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Commercial Availability of Alkyl Fragments

Relative commercial availability of alkyl fragments

Alk—OH abundant fragments,
few coupling methods
traditional fragments
Alk—ClI
Alk—Br
. — Alk—l Alk—[M]
1.000 0.554 0.304 0.152 0.018 0.007

Alcohols and Carboxylic acids are abundant fragments.
However, there is few coupling methods using these fragments.

1) Sakai, H, A.; MacMillan, D. W. C. J. Am. Chem. Soc. 2022, 144, 6185. >



Metallaphotoredox Coupling of Carboxylic
Acids and Aryl Halides
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Proposed Mechanism
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Outline for Deoxygenative Cross Coupling
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1) Dong, Z.; MacMillan, D. W. C. Nature. 2021, 598, 451.



Reaction Conditions

CF;
NHC-1 (1.6 eq), pyridine (1.6 eq)
OH
CF3 t-BuOMe, rt, 5 min
+ o
then Ir(ppy),(dtbbpy)PFg (1.5 mol%)
(0 Br NiBr,-dtbbpy (5 mol%), quinuclidine (1.5 eq)
t-BuOMe/DMA, 450 nm blue LED, 2h
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1) Dong, Z.; MacMillan, D. W. C. Nature. 2021, 598, 451.



Mechanismic Study
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1) Dong, Z.; MacMillan, D. W. C. Nature. 2021, 598, 451.
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Proposed Mechanism
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Optimizaztion of NHC

CF;
OH NHC (1.6 eq), pyridine (1.6 eq)

CFs t-BuOMe, rt, 5 min
+ -
Br then Ir(ppy),(dtbbpy)PFg (1.5 mol%)

O NiBr, - dtbbpy (5 mol%), quinuclidine (1.5 eq)
1.7 eq 1eq t-BuOMe/DMA, 450 nm blue LED, 2h o
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sl X =NPh or S
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1) Dong, Z.; MacMillan, D. W. C. Nature. 2021, 598, 451.



Problems with Each NHCs

)R\ ) "
N
PhO N R “~Ph  Ircat.
o R base Ni cat
BF, >_OH —> Ph\N Ph\N
R
desired byproduct Arylation product
NHC-3 X =S, or NPh 50% to 70% >30% 0%
NHC-1 X=0 85% to 96% <5% >50%
NHC-dimer is a stronger reductant than NHC-alcohol adduct.
When NHC-3 is used, carbon radical couldn’'t be generated.
t-Bu t-Bu
OMe
Ph\N 7 N’Ph base Ph )\ Ph 7\
+ MeOH ——— 3 TN° N7 — \_7
BF 1 N N
4 N ‘e o
*Ni'!
Ph Pt
NHC-4 Br Br

NiBr, dtbbpy
E/eq =-0.86 VVs SCE VS Eieq =~-1.2V vs SCE

When NHC-4 was used, NHC-alcohol adduct is much easier to be reduced by Ir cat then Ni cat.
Ni-meditated coupling couldn't occur because Ni' isn't reduced to Ni°.

1) Dong, Z.; MacMillan, D. W. C. Nature. 2021, 598, 451.



Substrate Scope (1)

NHC (1.6 eq), pyridine (1.6 eq)

Br R
N t-BuOMe, rt, 5 min N
R—OH + | |
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1) Dong, Z.; MacMillan, D. W. C. Nature. 2021, 598, 451.




Substrate Scope (2)

NHC-1 (1.6 eq), pyridine (1.6 eq)

t-BuOMe, rt, 5 min
N + Ar—Br/ClI N
1)
HO “Boc then Ir(ppy),(dtbbpy)PFg (1.5 mol%) Ar “Boc

NiBr,dtbbpy (5 mol%), quinuclidine (1.5 eq)

1.7 eq 1eq t-BuOMe/DMA, 450 nm blue LED, 2h
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1) Dong, Z.; MacMillan, D. W. C. Nature. 2021, 598, 451.
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Traditional Esterification and C(sp3) Coupling

OH traditional H
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1) Sakai, H, A.; MacMillan, D. W. C. J. Am. Chem. Soc. 2022, 144, 6185.



Me Precursor

NHC-1 (1.1 eq), pyridine (1.05 eq)

t-BuOMe, rt, 15 min

Ni(TMHD), (10 mol%)

-
then Ir(dF(Me)ppy)(dtbbpy)PFg (1 mol%) cp,~

S8

Teq 2 eq DMSO/t-BuOMe, 450 nm blue LED, 1h
(@) OAc (@) OAc (@)
: J 0
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Me o~
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t-Bu
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1) Sakai, H, A.; MacMillan, D. W. C. J. Am.

Chem. Soc. 2022, 144, 6185.



Control Experiments

OAc NHC-1 (1.1 eq), pyridine (1.05 eq)

OH I t-BuOMe, rt, 15 min
+ AcO” el N
Cbz/N then Ir(dF(Me)ppy),(dtbbpy)PFg (1 mol%) Cbz”

Ni(TMHD), (10 mol%)

1eq 2 eq DMSO/¢t-BuOMe, 450 nm blue LED, rt, 1h
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5 no Ir cat., no light 0% / \ \ /
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Ni"
7 no light, 50 °C 0% ct’ ‘ci
NiCl, - dtbbpy

1) Sakai, H, A.; MacMillan, D. W. C. J. Am. Chem. Soc. 2022, 144, 6185.



Proposed Mechanism: Photoredox Cycle
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DFT Calculation of Radical Sorting

weaker Ni-C bond
(2.73 A)

Py

stronger Ni-C bond
AG = -12.4 kcal/mol (2.20 A)

- +

‘\
_%;

stable tertiary radical

favoured

*acac is used as a model for THMD.
Ni cat. stabilizes less substituted alkyl radical.

1) Sakai, H, A.; MacMillan, D. W. C. J. Am. Chem. Soc. 2022, 144, 6185.



Possible Mechanism: Radical Cross Coupling

@/ ANl
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1) Yuan, M.; Song, Z.; Badir, S. O.; Molandar, G. A.; Gutierrez, O. J. Am .Chem. Soc. 2020, 142, 7225.
2) a) Bour, J. R.; Ferguson, D. M.; McClain, E. J.; Kampf, J. W.; Sanford, M. S. J. Am .Chem. Soc. 2019, 141,
8914. b) Liu, W.; Lavagnino, M. N.; Gould, C. A.; Alcazar, J.; MacMillan, D. W. C. Science. 2021, 374, 1258-1263.



Substrate Scope (1)

1. carboxylic acid, Mesl(OAc), (2 eq)
2. alcohol, NHC (1.1 eq), pyridine (1.05 eq)
t-BuOMe, rt, 15 min

H H
R—OH + N y N
HOZC/\/ “Cbz then 1 + 2 R™ " “Cbz
Ir(dF(Me)ppy).(dtbbpy)PFg (1 mol%)
1 eq 4 eq Ni(TMHD), (10 mol%)

DMSO/t-BuOMe, 450 nm blue LED, 1h

MeO,C., O/OH OH
' Ph OH Cl OH
~ Y e

Cbz/
51% 79% 47% 50%
(NHC-1) (NHC-1) (NHC-1) (NHC-1)
Ar\@é\
OH N 0
OH ©)
BF,
t-Bu
75% 74%
(NHC-5) (NHC-5) t-Bu
For hindered tertiary alcohol, more electron deficient ::g:g’ 2:: : Z-hCF C.H
NHC-5 is used. ’ 3~6774

1) Sakai, H, A.; MacMillan, D. W. C. J. Am. Chem. Soc. 2022, 144, 6185.



Substrate Scope (2)

1. carboxylic acid, Mesl(OAc), (2 eq)
2. alcohol, NHC-1 (1.1 eq), pyridine (1.05 eq)

Boc t-BuOMe, rt, 15 min Boc
NH NH
- + R—CO,H ——— A
Ph. _A_ _OH en 1+ Ph. _A_ _R
NN Ir(dF(Me)ppy),(dtbbpy)PFg (1 mol%) NN
10g 40q Ni(TMHD), (10 mol%)

DMSO/t-BuOMe, 450 nm blue LED, 1h

CO,H
¢O-H O/COZH 2 EtO,C
N 2 \H{\COZH
/ F
Boc F

57% 67% 69% 67%
CO,H Ph\%)é\o
CO,H
X BFy

2 t-Bu
(o) o)
61% 66% 58% t-Bu

NHC-1

1) Sakai, H, A.; MacMillan, D. W. C. J. Am. Chem. Soc. 2022, 144, 6185.



C1 Homologation

1. carboxylic acid, Mesl(OAc), (2 eq)
2. alcohol, NHC-1 (1.1 eq), pyridine (1.05 eq)

OH t-BuOMe, rt, 15 min R
N * R7CoyH then 1 + 2 - N
Cbz” : Cbz”

Ir(dF(Me)ppy).(dtbbpy)PFg (1 mol%)
DMSO/t-BuOMe, 450 nm blue LED, 1h

S S N

BocHN CO,H PhO CO,H BnO CO,H
52% 63% 70%
AcO” >CO,H PMBO” “CO,H LI
58% 59% BF, By
t-Bu
Protected alcohol homologation is possible. NHC-1

1) Sakai, H, A.; MacMillan, D. W. C. J. Am. Chem. Soc. 2022, 144, 6185.



Application to Late Stage Functionalization

general procedure
-

H
N
HO,C” " “Cbz

general procedure
-

H
N
HO,C” " “Cbz

isoandrosterone

Boc

HO, C></\/0 general procedure Ph N (o)

mmZ
I

>

Boc
~
H

iz

gemfibrozil Ph 47%

NP

This method could be applied to late stage functionalization of natural conpounds.

1) Sakai, H, A.; MacMillan, D. W. C. J. Am. Chem. Soc. 2022, 144, 6185.



Summary

Ph

v ®

N t-Bu O

” DAY

t-Bu H N t-Bu  |Ir cat.
R—OH P
R—0O (0
t-Bu
AcO OAc

Ar—Br
Ni cat.
Re —— P Ar—R
Ni cat.
> R—R'
radical
sorting

C(sp3)-C(sp?) cross coupling of alcohol and carboxylic acid was achieved by metallaphotoredox system.
Abundant alcohols and carboxylic acids can be used as homologation unit with this method.
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Photoreactor
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https://premium.ipros.jp/reifycsant/product/detail/2000368178/

B-scission of Alcohol-NHC adducts

o
e
R

>

- @:;):D

R

INT 1 TS 1 INT 2
entry R AG° AG# kags (s~1)
A Me —27.6 11.9 1 x 104
B Et —28.6 11.0 5x 104
C i-Pr -29.4 9.9 3 x 105
D -Bu -32.3 58 4 x 108

1) Dong, Z.; MacMillan, D. W. C. Nature. 2021, 598, 451.
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Stern-Volmer Quenching Comparison

[ Stern-Volmer

_Ph
3.00 F ¢ -Bu NXH
@D O—R
t-Bu
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R /\
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® NS
1.50 F NC
COzH
1.00 } ¥ T v ﬁj withlﬂj
| N N
Bz

0.00 0.01 0.02 0.03 0.04
Quencher concentration (M)

1) Dong, Z.; MacMillan, D. W. C. Nature. 2021, 598, 451. -



Effect of Chelation

° H
N
" bz \_/
-
o
Ni' HN *Nill
_

chelation stabilizes radical-Ni species

Boc
SNH >L
Ph\/\o (o)
- >=O‘
+ E HN N

1) Sakai, H, A.; MacMillan, D. W. C. J. Am. Chem. Soc. 2022, 144, 6185.



SH2 Substitution with Fe

B biological methylation C a biomimetic approach to C(sp®)-C(sp®) cross-coupling
0 H o
_ R
O~ P~ ~ToH 2% o B AR — RW\ .
o R

via 1° radical

Ir ( ) Si- Fe

1E Me

. S

quaternary product

N
I

Me

methylcobalamin nucleophilic
3° radical

nature’s free radical carrier
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