Alkeny






Alkeny C H,_

kumulované konjugované izolovaneé
H,C=C=CH, \F
W
HzC:C:C:CHZ W

Hydrogenace alkent

H>
R—HC=CH—R —» R—CH,—CH,—R



Nazvoslovi alkenu 1 2 3 4 1 2 3 4

H,C=CH—CH>,—CHj; H;C—CH=CH—CHj;

but-1-en but-2-en

V pripade rozvetvenych uhlovodiku ma nasobna vazba pfi Cislovani prioritu.

?HB (I:HZ_CH3
H3C—CH=CH—CH—-CHj H,C=C—CH,—CHj,
1 2 3 4 5 1 2 3 4
4-methylpent-2-en 2-ethylbut-1-en

(neM—en)



U cyklickych uhlovodikt zacina Cislovani na dvojné vazbé.

5 o~ O O

cyklopenten 3-methylcyklopenten  1,3-cyklohexadien 1,4-cyklohexadien

Substituenty obsahujici dvojnou vazbu a vybrané derivaty

HzC=CH-§ H2C=CH-CH2-§ H,C=CH-—CI H,C=CH—CH,CI

vinyl allyl vinylchlorid allylchlorid
(ethenyl) (3-propenyl)






Dvojna vazba: vlastnosti

Vlastnosti Cc-C Cc=C
1. Pocet pfipojenych atomu B 3

2. Rotace ano ne

3. Geometrie vazby mnoho konformaci planarni
4. Uhel mezi vazbami 109.5° 120°
5. Délka vazby (A) 1.54 1.34

‘ sp* orbital
2p orbital

A B



Out-of-phase overlap
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Cis a trans izomerie a izomerizace alkenu

Z- (zusammen) E- (entgegen)
H H teplo (A H H H R'
e / N\ T
R R' zareni(hv) R R’ R H

f

x bond
H llh,' O ' W\ H
= 4=
D"Q 0‘ D
A

Broken x bond







Chemie zraku

cis/trans isomerie retinalu

11-cis-retinal 11-trans-retinal

11
X
12

reassembled (
\ T
Rod Enzymo

11-gis-retinal ; me

-
11 HC  CH, CHy HC  CHy CHy CHy H
\ \ \ \ (o]
OH
12 CHy  HEC CH,

3

Vitamin A (retinol)

H (o}
(a) 11-gis-retinal (b) ad-trans-rotinal



Chemie zraku (prenos signalu)

hv
rodopsin #= |umi-rodopsin + nervova odezva
retinalizomeraza L _ _
cis-retinal + opsin - trans-retinal + opsin

Phototransduction Activation

[®] B <] & PDE cc

Bl O ::::‘}wmaww%][

Ab @9 ) MH

GDP

GMP
Step 1 Step 2 Step 3 Step 4



Adicni reakce alkenuli: Adice na dvojnou vazbu

Adice vodiku
Hy
—
Me Me
H H

katalyzator Pt, Pd

(VaV VvV v,V oV VW

katalyzator

B



First hydrogen transfers to carbon

of surface-bound alkene
Hydrogen atoms bound H H
to metal atoms on , n, ,,\\‘\\

catalyst surface H "C : C‘H
HH / l

Catalyst surface

Alkane product Second hydrogen transfers,
released from surface completing hydrogenation

H—H has
added syn




CH3CH=CH2

H3C#

H3CH,C

(X

CH;
CH,CHs

CH,

CHs;

H,, Pd/C

L
CH3CH-CH, -~ CH3CH,CH3

H,, PdIC

H3C CHs;

H,, Pd/C

P HyCH,C™ | ~CHyCHjy
H H

syn-adice

CH;
J,IH
CH;



Elektrofilni adice

Adice halogenu (symetrickych cCinidel)
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H H
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Br2
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e
H CH,

trans-2-Butene

Stereospecific 2-Butene Bromination

: .B.l' IH ~~ ‘l-l\ Bor:

Br., CCl, BT N Hi( \\C—C{
HdrR R\.. /S S\"H
CH;  Br: :Br  CHa

(2R.3R)-2.3-Dibromobutane (25,35)-2.3-Dibromobutane

By H CH, /é}:
: g \ /l (~["{: H \\ .o
Br,, CCl 2] a
oo, o C—C.
> H.Cl5 R\ + w/R SNH
"H Br: :Br  CH,
Identical

meso-2.3-Dibromobutane



Elektrofilni adice

Adice nesymetrickych cinidel

p—y il
— XY > ] a / nebo
. XY
nesymetricky nesy_m_etrlcke
substituovany cinidlo
H
alken oF C|
/ > ae
H* H FNU- H
+ 0SO,H OSO3H
+ “\\‘)_\ > “"n
X _ Nu-
karbokation H 4

<—1—7

X—1—I



Mechanism of Electrophilic Addition of HX to Alkenes

B H i H :X:
N X g |
/C_C\ Electrophilic attack : _(E_C\ Nucleophilic trapping ! I |
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Methyl cation

C D

Hyperconjugation

1, 1-Dimethylethyl cation
(tert-Butyl cation)




H H H R
(+)|—H < (+)|—H << (+)|—R < @ I—R
H R R R

methylovy primarni sekundarni terciarni

nejmeéné stabilni »  nejstabilnéjsi



Markovnikovo pravidlo

Markovnikovo pravidlo: Adice nesymetrického cCinidla na nesymetricky alken probiha tak,
ze elektropozitivni castice cinidla se aduje na uhlikovy atom dvojné vazby, na ktery je
navdzdn vetsi pocet vodikovych atomu. S
® " cr ¢
—— CH3;CHCH, ——>  CH,CHCH;
isopropylovy
H* kation

CH3CH=CH2
TR cl

| @ Cr |
CH;CHCH, —>» CH;CH,CH,
propylovy nevznika

kation

Markovnikovo pravidlo: adice nesymetrickych cinidel na nesymetrickou dvojnou vazbu
probiha tak, aby vzniknul co nejstabilnéjsi karbokation jako meziprodukt



Adice halogenvodiku
HsC
\—ch,
HsC
o
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NN

HCI
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CH,
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CHs;

Br



Adice vody

H3C
'C=CH;
H

HsC

/C=CH2
H

H,SO0,

H,0

Hg(OAc),

H,0

NaBH,




Reagents A-B That Add to Alkenes by Electrophilic Attack

H CH B CH;
\C—C/ 3 + $*A—B° [
A T H—-C|—-(|3 —CHj

H CH, A B

Addition product to

Name Structure 2-methylpropene

Bromine chloride :Br—Cl: : 1.3‘1'CH3C(CH;)3

:Cl:
Cyanogen bromide ::B:r—CNi ![.3.rCH3C(CH3)3
CN:
lodine chloride l—(l ::l:CHQC[(CH3)2
- (.,‘.I .
Sulfenyl chlorides RS —C: R}éCHz(l:(CH3)2
. gl .
Mercuric salts XHg—X¢ HOH ><HgCH2([:(CH3)2
:OH
“X here denotes acetate.




Adice halogent ve vodé: vznik halogenhydrini

Bromoalcohol (Bromohydrin) Synthesis

H :I.S.r;. H :Br:
%, ) % H

Br., H.0, 0°C -
O ke e 3 O
08 \/ Ql
H

trans-2-
Cyclopentene Bromocyclopentanol



Regioselective Opening of the Bromonium Ion
Formed from 2-Methylpropene

Greater _
& here ”"‘é‘r, CH3
N . . | .
{CH;}E[.'FTEHE + H— (}H — {CH;}EC—CHEB‘[' s — CH;(“—CHEF:’:_I‘ :

P | H [

——

4l )
Attack at more substituted ..C" (}"‘a. . 'D H
carbon of bromonium ion H H



Presmyky karbokationtu

Addition of Trifluoroacetic Acid to 3-Methyl-1-butene

:0: :0:
. [ — | ..
s CF;—C—O: H CF;—C—0: H
H—0—C—CF; | | | |
(CH3),C—CH=CH, > (CHy),C—CH—CH, +  (CH3),C—CH—CH,
| | |
43% 57 %
3-Methyl-2-butyl 2-Methyl-2-butyl
trifluoroacetate trifluoroacetate
Product of normal Product resulting from
Markovnikov addition carbocation rearrangement
HsC_ H* HsC. @ HsC @
3\ / //CH2 3V / ,CH3 3V H,CH3
c—C > c—C > C—C]
H,c®™ H H,c® H H,C -

sekundarni karbokation terciarni karbokation



Adice na konjugované dieny

CH,=CH-CH=CH,

RN

H+

+

CH2=CH-CH=CH2

HBr

—— H,C—
I

|
— CH,-CH=CH-CH,Br

termodynamicky intermediat

I
H Br

3-brombut-1-en

H

1-brombut-2-en

kineticky intermediat

+ S\
CH;3-CH-CH=CH,

A

N7
CH3-CH=CH-CHj

CH-CH=CH2

Br

1,2-adice
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1,4-adice
29%

H3C_CHBF-CH=CH2

+

CH3-CH=CH-CH,Br




Hydroborace alkenu

R—CH=—CH,

CH3_CH:CH2

H

H

5 5t H
+ H—B —  RCHCH,—B_

H,0

BH5

H,0O,
NaOH

H

H
I

H
/

H

H,0O5

. , /CHZCHZCHS NaOH
CH3—CH=/CH, + H_B\ — CH3CH2CH2_B\

— CH3CH20H2_OH

CH,CH,CHj

CH3_(I:H_CH3
OH

CH3CH2CH2_OH

Markovnikov

anti-Markovnikov



~
=
N
»
./
v,
2
pus
W\

“ & Four-center transition
H \\ya\ state
H
H
Borane-alkene
complex

Empty p orbital




Dihydroxylace

1. OsOy
" « 2.NaHSO;  HQ ~ OH
/C_C\ . "")C—C‘\""
080, O\‘O’/O / NaHSO
pyridin AN 3
o
lunC—Cuul
/ N
Epoxidace
Se=C

(K

mCPBA

Oxidacni transformace alkenu

1. 0sO,

WA

mnG=——=_Cum
/

2. NaHSO;

Peroxokyselina

H
o. 0-0

Cl
mCPBA




Ozonizace

\
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molozonid

1. O,
2. Zn, AcOH, H,0 .

Zn, AcOH, H,O

O0—0O

> /
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NN

ozonid

1. 04

2. Zn, AcOH, H,O
O 0 Oy




Oxidativni stépeni

KMnO4, H30+
O =25 Do
KMnO4, H30+ /\/
>/ Scoon  HOOC




Cyklopropanace

Adice karbenu

Cl ClI
\C/
", w CHCI3, KOH / \
/C_C\ o "")C_C{"
Cl Cl
é/CI KOH o o
cl” /
Cl
dichlorkarben

()

+ KCI + H,0

CHCl,, KOH



Simmons-Smithova reakce

H H

\C/ /H
" o CHaly, Zn(Cu) / \ CHoly, Zn(Cu)
/C_C\ > "")C_C{'" > o :

CHsly + Zn(Cu) —» | ICH»Znl = :CH,




Priprava alken - eliminace

R
\ R
KOH, ethanol c—
> //
- HBr /C
RN\
R
R
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Zn C
> //
- ZnBr, R/C\
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