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HCI - H + Cl

8 electrons in outer shell

>200 °C ] ]
HCI > H + cl

one electron 7 electrons in outer shell

AG = +1347 kJ mol-1, 273 K
AG = +431 kJ mol-, 473 K

® Heterolysis and homolysis
® When bonds break and one atom gets both bonding electrons, the process is
called heterolysis
The products of heterolysis are, of course, ions.

® When bonds break and the atoms get one bonding electron each, the process
is called homolysis

The products of homolysis are radicals, which may be atoms or molecules, and
contain an unpaired electron.



gazfazis

vagy
apolaris oldoszer (példaul CCl,)



major product in the absence major product in the presence
of oxygen and peroxide of oxygen and peroxide

IonosS mechanizmus

@/—\e
ETH \_?< _— /I\ Br —_— —éBr
tertiary cation

gyokos mechanizmus (nem teljes)

homolysis
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radical prefers to attack 9% yield 6% yield
this end of double bond iso-butyl bromide tertbutyl bromide



Bond X-Y AG fEnr H-‘!"
—=X +Y,
kJ mol™t

H-OH 498

HsC-H 435

HzC—OH 383

H3C—CHs3 368

H-CI 431

H-Br 366

H-1 298

CHz—Cl 349

Bond X-Y AG ﬁ:r K—‘!’
—X +Y,
kJmol™

CH3-Br 293

CH3- 234

CI-Cl 243

Br—Br 192

Il 151

HO-OH 213

MeO-OMe 151




Hogyan csinaljunk gyokoket?
a kotési energiat kell befektetni (ho, fény, radioaktiv sugarzas)

Ez azonban nem elég:
kell legyen egy mechanizmus, amely a homolizishez vezet6
rezgési médban gyiijti a befektetett energiat



light (hv)

Cl—ClI - 2xCl°
light (frv)
Br—Br - 2 x Br’
light (hv) _
l—1I - 2xl

AGY = 243 kJ mol 1

AGY = 192 kJ molt

AGY = 151 kJ mol™t



0 0 ‘0 Ph

_ 60-80 °C
dibenzoyl ")‘\ o Ph _ \"/
peroxide p g"" \"/ p 0- 0

n AGYT =139 kJ mol?

X .Y [
AIBN N CN - N=N
e X

AGYT = 131 kJ mol-1 CN

AIBN = azoizobutironitril



First radical detected

The very first radical to O N

be detected, the

triphenylmethyl radical, Ag'f\{:l Z

was made in 1900 by — ) + AgCl
abstraction of C1* from '

Ph3CCl by Ag metal.

relatively stable triphenyimethyl radical

This radical is relatively
stable (we shall see why
shortly), but reacts with
itself reversibly in “?"ﬁft
solution. The product of o dimer
the dimerization of ‘ (1970)
triphenylmethyl was for
70 years believed to be
tetraphenyl ethane but,
in1970, NMR showed Q
that it was, in fact, an original suggested structure of
. . triphenylmethyl dimer (1900)

unsymmetrical dimer.

Jasie
@/@Q



ezek is nagyon

0O
N
L.
Ii'l 05N NO-
0*
TEMPO
TEtra Me::ygl-:'igﬁe_riéj{igrlec N-Oxide da rr:: EI lge? % gl id NO.,

violet crystals

sztérikus és/vagy elektronikus (konjugacid) okok



Vitamin E tames radicals

Many of the molecules that make
up the structure of human tissue
are susceptible to homolysis in
intense light, and the body makes
use of sophisticated chemistry to
protect itself from the action of the
reactive radical products. Vitamin
E plays an important role in the
‘taming’ of these radicals:
abstraction of H from the phenolic
hydroxyl group produces a
relatively stable radical that does
no further damage.

dangerous
and reactive
radical

vitamin E

vitamin E

R—OH +
reactive radical
"tamed” as ROH

Me
more stable delocalized radical



cycloheptatrienyl radical

ESR spectrum of cycloheptatrienyl radical

H H
planar CH3 radical pyramidal CF5 radical
F F
H F



Bond

CH3-H
MeCHo-H
MesCH-H
Me3C-H
HC=C-H
HoC=CH-H
Ph—H
HoC=CH,CHo-H
PhCHo—H
RCO-H
EtOCHMe—H
N==CCHo-H
MeCOCH,—H

Dissociation

energy,
kJ mol™1

439
423
410
397
544
431
464
364
372
364
385
360
385

gazfazisban megmeérve

CH;3

CH/I'\CHQ

tertiary

is more is more
stable . stable
than CH H than

AN
allyl benzyl

more stable than alkyl radicals

- NoEt

/\Q“*\“N

radicals stabilized by functional groups

-

vinyl alkynyl phenyl

less stable than alkyl radicals

CHg)\H

secondary primary

is more

stable .

than CHs
methyl

J



(1) gyok + gyok — molekula (viszonylag ritkak)
(2) gyok + molekula — masik gyok + masik molekula
(3) gyok — masik gyok + molekula



0

o® 0
e e® - L= b
this electron comes from a dissolving metal, R R R R

R

such as Ma, Mg, Zn, or Al ketyl radical anion

Bouveault-Blanc reduction

overall:
0 1. N-EI
R)J\ EtOH j\
R

pinacol dimerization of acetone (ketyl radical reaction in hyrdmcarhﬂn solvent) diol product known as "pinacol”

5y ~0 @ H OH
P G Y e AR e

80 °C 43-50% yield



McMurry reaction of cyclohexanone

0
HO
TiClz, LiAlH, .
=
LiAIH4 produces OH
Ti(0) from the Ti(lll)
86% yield observed only if the reaction is

carried out at low temperature

second step of the titanium metal

McMurry reaction:
deoxygenation on the H

.-4-"/ M“-\
Ti(0) /\ surface of a Ti(0) particle 0
—_—

TiCls

M/M\)L e

first step of the McMurry reaction
0

flexibilene



ketyl radical anion

0 Na, Et,0 ONa NaO ONa
/\)j\ —_— A —_— E't ﬂEt
OEt OEt  radical
dimerization
ONa B _

/\)\ unstable initial product
OEt

collapse of the double "tetrahedral intermediate”
1,2-diketone

0@ 0 0 0 0
Et OEt Et /\)—(/\

first electron transfer to the diketone:
delocalized diketone

0 0 o 0 ¢ ketyl radical anion 0 0®
/\)_</\ /\j_&/\ B

second electron transfer:

& o
o 0 H30* HO OH 0, OH
. — mm

enediolate TO% yield
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HBr Br.
ROOR <

hv

a mechanizmus
RUQ)R
R—O'f\ H—Qr ———————» ROH + Br

o\ Q< . B'\_.<

B'\_<f\. - N < -

possible radical-radical chain termination steps

Br
ar” Ngr o o, \_</-\Br_ R \_%

RO (x2)




a radical chain reaction: addition of HBr to isobutene H—Br¥r
l hv

2 X RD/\H-@r —_— Br/"\_ \—</\\H

Ay

possible radical-radical chain termination steps

Br. Br, Br
Br‘/\ Br — Brz \—</_\Br* o \_%




® Radical chain reactions consist of

® Initiation steps
R[:UQR ——» RO (x2) R—ﬂ'/\ H—ﬁ}ilr ——= ROH + Br

® Propagation steps

Br'/\ ——C< —= Br\_-< E"\—<-/-\ H_(?r —r-Br\_< + Br

® Termination steps

Br.
Br'/\ Brf — = Br; \—< r' —_— 3

Br. Br

\_%



Ci

Cly, hv
e cl +

63% 37%
Br, hv Br
/I\ ~ %\ ' J\/ Br
=09% <1%

a gyokos szubsztitucié fludrral kezelhetetlenul nagy sebesséqgii

a jodos szubsztitucio nem gyokos folyamat (tulsagosan endoterm lenne)



abstraction of
primary hydrogen

N [ )\ S Cl /_\‘ " )\
R . tertiary hydrogen .
cl H H—CI + . JQ  —— H—Cl +

one H-Cl bond formed

one primary C—H bond broken

total

AH, kJmol™t 1
131 AH, klmol™
B one H-CI bond formed -431
+423 .
one tertiary C-H bond broken  +397
-8

total 34

TS3

\
/

energy

HCI .

reaction coordinate



energy

abstraction of primary hydrogen abstraction of tertiary hydrogen

S N N Tl e L

AH, k) mol™ AH, kJmol™
one H-Br bond formed -366 one H-Br bond formed -366
one primary C—H bond broken  +423 one tertiary C—H bond broken +397
total +b7 total +31

Br

HBr
second step of the bromination reaction
R'/\" Br—'/}r — = R—Br + Br’
-1
HBEr AH, klmol

N one C-Brbond formed  -293
one Br-Brbond broken  +192
total -101

reaction coordinate



>

The Hammond postulate gives
information about the structure of
transition states. It says that two
states that interconvert directly
(are directly linked in a reaction
profile diagram) and that are
close in energy are also similar in
structure. So atransition state
will be most like the starting
material, the intermediate, or the
product ifit is close in energy to
one of these observable
structures.



initiation Bro 2 x Br

propagation
Br

B'/_\"| /'\
r » N B Br
320 Ty

ha nagy a Br, koncentracio

competing h Br Br Br
addition —_— _—
reaction - U Br—@r
Br

szelektivitasnovelés NBS-sel

) 0

N—-Br - HBEr NH + Brs

NBS, CCl; hv Br
85% yield

Y



OMe

OMe

BuzSnH

hv
81% vyield

Bond

C—Br
Sn-H
C-H
Sn-Br

Representative bond
energy, kJ mol1

280
308
418
552

a reakcidé konnyen megy bromid és jodid esetén, nagy gyokkoncentraciéra

-+

van szukseég kloridok esetén és nem megy fluoridokkal

BuzSnBr



hv .
initiation Bu;Sm——H » BuzSn + HX

propagation
Me Me Me Me

Bu3Sn N Br ) Bu?'g;\_H AN ;
! @ussnD

alternativ inicialas (ha nagyobb mennyiségl gyokre van szukség — C—CI kotésnél)

CN

CN

\|<_/H—S Bu; —> \|/ + Bugsn®
CN

CN

66-72 °C Y
NC%N‘Sk(CN S \l/ + N=N +

AIBN



Bu3SnH (1.2 equlv.)

WI N /\\CN = /\/\//WCN

AIBN (0.05 equlv.) new C—C bond

mechanizmus

AIBN
initiation BugSn—H =  BuzSn"

propagation Bu;,,Sn'/\ I—DR —~ R'r\ S/ SCN @2 ———= R\/;\CN




a mechanizmus maskeént abrazolva

RI Bu;Snl

R’
R
\/\CN ) N eN
R .
\/\CN

Bu3SnH




Radical Reacts like this Does not react like this

BusSn '’ EuESn'/\‘ |£} Eugﬂn'/\\ 9\(;”

szukséges: reaktiv halogenid (jodid vagy bromid)



Radical Reacts like this Does not react like this

R R'/\,.f(;'é‘\“'-c” H'/\HQnEug

szukséges: oriasi akrilnitril felesleg vagy alacsony H-SnBu; koncentracio (inkabb)

NaBH,

N

Bu;Snl Bu,SnH 0.1-0.2 ekvivalens Bu;Snl-dal indulva

—

o

e

R
\/\CN
S eN

szUkséges még: a telitetlen partneren elektronszivé csoport legyen



Radical Reacts with Does not react with

e
. H SnBu;
RWCN \/\CN /\

\icm/ ifro N] N0—</—\\H—C;!|BU3 0_<f\‘

\5’35’

igy lesz, mert az elektrofil gyokok (elektronszivo csoportok vannak rajtuk)
nem szivesen reagalnak elektronszegény alkénekkel



ha

\i/ [from
AIBN]

CN

BusSn R

R\/\CN

Does not react like this

Radical Reacts like this
BusSn’ Bussn'/\‘ IL}I Bugsn'/\ E}\CN
R’ R‘f\ ,/D"\-CN R'/\HQnBua

R\/K:}/g\cn

CN

O\ S




® Summary of requirements for the successful use of the tin method

® Bu3SnH must be added or generated slowly
e R—X starting material must contain a weak C—X bond (C-I or C-Br)
e Radical trap must be an electrophilic alkene

must be present in a concentration at least 10 times
that of Bu3SnH
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