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Substitution Reactions

S~1 reactions - Substitution Nucleophilic Unimolecular
- Rate depends on 1 concentration (concentration of the starting material)
- Not concerted — has a carbocation intermediate (stepwise reaction)
- Not stereospecific
- Works if leaving group is tertiary (not primary, slow on secondary)

Example: Tertiary Halide
-No Sx2 possible, sterically crowded — does work by Sn1

Adding water drives
equilibrium forward

(Le Chatelier's Principle)
*\—X + HO-H OH + HBr

Rxn is reversible
3° halide Sn1 occurs
X =Br
No SN2

E.g.
t-butylbromide
2-bromo-2-ethylpropane

carbocation intermediate
(alkyl groups donate e’)
sp2 planar
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Mechanism:

The bromine group leaves with its electrons from the
covalent bond, leaving behind a reactive carbocation
intermediate
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Carbocation Stability:

Tertiary i
Secondary Primary Methyl Cation
+— CHs H A !
HSC—Q@ > H3C—CI)@ > H—(ID@ > H-C®
|
CHsi CH3 CH3 H
Least
Most stable
stable (no Sy 1)

The 3 alkyl groups
donate e density into
the positive charge

Mechanism of Nucleophilic Attack on Carbocation
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If attack is from the top

Planar carbocation intermediate
sp?, bond angle 120°

Due to the 50/50 chance of attcking from the top
or bottom, the reaction is not stereospecific and
stereochemistry is lost.

sp®, tetrahedral, bond angle 109°
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The result of an Sn1 mechanism is often a racemic mixture or mix of diastereomers

e Sxl reactions run under acidic conditions (basic conditions will undergo elimination)



Photosynthesis and Related Reactions

NHs, S, Fe, Cu, Co, other

CO, + H,O CgH120¢6 + O, Natural Products
D-Glucose
Petroleum/
R-OH lonic substitution o Xz A
- - - anes
R=GR Syl & Sy2 hv
R-NH,
. Burning
RnSsh Radical substitution
‘ Carboxylic acid Y
Addition | | Elimination Elimination CCRELNEE CO, + H,0
E,&E, E, & E,
Y
Alk 9 O
enes Oxidation
H,C=CH, RJ\H R)J\Fﬂ
Alkynes
H,C=CH, Aldehydes and ketones
HC=CH

e Plants consume 4x10!!" metric tons of CO; per year and convert it to D-Glucose



Sn Example: SN2
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H3C—C(.|)—CH3
H
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HsC—I + HyC-O-H ——4——=  HgC-O-CHz + @©
Forward rxn
H H will not occur
| I
H-C—I H-C-O-H
3+ 8- o+l 6-4 0+ Much stronger acid
than MeOH

Weakest bond

Two possibilities

H H
H-C-0H| | H-C® Gm
6+H o- H

Hydrogen iodide is a strong acid and will drive the reverse reaction, meaning the forward

reaction will not occur.
In order to make the above reaction occur, a stronger base (such as sodium methoxide) must be

used to drive the forward reaction.

Wl hog e o MO e
-~
Reactive Weaker Base
Stonger Base
Example:

NaOH
N e 0 Sn2
H-C=EN _—~ Na C=N + HC—I ————> HC-C=N + N(g?l@
pK;=9 H,S0, Sodium cyanide <+«—X——  Acetonitrile
Highlv Toxi Toxic Because CN is not a good LG,
'ghly toxic (-) charge can’t be stabilized

The above reaction will not occur unless hydrogen cyanide is converted into sodium cyanide
using NaOH.

The product is acetonitrile, a common laboratory solvent.



REVIEW: Sx2 yes or no ? Examples

Ex #1) Will NOT proceed — no Sn2

® 0O
NaOH | ® ©O
Br X OH + Na Br
tert-Butyl bromide No Sy2
Not Sn1 because
disfavoured by basic

2-Bromo-2-methyl propane
conditions

Tertiary halide

< - ‘OH not a good LG
Ex #2)
Br No S\2 OH
Halide attached to
a double bond

| Hzo . | &5+ 6-

Br OH H—-Br
e
+ NaOH ———> norxn
Br

N\ /

@ OBr

a DO 52 ® 0O

+ NaOH — +  NaBr

Br (é)H
Ex #3) This one can work in principle
/Y + Na® NH R + NaBr
Br H 2 < X% H2N H
-NH2 bad LG

2-Bromobutane



Ex #4) The one below does NOT work

o, 0. 0 .
OH, OR, NR; are never good leaving groups

No Sp2

Stronger acid @0
okav1g  dm N N, T, T NeoH

HO H

Acid/base rxn occurs

/B{ H-NH,

H
© @ weakeracid

Na pKa ~36

In this reaction, the NH> species will pull off the most acidic proton (the one on the alcohol) to
from an alkoxide instead of undergoing an Sn2 reaction.

S~x1 and Sn2 Examples:

Ex #1)
(If this reaction worked,
+ +>
OH NaCl No Rxn it would be an Sy1)
OH is never a good leaving group
Ex #2)

H,SO,

‘\‘OH + HCI «~»C| *  HOH
Heat

N7

Carbocation
intermediate




Mechanism:

¢l T ®H
HSC_/C_O_H H3C_C_o:
.o ! o H -
HaC HaC
Ex #3)

6+

HyC S
H3C - p @ + HQO
HsC

~OMe
Br @ @ ' N @ @
+ NaOCH3 — NaBr

Secondary
Alkyl Halide
Achiral
No stereogenic center
cis-1-bromo-4-methylcyclohexane

Ex #4)
= ® ©

sBr NaOCH3
O-6+

Tertiary

Alkyl
Halide CH3OH

/(j,Br H,SO,4, A
\ o

Achiral
No stereogenic center
trans

No Sn2

no
stereocenter

/O':—OMe
+
/ Diastereomers

sp?, planar

1OMe



