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A) KIE determined from two paralle! reactions

C~H bond E
functionalization ,‘-\(
————» R&

rate constant=ky " & o

C-D bond
functionalization P FG
_——
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Question 2: Experiment #1

concerted H
(stereospecific) D “
Ve M o addition Me. |7, 0° Me
l N & ceF Me OH
Me” “Me  CeFs e @ s N”
Me Me

Experiment #1:

DsC.__CD,  HyC.__CH,
DSCICDS HGCICHS 0.1 equiv A g 2 5 >
-,
Expt. 1 D5C HsC
DsC” “CDz  HsC” “CHg Dd NPz Hod NP2

1.0+01 - 1

Question 1: Is this experiment a KIE experiment? Does it determine RDS?

No. A KIE experiment should measure the rate of the product formation instead of product distribution
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Question 2: Experiment #1

concerted H
(stereospecific) D “
Ve M o addition Me. |7, 0° Me
l N & ceF Me OH
Me” “Me  CeFs e @ s N”
Me Me

Experiment #1:

DsC.__CD,  HyC.__CH,
DSCICDS HGCICHS 0.1 equiv A g 2 5 >
-,
Expt. 1 D5C HsC
DsC” “CDz  HsC” “CHg Dd NPz Hod NP2

1.0+01 - 1

Question 1: Is this experiment a KIE experiment? Does it determine RDS?

No. A KIE experiment should measure the rate of the product formation instead of product distribution
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Question 2: Experiment #1

Experiment #1:

concerted H

(stereospecific) D
Mes Mo o addition Me. |7, 0°
o N
Me” “Me  CeFs e @ s

Me

DsC._CD.
DSCICDS HgCICHs oreqva > 2
OleqvA

D,C

D™ NCDy  HC” Vohy  PHT Dy NRe

1.0+0.1

HsC.__CH,
HscI

e NP
1

Question 2: Is the formation of aziridine oxide B affected by H/D olefin?

No. The formation of aziridine oxide does not involve breaking a C-H bond

As long as the first step is irreversible, the product distribution will be entirely dependent on the
formation of aziridine oxide, which is not affected by H/D
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Question 2: Experiment #1

Experiment #1:

concerted H
(stereospecific) D “
Ve M o addition Me. |7, 0° Me

l N & ceF Me OH

Me” “Me  CeFs e @ s N”

Me Me
CeFs

A
DsC CH,

DsC.__CD,  HiC
ICDS HgCICHS 0.1 equiv A 3 2 5
-,

Expt. 1 D5C HsC

DsC” “CDz  HsC” “CHg Dd NPz Hod NP2

1.0+01 - 1

Question 2: Is the formation of aziridine oxide B affected by H/D olefin?

No. The formation of aziridine oxide does not involve breaking a C-H bond.

As long as the first step is irreversible, the product distribution will be entirely dependent on the
formation of aziridine oxide, which is not affected by H/D
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Question 2: Experiment #2

concerted H
(stereospecific) D
Ve M o addition Me. |7, 0° Me
N News T e oH
Me” “Me  CeFs me| @ CeFs N~
Me Me
CeFs
A B Cc
Experiment #2:
H.C. .CD. DsC.__CH, HsC.__CD,
N I 3 1equiv A ¢ [ z ¢ f 2
D;C D;C
Expt. 2 3 3
HaC™ CDg P AL o NRe
11+02 -1

Question 1: What are the two possible intermediates (B) formed in experiment #2?

CD.

CHs

HC | ° D4C.
QL] S QelC)
PR P

L LA
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Question 2: Experiment #2

concerted H
(stereospecific) D “
Ve M o addition Me. |7, 0° Me
l N & ceF Me OH
Me” “Me  CeFs me| @ CeFs N”
Me Me
CeFs
A
Experiment #2:
H.C. .CD. DsC.__CH, HsC.__CD,;
M I 2 1 equiv A ¢ [ z ¢ [ 2
D;C D;C
Expt. 2 3 3
HeC” > CDg P AL o NRe
11+02 -1

Question 2: What conclusion can you draw from this experiment?

cDs CHy
HSC”/I:N 00 DsCmI:N,oe

JJ @R @R
HsC CD; DsC CHg

Similar to the first experiment. The formation of aziridine oxide does not involve breaking a C-H bond

As long as the first step is irreversible, the product distribution will be entirely dependent on the
formation of aziridine oxide, which is not affected by H/D
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Question 2: Experiment #3

concerted H
(stereospecific) D “
Me_ _Me o addition Me., | ,,’oe Me
l N B cef. Me OH
Me” “Me  CeFs e @ s N~
Me Me
CeFs
A
Experiment #3:
HaC.__CD3 DsC._CH2 HsC__CD2
:[ 1equiv A [ [
D;C D;C
Expt. 3 3 3
DsC” “CH, P ,d NRe e NRe

35 :1

Question 1: What is the intermediate (B) formed in experiment #37?

CD; CHs
HsC.,) N’oe ) DsC,,) N’OO
@"R - ®"R

HaC")
5C CD;
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Question 2: Experiment #3

concerted H
(stereospecific) D “
Ve M o addition Me. |7, 0° Me
| N —_— Noor Me oH
Me” “Me  CeFs M @ e N”
Me Me
CeFs
A
Experiment #3:
HaC.__CD3 DsC._CH2 HsC__CD2
:[ 1equiv A [ [
D;C D;C
Expt. 3 3 3
DsC” “CH, P ,d NRe e NRe

35 :1

Question 2: What conclusion can you draw from this experiment?

CD.

3
HiC.,) 00
(@R

D,C”
%~ CHs

There are two pathways following intermediate B: eliminate H or D. Since removing H will always

have a lower barrier compare to D, a product ratio deviating from 1:1 is always expected. Therefore,
the experiment does not tell us much information
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Question 2: Experiment #4

concerted H
(stereospecific) D “
Ve M o addition Me. |7, 0° Me
l N B cef. Me OH
Me” “Me  CeFs e @ s N~
Me Me
CeFs
A
Experiment #4:
DsC.__CDg HaC _CHz DsC__CD2
:[ 1 equiv A [ [
DsC HiC
Expt. 4 £y g
HeC™ "CHg g Dd  NRe He  NRe

35:1

Question 1: What is the intermediate (B) formed in experiment #47?
CH, CDs

HsC.,) I DiC.,) 00
@R - ®"R

HaC"
5C CHj
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Question 2: Experiment #4

concerted H
(stereospecific) D “
Ve M o addition Me. |7, 0° Me
l N B cef. Me OH
Me” “Me  CeFs M @ e N”
Me Me
CeFs
A
Experiment #4:
DsC.__CDg HaC _CHz DsC__CD2
:[ 1 equiv A [ [
DsC HiC
Expt. 4 £y g
HeC™ "CHg g Dd  NRe He  NRe

35:1

Question 2: What conclusion can you draw from this experiment?

CHs
L QEele)
R

HsC.,

®Z

DC™ D,
There are two pathways following intermediate B: eliminate H or D. Since removing H will always
have a lower barrier compare to D, a product ratio deviating from 1:1 is always expected. Therefore,
the experiment does not tell us much information

31



Question 2: Reaction Coordinate Diagram

concerted
(stereospecific)

,P addition

| N _
N
CeFs

H

-
e, [¥ @ Me

ern — wl

o ® ‘CeF: Me _OH
Me™ @ Cofs N

Me Me
CeFs

Conclusion: The first step (A — B) is irreversible. The following energy diagrams are all consistent

with the data described:

S [

RDS: 15t step
1st step irreversible
A more stable than B

RDS: 15t step RDS: 279 step
1st step irreversible
B more stable than A

1st step irreversible
B more stable than A
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. Parallei kinetic isotope effect experiments.

ihvough i e nanism! o
and recuctive elimination s the RDS: ' land radical substitution is the RDS:

N, B
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b My B
e
.

} -

N, B
N

5
A

Outiine of a possible cataiytc cycle

free radical
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second
radical capiure

inner-sphere
or outer-sphere

reductive
N,y B h,
(e oy Slmination,_ ., ® pr -
) o™ [
. o gt
s’ P keeping sp” nm:n!n s
catal it
N0 K aho H predominant eycle (Nf 8
bl resting state
ettty s ,0,4' SET of nickol
el
- 12,10 equiv N [ (]
’ i i p 7 o Photoredox
k/&/\,?" o Hw NJ\N\,N- catalytic radical capture
L] i L _Aon o oyole
N [
: ? - @ oo ractca
14" racemic . SET/~CO; {primary) ] "
20 equiv -Phin
g = 0.84 " Effiient sorting of primary and secondary alkyl radicals
. free r r enantioselecty
@—cone Taming two free radicals for enantioseleciive coupling

X—SLIMNESERTEX T ABRMIINKEER, EEX
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a) Deuterium-labeling experiments
(S)-Rh4 (2.5 mol%)

O
=N AQSbFg (20 mol%)
Cu(OAc); (2.0 equiv)
Cs,C0O; (25 mol%)
D,0, CD;0D
1a 80°C,22h

2b (3.0 equiv)
(S)Rh4 (2.5 mol%)

e
=N
AgSbFy (20 mol%)
Cu(OAc); (2.0 equiv)
00 Cs,C05 (25 molt)
D,0, CD;0D
1 80°C, 100 min

b) KIE experiments
S

Y
D . Hoﬁpn

D D
2b

=
ZN

OO H(D)
99%
1a-dy
94% yield

=
l =N
40% yield

(S)-Rh4 (2.5 mol%)
AAGSbFg (20 mol%)
Cu(OAc); (2.0 equiv)

Cs,C04 (25 mol%)
MeOH, 80 °C

Kiyfko = 3.80

[SCPRAL, (1)
* AgSbFg
* 5Ac
SCpRh""(OAC);

0Ac
HOAc
Protodemetalization

D

67%D 370 p

3ab-d,
57% yield

)
3ab-dg or 3ab

S.-L. You, ACS Catal. 2025, 15, 4017-4024

h

HOAG

A
z cp
\Rﬁr

,Cu\/\(n;

i .

elimination

i—ACU

Ellm ination

2b

f

Lu

0,

u(OAc),

HOAc

Ph

34



b. Secondary KIE effect studies

H Q2 H

Me”  Co,Bn

rac-1a

+

D O D

Me”  COBn

rac-1ap

standard
conditions

kH"kD =117

KIESE3G /2 31

ic cycle

Q +

O;.u: H\,éo O\,é« enantioenriched
i~ —fi— —Ti— y
unfavored -
N, N favored -y eniavored 0\/?\:”

i H:0
(o’é‘ EtN"HCI

enantiodetenming

zn

cs @0 : Ay, Ay, Ester f'ydfﬂgf?’; afor
transter
BuzSnH
Preference order for () : Ayl > Ester > Alkyl " 1
D’TJ

il proton-demetaliation O\I/Lk‘ BusSn®—0.5BuySn—SnBuy
e
ENHC!

oH
enantiosnriched QL.

reduction
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o (ph
o M " itionat
oH '"standard conditions’
Ph~ A +< \}:N A e

:Z
{e]
In \
2/
k.
Crude Yield (%)
(=2}

y =0.2266*x+0.2524
1a, 1.0 equiv 1d, racemic 42 4 R?=0.9974
2.0 equiv
Time (min) 0 10 20 30 40 50 2
Yield (%) 0 27 48 7.2 9.5 13 0 . . . . .
0 10 20 30 40 50
Time (min)
FTHTSNRME, S1008ELE—1TRN, BHNRERETE
BIRMNAEREY (BAE5%) , AiRERENTERT 14
REDH, BNFTHHZERMERBNLIRSEAIKH/ KD 12
fE90.84, S 10,
kel
=S 2 8+
Q M o "standard conditions" 2 (Fn :’ 6
OH b =0.2737*x-0.1095
Ph\/\)LNHP + Q\’;& b —_— Q?‘J\/g\/\/"" § ;2=0‘9934x
] : ) 44
1a, 1.0 equiv 12.,0@5;3;:': 42 2]
Time (min) 0 10 20 30 40 50 0 . ; : ; .
Yield (%) 0 25 54 8.2 10.5 138 0 10 20 30 40 50

Time (min)
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