Ethyne (acetylene, C,H.)

H—C=C—H

Propyne (C,H.)

I.‘I\
H —/'C—’CEC— H

H

Acetylene

(w

TCUTER



Alkyny - klasifikace

H——-H R——H
ethyn terminalni alkyn
(acetylen)

Alkyny — nazvoslovi (pfipona —yn)

R———R

interni alkyn

N\

okt-4-yn

||h

N\

hexa-2,4-diyn



Molekulove orbitaly — trojna vazba C=C, molekula
ethynu

P

: —
o%:g %:'Lo = eﬁé?"ﬁo

sp1 Sp1 180 °




p orbital n electron

sp orbital /\/
V@l

‘J sp orbital

p orbital
A B D







Karbid vapenaty — karbidova lampa

ca(c=c) +2H,0 — 3 H-C=C-H + Ca(OH),

3/2 O,

2 CO, + H,0

rrrrr

i
=)
cToToToToToTc
i = == |
T

2000°C
Ca0+3C ——3p» CaC,+CO



Primyslova vyroba acetylenu

A
C ot H, P H-C=C-H + kapalné a pevné produkty
(uhli) cca. 33%




Priprava alkynu - eliminace

Eliminace halogenvodiku - silnou bazi

R Br KOH R H KOH
—_— — —_—
By 4R EtOH Br R EtOH
R H 1. NaNH,

Cl R 2. H,0"

R




Reaktivita alkynu

Reakce trojné vazby
(adice)

4

R-C=C-H Reakce koncové C-H

(deprotonace....)



Acidita terminalnich alkynl

Relative Acidities of Alkanes, Alkenes, and Alkynes
H,C—CH; =< H,C=CH, = HC=CH

Hybridization: sp3 sp2 sp
pPK.: 50 44 25




Deprotonace terminalnich alkyntli a nasledné reakce

Reakce se silnymi bazemi - deprotonace

R-C=C-H + CH3CH2CH2CH2LI P R-C=C—Li + CH3CH2CH2CH2H
(BuLi)
R-C=C—-H + NaNH, » R-C=C-Na

Deprotonace + alkylace

R—CEC_Ll + Br_CH2CH2CH3 > R—CEC_CH2CH20H3

primarni

O s
O

sekundarni



Deprotonace + alkylace - organicka syntéza

NaNH,

/\/\ >/\/\

)
H Na K
"

{ =

Sonogashirova reakce — priprava aryl-alkynu

CUI, Et3N

Br Pd(PPh3),
R-C=C-H + \© » R—CEC—@

GlaserQv coupling — ptiprava diacetylent

CuBr, O,, amin
R-C=C-H o R-C=C—C=C-R




Adice na alkeny

Adice halogenvodikt

HBr Br HBr Br H
R-C=C-H » R-C=C-H —® R-C-C-H
CH;COOH v Br b

HCI Cl
e —> _)=(—
NH,4CI, AcOH H
adice HX probihaji obvykle jako anti-adice

Adice halogenu

Br, Br H Br, I|3r El3r
R-C=C-H > = » R-C-C-H
CH2C|2 R Br CH2C|2 ér ér




Radikalova adice HBr na alkyny — neprobiha podle Markovnikova pravidla

HBr, ROOR
CH4(CH,);C=CH >  CH3(CH,);CH=CHBr

T4%

1-Hexyne cis- and frans-1-Bromo-1-hexene




Hydratace alkyna katalyzovana Hg?*

H,0, Hy,SO4
HgSO, QH 0
R-C=C-H ' R—C=(l3—H —_— R—C—(|3—H
H H
Keto-enol tautomerie

_H

§ - T

/C\\C/ - /C\C/

~N
I I

enol forma keto forma



R-C=C-H

Mechanismus hydratace alkynt

/\“ _ i} @,H
Hg?* SO4% ® H0: e
—_— R—C:(IB—H > R—c=c|:—H
Hg*SO,* I Hg*S0,?
+H0 |, 0®
[ H 1 +hd H
-« | © - 0
—> R—C=(I3—H R—C=(I3—H
H I Hg*SO,




Syntetické vyuziti hydratace alkynti

H,0, H,SO4

HgSO4

=

terminalni alkyn

H,0, H,SO4
HgSO4

. ¢

methyl keton

symetricky interni alkyn

H,O, H,SO,4
HgSO4

_—

N

nesymetricky interni alkyn

>_\_<O__\—O>/_



Hydroborace alkynti nasledovana oxidaci

2 BH, H BH I;|E|082 H,0, |;| (l)H |;| 9
R-C=C-H —_—» R- C C H ——>» R—(|3—('3—H — R—(|3—C—H
THF H |3|—|2 H OH H
terminalni alkyn aldehyd
H,0, H,SO,, HgSO, _\_/<O
_\_ / pentan-2-on
pent-1-yn \
1. BH3, 2. H,0,, H,O o
pentanal H
BH; H BH, H;%ﬁHZO’ H OH HH O
R-C=C-R > >=< —> >=< — > H
: . THF R R R R R R
interni alkyn ! . keton

1. BH3, 2. Hzoz, Hzo, NaOH
H
@)



Redukce alkynti
Katalyticka hydrogenace

2 H,, Pd/C H
— > =
— H
H

Katalyticka hydrogenace - Lindlar

H Lindlarav katalyzator
H,, Lindlar kat. H A 5% Pd/CaCO,, Pb(OAc),, chinolin
~
N

cis-alken
Z-alken

Redukce alkalickym kovem v kapalném amoniaku (Birchova redukce)

trans-alken
E-alken




Mechanism of the Reduction of Alkynes by Sodium in Liquid Ammoni:

STEP 1. One-electron transfer

9 — M Nat o+ C7.C/R
3

Alkyne radical anion

3

A

STEP 2. First protonation

Q

R/.

—

2

e  _m N__e

o e

Alkenyl radical

B

STEP 3. Second one-electron transfer

' \C 7.'3 / ’ \N—q> Na*™ H+\C 7.C / ’
e e

Alkenyl anion

STEP 4. Second protonation

NG e /}4%2 E
C / _—

= \c C/ + “:INH,
e
B Trans alkene

D

Druhy transfer elektronu je
rychlejsi nez cis/trans
izomerizace alkenylového
radikalu.

Findlni alken je stabilni vuci
redukci.



Oxidativni Stépéni alkynu

KMnO,, H*
R——H » R-COOH +CO,
KMnO,, H*
R———R' - R-COOH + R'—COOH
KMnO,, H*

CHj3(CH5)4g——(CH,),COOH ¥ (CH;3(CH,)1—COOH + HOOC—(CH,),COOH



