2° hydrogens are 3.5 times more reactive than 1° hydrogens.

400 kJ/mol 413 kJ/mol 421 kJ/mol
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Predict the major product of the following reaction.
Cl
hy
Fd T )\/ + (\/
Cl

435 6 statistical
14 6 predicted

2° hydrogens are 3.5 times more reactive than 1° hydrogens.

400 kJ/mol 413 kJ/mol 421 kJT/mol
\w/ SN

H
O
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/T\H /T\H H
L3
3° 2° 1° reactivity et
CHy CHj CHy
initiator. | | 37
[LC—C—H + Cl - HC—C—Cl + HC—C—H + H=Cl <375 ® 5
CH3 CHs H,C—Cl
37% 63%

Predict the major product of the following reaction.

S _»hu

Cls )\/+(\/

70% 30% predicted

What is the selectivity of bromination in this reaction?

400 kJ/mol 421 kT /mol
| |
" ~cY Y
A |
—C—C—H H—C—H
| I
/T\H H
30
3° 1° reactivity e
o e o
initiator 37(9
430—(|:—H + Ch —— Hac—?—cw + H3C—(IZ—H + H—Cl F() %5
CHy CHj H,C—Cl
37% 63%
CHy CHj CHy

initiator | | 99.4(9
—_— HaC_(IZ—Br + ch—(I:—H + H—Br W()“ 1600
CHy CHj H,C—Br

99.4% 0.6%
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2° hydrogens are 3.5 times more reactive than 1° hydrogens.

400 kJ/mol 413 kJ/mol 421 kJ/mol

N

| _u | _n
M < \C/ \C/

o | |

—c—c*h H—C¥H H—ctH
/ | | |
c c H

1w 1w

3° 2° 1°

Predict the major product of the following reaction.

P _’h\)

o )CI\/+(\/

70% 30% predicted

In addition to many other compounds, four isomers
with the formula C3H(Cl, are produced in the
following reaction.

PN _ho C3HeCly + many other compounds
Cl,
cl_ ¢l cl cl
<]
ﬁ/\ Cl ¢! )Q CI\/'\ O

cl

A. Very sure this is true D. Maybe this is false

B. Somewhat sure this is true E. Somewhat sure this is false

C. Maybe this is true F. Very sure this is false

What is the mechanism of these reactions?
?Hi/‘;oo KJ/mol o, 432 KI/mol

Ho—G£H+ 0l —> Ho—C- + HoC) AH® = 400 - 432 = -32 kI /mol

CH3

CHs
CH, 243 kJ/mol CH, 349 kJ/mol

|
ch—(l:- + Cl=—Cl =™ HyC—C—Cl + «Cl

AH® =243 - 349 = -106 kJ/mol
|

CHj CHj 30
reactivity FC
CHy CHy CHy
HaC (I: H Cl nltetor, HC—C—cCl HiC—C—H + H—Cl 37,5
—C—H + —c—ql + —c— —a 2
3 { 2 3 i i 63/9 1
CHz CHz H,C—Cl
37% 63%
Is the first step exothermic?  A. yes B. no




What is the AH® for the overall reaction?

(I:Hf/wo K3 /mol o 4321kJ/mal
HC—C=H+ -0l —= HC—C* + H=Cl AH® = 400 - 432 = -32 kJ/mol
CH. CHs
CHy 243 kJ/mol CHy 349 kJ/mol
HyC—C* + Cl=—Cl — H;,c—C=cCl + -CI AH° = 243 - 349 = -106 kJ/mol
| |
CHs CHs
CH3 CHj CHy
initiator. |
*30—?—H + Ch —_— H3C—(ID—C\ + HzC—(ll—H + H—Cl
CH; CHs H,C—Cl

C- H-CI

IAH® = -138 kJ/mol

reaction”
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What is the difference in AH® of the first two steps?

H,C—H HC+
CHy CHy CHy
initiator. | |

130—?—H + Ch e Hzc—tll—Cl + ch—?—H + H—Cl
CHy CHy H,C—Cl

T

>

o

o

2 p—

§| C—H O .

?Hf/‘m K3 /mol o 432 kI /mol ]
Ho—G=H e -0 —> Ho—E: + HoC) AH° =400 - 432 = -32 kI/mol

CHj CHy

cHy  421KT/mol CH, 432 kI/mol

He—e—n/ ~a o= E—H +Ho) AH = 421- 432 = -11 kI/mol

AAH® =21 kJ/mol

reactior”

What is the reactivity of 3°to 1° if AAH* = 21 kJ/mol?

CHy 400 kJ/mol CHy 432 kJ/mol
: AH° =400 - 432 = -32 kJ/mol

HgC_(I:_H+ *Cl — H3C—[I3' + H—CI o °
CHs CH; 3°/1
?H3 421 kJ/mol CHy 432 kJ/mol 4 _ 1
Ho—g—y/% 0l —> HE—E—H + HE AH® = 421 - 432 = -11R37mol
HC—H H,C+ B= 5
c= 50
CHs tliHa _
HiC—C—H == HaC—?' D= 500
e omg E= 5000
1 -
. W'm kimol transition state theory (Ch 6)
j
St : K.q = 10257 = 1037 » 5000
C'Q
AAH =21 kJ/mol

reaction”

For a reactivity ratio of 5/1 what is the approximate A A H*?

?Hf/mo KJ/mol G 4321kJ/mol )
Ho—¢H+ 0 —= Ho—g: + HTCl AH® = 400 - 432 = -32 kJ/mol

CHy CHs

o, 421K3/mol cH, 432 kT/mol

° = - =-
Ho—E—1/% 0l —= He—E—H + HT AH° = 421 - 432 = -11 kT /mol

H,C—H HoCe
C—H -Cl =>c- H-cl AAH*=? A ~4
’ —_— Keq = 10757 B ~40
& Keq = 107572 5 C ~400
o e
[ I K,=10%57%5 D ~0
E ~-8
AAH® =21 kJ/mol
F ~-80

reaction”

Why isn't chlorination more selective?
CHa 400 kT/mol o 432 kI/mol
HgC—(IZ—H + .0l — HzC—(I:' + H—Cl AH® =400 - 432 = -32 kJ/mol
CHj CH,
cH,  421KI/mol cH, 432 kI/mol
i o =421-432=-
==/ ol —= no—E—n s o AH° = 421- 432 = -11 kI/mol
H,C—H HyC+
C—H Cl =>cC- H-Cl 3.5
r o1
T C-H--Cl
>
o
[
Q
§| C~H C
C.Q
AAH® =21 kJ/mol
reaction” 10
Is the first step of bromination exothermic? 366 K /mol
, 432 kI/mol 400 k/mol o

CH. 400 kJ/mol CH: CH.
i i S

ch—(l)—H-*'Cl = HC—Cr H—Cl HC C “H+ *Br HeC C* + H Br

CHj CHy CHy CHj
366 kJ/mol
cH,  421kI/mol cH, 432KT/mol o 421kT/mol CHy 2
HO—C—l/% *Cl —= HC—C—H +H=CIHC C /A “or HC C H+H' B
HaC—H HoCe HC “H H,C+
3 5 [OTH C H-Br s 1600
° 1 CoHBr 1° 1
1 1 AH° = +55 kJ/mol
& &
§ E /I - H-Br
S| C—H O . S| C—H Br
C- H-Cl
AH® = +34 kJ/mol
reactior” reaction™ 12




Why is the AAH* for bromination larger than that for
chlorination?

A AH* = 4 kJ/mol A AH* = 18 kI /mol

Hammond's postulate

C—H -Cl =>c. H-C

T T
> >
S| cH o S| CH Br
C- H-CI
A AH =21 kJ/mol A AH =21 kJ/mol
reaction” reaction™ 13

The addition of H-Br to 1-butene in the presence of
peroxides gives 1-bromobutane. Give a mechanism
for this reaction consistent with this observation.

— H—Br
NN\F —>R6 on P T

Predict the major products of the following initiation reaction.
AlH N
ROLOR ——> RO’ ——» FD—H + -Br

RO—Br: ‘Br H- RO—H
1 2 3 4

A 1+3 B.2+4 €. 2+3 D.3+4 E.11:4
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Hammond's postulate

The transition state for an
endothermic step resembles
the products.

The transition state for an
exothermic step resembles
the reactants.

Hammond's postulate

energy —
energy -
[3)
I

reactior” reaction™ 14

The addition of H-Br to 1-butene in the presence of
peroxides gives 1-bromobutane. Give a mechanism
for this reaction consistent with this observation.
H—Br

ANF T "
RO—-OR

o = H—Br ..
RO-OR —— RO" —» RO—H + ‘Br

Predict the major product, A or B, of the following
reaction.

AF ; N NEr
RO—OR
« u_g . ] s
RO 'w RO—H + -Br initiation

A + Br —» /\_/\Brof /\|/
A BBr

The addition of H-Br to 1-butene in the presence of
peroxides gives 1-bromobutane. Give a mechanism
for this reaction consistent with this observation.

. H—B . o
RO o RO—H + Br initiation




The addition of H-Br to 1-butene in the presence of
peroxides gives 1-bromobutane. Give a mechanism
for this reaction consistent with this observation.

. H—B . et o
RO" ——» RO—H *+ Br initiation

propagation

+ -Bi E— . .
N e B N e termination
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Organic bromides are easily reduced using fr/n-butyl tin
hydride in a free radical chain process.

Br

H
© + n-Buasn—Hﬂ» @ + n-Buz Sn—Br
{Sn-H

\ CN
AIBN = radical initiator = N=N — >\ + N=N

n-Buz Sn—H

What is the mechanism of this reaction?
Br

H
(j + n-Bugsn—Hﬂb © + n-Buz Sn—Br

What is the initiation step in this reaction mechanism?

H
n-BugSn—H + >\ e n-BugSn- + >Q
NC

NC

What is the mechanism of this reaction?

Br

H
@ + n-B%Sn—Hﬂ» © + n-Buz Sn—Br

What are the two propagation steps in this reaction
mechanism?

H
n-BugSn—H + >\ ——  n-BugSn- ¥ >< initiation
NC

NC

review: H |
H—cl:—H + c| — H—cl:- + H—(:::Il

propagation

What is the mechanism of this reaction?
Br

H
© + n—BusSn—H& © + n-Buz Sn—Br

What are the reactants of /astpropagation step in this
reaction mechanism?

O n-BusSn- nBuzSn—H  H-

1 2 3 4

Br

A.1+3 B.2+4 (€ 2+3 D.3+4 E 1+4

What is the mechanism of this reaction?

Br

H
@ + n-Bug Sn—Hﬂ> © + n-Buz Sn—Br

H
n-BugSn—H + >\—> n-BugSn- ¥ >§ initiation
NG NC

Br
n-BuzgSn-  + @ - O + n-Bug Sn—Br
H
O + 7-BuzSn—H —» (j + n-BugSn-

propagation




hv
FsC—1 + —

hy
FiC—1 —— FiC- + -1

)\( + RCr — FSC\)\K \)ﬁ/ =

| CFs CFs !

Facy\K |\)\( 'J\‘/ FSCJ\H
A B c D

Predict the major product for the following reaction.

Propose a mechanism consistent with the following reaction.

| FsC
FiC—I + 5/\ — &_\
X 1

hu
FaC—I FiC +

& FsC—I — &—\ + FsC-
27
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Predict the major product of the following reaction.
F h !
F—(::—I N — KK/\/
F F—C—F
F F F
| hv |
F=C—l —> F=C- + I
F F
‘ .
s M (\/\/
! F—C—F
F |
:
|
l/\/\/ | ’/]\/\/
F—C—F + F—C—I —>
i | F—C—F
F F |
i P
2F=C — F—C—C—F
F FOF %

Choose the weakest C-H bond in linoleic acid.

O E
H e — (}/H
/ B—> C—>| D—>
N H H H
O ~454
H — — o
/413—> ~288—>| ~368—>|
421 H H H
(o]
H\/\(\/a/a/\/\/\)ko/ﬂ

28

End of
Material for

Exam 3
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