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metil- és primer alkilvegyuleteknel kizarélagos szubsztitucios fajta
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uncluttered approach for
nucleophile in Sy2 reactions of
methyl compounds (R=H) and
primary alkyl compounds (R=alkyl)
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energy diagram for an 5,2 reaction
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ate rate

slope 1 slope 2
[Mel] [NaSMe]
If [MeSNa] is constant, the equation becomes If [Mel] is constant, the equation becomes
rate = kz[Mel] where k; = ka[MeSNa] rate = kp[MeSNa] where ky = ky[Mel]

rate = kos[MeSNa][Mel]



® Therate ofan SN2 reaction depends upon:
® The nucleophile
® The carbon skeleton
® The leaving group

Table 17.3 Oxygen nucleophiles in the Sy 2 reaction

Oxygen nucleophile  pK; of conjugate acid® Rate in Sy2 reaction

HO™ 15.7 (H20) fast
RCO3 about 5 (RCO-H) reasonable
H-0 ~1.7 (H30™) slow
RS050™ 0 (RS050H) slow

Table 17.4 Halide leaving groups in the Sy2 reaction

Halide X in MeX pK; of conjugate acid HX Rate of reaction with NaOH

F +3 very slow indeed
Cl -7 moderate
Br -9 fast

| -10 very fast



Sn2 reaction
of allyl bromide

Sp2 reaction of benzyl bromide

Rﬂew

Br —

benzyl bromide

transition state

OR

OR stabilization of the
transition state by
conjugation with

the allylic ® bond

stabilization of the
transition state by
conjugation with
the benzene ring
(only two p orbitals
shown in the
benzene ring)




Reactive o-bromo
carbonyl compounds
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PhsP + Mel = PhsP—Me 1©
polar

a phosphine aprotic a phosphonium salt
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solvation of salts by polar aprotic solvents
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Na Br —_— Nal:l.‘_ 0 + Br@
solid salt (s) anion not solvated -
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hence more nucleophilic
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preparation of alkyl lodides by the Sy2 reaction R\/CBr R +

charge spread

RCHz:Br + Nal = RCHzl + NaEl+ . i | === gm===Br () | —=-- over two atoms
0 charge localized EL/‘ S (1 and Brl

on one atom (1-- 2= |
soh.renjucemne H H

— az aceton kevéssé polaris, igy alig szolvatalja a |—-iont, azaz noveli (vagy legalabbis
nem csOkkenti) reaktivitasat

— meég kevésbé szolvatalja az atmeneti komplexet, mert a negativ toltés eloszlik

— a NaBr oldhatésaga acetonban kisebb, mint a Nal-é
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rate rate
slope =0
CGRASAC e 9,
slope same rate at any [NaOH]
[t-BuBr] [NaOH]

rate = kq[t-BuBr]

the Syl mechanism: reaction of -BuBr with hydroxide ion

>t slow ){ ){ r\G'UH fast
Br OH

stage 1. formation of the carbocation stage 2: reaction of the carbocation
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planar structure tetrahedral structure

for the tbutyl cation for the tbutyl cation

wMe
Me (i e sp? orbital
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p orbital
correct incorrect
less repulsion between more repulsion between
bonding pairs of electrons bonding pairs of electrons
o orbital
®
empty p orbital—e -~ ®
A
CH3 !
CH3 H .,.,.,n'l""H
H

no stabilization: no electrons
to donate into empty p orbital
note: The C—H bonds are at
90° to the empty p orbital
and cannot interact with it

extra stabilization
from o donation
into empty p orbital

extra stabilization \ of planar carbocation
from o donation H
into empty p orbital hiperkonjugacio

of planar carbocation



carbocation
........ X‘ ——— would have to he
tetrahedral

Table 17.7 Simple structures and choice of Sy1 or Sp2
mechanism

Ft X R X F
structure Me—X K H>( HT
H
type methyl primary secondary tertiary
Syl reaction? no no yes good

Sy2 reaction?  good good yes no
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the allyl cation

curly arrows
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Olah's preparation of the t-butyl cation in liguid 504
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Table 17.11 Structural variations for the Syl and Sp2 reactions

Type of electrophilic carbon atom Syl reaction

methyl (CH3-X) no
primary alkyl (RCH->—X) no
secondary alkyl (R,CH™X) yes
tertiary alkyl (R3C—X) very good
allylic (CH;=CH-CH5—X) yes
benzylic (ArCH-—X) yes
a-carbonyl (RCO-CHo—X) no
c-alkoxy (RO-CHo—X) excellent

c-amino (RoN-CHo—X) excellent

Sy2 reaction
very bood
good

yes

no

good

good
excellent
good

good



az Sy 1 reakciodt a polaris protikus oldészerek elosegitik, mert szolvataljak

az ionos atmeneti komplexet, igy csokkentik annak energiajat, azaz a reakcio
aktivalasi energiajat
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Ph,P
OH + HNu - R

"/.\"Nu

Di-Ethyl

0
EY“/DTN%NJ.LD”#B Azo

Na. _CO,Et
Et0,¢° SN~

Dicarboxylate

miért hasznos ez a reakcio?

az OH—Nu csere altalaban nehéz, el6szor az OH-csoportot j6 tavozd csoportta
kell alakitani, a terméket ki kell preparalni, majd ezutan mehet a csere

a Mitsunobu-reakcio pedig egy edényben lejatszddik (one-pot reaction)



stage 1 of the Mitsunobu reaction
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stabilization of the nitrogen anion by the ester group

stage 2 of the Mitsunobu reaction ®
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E2 elimination

rate = K[t-BuBr][HO™]

I

2 molecules involved in
rate-determining step

El elimination of BuOH in H2S0,4
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slow fast
EE— . ®H — H ® —_—
OH GDH;

tbutanol isobutene
(2-methylpropene)
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the E1cB mechanism
rate-

X fast, reversible 0 X - 0 R2
; deprﬂmnati{:}f 2 dEtirt";:}m"E
- —_—

stabilized anionic
intermediate




kisérleti tapasztalatok szerin
a magasabb hémérseéklet,
az er6sen bazikus kémhatas,
a nagy terkitoltesl nukleofil (bazis)
kedvez az eliminaciénak

weak base: substitution strong base: elimination
pHaH =-7 pHay = 16
/ (plus a few % Eto@
> EtOH >l\ elimination) >l\ e )\
Cl
i OEt

A E2
v Spl -H*
@\mﬁ Etﬂp HM




small nucleophile: substitution

KOH
SN SN P Ve

Sp2

large nucleophile: elimination

NSNS . SN
N\ S, /

Br



general mechanism for E2 elimination rate = k[B7][alkyl halide]

/ T 3N ‘

x

Anti periplanar reactant Anti transition state Alkene product



elimination of diastereoisomer A
CH4

NaOEt
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CHs

250 times slower

—‘“\ (o
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H products
H
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favoured; equatorial -Pr conformation of diastereoisomer B

ring
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Zajcev-szabaly

Cl 0,®
KOCEt;= O K~
KOCEt;
—h.

ahogy a kolté kérdezné — miért e szivatas?

H methyl hydrogen
o e v OR ring hydrogens more anti-periplanar to Cl methyl hydrogens more
WO ring nydrogens hindered: no reaction RO accessible: bulky base
anti-periplanar to Cl prefers to form less

substituted alkene



this diastereoisomer eliminates to give this alkene (E)

Me Ph
Ph NaOH

Br
Me Ph
P H
only th | proton can H and Br must be
be attacked by HO anti-periplanar




this diastereocisomer eliminates to give this alkene (£)
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general mechanism for E1 elimination
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R%/ rate- R

H determining
step

rate = k[alkyl halide]

az E1 eliminacio Osszetett reakcio, amely két elemi [épésbdl all




substrates that readlly ellminate by E1
stabllized carxocations
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OH

H3;P04, H20, 165 °C
P

In E1 mechanisms, once the
leaving group has departed
almost anything will serve as a
base to remove a proton from the
intermediate carbocation. Weakly
basic solvent molecules (water or
alcohols), for example, are quite
sufficient, and you will often see
the proton just “falling off’ in
reaction mechanisms. We
showed the loss of a proton like
this in the last example, and in
the chart on p. 000. The
superacid solutions we described
in Chapter 17 were designed with
this in mind—the counterions
BFz and SbFg are not only
nonnucleophilic but also
nonbasic.

solvent: ®

HD —

is equivalent to

%
=




OH

major product minor product

More substituted alkenes are more stable.
H H
H H

\ﬁ\H \J%\CH 3 HsC 7 CH3

m* m*
48 380, g5l
H H H
H v
H

increasing substitution allows more C—H
and C-C g orbitals to interact with m*

no C—H bonds
parallel with m*

Zajcev-szabaly

hiperkonjugacié
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the E1cB mechanism

X

savas proton

fast, reversible
deprotonation

-

RE
RE

stabilized anionic
intermediate

Hi

rate-
determining
step



a kettéskotés helyzetét meghatarozza a (a) a savas proton és (b) a tavozé
csoport helyzete

o

double bond has no __
choice: must go here 2C ' Proton



leaving group

CO,Et - \)\\/COE Et \\ N

2 : 1 ratio

H

acidic proton

CO,Et

double bond has no
choice: must go here

mivel az intermedier anion sik, igy a kiindulasi vegyulet sztereokémiai sajatsagai
elvesznek — a fétermék a sztérikusan kevésbé gatolt kettdskotésu vegyulet lesz



E1cB elimination

deprotonation first H%B ‘9\5

~aving group second
=1 ) S5
leaving g LUR eI

X
EZ elimination
deprotonation and loss
of leaving group H%
simultaneous

E1l elimination

leaving group first

deprotonation second
H H%B




Weakly basic  Strongly basic, Strongly basic,
Poor nucleophile nuclesphile unhindered nuclesphile  hindered nucleophile
{e.g. Hz0, ROH}® (e.g. ', RS™) (e.g. ROT) {e.g. DEL, DEN, -Bud~)
methyl no reaction Sn2 Sp2 Sp2
HsC-.
X
primary (unhindered)  no reaction Snl Sn2 E2
.-"'fﬁh‘*x
primary (hindered) no reaction Sp2 E2 E2
Hhr;ﬂh"x
secondary Snl, E1 (slow) Sn2 E2 E2
.-f"l\'-x
tertiary Elors,l S5yl E1 E2 E2
_____.-' H-..‘_K
[i to anion-stabilizing  ElcE ElcB ElcE ElcE

group
0 X

!

e I_f‘*ﬂ-,

A Aoid conditions.
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