Nucleophilic

Substitution Reactions
Continued

Reaction Complexity
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Product Mixtures

substitution elimination
/\ ethanol J<
O@ + Br > o +
9% 91%
J< ethanol /\OJ< +>:
/\OH + Br
80% 20%

Reaction Mechanisms - Kinetics

E1 = Elimination 1st Order

Kﬁ l ; l
+ ‘OFEt rate=k| C-Br
H

Carbocation Stabilization

Recall: Alkyl groups stabilize carbocations
hyperconjugation

(&
HbC—H
¢ a partial t-bond
LUMO HOMO

HSGo—¢ = HS——¢
H—"C 3 = H ..
) d \HH 4 \HH
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Elimination: E1

Elimination: E1




Elimination: E1

~A

A. 1-alkene
Br
/\/I\ + IOH, Which is the
\ major product?
PN

B. 2-alkene D

112

Elimination: E1

—_

Br major
/\/i\ pmdud/\)\

R — 13

Reactions of Carbocations

react with ,\C—Nu + Nu—C/.
nucleophiles o <1 \™

N u:/(

.;c—x — _Clz@
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Reactions of Carbocations

react with ,\C—Nu + Nu—C/.
nucleophiles o

Nu:/(
-X — (|3\®

SG—H

\"(-)/

N

ol
/ N\ s

eliminate H®

Reactions of Carbocations

react with })—Nu . Nu—C/,
nucleophiles o \-

N u:/(

\ | \
C-X —» rearrange  (—
<l -S:i@ — SR

SR P
Sy
liminate H® c=C
eliminate / \
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Reaction Mixtures

substitution elimination
ethanol /\OJ< + >:
“NoH + Br — . .
80% 20%

Does increasing the basicity of the nucleophile
increase the rate of E1 reaction?

a.Yes b.No

18




Reaction Mechanisms - Kinetics

E2 = Elimination 2nd Order

 \
r rate =k lNu: “lC—Brl
(F + EtO@

H
Br E2 H
@ﬁ ..... - H/—\
""" e —H
Eto\_) 1o

E2 Mechanism

The E2 elimination is concerted:
Bond breaking

occurs at the same time as
bond formation

5 e 121

concerted reaction => stereoelectronic requirements

C-H and C-Br bonds must lie in the same plane

to form the 7t-bond

concerted reaction => stereoelectronic requirements

C-H and C-Br bonds must lie in the same plane
(antiperiplanar) to form the st-bond

Nu—H 123

any structural or
electronic change that
affects the transition
state affects the rate of
the reaction

T —>




o transition state leading to
HO----H l the trans double bond is

more stable

Which is the
major product?

H Br H The trans double bond is
& . — SCELI more stable and the
/\1/L\'H — X RS
H
Br ©
/\)\ + ::O: H
Br

/H;.\)\.H — HD

)
Which is the
major product?

N

A. 1-pentene "
M;

Y 9 / /\) E
/\)\+ OH Z -

\B. cis-2-pentene

NG

1-pentene
X

=
cis-2-pentene
AN
H H trans-2-pentene
127 R — major prodefct

C. trans-2-pentene

What is the product of E2 elimination of What is the product of E2 elimination of
H-Cl from the trans isomer of 2-chloromethylcyclohexane? H-Cl from the trans isomer of 2-chloromethylcyclohexane?

CH SR % CH SHe
CHy © CH -Hs —CH;
....CI
'..'CI trans H
; A B CH S)
3
wH O—CH3 CH3
C-both D —noreaction - ——
Cl

cis
129
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i - o..
O—CH; CH M\ 10—CHj, CH
CHy = 3 CHy = 3
H T H =
HI—™ E2 O/ H E2
Cl Cl
CH CH
H s 3

) ;@EH o CH,
e e - Q
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fastest reaction rate
produces least stable

HB E2

O—CH; CHs

(@)
T
w
BNO)
I —

133 R —_— 134
Br
Which is the
major product? P AN Br
CHsg i
PV HyC=C=0---H /\/\

CH H
A. 1-pentene N O ¢

H---o C-CH,
Br Q.. ¢ / /\) s
A P4
A+ iGCCH
CH3 B. cis-2-pentene 1 1-pentene
Br

P aN

C. trans-2-pentene H H 2-pentene

135 R —_— 136




Steric effects vs electronic effects
Transition state stability

) small bases:
‘O-R steric effect < electronic effect

stability of the double bond

R large bases:
'O'_(';_R steric effect > electronic effect
<y

R

least hindered proton.

137

/ S
Nu: + C—X —> Nu—C, + X
Ry \-
Nucleophilicity of the nucleophile
SN2 Steric hindrance (nucleophile and substrate)

VS
E2

Strength of the base

Steric hindrance (base and substrate)

o -} f P o
BY + -G — =C=CX +B—H+ X
H B 139

Hindered RClI, strong base

CHs  “~OH/MH,0
CH—C—Cl  ——>

0=$=0 secondary, strong base
Q  “OHM,0  elimination
CH3"CH,~CH-CH; > predominates
Sy2 o
N< CH3-CHy~CH-CHj3 CH3~CH=CH-CHjg
Vs I 11
E2 ' '
Which is(are) the major product(s)?
AL B.II. C.Iand II
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CHs
Sn2 G CH —é'CHz
Vs CH3;—C—OH 3R
| CH3
E2 CH3
I II.
Which is(are) the major product(s)?
AL B.II. C.IandII
_ secondary, weakly basic,
0=S=0 :
e & H/HOCHgOOd nucleophile
) o
CHy-CH,- Sy- CHs substltgtlon
predominates
Sy2
ISH
VS CHyCHpyCH-CH;  CHy-CH=CH-CH,
E2 I. 1.
Which is(are) the major product(s)?
A L B. II. C.IandII
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Substitution vs Elirﬁination. (Sy1vs E1)
Sy1
2 Br — R @ —>» Nu—i
E1 ¢ . O
Nu
The overall rate of
reaction is
] independent ;\ )I\

nucleophile.
AG

--------- l The product ratios of Sy1
and E1 reactions will depend
upon the nature of the
nucleophile

R — 149




Both require a stable cation and an

ionizing reaction medium.

\ [
C—Nu + Nu—C,
< -

How can I tell if the reaction is
Sy2 or Sy1 or E2 or E1?
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NU:/
SN1 \ substitution
VS C—X ®
oA —
El // \H } C_H
elimination
Both substitution and elimination occur C_C\
Elimination favored at high temperature
150
Summary of Sy2, Sy1, E2 and E1 reactions.
R
|
Ff R—(I:—x
CHz—X R—CHy—X R—CH—X R
10 20 3°
S\2 mainly Sy2 mainly Sy2 with  [NO Sy2. In polar,
except w?‘th weak bases and |protic solvents
hindered reactive nuc- Syland E1
bases eg. Ieoghll%s (? reactions are
(CH5),CO RS;”CNetc). observed. High
when E2 is E2 increases ]Ez\r/\:)eirature
observed. with strong liminati
bases elimination.
. When the
S\1, Elin nucleophile is a
ionizing strong base, E2 is
solvents. observed. 152




