510% 4 p d AF & (Radical Reactions)

1) pd £2 4%
a)

v 8438 iGhomolysisA en¥r A v & 4 F B kehp d A ¢

(N homolysis
A:B !
NJ

¥ o ol B3
Radicals




ARAD S NhB R E e B

N .
8 5 as homolysis =
EX X e y‘ > DV : X -
*) ** heatorlight e
; .
R—0:0—R =%  2R—0-
W .

Dialkyl peroxide Alkoxyl radicals



pd A7 ESDFRBFL ¥HAEZL - kFldchydrogen
abstraction =& R :

mﬂ

R—Z*XHJr R
v

Alkane Alkyl
radical



b) homolytic bond dissociation energy
pd A2 Fg2eengdd (ke fxad
(exothermic) :

H: + H- » H—H AH = -436 kJmol™
Cls + Cls » CI—Cl| AH = -243 kdmol™?

Fz »8hlibggn gz pd APZRFERE > AP P SN
£ # % homolytic bond dissociation energy (DH°)

H—H >H- + H: AH°®° = +436 kJ mol™!
Cl—Cl—CI- + CI AH°®° = +243 kJ mol ™!
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H—H i Cl—Cl — 2 H—CI
(DH° = 436 kJ mol™}) (DH° = 243 kJ mol ™) (DH° = 432 kJ mol™!) x 2
+679 KkJ is required to cleave —864 k] is evolved in
1 mol of H, bonds and formation of the bonds in
1 mol of Cl, bonds. 2 mol of HCL.

AH®° = (—864 kJ + 679 k]J) = —185 k] for 2 mol HCI produced
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CHy + Brp » CH3Br + HBr
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CH.CH,CH,—Rh —> CH,CH, CH,~ 3 H- AH®° = +423 kJ mol™!
Propyl radical
(a 1° radical)
CH,CHCH, — CH3(_3HCH3 + H- AH° = +413 k] mol™!
H Isopropyl radical
(a 2° radical)
T T
CH3—(|3—CH2 H— CHCCH, +H:- AH® = +400 kJ mol™"
H tert-Butyl
radical

(a 3° radical)

T L
CH,—C—CH,—H— CH3(|3CH2- + H- AH® = +422 kJ mol~!
H H

Isobutyl radical
(a 1° radical)



CH5;CH,CH,"
+H-

1° radical
[ 2° radical

CH30HCH3

10 kJ mol!
AH® = +423 kJ mol™!

AH° = +413 kJ mol™!

CH;CH,CHj

(a)

1° radical >(|3H3

3° radical CH,;CHCH,'
+H-

CH
| 22 kJ mol!

CH,CCH, + H* l

AH® = +400 kJ mol™1

AH® = +422 kJ mol™!

CH,CHCH,

(b)
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The most substituted radical is most stable

Padicals are electron deficient, as are
carbocations, and are therefore also stabilized
by hyperconjugation

FF Y (page 454):ve e p d Renff e .
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heat

CH, + Cl, > CH,CI + HCI

or light

FREBA: a)B- 'Mrpmgdgﬁ)%*vs SR = BREER D)
chain initiation, 2)chain propagatlon 3) chain
termination



chain initiation:

.o e hBElt .o .e
Step 1 :Cl ; Cl: o Tight :Cl- + -Cl:
Under the influence of This step produces
heat or light a molecule two highly reactive
of chlorine dissociates; chlorine atoms.

each atom takes one of
the bonding electrons.



chain propagation:
i

H

SR¢L2=fﬂ{:}Hk}w}j H—> :ClI:H + -C—H
e ' /

|
H

A chlorine atom
abstracts a hydrogen
atom from a
methane molecule.

H
/A

H

This step produces a

molecule of hydrogen

chloride and a methyl
radical.

H

.. p
>H—C:Cl: + -Cl: =—

Step 3 H—C\~ + =¢l : §l=
H

A methyl radical
abstracts a chlorine
atom from a chlorine
molecule.

|
H

This step produces a
molecule of methyl
chloride and a
chlorine atom. The
chlorine atom can
now cause a repetition
of step 2.
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chain termination
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Chain Initiation

Step 1 Cl—Cl >2 Cl- AH° = 4243 kJ mol ™!
(DH° = 243)
Chain Propagation
Step 2 CH;—H + CI- —> CH;- + H—CI AH° = +8 kJ mol™!
(DH°® = 440) (DH® = 432)
Step 3 CH;- + ClI—Cl > CH;—CI + CI- AH° = —109 kJ mol ™!
(DH° = 243) (DH° = 352)
Chain Termination
CH;- + CI- — CH;—Cl AH° = —352 kJ mol ™!
(DH° = 352)
CH3' + ’CH3 — CH3_CH3 AHO = _378 kJ mOl_l
(DH° = 378)
Cl- + ClI- > Cl—Cl AH° = —243 kJ mol ™!

(DH° = 243)



The chain propagation steps have overall DA= -101 kJ

mol! and are highly exothermic

Ct-+ CH,—H —>CH,- + H—Cl
CH,- + Cl—Cl —> CH;—Cl + Ci-

AH®° = +8 k] mol™!
AH° = —109 kJ mol !

CH,—H + Cl—Cl — CH;—Cl + H—Cl

AH° = —101 kJ mol ™!
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H H X X X

| hes | | | |
H—C—H + X, e—““>H—(|:—X + H—C—X + H—(lz—x + X—(|:—X + H—X
= or
light

H H X X
Methane Halogen Halomethane  Dihalomethane Trihalomethane  Tetrahalomethane Hydrogen halide
X =F, Cl, or Br (The sum of the number of moles of each halogenated methane produced equals

the number of moles of methane that reacted.)

11 A4 ¥- oCHCl > ¥ 7 i £ oCH,

CH,4 (in excess) + Cl, ___H Cl + HCI
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Transition state

Transition state
*Cl--H--CHy” g — 116 kJ mol! g
H—Cl + CHg*
s | -+ CH«/P< _AHP =48 k) mo T S o Ch
% | Reactants Products Reactants




FLUORINATION

AH® (kJ mol ™) E,..(kJmol ™)
Chain Initiation
F,—2F- + 159 +159
Chain Propagation
F- + CH; — HF + CH;- — 130 +35.0
CH;- + F,— CHsF + F- —302 Small

Overall AH®° = —432



CHLORINATION
AH° (kJ mol™ 1)

Chain Initiation
Cl,— 2 CI +243
Chain Propagation
Cl- + CH, —— HCI + CHjy- +8
CH;- + Cl, — CH;Cl1 + CI- —109

Overall AH®° = —101

E,.. (kJmol 1)

+243

+16
Small



BROMINATION

AH° (kJ mol ™ 1) E,..(kJmol™!)
Chain Initiation
Br, — 2 Br- + 193 +193
Chain Propagation
Br- + CH, —— HBr + CHj;: +74 +78
CH;- + Br, — CH;Br + Br: —100 Small

Overall AH®° = —26



[ODINATION

AH° (kJ mol ') E, (kJ mol™")
Chain Initiation
LL—21I- + 151 i 154
Chain Propagation
[- + CH; — HI + CHj5- +142 +140
CH; + I,— CH;l + I- —89 Small

Overall AH® = +53
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Step 2 CH,CH,: B o — CH,CH, - + H:Cl
5
ERYA

Step 3 CH,CH,- + Cl:Cl— CH,CH,:Cl + CI-

C
\



- Cl —> CH,CH, : CI
- CH,CH, — CH,CH, : CH,CH,

-Cl—> C1: (I
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CH.CH.CH. liaht 25°C > CH,CH,CH,Cl + CH_%(|]HCH3
Cl
Propane 1-Chloropropane 2-Chloropropane
(45%) (55%)
I L I
Cl,
CH,CHCH, hgT) CH,CHCH,Cl + CH3(|3CH3
25°C Cl
2-Methylpropane 1-Chloro-2-methyl-  2-Chloro-2-methyl-
propane propane
(63%) (37%)

e F RSk A 3oH>20H>1°H (explain)



D)Bro&2 H s "2 5 ek J&: B regioselectivity

CH, CH.

| Br, |
CH3_(E_CH3 light, 127°C |

H Br

(>99%)

> CH,—C—CH, + CH,—

T

H
(trace)

C—CH,Br
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CHicH.cH, _Br2 liht orheat

(In excess)
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Cl, ok
CH3CH2CH2CH2CH3 m CH3CH2CH2CH2CH2C] G CH3CH2CH2CHC]CH3

Pentane 1-Chloropentane (% )-2-Chloropentane
(achiral) (achiral) (a racemic form)

+ CH,CH,CHCICH,CH;

3-Chloropentane
(achiral)



e

CH53CH,CH,CH,CHg4
lm-
CH,4 (|3H3 H,C
P Cl, Cl, X
Clr+Cl—C., — C — .C—Cl + CI
\ “H () ‘\ ® 1
CH,CH,CHgq H CH,CH,CHj, CH,CH,CHg4
(S)-2-Chloropentane Trigonal planar (R)-2-Chloropentane
(50%) radical (50%)

(achiral)

Enantiomers




F) HBr i § i 4 ez ™ B3 5 ihde 5 F fx——Anti
Markkovnikov (Radical Addition to Alkenes: The anti-
Markovnikov Addition of Hydrogen Bromide)

no

CH,CH=CH, + HBr —> CH,CHCH, Markovnikov

peroxides |

Br
2-Bromopropane




Anti-Markovnikov

ROOR
CH,CH=CH, + HBr > CH,CH,CH,Br

1-Bromopropane

F RS
chain initiation:

(A
Step 1 R— 0 O0—R 252 R—0-

Heat brings about homolytic
cleavage of the weak
oxygen-oxygen bond.



chain propagation:

Step 2 R—Q-”?Holg,r: >R—O:H + : Br-

The alkoxyl radical abstracts a
hydrogen atom from HBr, producing a
w N .
Step 3 :Br- + H,C=CH—CH; — :Br: CH,—CH—CH,
2° Radical

A bromine atom adds to the double bond
to produce the more stable 2° radical.

Step 4 :Br—CH,—CH—CH, + H; Br:—:Br—CH,—CH—CH, + ‘Br:
S H
1-Bromopropane

The 2° radical abstracts a hydrogen atom from HBr. This leads to the
product and regenerates a bromine atom. Then repetitions of steps 3 and 4
lead to a chain reaction.



chain termination:

Br. Br - B

Br

LAY g Her, CCly

HBr, CH;OOCH;
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A) Calicheamiciny! 3!4=#% %% apoptosis

Me O MeSSS
I s @)
2 0)
O OMe OH
Me 9] OMe
HO v II;II O
Me 0 £
OH MeO
Calicheamicin y,'

Isolated from #Micromonospora echinospora



attack

(1) nucleophilic

A 4

(2) conjugate
addition

0\
Sugar

N\
S
7 Nu

MeS
Calicheamicin ,'

Be]‘gman
cyclo-
aromatization

DNA
diradical

0, ( DNA double
. Cc

trand cleavag
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Step 1 Chain Initiation

H H H H
R SR
CHg(HZ%H H (CH,);CO.R’ CH5(CHy),H  (CH,);CO5R’

R.
Linoleic acid (as an ester) - g A -
R R

CH4(CH,);H (CH,),;CO,R’



Step 2 Chain Propagation

(.Q_Q.

< H H H H

CH3(CH,), H (CH,);CO5R’ CH3(CH,), H  (CH,);CO5R’
Another radical
L@—@”Q—o: H—0—0:
H H H H
A = B A
CH4(CH,), H (CHy)-CO,R' CH4(CH,), H (CHy)7COsR’
Hydrogen abstraction from A hydroperoxide
another molecule of

the linoleic ester



FERY BNt RITER AP
CH3CH3 > CH3CH,l

CH3CH3 > CH3CH,OCH,CHjs
@ - O

Br
. P

CHj

OH

N » CH3CH3z and H— H




CH3CHa

> /\/OH



