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Prednaska 2
Alkeny

H,

R-HC=CH-R —> R~-CH,~CH, R Cn"I 2N
alkeny
Nazvoslovi alkenu
kumulované konjugované izolovane
C=C=C C=C-C=C C=C-C—-C=C

C-C-C-C C-C—C-C—C-C



H,C=CH-CH,—CH; H;,C—CH—CH~-CHj
1 2 3 4 1 2 3 4
but-1-en but-2-en

V pripade rozvétvenych uhlovodiku ma nasobna vazba pfi Cislovani prioritu.

(|3H3 (|3H2—CH3
H3C—CH=CH-CH-CH3, H2C:C_CH2_CH3
172 3 4 5 172 3 4
4-methylpent-2-en 2-ethylbut-1-en

(ne 2-methylpent-3-en)

U cyklickych uhlovodiku zacina Cislovani na dvojné vazbé.

o O O O

cyklopenten 3-methylcyklopenten  1,3-cyklohexadien 1,4-cyklohexadien
H,C=CH-" H,C=CH-CH,- H,C=CH-CI H,C=CH—CH,CI
vinyl allyl vinylchlorid allylchlorid

(ethenyl) (3-propenyl)



CH2: CH2




Alkeny. Vlastnosti dvojné vazby

Viastnost C-C Cc=C
1. Poéet piipojenych atomu 4 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

Orbitalovy model dvojné vazby

H \ H
120°
H H

. sp2 orbital
2p orbital

A B



Out-of- phasc over Iap

Node

@ I Q\\H Negative

(@

qH overlap m*

Antibonding molecular orbital of the
7 bond: empty

Bonding molecular orbital of the
7 bond: filled 2

Ilh.._' ' wWWH Positive

@ CJ

(Q Q\ g overlapm

In- phasc overlap

p

m-Bond energy




Cis atrans izomerie aizomerizace alkenu

teplo (A) H H H R
>=< == P3N ==

zareni(hv) R R R H

Z- (zusammen) E- (entgegen)



Broken 7 bond




Chemie zraku

hv
rodopsin - |umi-rodopsin + nervova odezva

1& 4L

retinalizomeraza _ _
cis-retinal + opsin - trans-retinal + opsin

11 Q
AN AN H
12
15 11-trans-retinal

11-cis-retinal

XX OH vitamin A



Adicni reakce alkenu

>=<+A—B—>l}
A B

Adice vodiku
H Me M
—>
Me Me H H
[

katalyzator Pt, Pd  katalyzator



-

Catalyst surface

H—H has
added syn

First hydrogen transfers to carbon

of surface-bound alkene
Hydrogen atoms bound

H 2, \ H
to metal atoms on n,, oW

catalyst surface \ l - y H

H
HH HH
H—H CH, = CH,
N N
37 N

Alkane product
released from surface

Second hydrogen transfers,
completing hydrogenation




Hy, Pd/C H H

| |
CH3CH=CH, > CH3CH-CH, = CH3CH,CHj
H,C CHs H,, Pd/C HsC,  CHs
H,CH,C CH,CH; > H3CH2C'|_|‘H T CH,CHj
Syn-adice

O(CH?, H,, Pd/C Cﬁ”CHHs
> uH
CH, CH,



Elektrofilni adice

Adice halogenu (symetrickych cinidel)

¢ 315
0 :I}}_:
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Br* Br

Br Br
anti-adice



H H Br2 H H
>=< > BrHBr -
H H H H
H3C H Br2 H3C H
>=< > Br Br
H H H H
H3C CH3 Br2 H3C CH3
>=< > Br ' Br
H H H H
trans-
H,C H Br, HG R _
>=< > Br ' Br
H CH, H CH;
Cl,
>

gl
Cl

BfCHzCHzBr

H3C

Br

H
Cls-

CH;

ll” H
Br



CH,

% N
H CH;

trans-2-Butene

Stereospecific 2-Butene Bromination

) L ) H Bl
. B I fH — A L
Br,, CCl, N\ /»CH; H3CQ /
B CCl C—C n C—C.
H /R R\ .. /S S\"H
(H; Bl‘: . Bl‘ (Hl,
(2R 3R)-2,3-Dibromobutane (25,35)-2,3-Dibromobutane
M cH, B
ST e I R
H.C7dS R\ .. /R S\"H
~ H Br: Br "H,
L e .. W,
v
Identical

meso-2,3-Dibromobutane

15



Elektrofilni adice

Adice nesymetrickych cinidel

R H R H R H
>_<_ + X=Y > I I a/ nebo I I
XY Y X
nesymetricky nesymetricke
substituovany  Cinidlo
alken
:Cl H  Cl
/_> \\\‘H
H r NU" 0oso,H H 0sOH
//,’_\\\\
7 N ‘~—4ﬂu'

karbokation

\\\\_______’.. C>’H
\\\ \\\\)_%



Mechanism of Electrophilic Addition of HX to Alkenes

K H ; H :X:
N 2
7 o C\ Electrophilic attack T CI: . C\ Nucleophilic trapping T (|: ap (lj o

> N
- 7




Hypercon jugation

Methyl cation 1, 1-Dimethylethyl cation
A B (tert-Butyl cation)

H H H R
@I—H < @I—H << @I—R < @I—R
H R R R

methylovy primarni sekundarni terciarni

nejméné stabilni P nejstabilné;si



Markovnikovo pravidlo

+ cr
——®  CH3CHCH; —| CHyCHCH;
H* isopropylovy kation Cl
CH3CH:CH2 —
¥ Cl;
| CH3CHCH, CH3CH,CH,-Cl
propylovy kation nevznika

Markovnikovo pravidlo: Adice nesymetrickeého Cinidla na nesymetricky
alken probiha tak, Ze elektropozitivni ¢astice cCinidla se aduje na uhlikovy
atom dvojné vazby, na ktery je navazan vétsi pocet vodikovych atomu.

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

meziprodukt



Adice halogenvodiki

H3G HCI HsC Cl H
»¥=CH, - Y-ci,
HaC HaC
Br
(X -
H H
H

HBr id

AN >A)V\+W

Br

Adice vody
H,SO
H3C, 254 HsC_ PH
C=CH2 > C-CH3
/ H O /
H 2 H
OH
H4C Hg(OAc), H,C. OH HgOAc  NaBH, H3C, i
/ C_CH3

/
"C=CH, > c-C >



1IEL R PEYS Reagents A-B That Add to Alkenes by Electrophilic Attack

H CH H CH;
N g < |
C=C + °*A—B" — H—C—C—CHj
A N\ | | '
H CH; A B
Addition product to
Name Structure 2-methylpropene
Bromine chloride :Br—Cl: :B.I'CH_QC(CHz)Q
Q1
Cyanogen bromide :B:r—CN: :é.l'CHZC(CH:;)z
CN:
Todine chloride 7 —Chs :'I'CHzcl(CH3)2
:Cl:
Sulfenyl chlorides R:S:—.Q:‘I: R:S:CH2(|3(CH3)2
:(;.l .
Mercuric salts XHg—X¢, HQH XHgCHzCI(CH3)2
:QH
“X here denotes acetate.




Bromoalcohol (Bromohydrin) Synthesis

H, :Bri H_:Br:

O Chei— Of
—Br b. i QlOH

trans-2-
Cyclopentene Bromocyclopentanol
Regioselective Opening of the Bromonium Ion
Formed from 2-Methylpropene
Greater
CH;4

0" here ol
Y (¥

(CH;,C—CH, + H—OH —> (CHy,C—CHBr: —— CH3(|3—CH9_B.r:
\_—’/.. .o ¢ .o

Attack at more substituted CQ\ . QH
carbon of bromonium ion H H



Addition of Trifluoroacetic Acid to 3-Methyl-1-butene
:0: : (ﬁ) :

O ..
L CF;—C—O: H CF,—C—O: H
H—0—C—CF; | | | |
(CH;3),C—CH=CH, (CH;),C—CH—CH, + (CH;3),C—CH—CH,
| | |

W

43% 57%
3-Methyl-2-butyl 2-Methyl-2-butyl
trifluoroacetate trifluoroacetate
Product of normal Product resulting from
Markovnikov addition carbocation rearrangement

Presmyk karbokationtu

HiC. , _CH H3C_ ' ® cH H:C® H CcH
c-c77 ¢ > JC-Cc7T R g c-c 7
HsC H HsC H H3C
sekundarni terciarni

karbokation karbokation



Adice na konjugované dieny

— H,C-CH-CH=CH,  1,2-adice

HBr H Br
3-brombut-1-en 1%

H

|
—» CH,-CH=CH-CH,Br 1,4-adice
1-brombut-2-en

CH,=CH-CH=CH,

29%
_ . 4 _
X CH;-CH-CH=CH, B H3;C—CHBr-CH=CH,
H® + CH,=CH-CH=CH, —3 M — +
At CH3-CH=CH-CH,Br
CH3-CH=CH-CH2




Hydroborace alkent

5~ o H A H
R-CH:CH2 + H_B\ — RCHCHz_B\
H H
H CHCH,CH; Sjgﬁl
CH3_CH:CH2 + H—B\ — CH3CH2CH2_B\ — CH3CH2CH2—OH
H CH,CH,CH3
H,O —CH—
p CHs~GH=CHs Markovnikov
H+ OH
CH3_CH:CH2 —
BH;
—» CH3;CH,CH,—OH anti-Markovnikov
H>0,

NaOH



II’I.,' 'l\\“
C—C
\ _f N/
“, 9 .
—-- C'—_

H II’I,!

5-
A -
HY™ HW (Q\ H
H

Borane-alkene
complex

Empty p orbital

g w

e C—=C S %, S
—-C | ., S
— \/‘c —C'\,
HzB """ H Ji] H2B H

Four-center transition
state
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Oxidacni transformace alkenu

Dihydroxylace
1. OsOq4 1. OsOy4 -

2. NaHSO; HO OH Oi 2. NaHSO3 SOH
n, W \ ! — | |
‘C=C" —— 3  unC—Cmmi
\ N 4 A3 OH

W

.y OS
pyridin O\’ \,O H,O
luuC—C-\ull
Peroxokyselina
Epoxidace H
o. OO0
mCPBA @)
/”h - “\\\ | / \ |
(L1} — (11}
(C—C\ —_— IIC C\l
Cl
mCPBA




Ozonizace

1. O3
, \ 2. Zn, AcOH, H,0O “ &
‘, — wW v - - 3
/C_C\ (. (C O +0 C\
Os3
Zn, AcOH, H,O
- O -

O/ \O 0—0

0 \C é " > n / }3 (\)

e — (11} 0 W\

{ S \ C‘o’ v
molozonid ozonid

1. O4

2. Zn, AcOH, H,0O
O~ 25 O

Oxidativni Stépeni
KMnO4, H30+

O= “ Omoven

KMnO4, H30+
N~ >  /NCOooH oo™




Cyklopropanace

Adice karbenu

Ci, Cl Y

, . CHCI3, KOH A CHCls, KOH Cl
A WC—C —_—
JC=C, —> "/C C\u Cl

Cl KOH Cl

O-Cl ——— | T + KCI + H,O
CI/ \ /

H Cl
dichlorkarben

Simmons-Smithova reakce
H H

\/ H
CHoly, Zn(Cu) /C\ O CHaly, Zn(Cu) @
i, R\
‘C=—C. —_— muC—Cum —>
4 > { N
H

CH2|2 + Zn(CU) — ICsznl = :CHZ




Priprava alkenu - eliminace

R
R
R
H \C/R KOH, ethanol \C/
] ~ 7
/ \ Br - HBr R/ \
R R R
R
R
5 N - \.—R
Ve -
/C\ Br - ZnBr, R/C\
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