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Uvod

Karbonylové slou€eniny — obsahuji vazbu C=0
- obsahuji acylovou skupinu

N

(aldehyd) (keton)

H
N

Lo &y oY

Typy karbonylovych slouc¢enin
o o
R)J\H -al R)J\OR. -4t nebo -o4t
aldehyd ester
) o
R)J\R' -on \c)j\o -olakton
keton \\_/
o lakton
)j\ (cyklicky ester)
R OH -ovd kyselina
karboxylova )0]\
kyselina R NH, —amid
Q amid
R)J\X -oylhalogenid o
acylhalogenid \\CJJ\N/
u -olaktam
o o
J - e
R 0 R -anhydrid (cyklicky amid)
anhydrid kyseliny
15. K: -] cenil ydy a ketony
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kyselina octova y Yy ylova p:
(karboxylova kyselina) (karboxylova kyselina + ester) (amid)
15. K: -] cenil ydy a ketony o ¥
[
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Typy karbonylovych slouc¢enin
Substituenty -R' a -H f f
ubstituenty -R' a -|
nemohou byt odstupujici R)LR' R)]\H
skupinou v substituénich
reakcich keton aldehyd
o] o] [o}
R)J\OH R)LOR' R)J\CI
Substituenty -OH, -OR', -Cl, karboxylova ester acylchlorid
NH,, a -OCOR' mohou byt kyselina
odstupujici skupinou o o o
v substituc¢nich reakcich )J\ )]\ )L
R NH, R O R
amid anhydrid kyseliny
15. K: -] cenil ydy a ketony o ¥
[
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Nazvoslovi aldehydt a ketonui

- sufix —al, aldehydy - CHO

5 3 i
i 0 4 21|_|
H \)LH

ethanal propanal
(acetaldehyd) (propionaldehyd)

: _CHO “/i[CHO

cyklohexankarbaldehyd naftalen-2-karbaldehyd

2-ethyl-4-methylpentanal

15. K: -] cenil ydy a ketony
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Nazvoslovi aldehydt a ketonti

methanal formaldehyd
ethanal acetaldehyd
propanal propionaldehyd
butanal butyraldehyd
pentanal valeraldehyd
prop-2-enal akrolein
benzenkarbaldehyd benzaldehyd

- sufix — on, ketony — C=0
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Nazvoslovi aldehydt a ketoni

Lot oo

aceton acetofenon benzofenon
o} o} JOL 9
R)L 3 ch)l}si e ©)L 3
acylova skupina acetyl
formyl benzoyl
o o
/\)l\/u\ CH3
170”7
6°2%2

1 [o} 5 o] o] o]
hexan-3-on hex-4-en-2-on hexan-2,4-dion
15. K: 6 slouceni ydy a ketony
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Priprava aldehydii a ketonu

oxidace
)\/\)\/\ s )\/\)\/\
X —_— X
OH CH,Cl, o
citronelol citronelal (82 %)

CH: 4.0, o
—aaicoor™ A~
O[H 2.Zn, CH;COOH

1-methylcyklohexen 6-oxoheptanal (86 %)

[o}

/\/\/\/\/\)J\ L oBA e, e -
/\/\/\/\/\)J\
0/ 2. H;0* H

methyl-dodekanoat dodekanal

[o}

(88 %)
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Priprava aldehydii a ketonu

oxidace

PCC |
OH > o
CH,Cl, |
4-terc-butylcyklohexanol 4-terc-butylcyklohexanon

[o]
1. o3 o
+ CH,0
2.Zn, H30+ 2
AICI3
cl zahfivani

Priprava aldehydii a ketonu

H,0*

-
/\/\\\ HgSO, /\/\ﬂ/
o
hex-1-yn hexan-2-on

o) o)
/\/\)J\C, + (CHj3),Cu’ Li* —»/\/\)LCH

hexanoylchlorid lithium-dimethylkuprat heptan-2-on (81 %)

15. K: -] cenil ydy a ketony
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PrFiprava aromatickych aldehydu
Reimerova-Tiemannova reakce
:OH ©OH H
@ 1. CHCl3, NaOH @AO:
en Q
2. Hy0®
mechanismus
. ~O.. .. ..
HL'C/CI\ “OH o, &t Gt
..eCcll = .. CL. —=—>:C..
" Cl ok S ok
15. K: -] cenil ydy a ketony
1
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PrFiprava aromatickych aldehydu
Reimerova-Tiemannova reakce

mechanismus

) o o
H/\ i Cl: o .. .
0 HoH o ‘0L - Gk 00y @I:
Cm SV Cit ¢ e C o
= = ok o —5
i
o..
H 0 H

15. K: -] cenil ydy a ketony
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Oxidace aldehydu a keton(

[0} 0] [0}

R)LH R)LOH

aldehyd karboxylova kyselina
o
I O o Nereagui
R r ——> Nereaguje
keton

(o} [0}
/\/\)J\ Cr0, Hi0” /\/\)I\
—»
H aceton, 0 °C OH
hexanal hexanova kyselina

15. K: -] cenil ydy a ketony
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Nukleofilni adice na aldehydy a ketony

H§: ~ {hydroxide ion)

H:~ (hydride ion)

Zaporné nabité nukleofily |  RsC:~ (a carbanion)

. H o
RG:" fan alkoxide ion) Adice |

N=C:" {cyanide jon) ;'CI',J
NG

o
HOH (water) Protonace eluaw

s X ROH (an alcohol)
Neutralni nukleofily &

H3N*{ammonia) : |

Fll.\.le (an amine}

15. K: Y 5 ceniny: a ketony
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benzaldehyd

cyklohexanon

Oxidace aldehydu a keton(

Ag,0

o}
H____ =2~
NH,OH, H,0

Tollensovo ¢inidlo

1. KMnO4’ H20

o
—»
04 2.H,0*

NaOH

o
©)‘\0H *+ Ag

kyselina benzoova

COOH
COOH

hexandiova kyselina

15. K:
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Nukleofilni adice na aldehydy a ketony

:0: 0
«Nu H—A )\
- —_— .
R4 "Nu R 4 "Nu
& R' R'
R7&+R' os H
He} He) Nu
tNu—H )\ H-A -H0
RI; Nu—H > RI; Nu—H -

15. K:
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Relativni reaktivita aldehydu a ketont

H H
R)+\H R)-i-\R'

primarni karbokation sekundarni karbokation
éné stabilni, reaktivnaisi) (stabiln&igi mé o

jSi) €jSi, méné r

(my

5 5
00 00
aldehyd keton

(menSi stabilizace 3+, reaktivnéjsi) (vétsi stabilizace &+, méné reaktivni)

- aromatické aldehydy — méné reaktivni nez alifatické

~ > X
H H H Z>H
- . ~— -
+

17
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Nukleofilni adice H,0: vznik hydratu

- bazicky katalyzovana reakce — OH je siln&j$i nukleofil nez voda

o)
; 0 &
D | otoH) OH 1OH

)l\ o — )J\K = @H o — "')\OH + Hz;0"

o /H 1° H
B H Y
2 Ed

19

15. K: -] cenil ydy a ketony
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Nukleofilni adice H,0: vznik hydratu

0 <OH
o =
HsC~ “CH, H ‘c
aceton (99,9 %)

OH
3
hydrat acetonu (0,1 %)

08 <OH
I+ o =
H H H'H OH

formaldehyd (0,1 %) hydrat formaldehydu (99,9 %)

15. K:

ydy a ketony
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mechanizmus

C Y
H C=N H HCN H R
- — + ICEN

9 HO CN
HCN
H > H
d ©)<
benzaldehyd nitril kyseliny mandlové

2-fenyl-2-hydroxyethannitril
(kyanhydrin)

(o} “0: eN HO CN

benzaldehyd tetraedricky nitril kyseliny mandlové
intermediat (kyanhydrin)
15. K: ydy a ketony
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Nukleofilni adice HCN: vznik kyanhydrint

OH

1
HCH,NH
1. LiAIH4, THF CHCH,NH,
e
2. H;0*
o HO CN

cl 2-amino-1-fenylethanol
H __HON H
- EE—
OH

benzaldehyd nitril kyseliny mandlové 1
’ kyanhy H30*, zahFivani ©/CHCOOH
L e .

(kyanhydrin)

kyselina mandlova
(2-hydroxy-2-fenyloctova kyselina)

Nukleofilni adice Grignardovych cinidel a hydridi:

15. K: -] cenil ydy a ketony
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Vznik alkoholu
A +_MgX -+ MgX o
08 + " 20" - 0 + :OH
MgX :R R H30
)l\ 9 ()(/_\ —_ + HOMgX
e R ‘4d R
karbonylova tetraedricky alkohol
sloucenina medziprodukt
5 o
COV\:H- Hy0* :OH
.l PYoey —_— J\ + H0
. zNaBH, ; R4 H
R™8+ R R R
karbonylova intermediarni alkohol
sloucenina alkoxid
15. K: -] cenil ydy a ketony
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Nukleofilni adice aminu: Vznik imind a enamint

N
R—NH; aldehyd I
keton H
.R R. _.R
N N
imin enamin
15. K: -] cenil ydy a ketony
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Nukleofilni adice aminu: Vznik imint a enamint
H H
A,
oo e prenos ,'/Eg:: Hee H ROH :9’ o-R
08 02 H # H
)]\ 0 protonu OH H o JlN\ \H /“\
L\‘_ "')\NH,R "')\N'HR -"}\N'HR “oH 0"
SNH;R
aldehyd hemiaminal iminiovy imin
keton ion
o + -
H,NOH + H—A — H3;NOH + A
1 baze kyselina neni nukleofilni
B
2
<
]
=
"E’ o0 /OH
w <:>=o + HNOH —» <:>=N + H0
o oo
cyklohexanon  hydroxylamin cyklohexanon-oxim
T T
12345678
pH
15. K: -] cenil ydy a ketony o ¥
o
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Nukleofilni adice aminu: Vznik imini a enamint

enamin

25

15. K: -] cenil ydy a ketony
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Nukleofilni adice alkoholu: tvorba acetalt a ketalu

01 oR
+ 2R'OH —> "')\OR' + H,0

aldehyd acetal

keton ketal

- protonace karbonylovych slou¢enin
HoH H—A

B~ )I\HA\

CH;OH, H* OH CH;OH, H* OCH;4
0 =—= P — + H,0
OCHj3 OCHj3

cyklohexanon hemiketal ketal
cyklohexanon-dimethylketal

&~ A (\V CS’H oo H

27

15. K: -] cenil ydy a ketony
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Nukleofilni adice hydrazinu: Wolffova-Kiznérova reakce

Ludwig Wolff Nikolai Matveevich Kischner
o H H
HaNNH,
E— + N, + H,O
KOH
(0}
H H,NNH, CH;
EE— + N, + H,0
KOH

26
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Nukleofilni adice alkoholu: tvorba acetalt a ketalu

mechanizmus

28

" O +_H oo H oo
HeH H—Cl Heg Hog SOH
- )I\ - ANt R —— AN ee
&+ 1N - CO.- -H;0* - OR
HOR Y -
o hemiacetal
hemiketal
H—CI
oo R +_R .o
OR He) el +0H,
. 4—’ . +_R 4—’ )I\ - AL
<f TOR -H;0* |- C?" NS -H,0 1 9r
H HOR
acetal — \" -
ketal HOH
15. K: -] cenil ydy a ketony
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- pouziti - chranéni

[\ MO
)]\/\/oH * HO OH

o)

(o}

Nukleofilni adice alkoholu: tvorba acetalt a ketalu

1. LiAlH,
2. H;0*

DX~ OH

ol

O

- pfiprava — analogicky

HS™ >"sH sq n-BuLi

Nukleofilni adice thioli: tvorba thioacetalt a thioketalt
Coreyho-Seebachova reakce — ,,Umpolung*

- pouziti — chranéni a ,Umpolung* i ‘
Elias James Corey (1928 - ) Dieter Seebach (1937 -)
Harvard University ETH Ziirich

1990 Nobelova cena za chemii

< TTHF,-30°C

29

ydy a ketony
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Nukleofilni adice thiolii: tvorba thioacetald a thioketalt
Coreyho-Seebachova reakce — ,,Umpolung*
- vyuziti R (\ HgO )CJ)\
s_§S —_—
R><R' R
FA 9
R HgO OH
2. Hy0" S S oA RM\R‘
e | Ot
RO R R sq Hgo o
2. Hy0" >S<R" R&R"
R R
o HO H(R) o™
X)kR” (\ HgOo o
s_$S R)LWR"
it
- pro¢ 1,3-dithiany a ne 1,3-dithiolany I o
) _ s s
59)8 ® = Y
R Li R
15. K: ydy a ketony
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H H® nebo L. kys. R H
O S
R%v Nu
H
normalni nukleofilni adice
15. K: ydy a ketony
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Nukleofilni adice sulfonium-ylidi:
Coreyho-Chaykovskyeho reakce
- ptiprava epoxidu z aldehydu — reakce trialkylsulfonium-halogenidut
CH C] CH
5 CHgl @4 5 I NaOH @4 o
HsC™ CHs HiC™"CH; ~CH,SOCH, . HsC = CH, * Nal
0°C
:oD
5 QH3 sulfonium-ylid (sulfuran) dH
2e® O
H3c/s CH, <:I sulfoxonium-ylid
Q..
(@] t0:\ CHj
g - A G
HsC ™ CHs + by~ Gi CHg
15. K: ydy a ketony
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Nukleofilni adice fosfonium-ylidi: Wittigova reakce

- metoda syntézy alkenu

(olefinace)

H,C—Br ———

QO

trifenylfosfan

sy Sy2 BuLi
©_ O @JP_CH:; T
THF
Br’

methyl(trifenyl)-

Georg Wittig
1897 — 1987

1979 Nobelova cena za chemii

methylen(trifenyl)-

Nukleofilni adice fosfonium-ylidi: Wittigova reakce

- mechanizmus

+ com + oo
Go:’/_\ P(Ph), :0: P(Ph); :0—P(Ph); R
. )yt iy N W ) G NG >=( + (Ph)sP=0
R” R - R’ - R R
R R
ylid betain
15. K: -] cenil ydy a ketony
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(trifenylfosfin) fosfonium-bromid fosforan
PhsP (fosfonium-ylid)
15. K: ydy a ketony 2 | b4 o
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Nukleofilni adice fosfonium-ylidi: Wittigova reakce
CH3 CH,
1. CH;MgBr
2. POCI3 *
(o}
1-methylcyklot thylencyklot
é 9 : 1
cyklohexanon CH,
(Ph)sP-CH,
+ (Ph);P=0
THF
methylencyklohexan
15. K: -] cenil ydy a ketony
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0 Hed
G, SAC S IIY,
H__ QM @Xw @)%H . oH
2. H30*

benzaldehyd tetraedricky

Nukleofilni adice hydroxidu: Cannizzarova reakce

- odstupujici skupina — hydridovy ion,
- disproporcionace — sou¢asna oxidace a redukce

Stanislao Cannizzaro
1826 - 1910

1. %08

intermediat

36
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Nukileofilni adice kyanidu: Benzoinova kondenzace

o OO

nebo
thiamin

I

O OH

benzoin
- NaCN, thiamin hydrochlorid (vitamin B,) v alkalickém prostfedi

NH,

15. K: -] cenil ydy a ketony
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Nukileofilni adice kyanidu: Benzoinova kondenzace

NH,
+
o] N7 NN
'ﬁ? A 9§
’ )\N/ CILS OH

NaOH, CH3CH,0H, H,0

(@) OH
NH, g NH,
N7 Cﬁ N\ :0H NT N N\
A JC oo = ) LT
N N
H
R R,

15. K: -] cenil ydy a ketony
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Nukileofilni adice kyanidu: Benzoinova kondenzace

- mechanismus

o  ¢oN 0 H,0 :
@—/{ P @—(I:—CEN: 3 @—?—CEN:
H H H

O :

(0] OH

15. K: -] cenil ydy a ketony
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Nukileofilni adice kyanidu: Benzoinova kondenzace

- mechanismus

Ris, /L Ri Rig /L

N= N= N=

Rie o *\:s: *\:s: *1)::
WA
N

Rz Ry

age
H

£0r H OHH
QO ==t O =010

Ri R § :OH :0:

NV
S:

Rz

Tee O:
N\, Rig o
- B = +N=
[e) OH = )\(: 3 )\(ZS:
~ ~
R
: Rz Ry

o :cl): H,0 :cl)H ?:C?H :| 1 B
O OF 2O ED 5~ O
H
*

15. K: -] cenil ydy a ketony
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Benzilovy presmyk

- reakce 1,2-diketont s alkalickymi hydroxidy

-0 “OH o ‘O, ..
oxidace ‘OH
w O OO
benzoin benzil kyselina benzilova
15. K: ydy a ketony
M Organicka chemie
Benzilovy presmyk

- mechanismus u cyklickych 1,2-diketond

'/Q.\ezb'H
(\Aﬁg -

:0H.0

&

43
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ydy a ketony

- mechanismus

0 o

Benzilovy presmyk

15. K: ydy a ketony
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Konjugovana nukleofilni adice na a,8-nenasycené
aldehydy a ketony (Michaelova adice)
- 1,4-adice 3
Arthur Michael
1853 -1942
'.o o. '.o o.

44
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Konjugovana nukleofilni adice na a,8-nenasycené
aldehydy a ketony (Michaelova adice)
- mechanizmus
1
TN
/C\\C/C\Nu
|
4
<o R HeH
ity N H;0* no\/
/5\'54%\ I — OOy
o2 /W
TN/
S
°l
e |
15. K: -] cenil ydy a ketony
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Konjugovana nukleofilni adice aminu na a,3-nenasycené
aldehydy a ketony (Michaelova adice)
HeH . HeH
CE»(I;'/\“R N/ RX RLi + LiX
PR N W - \c\’ “R pentan
| e Aan
Cul -
2RLi ———> Li*(RCuR) + Lil
ether
lithium-diorganokuprat
(Gilmanovo ¢inidlo)
o} o]
1. (CH,=CH),Culi, ether
D —— e
2. H;0* H
|
H” T H
15. K: -] cenil ydy a ketony
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Konjugovana nukleofilni adice aminu na a,3-nenasycené
aldehydy a ketony (Michaelova adice)

j)l:\% . H—N>: ethanol jol:\/\.N./\
(o}

[o]
LHs ethanol
*OH-NS > CH
H N’ 3
H
15. K: -] cenil ydy a ketony
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Konjugovana nukleofilni adice aminu na a,3-nenasycené
aldehydy a ketony (Michaelova adice)

HO CHj

1. CH3;MgBr (CHsLi), ether 1.2-adice
2. Hy0*
o 1-methylcyklohex-2-en-1-ol

o
1. (CH3),CulLi, ether
1,4-adice
CH;

2. H,0*

3-methylcyklohexanon

15. K: -] cenil ydy a ketony
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