Gyokos reakciok



The structure of O, cannot be adequately explained by line-bond formulas

because two 2p electrons are in antiboinding orbitals. Molecular oxygen will
represented as -O-O: or simply O,. E5 o<Eq,
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The variation of the orbital energies of Period 2 homonuclear diatomic molecules.
Only the valence shell orbitals are shown.
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A typical molecular orbital energy
level diagram for Period 2 homonuclear diatomic
molecules. The valence atomic orbitals are drawn
in the columns on the left and the right; the
melecular orbitals are shown in the middle. Note
that the + orbitais form doubly degenerate pairs.
The sioping lines joining the molecutar orbitals to
the atomic orbitals show the principal composition
of the molecular orbitals. This diagram is suitable
for 0, and F,; the configuration of O, is shown.



Stabilization of radicals by alkyl substituents
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Stabilization of radicals by unsaturated substituents

DE
VB formulation of the radical Re
kcal/mol
P 98 SN,
A 89 { N, X }
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Stabilization by overlap of a singly occupied 2p, AO with adjacent parallel r._.- or n*_.- MOs.
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Comparison of the trityl radical derivatives A and B; A dimerizes, B does not.



Gyokos halogénezés lépései

Cl,

CH, —o—=—> CHsCl

-HCl
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CH,

CHj3

CH3’
Cl-

CHa

+ Cf —»
+ Ccl, —>
+ Cf —
+ clr —
+ CHy ——>

2CI

CHy + HCI

CH3C| + CI

CHsCl

Cl,

CH;— CH;

243 kJ mol?

3 kJ mol?

-108 kJ mol?

350 kJ mol?
-243 kJ mol?

-369 kJ mol?



Reaktivitas — szelektivitas szabalya

Cl, CH;—CH,—CH),Cl 45%

/ CH;—CH,—CHj 55 %
|

CH;—CH, —CH, Cl

Br, CH;—CH,—CHBr <1%
CH3_CH—CH3 > 99 %

Br



CH,CH,CH,*

+H- .
= CH;CHCHj,
ﬁ +H-

10 kJ mol?

AH® = +423 kJ mol-!
AH® = +413 kJ mol!

CH,CH,CH,
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CH,
| 22 kJ mol™

CH,CCH, + H- l

-

AH® = +400 kJ mol-?

AH° = +422 kJ mol'!

T /

CH,CHCH;

()

(a) Comparison of the potential energies of the propyl radical (+He) and the isopropyl radical
(+He) relative to propane. The isopropyl radical (a 2° radical) is more stable than the 1°

radical by 10kJ mol-.

(b) Comparisonof the potential energies of the tert-butyl radical (+He¢) and the isobutyl radical
(+He) relative to isobutane. The 3° radical is more stable than the 1°radical by 22 kJ HbI-L.
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Translational, rotational and vibrational degrees of freedom for a simple diatomic molecule.
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Transition state
> Br-—-H-—CH"

AN
\—Br + CHy

Transition state act =
Oe Cl ___H___ CH Se 1 +78 kJ mO‘ AHO -
e 8By =+16 kJ mol £ +74 kJ mol™!
E|o+cH /S AH® = +8 k) mol-! Br- + CH, / !
= Reactants Products Reactants Products

Potential energy diagrams for (a) the reaction of a chlorine atom with methane
and (b) the reaction of a bromine atom with methane.
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2 Cl-

/ AH® = E,., = +243 kJ mol!

Potential energy diagram for the dissociation of a chlorine molecule into chlorine atoms.
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2 CH3’
N

/

AH° = -378 kJ mol™!
Eact =0

Potential energy diagram for the combination of two methyl radicals to form a molecule of ethane.
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The stereochemistry of chlorination at C2 of pentane

’N

CH;CH,CH,CH,CH,4
Cl:
\j
CH,
,CH3 cl, Cl,
o + c—c’ « .c —
| 7H (a) S\ (b)
CH,CH,CH,4 H CH,CH,CH,
(S)-2-Chloropentane Trigonal planar
(50 %) radical
(achiral)

HsC,_
.C—Cl + CI
H"/
CH,CH,CH,

(R)-2-Chloropentane
(50 %)
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The stereochemistry of chlorination at C3 of (S)-2-chloropentane

CHj
: C|2
Cl- +
o i @
i
CH,

(2S,3S)-2,3-Dichloropentane
(chiral)

CH;
H\é/CI

CH,

(S)-2-Chloropentane

ch..

H\é/CI

o-@

H2C

H3C

Trigonal planar
radical
(achiral)

CHj
H\é/Cl
cl,
W /(_3\ + CI-
CH,
CH,

(2S,3R)-2,3-Dichloropentane
(chiral) 16



Gyokos reakciok
Termokeémia 1.

AH reakcio = -KDE (termékek) - [ -KDE (reaktiansok)]

Metan halogénezése |

X—X + CH; — X'+ CH;— X (2) hovekedes

KDE (kcal/mol)

F—F —— 2F 38
Cl —ClI » 2ClI° 58
Br —Br » 2Br’ 46
| —] —> 2] 36
H—F — H'+F 136
H—Cl — H'+CI° 103
H—Br — H:+ B.r' 87 -

71



HyC—H
1°C —H
2°C —H
3°C —H

HaC —F
H;C —CI
HyC —Br
H4C —I

Gyokos reakciok
Termokémia II.

KDE (kcal/mol)

104
98
94
91

108
83
70
56
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Gyokos reakciok
Termokémia II1.

H—H + CI—Cl > 2 HCI
KDE (kcal/mol) 104 58 2*103
162 206

AH =-206 - (-162) = - 44 kcal/mol

A halogénezési lancnovekedés (1) 1épése: |

\c H X’ \C‘ H—X
—_— — + » + —
/ /

Kotés X =Cl AH, X = Br
HyC—H -103-(-104) = +1 -87-(-104) = +17
3° C—H -103-(-91) = -12 -87-(-91) = +4

Vagyis: a lanc novekedés elso 1épése endoterm, ( de a teljes, (1) és (2) exoterm)
Br sokkal jobban valogat 1°-ot nem!




Gyokos reakciok
Termokémia IV.

X—X + CH; — H;C—X +X° (2
CH, + X' —> CH; + HX (1)

A halogénezés lancnovekedési 1épéseinek energiaprofilja:

A
F, —> extrém reaktiv — robbanas

+33

l,— endoterm —> nNEMmMegy

Cl, — reaktivitasa nagy
L nem szelektiv

Br,— lomha —  szelektiv
(csak a reaktivat)
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Gyokos reakciok
Termokémia V.

Cl, CH;—CH,—CH,Cl 45%

/ |

Br, CH;—CH,—CHBr <1%
CH3_CH—CH3 > 99 %

Br
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Cl,

CH; ————> CH.CI

-HCI

Lancinditd reakciod

Lancvivo reakcio

Lancletord reakcid

CH,

CHj3

CH3’
Cl-

CHa

-H

—_—

2
Cl

Cl,

Cl-

Cl,

Cl-

Cl-

CHa

CH.Cl,

2CI

CHy + HCI

CH3C| + CI

CHsCl

Cl,

CH;— CH;

243 kJ mol?

3 kJ mol?

-108 kJ mol?

350 kJ mol?
-243 kJ mol?

-369 kJ mol?
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CHs
|
CHz— CH— CH3 + Ct

CHs
|
CH3— CH—CH; + Hcl

CH3
|
CH3z3— C— CH3 + HCI

CHa
l
CHz— CH— CH3 + Br

>
reakciokoordinata

CHs
|
CH3— CH— CH2° + HBr
CHs

|
CHg— C— CHg + HBr

>
reakciokoordinata
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bromgyok képzédeés:

R—O-0O-R —> 2 RO

RO + HBr —> ROH + Br:

Br
. |
— > E:Hg— CH—CHE| B CHs&CH,~CH, + Br-
|
o Br 1-brémpropan ~80%
CHs— CH=CH, —*
propén . Br
L > E3H3—CH—CH2:| _HBI . CHy~CH-CH; + Br-
|
Br 2-brompropan ~20%
SR CECIEN St
+ Br- + Br-
-HBr ' Br
ciklohexén allil-tipusu gyok 3-brémciklohexén
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O O

/ I/
CH~—CH—-CH; + N— Br —>hv CH~—=CH-CH,—Br + NH
\ \
O O
propeén N-brémszukcinimid allil-bromid szukcinimid

Alacsony Br, koncentracio esetén (N-bromszukcinimid esetén) az addicio

hattérbe szorul, az addicids termék kdnnyen visszaalakul a kiindulasi olefinné.
Magasabb Br, koncentracional az addicios reakcio kerul el6térbe — az els6kent
tamado brom-gyok reakcidjat kovetéen a masodik brom-gyok egy masik brom-
molekulabdl szarmazik, amelyhez viszont magasabb bromkoncentracié szukséges.

. —C —C* —C—Br
Br + || -~ I + Brph, —> | + Br

(|:— Br—(|:— Br_c|:_
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i /

E>N—Br + HBr —> Br, + Q\IH

{ {

O

Alacsony Br, koncentracio

/ :
\Cj% “ CH,
+ ~I_3_r:
—
CH, CH,Br
+ Br, —>» + Br




