~ COO~

: K L { K> A § ; %

g SO H* + § R H* + 3 K | - K 2

; ¢ $

COOH COOH COO~
DICARBOXYLIC ACIDS
Solubility
g/100 g
M.p., H.O
Name Formula i B at 20 °C K, K,

Oxalic HOOC—COOH 189 9 5400 x 10°° 52 x 10773
Malonic HOOCCH,COOH 136 74 140 »x107° 020 x 1073
Succinic HOOC(CH,),COOH 185 6 6.4x107° 023 x10°°
Glutaric HOOC(CH,);COOH 08 64 45%x107° 038 x 1073
Adipic HOOC(CH,),COOH 151 2 3.7x107% 039 x 1073
Maleic cis-HOOCCH=CHCOOH 130.5 79 1000 x 1077  0.055 x 10°°
Fumaric trans-HOOCCH=—CHCOOH 302 0.7 L S
Phthalic 1,2-C,H,4(COOH), 231 0.7 110 % 107° 04 x10°°
Isophthalic 1,3-C;H,(COOH), 348.5 0.01 2 om TR 25 eleT?
Terephthalic 1,4-C,H,(COOH), 0.002 20 x107% 3.5

300 sub.

1073




