We can use bonding theories to
explain reactions and reactivity

e Lewis structures allow us to “push electrons”
but explain little

* Valence bond theory allows us to use Lewis
structures in a natural way, bringing in
“resonance,” “hybridization” and “orbital
overlap.”

* Molecular orbital theory allows us to explain

how bonds are formed and broken by donation
of electrons from a HOMO to a LUMO

How do we explain this?

» Lewis/Valence-bond theory does not allow
an explanation but does allow us to “push
the electrons” to provide a convenient
picture.

* “Frontier MO theory” allows us to explain
this in terms of the donation of electrons
from the HOMO of the nucleophile to the
LUMO of the alkyl halide electrophile.




Molecular orbitals: Lewis picture
of the S 2 reaction

% /N‘_I\CCC

tN= , H
Hll'/ Y
H
/H
t N=C—Couny oix
\ N
H

Transition state for the S 2 reaction can
be explained with valence-bond theory

* Bond to chlorine H

breaks as the bond to |

cyanide forms. tN=C-emv o Gl
« Notice that negative i\ *

charge is spread H H

“evenly” between the
nucleophile and the
leaving group.

* But why must attack
be from the backside?

animation
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MO explanation: the nucleophile fills
the unoccupied, antibonding orbital

b. Front-side attack
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a. Back-side attack

3 L . - > empty "
@»Nu q pccw’ @& Br \..E) antibonding MO

an in-phase
(bonding)
interaction

. filled o
&®C d/ Br @ bonding MO

MO explanation: the nucleophile fills
the unoccupied, antibonding orbital




Molecular orbitals are required
to explain backside attack!

Mechanism of the Sy 1 reaction

Two-step reaction
Requires good leaving group

Requires nucleophile that is a poor base
— animation

mechanism for the 541 reaction of an alkyl halide

L‘nucleophile attacks the carbocati0n|
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S\ 1 racemizes the substrate
Sc—br
. H ,4 carbocation intermediate]
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Syl can lead to rearranged product

CH; CH; CH;
.  12-hydrideshift | Ho
CH;CHCHCH; + B —————— CHiCCH,CH; ~—— LH;(lLH:LH_‘

CH secondary tertiary "OH
[ 3 carbocation carbocation H

Syl

CH{CHCHCH, [0
Br
CH; CH;
2-bromo- |
3-methylbutane \ :':,2 CH.CHCHCH; + Br CH;CCH,CH; + H,0*
OH OH
3-methyl-2-butanol 2-methyl-2-butanol

Telling Sy1 from Sy 2

the configuration is inverted
relative to that of the reactant

CHCHy \(liHECH_a,
- Sn2 conditions =
/C\'"‘H + HO Ho C\ + Br
H:C T, HO CHs
(5)-2-bromobutane (R)-2-butanol
product with product with
inverted retained
configuration configuration
CHZC“} CH:CH; CHECI"h
| H.0 Sn1 conditions | | HB
/C i + O ——— “‘ch\ + /C ] + r
H;C Br H;C HO CH; H,C OH

(5)-2-bromobutane (R)-2-butanol (5)-2-butanol




The FULL S, 1 mechanism, or, why the
isomer distribution isn’t always 50:50

R—X — R* X~ —— RtE X — R'&E =P X~
undissociated intimate solvent-separated dissociated ions
molecule ion pair ion pair
CH,CH; CH,CH;
O~ C 7 HO HO0 ~ Cl Br 2 D
H;C H HiC H
Br~ has diffused away, giving HO Br~ has not diffused away, so it blocks
equal access to both sides of the the approach of H;0 to one side of the
carbocation carbocation

Effect of size and solvent on
nucleophile strength

increasing
nucleophilicity
increasing in a protic
size solvent
E- ‘ I
CI-
Br~
I L l
increasing increasing
basicity nucleophilicity in

an aprotic solvent




Nucleophilicity as function of
solvation

Table8.2  Relative Nucleophilicity Toward CH;l in Methanol

RS" > T > 'C=N > CH;O" > Br > NH; > CI" > F~ > CH;0H

h increasing nucleophilicity |

» Larger nucleophiles are more poorly solvated in
protic solvents
» Better solvation makes a poorer nucleophile

— Stabilizing the reactants makes the activation energy
larger

ion—-dipole interactions
between a nucleophile
and water

Stabilization of a
nucleophilein a
protic solvent




DMSO and DMF are polar aprotic
solvents that don’t solvate anions well

HyC_ &+ CH;
S
the &- is on the surface . (”)
of the molecule P
H,C CH;
> T o
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AN _||
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the 5+ is not H;C CH;

very accessible

DMSO can solvate a cation better

N,N-dimethylformamide - L
than it can solvate an anion

DMF

dimethyl sulfoxide
DMSO

» Poorer solvation makes a better nucleophile

— Destabilizing the reactants makes the activation
energy smaller

Table 8.7  The Dielectric Constants of Some Common Solvents

Solvent Structure Abbreviation  Dielectric constant  Boiling point
(g, at 25 °C) (°C)
Protic solvents
Water H,0 £ 79 100
Formic acid HCOOH — 59 100.6
Methanol CH,OH MeOH 33 64.7
Ethanol CHy;CH,0H E1OH 25 78.3
tert-Butyl alcohol (CH1);COH tert-BuOH 11 823
Acetic acid CH;COOH HOAc 6 117.9
Aprotic solvents
Dimethyl sulfoxide (CH1),80 DMSO 47 189
Acetonitrile CH,CN MeCN 38 81.6
Dimethylformamide (CH3)sNCHO DMF 37 153
Hexamethylphosphoric acid triamide  [(CH3).N]:PO HMFPA 30 233
Acetone (CH1),CO Me,CO 21 56.3
Dichloromethane CH,Cl, — 9.1 40
Tetrahydrofuran THF 7.6 66
(8]
Ethyl acetate CH,COOCH,CHy;  EtDAc 6 77.1
Diethyl ether CHyCH,OCH,CH;  Ei,0 4.3 4.6
Benzene O 2.3 80.1
Hexane CH3(CH,)4CH;5 — 1.9 68.7
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Effect of solvent polarity on reaction
rate for ionic nucleophiles

transition state is less highly charged
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Effect of solvent polarity on reaction
rate for neutral nucleophiles

transition state is more highly charged
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Why is SAM such a good
methylating agent?

NH,
N” N
N L)i ) ;\[Q

Nu + 0, C(|'[ ICH,CH, S C][ — NuCH; + 'OgC(|‘[ICH3Cl-{3$—Cl-[3
NH; NH;
i + -
S-adenosylmethionine S-adenosylhomocysteine
SAM SAH
OH OH OH OH
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Why is N>-methyltetrahydrofolate
such a good methylating agent?

H
HQNYN N
Nu + — NuCH; + HN | j\
CHgNHR N~ "CH,NHR
/\> S H

H CH
. tetrahydrofolate

e methyltetra hydrofolate
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