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Experiments to Study Rxn Mechanisms MPOC Ch8

KineticisotopeEffectI
Isotopeshave the same chemical properties Labeling will not changethemechanism

o HH OH
Ph Br phv

D D O D

Ph rBr phu

Isotopes can minimallyperturbthe rim leadingto a change in An rate

KIE light isotope Fortheaboveelimination 1 7
KD heavyisotope

Origin
Vibrationalstates are quantized
The lowestenergy vibrational state Zeropoint energy 2PE

H X D
V forceconstant Mr mx.M.noew1e 1 2.186g

reducedmass Mx t Mmolecule It184 21186
0.995 1.99

UH Loser1Hisher E vibration
VD Smaller Lower E vibration Lower 2 PE

DissociationMorsePotential

µzpE Breaking C H requires less energyC D 2PE than C D

If C HID bond is breaking in the
RDS Kitshouldbe thanKD

is issues sta EEance
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Experiments to Study Rin Mechanisms

Z Z Z Z
T t iz Cg lo t Ikbrag Kit 7.2
N0z IN Oz KD

pKa 8 S 2 H or D pKa 5.6

This is a primarykinetic isotope effectC H C D bond breaks in the RDS
Maximum of 8
Lower for early or late transition states

ILGOy Oxidation
i TO o o H oOH 11 0 11 P.TS Holt1 t Ho Cr OH H o Cri

OH c it

If I OH I OH
orange

With C D the colorchase b Ibo
is muchslower 09

0 120 M
Primark k IE Horas t I l o CT
KHA 5.9 green R OH

NMR GL HPLC can all be Used to determine product ratios to measure KIE

SecondaryKineticIsotopeEffect
C HIC D bonds are close to the reactive site but do not break in theRDS

Sp's Sp2 in RDS dissociative

t

Ph i fpn ifiii.us PhtfEjf H
D Hhas

CP smaller
Normal Secondary KIE 1 I 1,4 L KIE barrier
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Experiments to Study Rxn Mechanisms

Sp Sp's in RDS associative
0 H RDS OH
11 t HCN 11 I

Ar HID Ar HID ART HID
CN

CN

D
0.73 Inverse Secondary KIE I commonly 0.800.9

FitThe out ofplanebending dominates the secondary
kit Hy Hb Dhassmaller

us 5 barrier
800cm I 1350cm

weaker forceconstant Smaller CHICD Gap

Bc 8 t FICTETS Fbc Oats t 8Ts k 0.96
W w
Great LG moreSp3 like X inverse

St of Secondary KIE
IBC OTS
w
more sp2 like

T.it Ef c
io

B normal secondary
KIE
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Experiments to Study Rin Mechanisms

LinearFreetationships LEER
Goal Studyhow substituents influence the rate or equilibrium of a rim

HammettPlots
Scale to measure theability of substituentsto influence the acidity of benzoic acid

7 0
t Iho 7 8 t 13010x the

X meta or para

0 o o

7 OH g y OH OH
f HE I 4met EDGI o N TW6
pKa 4.21 pKa 4.48 Y pKa3.44

0 0.27 0 0.77

Substituent parameter o for eachsubstituent
For Ph COOH of O

ox log KI PKa H pKa t
KH

when 0 0 X EDG Lessacidicthan PhCOOH
when 0 X EWG More acidicthan PhCOOH

0For PhCOOH opera ome.la
y OH 7 KOHinductiveeffect
I Hoinductive e resonance effect OH
0 0.13 0 0.38

Rho P Nin KO
Using Ph OH as a reference rxn that creates a 0 Chase
Compare other rxn to see if it involves a or 0
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Experiments to Study Rxn Mechanisms

O

Ar fettle Ph Y Ar

q Bo_O o
RDS puff Ph g

A

NIK Hl HAr

Near Ar p 3
Builds up in RDS

s
pu Nk t Ar Ar go Ph

O_O

Near Ar Ar 101 p 1 S
Builds up in RDS NILPh

Ex 6
Estimate K when X NO 0 0.71

me
o im

log 1k Po 1 popo Kx 1000KH
1012.38 071 2 104 M s
9.8 103MIS

A non linear plot can indicate change in mechanism or RDS

t lien Bo
Bo

7710
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Experiments to Study Rxn Mechanisms

i

With EWG the elimination
becomes the RDS

IOthertootsformechorismDeterminatif

1 Identify all products
2 IntermediateTrapping

SEE Nk

f 7 trapwith
furan

3 Crossover Experiment
Use to see if a reactant breaksapart before recombining to give a product

Claisen Rearrangement

Pan.tn I
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Experiments to Study Rxn Mechanisms

5
PathB FI too I

Experiment

I a is
t t t

OT 7
OH OH

e Xx 6
Must operate via a CrossoverProducts
Concerted Mechanism Not Formed

4 Stereochemical Analysis
Cl

Ibe tat Itc Oct by
Odb

Its Experiment

yes got f en

t 0 13 Consistent with mechanism C

Cl Oats

S IsotopeTracing

p
o Ph

p
OH

which substituent migrated
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Experiments to Study Rxn Mechanisms

Benzyne
n

t
me

6 RadicalClocks e Traps
Usedto trap a suspectedradical intermediate Newcomb

Tetrahedron 19931151

j j y
K 108 s l

l K 109 S ti in
Ph PhPh K 10 s

Example
EtQyR Nature 2018Iz

Tk t
Eto r Tat r r

1972

L Na
I I

EtOzC R Etoze ri
t I

carbene

f RMR
coffee

I t P R 74
R R
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Experiments to Study Rin Mechanisms 100

Used cyclopropane as a radical trap

t.o.IE I
IT I I IT I

T I T r ouPh CozEt Ph

Radical ICation Trap Newcomb JACS19949753

XJR g
R

g R
r 9I IPhl home phl home phl me
t t
R R

H H

Phl Once p me


