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Syl vs. Sy 2: Nature of Substrate

The substrate itself has an effect on the
mechanism.(Sy1 requires an intermediate
carbocation, while!Sy2 requires a backside
attack of the nucleophile (steric effects), i.e.

primary secondary tertiary

S\ 1 reactivity

S\2 reactivity
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Syl vs. Sy 2: Nature of Substrate

Reactivity of Alkyl bromide to S,1 mechanism:

H H H H,C
\\\lfBr afBr \YBr \\lfBr
H H3C H H3C CH3 H,C CH,

H

1 2 43 100,000,000
Reactivity of Alkyl bromide to S2 mechanism:

H H H H,C
qur \\\lfBr \\\lfBr l— Br
H H H,C H H,C CH, H,.C

s“ CH,

220,000 1350 1 too small to measure



Syl vs. S, 2: Solvent Effects

The solvent can effect the rate of formation and

stability of charged species. In general two types of
solvents are used:

* Polar protic solvents: a solvent that contains an

—OH group, they are good for dissolving anions and
cations. This increases the rate of Sy 1 but decreases
Sy2 by solvating the Nu. (water, alcohols, acids)

* Polar aprotic solvents: only solvate cations well
therefore good for Sn2 as the Nu is very reactive in
these conditions. (acetone, DMSO, DMF, acetonitrile)
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Syl vs. S 2: Solvent Effects

Effects of polar protic/aprotic solvent polarity on
Sy2 mechanism

Protic /aprotic Solvent l Relative Rate

. CH,OH 1
Pro'l'lc, [ 3=
H,0 7
' (CH,),SO (DMSO) 1,300
AProlic |(cH,),NCHO  (DMF) 2,800
CH,C=N 5,000
I \
—4 N=C—CH
0 /Y |
Aprohe Aprotic Aprstic

dimethylsulfoxide dimethylformamide acetonitrile



Syl vs. Sy2: Summary

Summary of S\ 1 & S, 2 reactions:

Varble lsa  Isa

Halide: 1° Pr’.mqvg NO

2" Secondary Yes

3" +erliavy YES

Stereochemistry Racemization

nucleophile Neutral ok as rate
doesn’t depend on [Nu]

Solvent Polar protic

YES
Yes
NO
Inversion

-+
Best when anionic

Polar aprotic best,
Polar protic slow



Syl vs. Sy 2: Nucleophile

1) Anions are stronger nucleophiles than
neutral molecules, i.e. HO" vs. H,O (but more
basic).

2) Nucleophilic strength increases down a
column in the Periodic Table (polarizability).

3) Across a row in the periodic table
nucleophilicity (lone pair donation) C > N->
O > F since increasing electronegativity
decreases the lone pair availability.



Syl vs. S 2: Summary

Summary of S, 1 & S, 2 reactions:
—1°-react S,2! Can’t make stable carbocation
— 3 ° - react S 1! Too sterically crowded for S,2

— 2 ° - reacts either S, 1 or S, 2, this is the one you
have to use nucleophilic strength and solvent
conditions to control the mechanism if needed.
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<\%’Q Formula Name Formula Name Comments

Oxygen nucleophiles +K-L

1. HO+ hydroxide e——— R—OH alcohal
2. RO KON ——pp R—OR ather
3. HoH water SL) +£ M _alkyloxonium fon These lons  witd ROH
" R—O\ lose a proton o
and the (alcohal)
x products are y "_
4. ROH alcohol  —p + /R dialkyloxonium ion alcohols and — . RoR
E R 0\ ethers, 22
’ fethes
g anien 0 Neofrel
5, R—c\o'“ carboxylate ——pp o ol o ester
amine AR s 5 :
€. NH; ammonia —— R—NH, el_kylammomum won With a base, e RNH,
& these ions R 3
?f;Mﬂr _rer-h'a""?. RN.D:IL primary amine ——)R—AEM,R dialkylammonium ion ;e;:l;z;ose ~ﬁ- R, NH _>§e¢.an5
Q/ & 8. RNH secondary aming ——gp R—NHR, trialkylammonium {on to give e RN > Terfiaty
" + amines.
1R 3R 9. RN tertiary aming ————3pR—NR; tetraalkylammonium ion
Sulfur nucleophiles
Sendar - L
10, HS: hydrosulfide > g SH thiol
5 11, RS+ mercaptide —> R—SR thioether {sulfide) o — UQ"’\Y‘*R
2 12. R,;s': thicether — R-—éR, trialkyisulfonium ton
Halogen nucieophiles
13,51 lodide — R—1: alkyl 1odide The usual solvent is
. " acetone. Sodium iodide
is soluble in acetone,
but sodium bromide and
sodium chloride are not.
Carbon nucteophiles
14, ~:C=N: cyanide s R—C=N: alkyl cyanide (nitrile) Sometimes the isonitrile,

R—N=C:, is formed.
15. ~;C=CR acetylide _ , R—Cs=CR alkyne
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Elimination Reactions

A problem arises in nucleophilic substitution
reactions in that nucleophiles are also bases.

This is especially true for anionic nucleophiles,
l.e.

Nu: + H* =2 Nu:H (Nu-H)

This can occur by the Nu abstracting a proton

(i.e. acting as a base) from the substrate giving
an elimination reaction.



Dehydrohalogenation Reactions

A dehydrohalogenation is an elimination reaction of
alkyl halides. It will compete with a substitution to
some degree, i.e.

Nu'S b gy,
/ Nu LG substitution
H

NU- 4‘_\‘LG
H \
ba&e S\uyw. >:< LG- Nu-H elimination

It is used to produce alkenes from alkyl halides



E Mechanisms

Like substitution there are several possible
mechanisms for elimination reactions. We will
examine two of them:*E1 and E2



E2 Mechanism

SN?.Oo
* Rate = k[alkyl hallde][base] (bimolecular)

* Stereochemical requirement: anti-periplanar L8
arrangement of the H atom and LG is required —=

— This results from an orbital interaction that allows the =
bond to form.
H e
Nu—H pibond ¢—> fllcene,

Nu: \'
Y / \




E2 Mechanism ol— S

—_—

Regioselectivity: where does the double bond form: Zaitsev’s
rule: most highly substituted alkene (watch for sterically hindered bases)

Stereoisomers:(trans > ci%

CH,CH,O

- L o
ad CH,CH,OH N (> h

Br

20% 60% 20%

Haj'or
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Summary of S,, versus E for
C> YH;‘.OJ*;_J,L@ y N 13 J9.d) slp
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— For Methyl and Primary Haloalkanes
Ls S\ ;

Summary of Substitution versus Elimination Reactions of Haloalkanes

Halide Reaction Comments

Methyl ——= @ The only substitution reactions observed.
Sy

CH3X Sn1 reactions of methyl halides are never observed. The methyl cation is
so unstable that it is never formed in solution.

Primary @ The main reaction with strong bases such as OH” and EtO". Also, the

RCH,X main reaction with good nucleophiles /weak bases, such as | and
CH;C00™. RS~, HS™ —> SN/ giuaw
> E2 The main reaction with strong, bulky bases, such as potassium tert-
T butoxide.

_SNHET Primary cations are never formed in solution; therefore, Sy1 and E1
reactions of primary halides are never observed.

Copyright © John Wiley & Sons, Inc. All rights reserved.
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Summary of Sy versus E for

Haloalkanes

— For Secondary and Ter%)ary Haloalkanes

Summary of Substitution versus Elimination Reactions of Haloalkanes

Halide Reaction Comments
Secondary Sn2 The main reaction with@veak bases/good nucIeophiIes) such as I” and
R,CHX — CH;COO". " r—)P-lur Apr-ﬁc
(\9\&" _Eg The main reaction with(strong bases/good nucleophileé such as OH™
- and CH;CH,O . *®
Sn1/E1 Common in reactions with(weak nucleophiles in polar protic solven@,
- such as water, methanol, and ethanol.
Tertiary SN2 SN2 reactions of tertiary halides are never observed because of the
R3;CX extreme crowding around the 3° carbon.
E2 | Main reaction with(strong bases) such as HO~ and RO
Sn1/E1 Main reactions WItI"(_poor nucleopmles/weak bases) HZO , ?OH

Copyright © John Wiley & Sons, Inc. All rights reserved.




E1 Mechanism

Base strength and competmg mechanisms:
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Substitution vs. Elimination

3° alkyl halides: only S\ 1 but either (E1 or E2)

— Weak Nu and polar solvent: Sy 1 and E1 compete

I o >:

~80% ~20%

o o >:

~0% ~100%



Substitution vs. Elimination

2° alkyl halides: S\1, S\2, E1 or E2 are all
possible.

— Weak Nu =» substitution
— Strong base =2 elimination
— Can use solvent to control Sy 1 vs. S, 2



Substitution vs. Elimination
2° alkyl halides: i.e.

SNy >

Cssl—nn_g Vulweak base - 3\\)2_

RS™
CH3S'Na™ /:

minor
strong Nu

CH,0" V.
}O Vo

strong base

minor major

weak 2N 5 SNg JE

N bhale

CH5OH

weak Nu



Substitution vs. Elimination

1° alkyl halides:

— Only S\2 and E2 are possible (no carbocations)

— Substitution dominates unless you use a sterically
hindered base I|ke (CH3)3CO K*

SN2 e 1EtO s’ - /\L/
EtOH \
90% /
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SCHs
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Summary of S versus E for Haloalkanes

: Predict the major product and the
mechanism for each reaction.

: Cl
4rq— _80°C
></ + Na"OH H2—0>

30 °C

2,
/K/\ Br + ((:2H5) SN —)CHQCIQ

+ CH;O~ Na™

methanol

4 \\\\\\(31
/E\/\I ¥ NaTOHT o
acetone

Copyright © John Wiley & Sons, Inc. All rights reserved.
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