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Nucleofilos

e Within a group of nucleophiles that attack at the electrophile with the same atom,
the nucleophilicity decreases with decreasing basicity of the nucleophile (Figure
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Nucleofilos

e This parallel between nucleophilicity and basicity can be reversed by steric ef-
fects. Less basic but sterically unhindered nucleophiles therefore have a higher
nucleophilicity than strongly basic but sterically hindered nucleophiles (Figure
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Nucleofilos

 Nucleophilicity decreases with increasing electronegativity of the attacking atom.
This 1s true both in comparisons of atomic centers that belong to the same pe-
riod of the periodic table of the elements

R,N®> RO® > F° RS® > CI°

Et3N >> Et26

e and in comparisons of atomic centers from the same group of the periodic table:

RS® > RO® T > :Br® > :C1° > :F°

RSH > ROH




Nucleofilos

 The nucleophilicity of a given nucleophilic center 1s increased by attached het-
eroatoms that possess free electron pairs («a-effect):

HO—O0° > H—0°

H,N—NH, > H—NH,

The reason for this is the unavoidable overlap of the orbitals that accommodate
the free electron pairs at the nucleophilic center and its neighboring atom.



Grupo de partida

O )
o R—OQCF3 = R—OTf Alkyl triflate
|(|) (Record holder; for R = allyl or benzyl ionic
mechanism)
O
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Good leaving groups:
RHal and epoxides can
be further activated with
Lewis acids
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Para a proxima aula

—10 postulado de Hammond implica que o grupo
de partida € uma espécie estabilizada, nao uma
especie de alta energia. Explique.

—1Depois, baseado no texto acima explique:
—Ir>Br>ClIF>F
—F3C-SO3" > Me-C¢H4-SO3-



Substituicao Nucleofilica Bimolecular, Sn2

An Sy2 reaction refers to an Sy reaction

k
Nuie\-l_-/,R—ﬂX > Nu—R + :X°

d[Nu—R
[ udt | = k[Nu®][R—X] @1
where k = A exp(—E,/RT) (2.2)
Nu—R + X°

» Reaction coordinate




Estereoseletividade em reacoes SN2
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Mecanismo “guarda-chuva”



(3 @
(3 @ J
Y
(3 @ ]
(I @ ]

Experiment 3
(Crossover
experiment)

l

[He]-A + [De]-A —>
(50 : 50 mixture)

<

Experiment 1

l

CH,
25% [He]-B

CH,

\ 25% [H;D;]-B

Experiment 2
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Q
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[De]-A

CD;,
25% [Dg]-B

CD;
25% [D;H;]-B




Intermolecular Substitution

Intramolecular Substitution
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Efeito esterico

desestabilizagao do TS com o aumento do impedimento estérico
resultado: aumento da E; e a ksn2 diminui

Sn-Product

three 109°28° six 90°
Interactions Interactions

= Reaction
coordinate




Efeito esterico: Tendencias e regras

e The SN2 reactivity of an alkylating agent decreases with an increasing number of
the alkyl substituents at the attacked C atom. In other words, @ branching at the
C atom of the alkylating agent reduces its Sy2 reactivity. This reduces the reac-
tivity so much that tertiary C atoms can no longer be attacked according to an
Sn2 mechanism at all:

NuP + Me— X FEt—X iPr—X tert-Bu— X
ks 1= 30 1 0.025 tiny

Generally stated, for SN2 reactivity we have k(Me—X) > k(R,,;,,—X) >>
k(Roc—X); k(R,e;,—X) = 0 (unit: 1 mol ' s™1).



Efeito esterico: Tendencias e regras

e The SN2 reactivity of an alkylating agent decreases with an increase in size of the
alkyl substituents at the attacked C atom. In other words, 8 branching in the alkyl-
ating agent reduces i1ts Sy2 reactivity. This reduces the reactivity so much that a

C atom with a tertiary C atom 1n the 8 position can no longer be attacked at all
according to an Sn2 mechanism:

Nu® + MeCH, — X EtCH,—X iPrCH, — X tertBuCH, — X
kSNZ, rel = 1 0.4 0.03 tlIly

Generally stated, for SN2 reactivity we have k(MeCH,—X) > k(R,,,;,,CH,—
X) >> k(RcCH>,—X); k(R ,.;;CH,—X) = 0 (unit: 1 mol~ ' s™1).



Efeitos eletronicos na reatividade:

Estabilizacao conjugativa

Nu® + MeCH, — X  vinylCH, — X  PhCH, — X
Ksn2, rel = 1 40 120

Because of the substituent effect just described, allyl and benzyl halides generally
react with nucleophiles according to an Sy2 mechanism. This occurs even though the
Sn1 reactivity of allyl and benzyl halides is higher than that of nonconjugated alkylat-
Ing agents

X -“ K
C e
)ﬁ” .9 Q.
b > b/' \ q = conjugative stabilization by
d 00 @ overlap with the parallel

+ Nu® antibonding MO of the 1 system




Substituicao Nucleofilica Unimolecular, Sn |

= Reaction
coordinate




Experiment 1 Experiment 2

l l
Quem é o S @ o
melhor q 9

nucleofilo? l l

Py ou EtN? f+:© L, e
C1° O

pKan=5,21 pK.x=10,78

Para proxima aula:
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(Competition
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Cl N khet
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N_~
O (1:1,
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“Ion pair”

Hex /\v H\ Hex H
aqueous \——_|® o .7
o > | P
Me"“ Br EtOH /O/ g K‘ ------ Br- . \O\
H H Me H H

R-Enantiomer

very fast fast
\

H\ Hex Hex . /H
<5 ‘ >
/OAQ/ 1\/{e Me\‘>_ O\

H H H H

_g® _H°
Hex Hex
/OAQ’MG ¥ Me\‘>_ %
H H H H

83% S -Enantiomer + 17% R -Enantiomer, or:

66% S-Enantiomer + 34% Racemic mjixture
inversao racemizagao
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Solvent-separated ion pair

4 A N\
Ph N H I‘>h H
\ aqueous \———_|o® y 5
Me \\y Br EOH > /O/ \:\\ ___________ \O\ + Br
H H Me H H
R-Enantiomer
relatively  just as
slow slow
H\ Ph Ph . /H
<0—< ‘ >
/O%/ Me Me\‘>_ O\
H H H H
_Hg°® _y©
Ph Ph
/OAQ’ Me Me\‘>_ O\
H H H H

50% S -Enantiomer + 50% R -Enantiomer, thus:
0% S -Enantiomer + 100% Racemic mixture

L.




Table 2.1. Free Energy Values from Gas Phase Studies (Lines 1-3). Free Energies of Heteroly-
sis in Water (Line 4) Calculated Therefrom According to Figure 2.15

N heterorise, het
R—Br > Me Et iPr tert-Bu PhCH,
R@ + ﬁr@
A(;het,g
m +214 +179 +157 +140 +141
AGho i (e
gés . hyl‘; & 1) 96 _78 59 _54 59
cal/mo
AGyod (B
. ‘3‘* (Bl % 7 7 7 7 )
cal/mo
AGhet, H>O
HZO —_— T +47 +30 +27 +14 +11
AH .
(Cf, ‘Em’ ;‘/“y mledlum ) (+71) (+68) (+69) (+63) (+51)
cal/mo
T1/2. het, 298 K > 10 yr >10° yr > 220 yr >0.7 s >0.007 s

*From these energies and using the Eyring equation (Equation 1.1), one can calculate minimum
half-lives for the pertinent heterolyses in water (line 6). These are minimum values because the
AGpe 0 values were used for AG* in the Eyring equation, whereas actually AG*

> * AGpet n,0- AGhya = free energy of hydration, A Gy = free energy of heterolysis, and A Hyon =
enthalpy of ﬁomolysis.
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SN |: Efeito da polaridade do solvente

AGhe S @D
R— Brsolv t > Rsolv +
A A
AGg (small AGg (large

R—Br

absolute value)

[\

AGhet, g
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Solventes

i
DMF = Dimethylformamide: = H—C—NMe,

0
AN
NMP = N-Methylpyrrolidone: ()NM‘?

DMSO = Dimethylsulfoxide: Me—S—Me

|
O

DMPU = N,N’-Dimethyl-N,N -propylene urea:

HMPA = Hexamethyl phosphoric acid triamide:

25
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Efeitos de substituintes,VB Theory

Table 2.2. Stabilization of a Trivalent Carbenium Ion Center by Conjugating Substituents: Ex-
perimental Findings and Their Explanation by Means of Resonance Theory

Stabili-

zation VB formulation
Of o)

N P
N, |increases P N

26




Table 2.3. Stabilization of Trivalent Carbenium Ion Centers by Methyl Substituents: Experimental
Findings and Their Explanation by Means of Resonance Theory

Stabili-
zation VB formulation
Of@
H
H3C@ H_<@
H
[ Hg, H Hy
H3C_H2C@ < HB%_<@ <> HB p— <>
Hg H Hg H
Hp H Hg H 1 i.e., 1 no-bond
2 resonance form
increases Hg >:< -~ HBA@:< > H
Hg H Hg H per Hg
Hg  Hg )
Hg Hg
(H3C)2HC@ ) Hg @ <—> ( no-bond resonance forms ¢
Hg H
(H,C),C® <—> 9 no-bond resonance forms
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Efeitos de substituintes, MO Theory

PhCH,—X Ph,CH-X Ph,C—X

kst ra 1 1000 108
E
A
I n2pz
half the

conjugation energy

localized delocalized localized
MO MOs MO

28




Efeitos de substituintes, MO Theory

half the
conjugation energy

localized delocalized localized
MO MOs MO
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SN vs. SN2

Sn1 reactions are observed

always 1n substitutions on R,.,,—X, Ar,HC—X, and Ar;C—X;

always 1n substitutions on substituted and unsubstituted benzyl and allyl triflates;
in substitutions on R,,.—X when poor nucleophiles are used (e.g., in solvolyses);
in substitutions on R,,.—X that are carried out in the presence of strong Lewis
acids such as in the substitution by aromatics (“Friedel-Crafts alkylation;” Figure
5.21);

almost never in substitutions on R,,;,,—X (exception: R,,;,—N"=N).

Sn2 reactions take place

almost always 1n substitutions in sterically unhindered benzyl and allyl positions
(exception: benzyl and allyl triflates react according to Sy1);

always 1n substitutions in MeX and R,,;,,—X;

in substitutions in R,,.—X, provided a reasonably good nucleophile is used;
never in substitutions in substrates of the type R,.,—X or R,.,—C—X.
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Participacao do grupo vizinho

Because of this neighboring group participation, a cyclic and possibly strained (de-
pending on the ring size) intermediate A is formed from the alkylating agent:

. » \.
Coclx o =x2 C_gcw. Nu® C::/.C—Nu

w . .
V' rate-determining

SN2 / Sni A (three- or five-membered) B

SN |
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Participacao do grupo vizinho

32



S . H@l
Mustard gas

H,O fast |
HOV\S/\/OH -« < 2 /’\Aga/\/OH as

33



Aumento da velocidade com a

participagao do grupo vizinho

H H
(BTS
H3C OTS fast
x “one”
D D — OTs®
D D
Ethyl tosylate Phenethyl tosylate Phenonium ion 1:1
O O
Y \J
H H D D
H3C>(O\||/C F, O\H/C F, O\||/CF3
+
I:1
_HO ~H®
‘ ......
-
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Estereoseletividade como efeito do grupo vizinho

HO o HO o HO o
HO MeOH HO HO
HO
OMe

HO OH HO
a-/B-D-Glucose an a-Glucoside isomeric B-Glucoside
‘ A
r 1) Ac,0O, Pyridi
Préoxima aula: como? [ Ac. Pyridine
2) HBr l KOH
AcO AcO
/
AcO o> AcO O oM
AcO + AcO C
o) 0

A
+ AgClO,4 in MeOH,
slow l _ AgBr

HQMQ
AcO ® AcO
AcO O\‘D AcO O
AcO very fast AcO
—_— >
O H ® Q0
)%Q | )L @)

D
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Estereoseletividade devido a
participacao do grupo vizinho

0° OH H

O— |(_):
® NaN02 C . D o
> . — < >
H\§‘ NH3 HX ’ H\\\ \}\I N X y I
R R ® OH
S-Amino acid Proxima aula: como? |

<10 OH l OH
— AN AN
o /—0 n\H O= O=
, 3 \
H3N /// H (SN2 H \\\‘ BI‘ Or H \\\‘ OH
R reaction) R R
R-Amino acid for HX = HBr for HX = H,SO,
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Aplicagao de reagoes SN em sintese

Hydride nucleophiles
R imsee—X + L1BEtzH » R—H
+ LiAlH, » R—H

Organometallic compounds

Rprim_X + (R/prim)ZcuLi » Rprim_ Rlprim
+ vinLi or vinMgX/cat. CuHal or vin,CulLi » R,,;;,—vin
+ ArLi or ArMgX/cat. CuHal or Ar,Culi1 > R, ,— Ar
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Aplicagao de reagoes SN em sintese

Heteroatom-stabilized organolithium compounds

SO,Ph

Ryin—X + Li—

R

Li.__H
><

. S7s

L
Li><R

. S7S

L

SOzPh Na/Hg Rprim_\
R Nz )
R
Rprim H
S S HgO, - Rprim\/H
e
Rprim><R

S S HgO, Rprim N~ R
|

ey
O
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Aplicagao de reagoes SN em sintese

Enolates

O@M S

I
R..
Rprim(sec)_X N gl\ R2 prim(sec) \l/\ R2
R R!

1

0°M*® O
/ K R rim(sec) || 9
+ { OR? —» 7 \K\OR
R! R!
o0°M® ﬁ
O
%/ K Rprim(sec)Y\ H;0 69, > R ||
+ —> A ~
CO,R CO,R
0°M*® O

| 0
/ k Rprim(sec)\(\ H O®
OR OR 30 |

CO,R CO,R




Aplicagao de reagoes SN em sintese

Further C-nucleophiles

R,m—X + M°C=C—H or M®“C=C—R ——> R,;,,—C=C—H (R)

R

prim(sec) X + K@CN © > Rp CN

rim(sec)

Kolbe nitrile synthesis
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Aplicagao de reagoes SN em sintese

N-nucleophiles

0 0 / 0 \
\ \ o |
R—X + K®°N — > R-N 2 e |R—NH, + W
HN
J J \ )
1 A 0O
Gabriel synthesis of primary amines
LiAlIH, or
o6 Bu;SnH or
+ Na N3 —> R_N3 > R_NH2

+ KPNCO°® ———> R—N=C=0

4]




Aplicagao de reagoes SN em sintese

S-nucleophiles

R—X + N328203 — > R_S_SO3@ NﬂeD (H—C1> R_SH)

O O
50 || || OHe
+ Na*°S—CCH; ——>» R—S—CCH; [———> R—SH

NH, NH,
/ i o OH°

+ S:C\ — R—S—C\-:x@ X ——» R—SH
NH, NH,
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Aplicagao de reagoes SN em sintese

Hal-nucleophiles
acetone or

—X + Na%I° > R i
methyl ethyl ketone prim(sec)

!

Finkelstein reaction

R

prim(sec)

P-nucleophiles ( —> precursors for the Wittig or Korner—-Wadsworth—Emmons reaction)

R,.,,—X or iPr—I + PPh; ——> R—PPhy X"

P
R,. —P(OEt), X° R, im—P(OEt
R,m—X + POE); —» | »in | )iJ —> 1002
®(Q—Et - O

i - \J -

Arbuzov Reaction
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Aplicagao de reagoes SN em sintese

O-nucleophiles

R,.,—X + Na®“OR » R,.,—OR or
}
Williamson ether synthesis

v

—X + Na“COAr > R, im(sec—OAr

R

prim(sec)

+ CsP°0Ac > R imsecy— OAC
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