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A Potentially Useful Flowchat
"Modern organic chemistry possesses a splendid and

powerful armamentarium for the attack on the problems
which excite the attention of its devotees. From time to
time here mention has been made of some of these
weapons, and it is certainly worth emphasizing that this
campaign could not have been concluded without
constant use of the very great body of principle and
mechanism which our theorists have placed at our
disposal, and without the beautiful physical tools
which we now have." - R. B. Woodward, 1955

( | have a reaction!

/\

(It works weII!) (It doesn't work weII)

Topics Covered: ca

[Cat]
m Competition Kinetics aA + bB —» pP
How? Why? p

UV-vis spectroscopy

EPR spectroscopy A
VTNA/RPKA

Kinetics vs. Thermodynamics Cat-A

Y Y

( Investigate the mechanism)

Not Covered:

m NMR techniques (e.g., isotope effects)

Electrochemistry techniques (FTWA, CVs, etc.)

m X-ray spectroscopies (XAS, XES, etc.)

Time-dependent techniques (TA, FTIR, Stern-Volmer, etc.)

[ Improve this reaction, or use the ]
e
Computational techniques (DFT, TD-DFT, etc.)

knowledge to develop the next on

Seeman, J. I. Angew. Chem. Int. Ed. 2016, 55, 12898 — 12912. 1
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Competition Kinetics

A —>» B rateq = k4[A]; = d[B]/dt

C —> D rate, = ky[C]; = d[D]/dt

[Al = [Aloexp{-kit} = [B]; = [Alo(1-exp{-kit})

[Cl; = [Cloexp{-kit} =  [D]; = [Clo(1—exp{—kat})

ratio: [B]; ~ [A]o(1—exp{—k4t})

[D]; [Clo(1—exp{-kat})

at early times*, 1—-exp{—kt} ~ kt

E> B _ [Alo(k1)
[D]; [Clo(k2)

the ratio of the products describes the relative rate constants

, and when [A]g = [C]o,

*if A = C, i.e., parallel first-order reactions, the ratio holds at all times

Competition experiments revealed a preference for increased basicity

~ N\ N \
N P e I > N=
H LN~ H
NN OAc
> N\)l >> \

H

Conducting a "built-in" Hammett Analysis at early times

H H
O CLI
N 9 N
H = Pd(OAc), (1 mol%) OAL =
>

Phl(OAc), (1 eq.)

+ +
X Benzene, 80 °C X
» CLIX
N~ N
H Y OAc Y
X Y Rati 08 p.oMe
ato p e-rich directing groups
— 04 react preferentially
CF3 H 0.15:1 = ’ ® m-Me
H F 013:1 X 00
o
Cl H 0.26 : 1 o

-0.4 y =-2.01x + 0.03
H Me 1.86:1 -Cl
© R2 = 0.94 P o p-CFs
Me H 234:1 08 m-CF3 o .
OMe H 3.83:1 -0.4 -0.2 0.0 0.2 0.4 0.6
Hammett (o)
EWG Me EWG Me
EWG
N EWG N . S
| ligand coordination
/ / " -
N N controls selectivity
-~ |
+ [Pd] +
EDG Me EDG Me
EDG EDG
| N | AN
P/ Z
r;l N
[Pd]

Sanford, M. S. et al. J. Am. Chem. Soc. 2008, 130(40), 13285-13293
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Deciphering between mechanistic pathways

¢! i I 1. Ni%(PEt,) | H
Cl Br Et;P- NI—PEt3 Et;P- NI—PEt3 THF, 23 °C
2. HCI
+ Ni’(PEt;) -_— +
—>
THF, 23 °C Me Me Me Me Me Me
F3C CF3 | H |
e-poor e-neutral 98%
—2.07V —2.23V radical pathway seemingly disfavored consistent with single electron transfer
L E° vs Fc/Fc' - '
°vs Fc/Fc
b K | Me Me | Me
-1.68V -1.92V Br I
Br I Et;P- N|-PEt3 Et;P- N|-PEt3 Me Me Me
Ni°(PEt;) ne T Me
* Me
THF, 23 °C
50% 37% k= 58x4 M's"  240+60 M's™'  2,700£100 M7's”

1 similar rates of _1

radical formation inconsistent with concerted oxidative addition

increasing steric hinderence increases reactivity

0.8 outer-sphere SET
0.6 Me | Me
| | 1. Ni°(PEt;) 0.4 Cl
THF, 23 °C — Me
2. HCI EI 0.2
—>
* < 0.0
3-02
CF; F 04 3F/{2= 2.613& 0.001
more more CF, -0.6 o
positive negative \ J 08 OMe
reduction reduction >9 . 1
potential potential -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3

reduction potential of Arl is key Hammett (o)

Hartwig, J. F. et al. Nat. Chem. 2024, 16, 930-937. 3
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A common example that uses competition kinetics are radical clocks With k spanning ~10 orders of magnitude, there is a radical clock for every occasion!
Br *
° kf . > M. k= 3><’]02 5_1 bstit )
—> 4_’ substituen
k. [AX] kn(he) K . effects can
N N = AT + _A [X] C..H . tune k by
1123 e AN — 3 -1
A B [BX] kg(ks) kg CiHa” k=1x10"s up to 10*
[X] | ka X]| kg when ki >> k. or k; ~ 0, P — Q/ k=2x10%s™"
[AX] Ka sp? and
= X heteroatom

BX] ks =8x107s7!
X [BX] ks -—q —_— > .. k=8x10"s clocks also
S X o widely known

Ph
o | iul(:zoomolf;/:/)) & R®* + M —» R-M vs. [R*..M] —3» R-M
phen mol% o o) N

(o) N inner-sphere

+ X KiPOs(1eq) + N C_X cloavade

NH > o g

DMSO AN (no free radicals) A
k=1x1010g1 107G, 20N >99 : 1 ratep = ky[Al[Trap]

radical generated
and captured separately
(standard bimolecular
radical capture)

[AX] radical generated
—_— and captured
[BX] in the same

coordination sphere
(inner-sphere radical
rebound or transmetallation)

o

O P(mToI) “ radical
N-Ch 0\/\ hv pathway
O P(mToI)3 TMecN @/o\/\ ©fg
23 °C
41%

Newcomb, M. "Radical Kinetics and Clocks", in Encyclopedia of Radicals in Chemistry, Biology and Materials, 2012, 1-17. 4
Hartwig, J. F. et al. J. Am. Chem. Soc. 2008, 130(30), 9971-9983. Fu and Peters, Science, 2012, 338, 647-651.

[Radical Trap]
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UV-vis Absorption Spectrosco : :
p p Py A Energy Diagram A | .Eltate II()_l?)g_jram A Molecular Orbital Diagrams
el s, E (Jablonski Diagram) £
A= 2500 CCC y
| S , " |
fluorescence Sy i * | +
emission A A i L 7 I
So Ty
250 300 350 400 450 500
wavelength (nm) s T ?l 1 ? T
Anthracene spectrum image credit: Edinburgh Instruments Ltd. > = >
q q So Sy Si T
Kasha’s Rule Vibronic Broadening
The emitting level of a given multiplicity is the lowest excited level of that multiplicity L
- - - - - ﬁ
Born—-Oppenheimer Approximation & Franck—Condon Principle
Nuclei and electrons can be treated separately; electronic transitions occur without changes in the positions of the nuclei L o *
T

Spin-Conservation Rule (Winger’s Rule)
In an atomic or molecular collision, the total electron-spin angular momentum of the collision partners should not change

: . . L
theoretical + vibronic + solvent o
§ transition g broadening g broadening 0 vibration
3 2 2 M doc-y?) —
? 2 2 L@ @& L |
o el e —
< < ‘ < ‘ ‘ | O vibration
| | | | L
Energy Energy Energy

Sels, B. F.; Solomon, E. |.; Schoonheydt, R. A. et al. Chem. Rev. 2024, 124(5), 2352-2418. Lewis, G. N. and Kasha, M. J. Am. Chem. Soc. 1944, 66(12), 2100-2116.
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Beer-Lambert Law 1 1 o " "
Abs = € x path length x concentration e/ Mlem Transition Allowedness Examples
0 i [ *
0-10 d ;]) (sj Or'; ?I'_) P zzft;?tal Io_nﬁ pa_lr E’ T The energy, width, and intensity of the
. 4 with spin ip with spin flip transition can give insight into the electronic
_5 100 - 10" dop X spin 3d(xz) > n* stru_cture_and geometry _(and thergby the
*é‘_ slope = € p * with spin flip / orbital with spin flip identity) of the examined species
o
§ . ¢ 10" - 102 d—>dorn—p vspin 3d(xz) — 3d(z?),
R X orbital lone pair — 7*
* Charge Transfer (CT) Transitions:
3_104 d— —d v spin 3d(xz) - n* i i
10°-10 p,p pir . . T Metal-to-ligand (MLCT), Ligand-to-metal (LMCT),
Concentration p—=>p v orbital TR Intra-ligand (ILCT), Intra-valence (IVCT)
Simple UV-vis measurements can identify the presence of key, reactive intermediates in catalysis
tBu , S ol 5V ve AdAc tBu , S tBu , S o
ZN, / _ o TVengne 2N, hv = 390 nm LN )
Ni r Ni'—Cl == Ni — y
2 0.4 M TBAPFy. N, 2SN THF, 25 °C, N, = 'N/ Ij ............
(o] ,25° —Ar R .,
* NS N r N *
bpy = tBu tBu tBu Me N tf Py

Lumo___..... . € = 5000

, ' d-ds MLCTs 2
2.2 ' x20 d(z

d(x*-y?) # ! v spin v spin |$ )

, Q Q )
v d(Z%) g _ X orbital 2 _ v orbital e MLCTs  d-ds
| A g € =150 g | &=3000 o v spin + /spin
o o} € =2000 o v/ orbital X orbital d(xz)
d(xz) 2 2 2 . d(yz)
Q Q > (hidden)
d(yz) < < <
d(xy) + — 8 ﬂ d(xy)
400 500 600 700 800 900 400 500 600 700 800 900 400 500 600 700 800 900
wavelength (nm) wavelength (nm) wavelength (nm)
6

Sels, B. F.; Solomon, E. |.; Schoonheydt, R. A. et al. Chem. Rev. 2024, 124(5), 2352-2418. Morozov, V. |. et al. Russ. J. Gen. Chem. 2002, 72, 168-172.
Hadt, R.G. et al. Inorg. Chem. 2023, 62(24), 9538-9551. Doyle, A. G. et al. . Am. Chem. Soc. 2018, 140(8), 3035-3039.
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UV-vis helped solve the P450 rebound mechanism : Contemporary examples: TR T I;-(-: """"""" s
' ' 3 :
3 N \ Br Cu(MeCN)4PFg (12 mol%) o ' O “lne .
$ SCt i i ' DG\M)\R (rac)-P (5 mol%) J]\ ' MeO PAr, NH
) \ ) [ '\ ) & ' 1,2 * 1 - * — 1
O S TRE T N RS : + hv (blue LED) - . WNNH !
(.i?i ey, ne, }“j{(m : 0 CsOPh-H,0 (1.5 eq.) DG\Hﬁ'\R ] /@ b
A DN, g A W Cs2C05 (1.5 €q.) ’ ' Ar=35-dtBuPh  FiC :
AVA oS W »‘T 8 sl"‘ IS v HoN™ Ar (iPr),0, =10 °C or -5 °C AT TP TP PR Lt .
o™ VL 2 S NN .
;( L ’.r‘:\?\/!" \ti\ Vi "‘\,‘\‘ik ¥ .:\;j :
’ Q =2 : “ V,\*f‘ : ' ~LED long-lived, high redox potentional excited state
A &) v > ' o °o
P : Ar Ar S | PCuOPh i  Emission - =
PDB 2LQD cytochrome P450 : MeO O F‘,/ 5 E “aps = hem at 446 nm = 2.8 V
= e = ' Ncu'-oPh 5 D Eo (Cu™) = 0.5V vs Fc+/Fc
Sl : MeO - 2 A I
~ : Nar 2 D ) Eoy (Cu')=—2.3V vs Fc+/Fc
=~ : Ar
S E 350 400 450 500 550 600
" wavelength (nm)
E /@ Isosbestic point(s) indicate a simple A to B transformation
: N 365 nm
L] f \
o N N 405 nm Q - B
3 vQ S
[ ] c [0} =}
®© ' ®© 18} S
2 y 2 S =
o ' (@] N 0 [0}
< 'y < /4 2 5 A
" N < ©
: H 2) \_ Time )
400 500 600 E 300 350 400 450 500 Energy
wavelength (nm) : wavelength (nm)
Omura and Sato, J. Biol. Chem, 1964, 239(7), 2380—2378. Mak and Denisov, Biochim. Biophys. Acta, 2018, 1866(1), 178-204. 7

Peters and Fu, Nature, 2021, 596, 250-256. Andréasson, J.; Grgtli, M. Org. Lett. 2018, 20(16), 4875-4879.
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Electron Paramagentic Resonance (EPR) Spectroscopy 7

Absorption
A (isotropic)
AE 9x=9y =9z
+1/,
hv = gBB,
1y
2 Derivative
ge = 2.0023193043617 (isotropic)
> B, > B,

Yol Li[thn) (Y| Hsoc t0)
B, — E,

gi=ge+Agz-%ge+Z<
n#0

¢ 1)y is the ground state (with the unpaired electron),
* 1), are excited electronic states,

. 131 is the angular momentum operator along axis %,
o I:Isoc is the spin-orbit coupling Hamiltonian,

* Ag; is the deviation in the g-factor along direction i,

e F, — Ejis the excitation energy.

Absorption

9x=9y <9

(axial)

AN

Derivative
(axial)

Absorption
(rhombic)

9x# 9y # 9z

Derivative
(rhombic)

/

» B,

C,N,O

¢ Low orbital angular momentum

e Low spin-orbit coupling constant

e High ground- and excited-state energy gap

I$ Isotropic g values very near 2.0023

Ni, Cu

e High orbital angular momentum

e Moderate to high spin-orbit coupling constant
e Low ground- and excited-state energy gap

|:> Anisotropic g values > 2.0023

for a concise summary of EPR, see: M. Ju, J. Kim, J. Shin, Bull. Korean Chem. Soc. 2024, 45(10), 835, and Electron Paramagnetic Resonance Theory by E. Duin.
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First free radical discovered in 1900, EPR invented in 1944

Nitroxyl radicals as spin traps and show hyperfine spitting, A (split by the interaction with the 14N nucleus)

: o .
" ) © o]
| 910 = 2.0027 : 0 9 N Me, | Me
° ' @ | @ Me N
v Me(ENS .z Me Me Me
' Me>|/
! Me
O E PBN DMPO ABNO TEMPO
) ) ¢ phenyl N-tertiary-butyl nitrone dimethyl-pyrroline N-oxide azabicyclononane N-oxyl tetramethyl piperidinyloxy
Gomberg's trityl radical » B,
1950s : Giso = 2.006
Gershman's “free radical theory of oxygen toxicity" o RJ A=17.0
. ' o) R (0]
Commoner uses EPR to confirm the presence v Me | Me R Me U Me
of free radicals in biology ' Me N Me —————> Me N Me
1960s ' pre-rxn
EPR finds the first radicals seen in an enzyme '
EPR elucidates the electronic structure of Hb . 100% 0% » B,
First organometallic EPR spectrum collected E
1970s ' . RJ
. . ‘ o (o]
T EPR describes the oxygen-evolving complex ' Me Il Me R® Me I Me
i . N N
in Photosystem Il : Me Me ——————> Me Me JW%
1980s X during rxn
Pulse EPR is developed (nm spin-spin distances) (1:1 conversion)
enabling protein conformation mapping E 50% 50% > B,
1990s '
+ Spin-trapping developed; ROS confirmed by EPR '
' R
2000s : o’ o)
EPR widly applied to organometallic mechanisms Me | Me R’ Me [\ Me diamagnetic, no EPR signal
. . ; after rxn
EPR applied to quantum computing ' (full conversion)
2020s | E 0% 100% > B,
é EPR used for quantum sensing .
Valko, M. et al. Int. J. Biochem. Cell Biol., 2007, 39(1), 44-84. Bowman, M. K. et al. J. Magn. Res. 2013, 233, 29-36. Mahapatro, S. N. et al. J. Chem. Educ. 2024, 101(12), 5449-5459. 9
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EPR interrogates electronic and geometric structure, explaining reactivity

' tBu Mes tBu Mes
Ni(cod), E | \N | \N
CYppy : Z N TMSCH,MgClI 7S
! Ni'—Br Ni'—
THF, 23 °C : N7 THF, -78 °C N7 CTms
98% -
By Mes By =X Mes
gx =2.130 + d(x2-y?) g, = 2.145 + d(*-y?)
= 2.450 - : = 2.485 x = &
g g, = 2.086 : 9z gy = 2.081

—H— d(z?) ' + d(z?)

# d(xz) : # d(x2)

. d(yz

gan =2.222 d(yZ) ' gavg 2237 (y )

T=15K : T=30K
> B, + d(xy) ; - + d(xy)
Bu -, P —l@ U O
Ny KCq LN, KCq | _N. O — d(x%y?)
*Nill L \\NI" iPr
bpy * = N/ Et,0, -78 °C =~N" 2:1 Et,0:THF, -78 °C N * bpy ©*
! |
X X iPr S

, tBu tBu iPr
+ d(x“-y =2.263
g, = 2.086
2 2
H 4= Gico = 2.004 |$ d")

gy = 2.050
d(xz) d(xz)
d(yz) d(yz)
Gavg = 2.133
d T=30K = ;
% &) » B, » B, > B, % ()

Diao, T. et al. J. Am. Chem. Soc. 2023, 145(37), 20551-20561. 10

diamagnetic, no EPR signal
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Reaction Progress Kinetic Analysis (RPKA) and Variable Time Normalization Analysis (VTNA)

k
Consider: aA ——— DbB |, rate = d[B]/dt = k[A]? , the classic linearization approach: ' Butin reality, the data are often not so clear, particularly with low resolution

. ®
! probably

a=0 a=2 . not correct

Time Time Time . Time Time

[A] = [A]o — kt In[A] = In[A], — kt E probably correct
< < < : <
- - E - what about fractional orders?
! & the role of a catalyst?
1/[A] = 1/[A], + kt .
Time Time Time . Time

RPKA and VTNA are graphical approaches to understanding the reaction rate law that use minimal processing and maximize the differences in the data between trial orders

s ~N strategically vary
_5 same excess .S same excess aA + bB k 5> <C _5 [A], [B], and [Cat] _5 when orders make
= = overlay after = = | all overlay, slope = k
£ £ time-adjust [Alo - [B]o = "excess" £ £
c c J ) . c c
8 k----- g |------3 Key experiments include: 3 3
c c n " c c
o o Same "excess o o)
o (& . (&) (&)
Different "excess"

Time Time Time S[A]'[B]'[Cat]'At

Blackmond, D. G. Angew. Chem. Int. Ed. 2005, 44(28), 4302—-4320. Blackmond, D. G. J. Am. Chem. Soc. 2015, 137(34), 10852—-10866. 11

Burés, J. Angew. Chem. Int. Ed. 2016, 55(6), 2028—2031. Burés, J. Angew. Chem. Int. Ed. 2016, 55(52), 16084—16087.
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Ni-Catalyzed Reductive Cross-Coupling of Alkenyl and Benzyl Electrophiles .
Me [Ni] (5 mol%) Me : o I \ °
Br NHP TDAE (1.5 eq.) : Ph Ph | " N N
m * Ph Nal (0.5 eq.) N” "Ph + y o ST
o) TMSBr (1 eq.) € e E B 4d
MeO A 5 DMA (0.1 M), 0 °C WeO e b : roBr
(side prd.) ' [Ni]
008 [Blp=0.1M
006 _ .....o..-o.o.o--o.o.o..o 0_06 [Ni]0=20m0|0/° sessseee
[Alo=0.2M - 0.06 . [Blo=0.3 M
= [Alp=0.1M = = .
:004 .....aoogcco--o-.. = :004 o .
o, g 0.04 [Blo=0.2 M %) [Ni]o = 5 mol%
: [Alp=0.5M [Ni]o = 10 mol%
0.02 0.02 0.02
zero-order in [A] at low conc. first-order in [B] zero-order in [Ni]
0.00 0.00 0.00
0 20 40 60 0 2 4 6 8 10 12 14 16 0 20 40 60
T[A]%At >[B]'At SINi°At
[Ni] increases rate of consuption of [A] [Ni] not needed for consuption of [B] 0.03 [Ni] prevents formation of [D]
| .
0.10 [NI]O =0 mol% 0.10
0.08 0.08 [Ni]o = 0 mol%
—~ 0.06 °°.. = 006 [Ni[p=0mol% =
< [Ni]o = 5 mol% ) =] [Ni]o = 1 mol%
0.04 0.04 0.01
... [Ni]g = 1-10 mol% :
0.02 See. 0.02 : .
[Ni]p =10 mol% “=*-.. . [Ni]p = 5-10 mol%
0.00 = 0.00 0.0
0 20 40 60 0 20 40 60 0 20 40 60
time (min) time (min) time (min)

Yang, Y-F.; Reisman, S. E. et al. J. Am. Chem. Soc. 2023, 145(27), 14705-14715.

12
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Pd-catalyzed arylation of hindered a,a,a-trisubstituted primary amines

&

NaOt-Bu
80-120 °C
1,4-dioxane

Rl
Rll

Isothermal calorimetry datasets

0.03

0.02

rate (M/min)

0.01

0.00

0.008

0.006

o
o
o
=

rate (M/min)

0.002

0.000

ArCI

[excess] = [amine], — [aryl halide],

[ArCl]=1.0M
[excess] = 0.0 M

[ArCI] = 0.5 M

&&ess] =0.5M
—

H2N7<R 0.5 - 2 mol% [Pd]

0 50 100 150 200
time (min)

slope is constant between runs
= zero-order in Amine

0.8M
0.5M

[Amine] =
[excess] =

\

[Amine] =
[excess] =

non-zero slope
= order in ArCl >0

0.3 M
0.0M

0 0.1 0.2 0.3

[ArCI] (M)

0.4

0.03

0.02

rate (M/min)

0.01

0.00

0.06

o
o
N

o
o
N

rate (M/min)

0.00

s

7<E.

Rll

[ArBr]=1.0 M
[excess] = 0.0 M

[ArBr]=0.5M
[excess] = 0.5 M

0 50 100 150
time (min)

[ArBr] = 0.75 M [ArBr]=0.25 M
[excess] = 0.00 M [excess] =¢0.50 M
~ amine

inhibition

slope is constant between runs
= zero-order in ArBr

0.6 0.7 0.8
[Amine] (M)

0.9

-

Change in rate law (new R.D.S.) between ArCl and ArBr

° ArCl: Oxidative Addition is rate limiting

° ArBr: Reductive Elimination is rate limiting

e  Amine: Inhibits ArX activation at high concentrations
I:> Need a more e-rich ligand, with added steric bulk

Cl
/@\ + HoN—t-octyl
MeO OMe

Mez tNMez

+ e-rich

yield 14% ———>

CY\ O
MezN i NMeZ Mez

1 mol% [Pd L]

NaOt-Bu
80 °C
1,4-dioxane

t-Bu

N" t-octyl

X %

:NMCZ

+ sterics

90%

—> 100%

Buchwald, S. L. et al. J. Am. Chem. Soc. 2015, 137(8), 3085-3092. Blackmond, D. G. et al. Ind. Eng. Chem. Res. 2007, 46(25), 8584—8589.

13
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Kinetics vs. Thermodynamics

Consider the model reaction:

aA + bB —k 5 cc AG < 0, rate = K[AP[B]?

AG

kgT t kgT 1 +
Combining k= « = exp4-— AG and AGY= AH* — TAS* E> k= K = exp4 — AH exp AST
h RT h RT

Eyring analysis gives a mechanistic basis for steric/electronic effects on enantioselectivity

[A---B]¢

N cl
el L
N~ o

TS moves
\—/

AAGH =
1.6 kcal/mol

zZ =z
\ /
s
7\
o

] '
>
9]

C
> >
. i 9 Ph N\
We can define an equilibrium constant expression, Me
A--B]} Me
Kt = 1A-BI AG* = —RTInk*
[AIP[B]°
As the formation of C requires A and B to go through [A---BJ* ¢ eeeecccccccccccccccccccccccccccecccccccocccccccacccacccecccecccecccecccecccncccecccccccnnnns

A word of caution
= A..BI¥ where, i
rate = k¥ [ 1 Concentrations matter!

A K2y A rate= ko[A*]

K =K

e xis the transmission coefficient (= 1 for most cases) E Cat* In this model nested cycle, the
e W} is the frequency of barrier crossing : hv or E° ki A concentrations of A* and Cat* may be very
' B Cat* small, therefore even if AG <0, and AG* is
From statistical mechanics, we can say: ' Cat . 2 a P only moderate, the proposed path may not
T T T v A A actually be kinetically plausible or
S = B |:> rate = x — [A--B}F =« B Kt [A]?[B]P E K competitive!
h h h ' 3
' B Cat* i» Cat rate = k4[Cat*]
Substituting with the rate law above, : Cat-A [Cat-A]*

ke T ke T t i
K= x i " : exp{— AG } the Eyring

RT Equation A* + Cat* A» [Cat—-A]* rate = k3[A*][Cat*]

Eyring, H. J. Chem. Phys. 1935, 3, 107— 115. Jacobson, E. N. et al. J. Am. Chem. Soc. 1998, 120(5), 948-954. Sigman, M. S. et al. J. Am. Chem. Soc. 2003, 125(23), 7005-7013. 14
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