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Karboxylové kyseliny a jejich derivaty

5% COOH
4 2 1 .OH
HzN/‘/\W 4 OH
(0]

3

4-aminobutanova 2-hydroxybenzenkarboxylova
kyselina kyselina

y-aminomaselna o-hydroxybenzoova kyselina
kyselin kyselina salicylova

TrividIni ndzvy karboxylovych kyselin a soli (ester):

0 (0] 0 (0]
H)J\OH ch)]\OH H3C\)J\OH H3C/\)J\OH
mravenci octova propionova maselnd
formiat acetat propionat butyrat

e
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Karboxylové kyseliny a jejich derivaty

o O
0 ? Hacﬁ)k ©)J\OH
OH
HsCMOH Hso/\/\)LOH OH
valerova kapronova mlécna benzoova
valerat kapronat laktat benzoat

$ .
an J
o)
d‘\OH
OH HOOGC-COOH ~ HOOG” ™COOH  Hoog™ 00

salicylova Stavelova malonova jantarova

salicylat oxalat malonat sukcinat
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Karboxylové kyseliny a jejich derivaty

j\ OH
HOOC™™"“CooH  Hooc” ~"C0%H  .c”>coon HOOC\/)\COOH

glutarova adipova pyrohroznova jable¢na

glutarat adipat pyruvat malat

OH

Hooc\r)\COOH

OH \/COOH

hroznova akrylova

tartrat akrylat
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Vlastnosti karboxylovych kyselin

Teploty varu:

CH4CH,0H HaC—C
OH
bv.  78°C 118 °C
Tvorba dimeru:
9-H-0
H3C-C, ,C~CHg
O-H---0
Kyselost:
O
I .o d H\- ,H
HiC-C /\:(I)/H HC-C  + 05
QH Eo CRY
CHaCHzOH HyC-C
OH
pK; 16 4,76
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Vlastnosti karboxylovych kyselin

Stabilizace karboxylatového aniontu konjugaci:

i e
(s o
- -~ R-C
h) P
0L Q
Vliv indukéniho efektu na kyselost:
I-\' /,O C‘\ /,O
H-C-C H-C-C/
H OH H OH
pKa 4,76 2,9
oo ¢ 9
CH3-CHz-CH-C/ CH3-CH-CH-C/
OH OH
Kz 2,9 4,1
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Priprava karboxylovych kyselin

Primyslova vyroba kyseliny octové

HI + [I(CO)alal" by
HiG-OH + CO — o aor = HaC—C
OH
P¥iprava karboxylovych kyselin:
o] o]
_ _ Na20r207 _ _ NagCrgO7 _ _A
R-CHy-OH o fils= | R-CHp-C | 52l R-CHz—C
H OH
obvykle nelze
izolovat
1o OH  HQ
Ri-C=C-R: — 5 Ri-C. + C-Re
-2 o} o}
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Priprava karboxylovych kyselin

O (6]
B MgBr ©
e O P
sychy Br

ether

g Br KON Cepy _HO | e O
|| - 1
T_Ker kyselma kyselina (0]

nebo baze nebo baze
AT
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Reakce karboxylovych kyselin

Dekarboxylace karboxylovych kyselin s elektronakceptornimi substituenty na

a-atomu uhliku.

3
HeC”~>C”~~OH

I

H H
o o0
1 1
C...C.

HO™""C” " "OH

I.
T

1]
|
eon
Cl
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AT

_AT

o
ch)J\CZH + COp
TH
H -
3 itk
HO)LCiH + COp | HC™ T g
gt HH

:EYH o
— Hsc/gcH + G
HQ
{
o}
ch)l\(;i:
H
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Reakce karboxylovych kyselin

Redukce karboxylovych kyselin:

O 1. LAH, R_g_
\OH 2. H0 Ili
Mechanismus:
H. _H
oo
I
R C"O H /TIGH E\CO Loy
- — - — R-CL{G-Al
—HH VO
G} QL GO
5 ®
Li
sdl
i . o H
o ch)tv'HDO\ ol
Li _ _C— _C—
HR/'C‘H “Am, ARG “Lon~ R-G¢-H
H=AHH A H
H primarni
alkohol

Jaromir Literak

Zaklady organické chemie

/H .
R-C_ + LO-Al
Q H

H

aldehyd

9. dubna 2019



Funkéni derivaty karboxylovych kyselin

O O O O
R R R R—< R~
0~ N-R O-R'
/\ e} R’
anhydrid amid ester
nahrada -OH
skupiny

Nukleofilni acylova substituce

S
NS

Probiha adiéné-eliminaénim mechanismem.

Reaktivita viéi nukleofilim:

O O O
RYL > At r > RAL >
X 0—( O-R
e}
halogenid kyseliny anhydrid ester

Yavila
Jaromir Literak
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Funkéni derivaty karboxylovych kyselin

/:d (/:d: /O.:
R-C R-C'  ~—= HC-C
Y (z z
- M+
R-C’ R-C
NH, cl
M+ > I- I-> M+

Nukleofilni acylovou substituci lze prevadét funkéni derivaty mezi sebou — snadno
Ize z derivatu reaktivnéjsiho pripravit derivat méné reaktivni.
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Funkéni derivaty karboxylovych kyselin

P¥iprava acylazidd:

(5: ) o -
R)(LQ:W R_'T,C' “oiminace RJKN; Na Gk
@ O

Na N3

Pokud je nukleofilem organokov nebo komplexni hydrid, mize produkt
substituce (aldehyd nebo keton) déle reagovat s nukleofilem:

Q
o _ o
_LiAIH, LiAIH, H,O
H C% % ———— H C+H
8 " substltuce HsC adice s
Q-CHs H

& & PO
CH3MgBr CH3MgBr ’ H,0 )
Hsc—/{ T HSCJ<CH SO HaG——CH; —2P HiG——CH;
3

d
substltuce adice CHs CHs

Jaromir Literak Z3klady organické chemie 9. dubna 2019 13 /53



Funkéni derivaty karboxylovych kyselin

Esterifikace:

o)
H _H (kat) _
HaC Ho-cH, St el o ey,
8 _/<OH * 8 adice +
Mechanismus:
® ® .. H
Ge—rH (G_H o)
HeC— HaC —— HC—-{-H
0-H S Q-H pon
HaC-OH HaC & H
L H L H
i’ 07 H
HiC—-8-H —— HiG—c0o
Ne: o H
HsC HsC
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Halogenidy karboxylovych kyselin

0 O
e O
Br Cl

bromid kyseliny octové chlorid kyseliny benzoové
acetylbromid benzoylchlorid

Obvykle pfipravovany reakci karboxylovych kyselin s halogen
anorganickych kyselin.

aktivace -OH

o skupiny
1] /

o .S 0 OH o 0
c~>cl Y X
R “—H- R4 04HO —= RH0-§ —= R + S
OH o-¢ ¢ c o HomCl

\__©

idy

0]

/

nukleofilni acylova substituce
(adice - eliminace)

Ho Sl — HCl + SO
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Halogenidy karboxylovych kyselin

Mechanismus:

gt & o o
@ 8‘?‘5' B-8-1 5-5-G
" R_/<o ﬁl o RA%\H o R_</\H—CI4>
Q-H o _g : het
o
% N
P N N 2
R R——(k R S R
-mﬁ Q. e T 0
G ;
¢
Hoe Sooe,
Q [SIRNSE
H‘O’S\CI —  HCl + SO,
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Halogenidy karboxylovych kyselin

Hydrolyza halogenidi:

o
HC—4 + H,0 Hc—< + Hel
cl OH
Acylace nukleofild (alkoholt a amint):
o o
HiC—< + HO-CHs < M4+ Hal
Br O 0-CHs
N/
X X
| ] +HO — | P
N a\
H
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Halogenidy karboxylovych kyselin

Acylace nukleofilii (alkoholt a amini):

o) 0
H. .CH
HC—~ 4 2 N0 HaC— + HCl
Cl CHs N-CHjz
HsC
druhy ekvivalent aminu:
CHg
H. .CH eX
N4 Hal H=N-CHz Cl
CHg H
Reakce acylhalogenidl s organokovy a LiAlH,:
H H
Q 1.2 X CHgMgBr S 1Liam, ?
¢S oo ¢y 2no e
CHs e c = M
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Anhydridy karboxylovych kyselin

© g, mo. £ %
H3C CH — H>0
¢ _/<0H+Ho>\_ ® HeG™ 07 “CHg ¥ 2
kyselina octova anhydrid kyseliny
octové
(acetanhydrid)
O O
Ho{ Yom 890k O=(y0
-0s0
-2 HClI
kyselina jantarova anhydrid kyseliny
jantarové
(sukcinanhydrid)
O O
O (0}
HaC — A
g _/<o| NG “Nacl . HC 0)K©
acetylchlorid natrium-benzoét smesny anhydrid kyselin

octové a benzoové
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Anhydridy karboxylovych kyselin

Acylace nukleofilii (alkoholt a amini):

COOH 6 o COOH o]
L wehobon i (UL - oo
OH 3 3 katalyzator j\ 3

O~ "CH3

kyselina kyselina

salicylova acetylsalicylova
H

NH, o o N.__CHs °)
H

©/ + HSCJ\OJ\CHs ©/ \[(])/ + ‘OJ\CHS

HO HO

4-aminofenol N-(4-hydroxyfenyl)acetamid

paracetamol
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Estery karboxylovych kyselin

o o O O
Hoo— N cHaCHa. LI . cHacHy
O-CH,CHjs O-CHs
ethylester kyseliny octové methylester kyseliny benzoové diethylester kyseliny malonové
ethyl-acetéat methyl-benzoat diethyl-malonat
CHs o}
G0 ok,
isopentylester kyseliny octové
ispentyl-acetat
3-methylbutyl-acetat
Fischerova esterifikace:
(e} @ O
HC—4 + HO-CHCH; ~————= HC—H + Oy
OH katalyzator O-CHyCHs
kyselina ethanol ethyl-acetat
octova
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Estery karboxylovych kyselin

P¥iprava ester(:

HO-CHs

RJ\CI + HO@

Transesterifikace:

0
HeC—

0-CHCHg * HO7CHs

Jaromir Literak
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O
Na@ HSSCZBr R% + NaBr
N 0-CHs
@ (0] ()
katalyzator R_/<O—CH * H—O>_R
3
o)
baze R-{o@ + H-CI
O
HeC—4
HO-CH,CH
kyselina O-CHz * 23
nebo baze
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Estery karboxylovych kyselin

Mechanismus bazické transesterifikace:

HaC s 68 & Q
3 _ _
/ - CHaCHy HaC_—cLT'Q CHoCHg H3CJ<O_CH3+ B-CH,CHs
)-CHy - CHa
5
, o o
HC-0yH O-CHCHy === HsC-0' + H-0-CHyCHs

Hydrolyza esteri:

Kysele katalyzovand hydrolyza — mechanismus je opakem kysele
katalyzované esterifikace.

Bazicka hydrolyza — saponifikace:

O

R  + NaOH

O-R’

o)
®
R—/<o® Na + HO-R
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Estery karboxylovych kyselin
Mechanismus bazické hydrolyzy:
e g i

(i .
Q-CH,CHy H3C_.(LEQ‘CH20H3
O-H oA
S}

o o
HC—4  + D-CHaCHs
0-H

o
HeC—

Q
O HT NG CH,CHs

G
SCJ\% + H-8-CH,CHy

Reakce ester( s organokovy a LiAlHg4:

H H
o 0 ) o
! 1. 2 x CHzMgBr 7 1. LIAIH

HO-R' + R—(};—CH:; <2HO—39 F{*C\ ﬁ’ R—¢—H + HO-R'
CHs e o-R = ° H
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Amidy karboxylovych kyselin

o}

O

HaG—4 NNHZ HJ\N,CHs
NH, NG CIJHa

amid kyseliny amid kyseliny nikotinové N,N-dimethylformamid
octové nikotinamid
acetamid
ethanamid

Priprava amidi:

0
rRcoo® NH —AT~ R4+ o
NH,

RCOOH + NH,

T I

O-R" N-R'
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Amidy karboxylovych

Hydrolyza amida:

g Lo
g X |
RENT + 0 Tgseling ~ BT+ PN
R nebo baze
Mechanismus bazické hydrolyzy amid:
o) Q )
9y C_(%Q O O O H
3 -, N
/ INH, HIC—{ N, HSCﬁ‘q\!HZ Hao/go + NS
QI ~g-H g P-H
i H Q &) !
0-H O H
5]
. ) o) H
QrH" N H-0: + H-N
H H H
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Amidy karboxylovych kyselin

Mechanismus kyselé hydrolyzy amid:

® .. H ..
Gi—H (’%—H 0 3
HyC—4 HSC/% —— HC—-NHe —— | HiC—}NH;
:NHg o :NHZ o) 9
ol HBH :
H H
L H L H
Zo ‘/‘H® .O @/H
HaC——NH, HiG—oN-H ——  HiC
. O H
e L
HNy
H H
Ne
il H=N-H
o
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Amidy karboxylovych kyselin

Redukce amidu:

H\/}l,H
O: H U H O H, H H !
R-C H;AIFH ——= R-C —— R- c G-Al —= R-C, + LiO-Al
_ A O N .
N2H-— 1y HH o N-H QN2 H N-H
H Li L® imin
Li
. HE Heo: Ha
L,@ (NfH N.JH&H N
i ¢ — -C- I
M R/QH “AR,  ReH “Lion~ R-G¢H
H=AI"H A H
H primarni
amin
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Nitrily karboxylovych kyselin

nitril kyseliny octové nitril kyseliny benzoové
acetonitril benzonitril
ethannitril benzenkarbonitril

Priprava nitrild:
X B Cs
| " 4 NaCN 4>©/\\N+Na8r
=

0
HeC—<4 + SOCl

H3C_CEN + 802 + 2HCI

NH,
Hydrolyza nitril(:
O O
H 7 ’
R-C=N 420> -C ﬁ' -C + NHj
kyselina NH kyselina \OH
nebo baze 2 nebo baze
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Nitrily karboxylovych kyselin

Mechanismus bazické hydrolyzy nitrild:

o 0.
- Je N-vo -+
R-C=EN: —— R-C — R-C, 05, —— R-C, H ™ H
( Q-H o :,g?
H’%‘
. H,0
R-C + NHy =2~
Q0 OH
bazicka
hydrolyza amid
amidu
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Nitrily karboxylovych kyselin

Mechanismus kyselé hydrolyzy nitril(:

H H
| H
H : e !
i Qy Qo Ho —0.
_ H™ H ® Q5H
R-C=N~—"  —— R-CzN-H =—= R-G=N-H —= R-C —
® N-H
o
O-H RO
—~ R-C —
‘N-H (H@ hké/seilé
CO: ydrolyza
S H amidu
®
—— R-C + NH,
‘Q-H
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Nitrily karboxylovych kyselin

Reakce nitrild s organokovy — priprava keton(i:

CH3 ) /CH3 H O+
R-C=N: m R_Q/\ M, R—C‘\ _3v .
oN: Mg?® g N-H AT
imin
Redukce nitrild — pfiprava primarnich amin(:
. H H
R-C=N: %- R—(:J—N}
primarni
amin
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Claisenova reakce

Q
o O
g o8 HaC~" Ot o8 e
HeC”“ OBt — baze G C OE e & R T
deprotonace nukleofilni
acylova substituce
mechanismus: Oy
6
& "0 @3 & 8 & 9 B
— 00 —_— T p— Lo Cos, — =
HocCoom H,e O et B CECH, QEt HaC™ e Ok
H - | H H
CHj3 /.
Et0;

©

— Ho e Cpr + EOH
H

zpracovani:
HaC™>C” QEt HsC™ ~C” T QEt
; ~
H H H
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Claisenova reakce

Zkfizena Claisenova reakce:

O

0 o o

1. EtONa OFt
EtOJ\CHg + EtoJ}(OEt ol EtOMS(
0 e o)

(0]

(e} (6] (6] O
EtO CHs EtO CH» EtO CH

2.HO

3
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Malonesterové syntézy

deprotonace alkylace enolatu hydrolyza
esteru
o O (o}
g & E M
HO™ " C{ "OH HO”™™>CC
H CH, - H CH,
-CO;
dekarboxylace

Syntetické pouZiti:

COOH

N
- R™COOH
COOH CO:
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Malonesterové syntézy

Vychozi latkou mdze byt i jind 1,3-dikarbonylové sloucenina:

o o o o @cwsr o o o
1] 1] 1] 1] 1] 1 -
.C...C. EtONa .CQ.C. Co o, O
HsC™ "C” "OEt HzC™  "C”  "OEt H3C”™ C_ "OEt AT
HH H H CH,
deprotonace alkylace enolatu hydrolyza
esteru
2 8 g
HsC™C~OH HaC™ >C
H" “CH, -, H" CH,
- CO,
dekarboxylace
Syntetické pouziti:
H3C
o o}

R-X —— R

o A on,
COOH 2
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Hellova-Volhardova-Zelinskeho reakce

2P + 3X, — 2PX3 (X = Br nebo Cl)

(0]
X
%k R y HX R 7)\ “ 2 R E)L X + HX
P nebo PX3 R H katalyzator R R

(katalyzator)
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Thioestery

o COOH COOH
HeC—4 . L HO—1—COOH
S-CoA 07 “COOH S-GCoA
kys. oxaloctova (o)
HO HsC

HSCoA

Jaromir Literak Zaklady organické chemie

COOH
+ H>O
HO COOH
— CoASH {
COOH
kys. citronova
NH,
N X
N
‘g
NTSN
e}
OH
=0
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ko) 8: 0 %.
HSCJ\:Q/EI - Hsc)\\&a Hsc)]\'S/Et — HSCJ\\éﬁEt

W o
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Q: o GOOH o o

M

CoA 87 CH,

N5
CoA 5 /& CHy %

COOH HOOC

QO OH HO OH
, «
COA‘SJ\ CooH CoASH  +  Hooc ™ ™CooH

HOOC COOH
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Kyselina uhlic¢ita a jeji derivaty

COZ + Hgo

HoCO3

H
Khydr = [[ég?f] =28x103 PKhydr = — 108 Khyar = 2,55

Maximalni rozpustnost kyseliny uhli¢ité ve vodé je asi 0,034 mol dm~3, nad touto
koncentraci se rozklada na oxid uhlic¢ity a vodu.

Najdeme dvé rozdilné hodnoty pK,; pro disociaci do prvniho stupné:

[H"]- [HCO3]
Ki=—-——- K, =3,8
1 [H2CO5] PRa1

HT]-[HCO;
Kal,poz = [][C[02]3] = Kal . Khydr pKal,poz = 67 35
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Kyselina uhlic¢ita a jeji derivaty

Pro disociaci do druhého stupné:

_ [H7-[co5T]
[HCO;3 ]

a2

pKs = 10,2

Funkéni derivaty kyseliny uhlicité

Nékteré z funkénich derivatl jsou nestalé:

0O

C|/C\OH —> CO2 + HCI

‘0" oH — - CO2 + ROH
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Kyselina uhlic¢ita a jeji derivaty

Funkéni derivaty kyseliny uhlicité

Stalé jsou napf. soli monoalkyl- nebo monoaryl-karbonatd:

o
0 Na® O\C,OG N
e — (T

Dalsi stalé derivaty kyseliny uhlicité:

9 (”) 9 (0] (0]
.C...R
H2N" "0 CI/C‘CI C\’C‘O’R HzN

“NH, HoN"~>Cl

Mocovina
Diamid kyseliny uhlicité.

HoN"™""NH,

Jaromir Literak Z3klady organické chemie 9. dubna 2019 43/53



Kyselina uhlic¢ita a jeji derivaty

Mocovina

Odpadni latka u savci, obojzivelnik a nékterych ryb.
Primyslova vyroba:

150 °C c
COp + 2NH C.
2+ 2N Ty o Mpa HANTNHp + MO

Woahler (1828):

2

_AT, - .
NH,NCO NHz + HCNO HZN/C‘ NH,

Také:

(e} o}
1 1

o#Ccl + 4NHs ———  nCoNp, + 2HC
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Kyselina uhlic¢ita a jeji derivaty

Mocovina

Pri zahtivani se mocovina rozklada na kyselinu kyanatou a amoniak:

(0]
1] AT B _
HZN/C\NH2—> H-N=C=0 + NH;
AT AT ('3
NHNCO =—= NHz + HCNO =—— HoN-C NH,
g
HoN"7NH,
2 B
HANTNTN
H H
biuret

Jaromir Literak
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Kyselina uhlic¢ita a jeji derivaty

Kyselina kyanata

Kyselina kyanatd je nestala:

H-N=C=0

O.._N__O HO
YoYU .
Y
(@]

kyanurova kyselina

Produkty reakce kyseliny kyanaté s nukleofily:

R.

N7

I
H
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Priklad ¢. 1

Dopliite produkt/y nasledujici reakce:
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Priklad ¢. 2

Dopliite produkt/y nasledujici reakce:

()

o CHe 4. LiAIH,
2. Hy0
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Priklad €. 3

Dopliite produkt/y nasledujici reakce:

[O o]

1. CH3CH,ONa
HSCMO/\ 1.CHgCH,ONa

CHs 2. /\/Br
3. H, O/ HY AT
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Priklad ¢. 4

Napiste podrobny mechanismus kysele katalyzované transesterifikace
methyl-acetatu ethanolem:

H3C H*

(kat.)

\n/O\CHa + CHscHon

H3C\H/O\CH2CH3 + CHzOH
o) o}
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Priklad ¢. 5

Dopliite produkt/y nasledujici reakce:

(o)

_CHg 1. CH3MgBr (nadbytek)
Cl)kO CHa 2. H,0
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Priklad ¢. 6

Dopliite produkt/y nasledujici reakce:

CH3CH2-BI’
2. H,O/ H*
AT
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Priklad €. 7

Dopliite produkt/y nasledujici reakce:

O._CHg 1.LDA (-80°C)
S S

2.
-
3. HzO*
ReSeni:
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