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BRTEA

> HIEEWIRERE RS #

1 [Til/[Mo]/[Sm] Homocoupling
R OH P°)/[B® 2
T PVBT R — = Alkylation
. R
R Homolysis Arylation
> BRI AR RS
R _X
R7T,
R
RgrOH Radical . @uR? Alkylation
R2 R3 Activation R R3 Arylation
R'. _OFG
r2T
R3




BERNMA-HEELIRERRS R

- EWG R
Deoxy-hydrogenation Deoxy-Giese type reaction = Deoxy-alkenylation

Ti, Young, 1979 Ti, Ukaji, 2018 Ti, Ukaji, 2020

Ar COOH

Deoxy-hydrogenation Deoxy-carboxylation
Pe, Doyle, 2018 Be, Xia, 2022
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1. BRNMB-EEFNREERER

A Photochemistry
| Electrochemistry
%OH acnvamr o] ™ cata!ys.-s % ] FG
—l-
(o] 0 ) v A 'ﬁ: ‘=
.0 ym 7
E:TL“*' o Y et S,
& 0 k
0 X SREFME
2.3V : -1.6V -1.14V +1.75V <
Y ; X RYEERE
P2 5 -1 0 1 )

: i 0
Ph “ MeO CsO : ! HO
Ph” “"o % 0 . ; o
o 0 i

-24vV 19V 13V +1.2V +1.86V
MacMillan, D. W. C. et al. J. Org. Chem. 2016, 81, 6898. Malins, L. R. et al. J. Am. Chem. Soc. 2022, 144, 23.
Nicewicz, D. A. et al. Chem. Rev. 2016, 116, 10075. Waldvogel, S. R. et al. Angew. Chem., Int. Ed. 2018, 57, 5594.
Konig, B. et al. Angew. Chem., Int. Ed. 2018, 57, 10034. Waldvogel, S. R. et al. Angew. Chem., Int. Ed. 2018, 57, 6018.

MacMillan, D. W. C. et al. Chem. Rev. 2013, 113, 5322.



NHC-1 (1.6 equiv.)
Pyridine (1.6 equiv.)

Br t i
OH X BuOMe (0.1 M), rt., 5 min -~
+ I P then Ir(ppy)s(dtbbpy)PFg (1.5 mol%) | N
X R NiBr,edtpppy (5 mol%) =
Quinuclidine (2.5 equiv.) X R
1:1 '‘BuOMe/DMA, r.t., 2 h
Blue LEDs
Selected examples
Me
H CHO
MeO,C “/OH
63% yield 81% yield 52% yield, = 20:1 dr 81% yield, 19:1 dr
BOC PBn
!,‘ -
/ MeO,C /
MeO,C e
2 MeO,C M&O;C
44% yield 55% yield 51% yield 82% yield, > 20:1 dr

> AR EER TR > RENSERENHEES

> RYISEE 2 > RiteREL
> RNMFEH R > RNESBUIRIE

David W. C. MacMiillan. Nature. 2021, 598, 451-456.




Proposed mechanism

@ Ph E Ph
t-Bu. N - t-Bu. NI><H:
~ =+ ' 1
OO\OH . \©:0> o yridine - \Q:O o
t-Bu BF, - Py-HBF4 : t-Bu ;
NHC : :
Q/Co
F3C [|r|||]
Photoredox SET
(dtbbpy)Ni'L, catalytic
\ cycle
SET
Nickel \\ I Ph
Ir +e
(N"NimAr catalytic (dtbbpy) N|°L [ir’] t-Bu. N’><H
N Alkyl cycle

O O
t-Bu
O
/©/ -H*
Ph
Ph t-Bu. N
+ t-Bu. NI \@O%O
{ g \@:O;:o<— Z‘j

t-Bu @]
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JAC'S

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY

Communication

pubs.acs.org/JACS

Expedient Access to Underexplored Chemical Space: Deoxygenative
C(sp®)—C(sp®) Cross-Coupling
William L. Lyon and David W. C. MacMillan*

Cite This: /. Am. Chem. Soc. 2023, 145, 7736=T7742 E Read Online
Br
aH NHC [ Ir Ni o F
i : (S (j3—0<
_ F
M
F F N ( ) Boc”
l -
Boc

sp—sp? product

alcohol alkyl bromide 54 examples



2. NHCEREgIREIREMNR.

i<t

> BEcimisk

(?F

la2el

(+)-18
82% vyield

-Bu -Bu
/N
—M N

21
59% yield

Boc.,

2, pyridine, TBME, 15 min;
LiBr (1 equiv.), Q (1.1 equiv.)

&

-
o Irlppy)z(dibbpy)PFg (1 mol%) N
| = NiBry+Ligand (7.5 mol%) N o

2:1 TBME/DMA, blue LEDs, 4h | e

F,C” N
! - Me Me
a ° Y
o0, 00 0%
=N N =N N N Ney
19 i-Pr ’ “ipr
78% yield 52% yield 33% yield
o] 0 | =
o Q Lo, ey
X e N
Bn Bn
MH HCI
P 23 25
m% yleld 22% yield 13% yield

10



2. NHCTRER B s e 2 AH 2 B

O tBu +N>
NHC (ir ) [ Ni LR, \@ 3 NHC
OH of -
—R B BF4
Ri— 2 - Ri— .
Br FPr

( ) R
Br.r_ N-..D

alcohol alkyl bromide N sp°-sp® coupled product B Ni‘:-NE_ Ni
~=~ Cl
4-4 ~7
= o
-0 wy OO
_N
Chz
o b .
58, 50% yield (£)-71, 29% yield®9i
1°-2° 1°-1° oxidizable substrates
I?nc
0 N F
AT ;*‘H=>
Chz Chz—N M
N h ? M ~ )\
Boc H
"~ Boc
(+)-72, 50% yield® (+)-74, 42% yield"! 75, 36% yield

11



2. NHCTRER B s e 2 AH 2 B

published synthesis (ref. 30)

7 steps, 4% yield

N\ j,a I+ Boc—N<>—I T

= spP-sp? coupling
= multi-step hydrogenation

published synthesis (ref. 31)

o
o .
I 8 steps, 35% yield
+ ETO,TVCOEEI -
OEt
N

|
Boc

= multiple olefinations
= 5 redox steps

% P NHC Ir Ni
I
O O
N -

QS 5 O

46% yield

monoacylglycerol lipase inhibitor

AR E HHASRR A

Bac
NT NHC @ Ni

—3
=il

o
4
Me0,S /©/ 0

8 | ield
43% yie
GPR119 agonist °y

GPR1195%{K+EH71

each one step from commercial

) OH
JO RN
MeD,S
Bret N—Boc

commercially
available

one step from
commercial

12
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JAC'S

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY

pubs.acs.org/JACS

Nontraditional Fragment Couplings of Alcohols and Carboxylic
Acids: C(sp®)—C(sp®) Cross-Coupling via Radical Sorting
Holt A. Sakai and David W. C. MacMillan*

Cite This: J. Am. Chem. Soc. 2022, 144, 6185-6192 Read Online

—  This work: cross-coupling of alcohols and carboxylic acids —

Ir 71 Ni Me
Me OH NHBoc Me
0 /I-\/CDEH - 9Q
Me ( ) NHBoc

alcohol carboxylic acid \ sp-sp? product

BXIRE “Radical Sorting” 3RE&

13



2. NHCTRER B S5 2 Rl ke — Tk 52

NHC-1, pyridine
MTBE (0.10 M), rt, 15 min;

O/DH Mesl(OAc). (2 equiv) Crrmg
.
Cbz""N 10 mol% 12, 1 mol% 35, Cbz"N

MTBE/DMSO (1:1, 0.02 M)

aliphatic blue LEDs, 1 h, rt C(sp)—-C(sp?)
alcohol coupled product
entry deviation from above yieldb

1 none 76%

2 Ni(acac), instead of 12 73%

3 NiCl,-dtbbpy instead of 12 24%

4 PhI(OAc), instead of MesI(OAc), 71%

) 1 equiv of MesI(OAc), 67%

6 irradiation for 5 min 67%

7 no Ir catalyst <5%

8 no Ni catalyst 12%



2. NHCTRR B S8 72 R i -k o2

-RCO5
-Mesl

-CO,

[Fscission

Ph
—0 e
0 N/
\1 Ph

Me
NHMe
U\'

Bu I"I’
\@3:“

no purification
|“' Bu
|
4 Photoredox + TS,,:Z
Catalytic SET
Cycle P it ]
. L
h;ejggﬂcb NHMe = LN NHMe
(Ni] stronger Ni-C bond
*l!
oxidant radical
Me M sorting
(\-f e NHC-1 Pyr oNillL, o Me
e —
carboxylic acid alcohol NHI'-Ie more stable radical

) IEESAEIREEIE (AFE+FB%E)
i) R-EREFEER
i) B HBEMRIRRYRIEE

15



2. NHCTRER B S5 2 Rl ke — Tk 52

0 NHC-1, pyridine X

]
Mesl(OAc), (R). _oH MTBE (0.10 M), rt, 15 min; R)
COH ] IMes + -
X —2 HOAc X (R) 1 mol% 5, 10 mol%s 12 (R)
2 MTEBE/DMSO (1:1, 0.02 M)
carboxylic acid ne purification alcohal blue LEDs, rt, 1 h coupled product

H
N
HO,C” " “Cbz

acid partner (16)

M N H
e H ~ 0 N
N chs Cbz “Cbz
(@]
31 75% }’lﬁ]d 18 62% y‘lﬁldb {i}-Z'J 52% Ylﬁ]db‘f

MM —REREBATLUSER, FHRIK

16
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ORGANIC CHEMISTRY

Alcohol-alcohol cross-coupling enabled by S;;2
radical sorting Science 383, 1350—1357 (2024)

Ruizhe Chen't, Nicholas E. Intermaggio®t, Jiaxin Xielt, James A. Rossi-Ashton', Colin A. Gould?,
Robert T. Martin, Jests Alcazar?, David W. C. MacMillan*

OH

OH NHC Ir Ni
ind ——
BOCO/ H Ox < ) BocmH Boc
NHBoc v
alcohol alcohol C(sp®)-C(sp®) product

> EESER(BER
> ZSHRIENHTT
> INEYIRF L

&

17



2. NHCTRER B S5 2 Rl ke — Tk 52

simultaneous activation

NHC-1, ‘ then Ni(acac),,
OH pyridine, o da '~~‘ ST Ph, Ir(dF(CF3)ppy)2(dtbbpy)PFg Me
R tBuOMe CbzN S H” Yo"+ quinuclidine, Bz,0,, CbzN
45 min Blue LED's, 1 hour
alcohol alcohol no purification, no filtration coupled product
Primary Methylation Secondary Methylation
Me Me
Me
Me Me f S /
NHBoc " N CbzN—
CbzN Cbz
; . - 0/ vi 87 el
2,51% yleld (*)-3, 55% yleld§1' (¥)-5, 70% yield 6, 71% yield
Quaternary Methyl Formation'
Me Me ™ Me
Me Me Me
c u
“magic methyl effect”  cbz Cbz ¥

21, 71% yield (#)-22, 50% yield

23, 63% yield
18
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JAC'S

JOUBRNAL OF THE AMERICAN CHEMICAL SOCIETY

pubs.acs.org/JACS

Communication

Rapid and Modular Access to Quaternary Carbons from Tertiary

Alcohols via Bimolecular Homolytic Substitution
Colin A. Gould, Andria L. Pace, and David. W. C. MacMillan*

Cite This: J. Am. Chem. Soc. 2023, 145, 16330-16336 E Read Online

Me OH

Me N
é PC Fe (si NChz
H
N >
Br” " “Cbz
) () \

Boc v Boc

3° alcohol 1° bromide quaternary product

PRHECSH2ARZUZ A=t i

19



2. NHCTRER B S5 2 Rl ke — Tk 52

Cbz\” AL

primary radical (9)

Ar
~ —N__H ~—N
I X, =0 Y

cycle N?llﬁa_"_—ﬂ cycle N_F'EI"____N
SET
v PC m ‘/ ) >—/

ol quaternary product

& R
[B-scission
ME |:+:: ME
M
BocN o _N '

Boc 12

tertiary radical (T) ~_ T

*PC (4) PC™ (5)
oxidant photoredox reductant iron R

J— —N_
catalytic ——N. catalytic

bz. NBE
N —\)> Can we develop a novel method for

reductive halide activation?

bromide (8) primary radical (9)
Q
XAT . OSiRy RsSi, O
-« Cbz \N/\63' ‘js( - >Si: -— R
R R R R
bromide (8) 14 13

20



2. NHCTRER B S5 2 Rl ke — Tk 52

H
+ Br/\H:D\Q/\I\JjD

NHC, pyridine

TFT (0.2 M), -25C®, 2 h;

[Si] (2 equiv.), CsOAc (3 equiv.)

5 mol% Fe(OEP)CI, 5 mol% 4CzIPN
MeCN/t-AmOH (1:1, 0.05 M)

tertiary alcohol (1) primary bromide (15)
SiMe SiEty SiEts
Phth”” ‘:‘SiMS_M Phth”” :Si\S_E Phth”” :Si\‘_ e
I ja
SiMeg~ 03 SiEty ~ tBu -
[Si}1 [Si]-2 [Si]-3
silane sterics =
i Et
oy -I"SIEts S|E13 .-*O"\ -’Sl d
N i ’.- "'\...
/ ~"*:—E;u f “*rBu +Bu
-Bu i‘Bu
0
F
[Sil-4 [Si]-5 [Si]-6
- | reduction potentiall

blue LEDs, 16 h, rt

entry silane reagent
1 none
2 [Si]-1
3 [Si]-2
4 Si]-3
5 (Si]-4
6 [Si]-5
7 [Si]-6

Me H
0 M O
3
/N

quaternary sp®-sp® coupled product (16)

yield
6%
17%
12%
60%
67%
71%

0%

air-stable, crystalline solid
decagram-scale synthesis

alkyl or aryl bromide activation

“Performed with bromide (0.05 mmol, 1.0 equiv), alcohol (2.5 equiv), NHC (2.8 equiv), pyridine (2.8 equiv), silane reagent ([Si], 2.0 equiv), and
CsOAc (3.0 equiv). Yields determined by HPLC analysis with 1,3,5-trimethoxybenzene as an internal standard. See Supporting Information for

experimental details.

i

it (SzBE +

R IRTE

21



2. NHCTRER B S5 2 Rl ke — Tk 52

NHC, pyridine
R R

OH TFT (0.2 M), =25 °C, 2 h; then
Br” R > R
X [Si]-5, CsOAc, Fe(OEP)CI (2.5-5.0 mol%) X

4Cz-IPN (5 mol%), MeCN/t-AmOH (1:1, 0.05 M)

& i s
2.0-2.5 equiv. blue LEDS, 1t, 9-16 h quaternary sp>-sp
coupled product
alkyl bromides ———— benzyl bromides
Me
D},.o NHBoc
Me N
N
C'/\H: Boc”
Boc” N 26, 63% yield
17, 67% yield
cyclic alcohols acyclic alcohols
O
CF
Me ~ l‘il ’
O o Me Me Me
3 F3C M
N
500 N O 45, 49% yield

33, 67% vyield 22
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M) Check
GDCh Sy An dte
~— Communications weietinny) Chermie
www.anglewandte.mg
How to cite: Angew. Chem. Int. Ed. 2022, 61, e202207150
@ il Hot Paper ‘ International Edition:  doi.org/10.1002/anie. 202207150
German Edition: doi.org/10.1002/ange.202207150

Alcohols as Alkylating Agents: Photoredox-Catalyzed Conjugate
Alkylation via In Situ Deoxygenation

Johnny Z. Wang, Holt A. Sakai, and David W. C. MacMillan*
OH

NHC-1, pyridine CO;Et
MTBE, rt, 15 min.;
(lj Z > co,Et -
l'il NaOAc, TMG, lil
Cbz 5 (1 mol%), DMA/MTBE Chz
1 2 blue LEDs, rt 3, 95% yield
1.2 equiv 0.5 mmol fragment-coupling

R I

Ar Ar
H \M . o . ".N . O z
|:.-|_|:|><O:1-_ _H* Hfﬁ_‘(()ju ; Gl:rz"'fN

O=NHC



2. NHCIREE IR & GieseBY N m &2 B

biomolecules

@] Me
‘\ H p

/ HOJ" 0 XME | y o ! _Me

N X 0O Me Sy 5 0 s o
s Me 0 >
Me Me BnO OBn OH \ N
47, 84% vyield (>20:1 d.r.) 48, 79% vyield (5:1 d.r.) 49, 77% vyield (6:1 d.r.)
from a-D-mannofuranose from D-glucopyranose from a-D-glucofuranose

pharmaceutical agents

N NHAc NHCbz

N ﬁo )\ 0 £t
N P COzMe COsMe
)\ \N/ﬁ \OH OMe cl
NI S H k/N\/I\/O
Cl
AL A )\
OVCOEH

N

Me

(+)-52, 52% yield (+)-53, 65% yield (+)-54, 85% yield 24

from dasatinib from ranolazine from ethacrynic acid
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JAIC'S

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY

Engaging Alkenes in Metallaphotoredox: A Triple Catalytic, Radical
Sorting Approach to Olefin-Alcohol Cross-Coupling

Qinyan Cai,:;' lona M. Mc‘u’ﬂlinnief;' Nathan W. anf;' Amy Y. Chan, and David W. C. MacMillan*

Cite This: J. Am. Chem. Soc. 2024, 146, 12300-12309 I: I Read Online

Me

)O\H /\/Yj NHC-1, pyridine, MTBE, rt, 30-45 min; H’\l(j
HY A H « X

Ir Ni ¥{Mn < ) TMDS, 32202, KOAC, H20
. MTBE/DMA, rt, 2 h hydromethylated
methanol alkene c product

=E{#{k: Irphotoredox, Mn MHAT, Ni radical sorting

25



2. NHCTRER B S5 2 Rl ke — Tk 52

H
H,_‘/H Ph,
N—™ g

OH o= 1.
alcohol (1) vi
NHC-1 —H*
Ph Ph,
Ho N— -~ P N—--"
0— |
Me—oxoln Me Dj‘*
(I e (v
SET
Ielll (1v) I (v)
oxidant Photoredox reductant
Catalytic
Cycle | — [O]
SET
L
O o ‘/\ [Oreal*”
w T {11)]
blue light photocatalyst
source

H.. New metallaphotoredox strategy: Mn MHAT
p=—H
X
vin
g LMn"—H
: Xi R3Si— X
1 Ni'-L, olefin partner ’
XV
MHAT
\ Manganese ReSi—H
radical sorting Catalytic X
H -
He: _H and 52 O/\H Cycle
( Ni'”Ln Vi 0 Xu L Mn"—x% LMn"—x

T

[Oreal*™
Me red
H . . .
Radical sorting catalysis
0 XVl
C(sp?)-C(sp®) product new approach to cross-couple
new quaternary center olefins with unactivated radicals

generated via photoredox

26



2. NHCTRHER Fid S 72 Tl 5

Csz H

1
0.05 mmol

o
— O 00~ O\ b R W N = 3
> H

_
[ I

13

H

3 equiv.

i~

NHC-1 (3.3 equiv), pyridine (3.15 equiv),

OH MTBE (0.5 M), rt, 20 min; then:

3 (0.25 mol%), 4 (20 mol%), 5 (10 mol%)

TMDS (5 equiv), Bz;0, (4 equiv), KOAc¢, H,0
MTBE/DMA (0.067 M), IPR (450 nm), 2 h

deviation

none

in absence of base (KOAc)
in absence of H,O additive
Fe(OEP)Cl instead of §
no Ni catalyst §

Ni(acac), instead of §
Fe(acac); instead of 4
Co(acac), or Co(salen) instead of 4
no Mn catalyst 4

no light

no photocatalyst 3

no TMDS

no oxidant

(IR N BER Tk EEE

Me

CbzN

2 — 75% vyield
yield”
75%
65%
65%
2%
10%
67%
9%
4%
0%
5%
19%
0%
0%

3
t-Bu
ﬁo
-Bu o | o t-Bu
LN R p—
M
t-Bu t-Bu
\ /P
4
t-Bu
Me
HB-—-—-"‘N\ <~ Me
I Me
N ““'Ni ..\O_
Me—\\* Me T
¥ Me
e
5
27
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> [RHASCREL

“magic methyl effect”

from picrotoxinin
(stimulant/convulsant)
46, 51% yield

iPr

Me,

from cholesteryl benzoate
(steroid derivative)

45, 74% yield® 28
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JAIC'S

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY

pubs.acs.org/JACS

Deoxytrifluoromethylation of Alcohols
Nicholas E. Intermaggiof Agustin I\«Ijllﬁt;r Dali L. Davis, and David W. C. MacMillan*

Cite This: J. Am. Chem. Soc. 2022, 144, 11961-11968 Read Online

2 ’\/ es\é, es - '\/ 3

L T &, 0O Lo
v 3
alcohol CF5 source C(sp”)-CF3
product

=RHEERREBEENE/\D AREEYIRIZSYIER

29
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JF’h

-Bu N H
* Ruppertizt7fll (TMSCF;) 0 " @) ??jo
« Togniit3f| (S ‘ K 3 CozN
* Langoisitt3f] (CF,SO,Na) F';:::::‘ SET -

s I (4) Cvel
v Umemotoizt 57 \ ycle
& SET ir' ) Ph

- reductant !
e — +-Bu N)jn

@D >
M M tBu 7 b
E5., § ~mes NChz

oTf |

CF,
CF;* source 10 L,Cu'—CF;
19 Ph
t-Bu N
Copper »7—~0
L.Cu PP o
11 catﬂl)'tll: t-Bu
Cycle inert byproduct 8
+
CF, Alk .
|
| I LCu—CF. [ ]
CbzN T CszJ

X 13
Alkyl-CF3 14 alkyl radical 9
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@/\AC Fii

18, 80% (51%) yield?

NHC '.' Cu 0

\,/

: o

dMesSCF,, TBACI,

quinuclidine, DMSO, rt, 8 h

alcohol

Primary Alcohols

CF;
CbzN

19, 85% (84%) yield®

Br.

CF;

43, 74% (58%) yield*

CF,
MeO

NHBoc

20, 66% (61%) yield”

Tertiary Alcohols
Me |
| =
Z CF3

44, 64% (23%) yield*

alkyl-CF5 product
Secondary Alcohols

CF3 GFE
szhl:r d

14, 59% (57%) yield® 30, 52% yield®

CF;

45, 54% (51%) yield*

31
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JAC'S

|1LH\IA (81} ERICAN CHEMICA

pubs.acs.org/JACS

Direct Bioisostere Replacement Enabled by Metallaphotoredox
Deoxydiﬂuoromethylation

Edna Mao,” Cesar N. Prieto Kullmer,” Holt A. Sakai, and David W. C. MacMillan*

Cite This: J. Am. Chem. Soc. 2024, 146, 5067-5073 Read Online

) OH Cu ; CF,H (NHC ) CF,H
TN TN X ||,o
| [} ] ]
Lo - L J e ;

~ ~ t-Bu CFz

alcohol Ir 0 CF,H bioisostere in situ deoxygenation
W

—RHRERETSSEEEERRYEED, B
BEHERFERE. e TE%DEW‘E@TE

32
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JAIC'S

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY

pubs.acs.org/JACS Communication

Photoredox Catalysis-Enabled Sulfination of Alcohols and Bromides
William P. Carson II, Patrick J. Sarver, Noelle S. Goudy, and David W. C. MacMillan*

Cite This: J Am. Chem. Soc. 2023, 145, 20767-20774 E Read Online

> BERR ARt i

e

(8] o0
OH Ir | [NHC] | 50, IS F* x\é’i
O™ | O | ™ I
)
Chz t, 4 h N DMF, rt N
v Chz Chz
alcohol in situ formation alky! sulfonyl fluoride

33



3. NHCEREEHAR S hik-Z8# (N, S, P, Se)

> BERR SR N

o
M
Chz

alcohol

—~
BocM

o 0,0
Ir | INHC) (50, g F* \Si
(| e (I
(ﬁ)rt4h N DMF, rt N
v Chz Chz

in situ formation alkyl sulfonyl fluoride

o 9

;
/7 ty
0 o
Co
) B
1, 65% yield (£)-7, 65% vyield
Me OH CE;P
5 = ¥
BocN 16, 55% yield

34



3. NHCEREEHAR S hik-Z8# (N, S, P, Se)

> RS iE

st F &t F . F
hi A@[ 1 A@[ 1 é\@
N SN F NF S F N;I“H\N F
’l%ru N

n-Prs M - n-Pr3 M ] n-Prs
D‘Q., '%5,/0 O‘§j,‘ OH 0@" Q\S/’p
Me7‘\g 0N Me7|~\g 07N Me7‘\o -
Me Me Me
46, 50% yield Ticagrelor acetonide 47, 50% vield

Y4

OH S
> % TNH,
Mé Me

18, 30% yield

SERAARIAKEE, o3 E2RERER. ~EER. B
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Y

JAIC'S

JOUBRNAL OF THE AMERICAN CHEMICAL SOCIETY

pubs.acs.org/JACS

Communication

Development of a General Organophosphorus Radical Trap:

Deoxyphosphonylation of Alcohols

Noah B. Bissonnette, Niels Bisballe, Andrew V. Tran, James A. Rossi-Ashton,
and David W. C. MacMillan*

Cite This: J. Am. Chem. Soc. 2024, 146, 7942-7949 Read Online
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3. NHCEREEHAR S hik-Z8# (N, S, P, Se)

Y

1a) NHC (1.2 eq.), pyridine (1.2 eq.), TBME

Ph 1b) PPh; (2.2 eq.), DIAD (2.2 eq.) Ph o
j\/ 0=P(OEt),H (2 eq.), LG (2.2 eq), MeCN j\/g
OH % 'OEt
BocHMN =  BocHN »

2) CsOAc (1 eq.), [Ir] (1 mol%) Ot
DMSO/MeCN, 450 nm LED, 6 h

0.05 mmol
t-Bu
-Bu
NHC
entry deviation assay yield (%)
1 none 75
2 no light 0
3 no photocatalyst <1
4 no leaving group <1
5 P(OEt), or O=P(OEt),H instead of activated P(III) 0
6 4CzIPN-tBu (2 mol %) instead of Ir 74




3. NHCIRBEBR SR hc—ZsE (N, S, P, Se)

> EERR BB e

proposed mechanism

in situ alcohol activation Ar in situ phosphite activation
-Bu N

HO. Ar >=0
T |™oxby = I
NCbz 0 t-Bu il P
\QEO 2 - Cbz,O g T (i
t-Bu
10
16 NCbz 17

| 15

1" ‘

i : | bd

'|H" Ar
’Ar J\ Ar Ar
o A Facile P(V) % ). |
v

t-Bu Photocatalytic L 0

O v B-scission fj 8
'z
N Cycle '- i H”
12 Cbz Cbz 13
rIII
phosphoranyl radical (18) =~
SET
Ar
X
t-Bu N i
\@()» /-‘\ /\ b
- > Y
t-Bu BF, o S A CbzN
21 20
deoxazole (11) C(sp?)-P product (19)
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3. NHCEREEHAR S hik-Z8# (N, S, P, Se)

> BB AL

OH i
1
.-r“P' 'y
ChzN H \*r

1 equiv. 2-2.5 equiv.

primary alcohols

Me

22, 90%
Gram-scale: 94%

Ph

BucHNj\’

=g

W IOR
\DR

NHC LG Ir

z :
1] ! ¥ &
) iy : . ..-"z Ar
SN ENG
i r
(') DMSO/MeCN CbzN ! CbzN
i rt, 6 hr :
P{V) product : via P({IV) infermediate
secondary alcohols tertiary alcohols
o 0
IF!,D Me BocN lL' 0. Me
\
o} Me ,}J Me
ChzN " Me Me
¢ Me
P(V) scope
Ph Ph
43, R = Et, 75% ) S
44, R= F-BU. T8% rl:!l. ‘1Ph F!\r "Ph
45, R = i-Pr, 62% BocHN et BocHN -
46, R = +-Bu, 0%?
51, 81%" 52, 63%
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3. NHCEREEHAR S hik-Z8# (N, S, P, Se)

nature communications

Article https://doi.org/10.1038/s41467-024-47711-9

Dehydroxylative radical N-glycosylation of
heterocycles with 1-hydroxycarbohydrates
enabled by copper metallaphotoredox
catalysis

Received: 4 February 2024 Da-Peng Liu', Xiao-Sen Zhang', Shuai Liu' & Xiang-Guo Hu®'

(o g
> l cl NHC, pyridine N
0" -0 N= toluene,rt, 15 min N
HY OH  HN - -
than Cu(MaCN),PFg (0.1 aguiv) ,
“\ _D M dtbbpy (0.15 equiv), 4CzIPN (5 mol%)
A
1a 1b

Cs0Ag, -BuQOH, toluene/MeCM
blue LED=s,rf., 4 h 24

1.8 equiv 1 equiv

i Q= SVE=T g SRRl 40



3. NHCIREEER SR c—-Z+s# (N, S, P, Se)
> B EE

1a, 1.8 equiv

NHC 1.8 equiv
pyridine 1.8 equiv

toluene 0.18 M
15 min, r.t.

F
/i 3
C? dN N

2f, 92%

4h, 42%3¢

5b, 51%°

3d, 62%

base (1 equiv)
4CzIPN (5 mol%s)

[Cu] (10 mol%)
Ligand(15 mol3:)
+-BuOOH (2 equiv)

3h, 72920

MeCN (0.1 M)
12 W blue LEDs
ri.4h

\N-'N

3i, 65930

5|08, G2 | nak,
I8 POmss,

O C|
3

de, 59%*¢

Iene, =

PRI, DiEhes. M|

B, SRR, [EIE, IR
BEIlRE,. B-PIBRER. SRIEM
ERF AR R R ER RS
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3. NHCIRBEBR SR hc—ZsE (N, S, P, Se)

> EERR SRR A

Proposed Mechanism

+
Baze-H Photoredox
ase [LnEU'l catalytic
cycle
[':"]
Cl

SET
! o
Base + M. }
H Cu-catalyzed radical ;

[LnCu'] amination

1b N generation

[Lncu®” of radical

v
Fh
[ o :-:I =Bu e M
= Cl PGD“Cx ;3 i i
M t-Bu
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3. NHCEREEHAR S hik-Z8# (N, S, P, Se)

> EERRSE Rk A

JAIC'S

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY

pubs.acs.org/JACS

Communication

Free-Radical Deoxygenative Amination of Alcohols via Copper

Metallaphotoredox Catalysis

William P. Carson [I,+ Artem V. Tsymbalf Robert W. Pipal, Grant A. Edwards, Joseph R. Martinellj,

Albert Cabré, and David W. C. MacMillan*

Cite This: https://doi.org/10.1021/jacs.4c04477 Read Online

2 equiv. NHC, 2 equiv. Py, 10 min;
2.5 equiv. MeslO, 3 equiv. BTMG

M
H

N-nucleophile 2 equiv. 450 nm M1 Penn PhD, 4 h

SRS EREA

—_—

m OH 20 mols Cu(OAC)s, 23 mols dOMePhen )
r
e
M U 1 mol%s [IrFmppy)2(dtbpy)|PFE DO, N=
PhF/MeCN (7:3, 89 mM), 24 °C

C(sp®)~N product

\
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3. NHCEREgERSE R h—Z8E (N, S, P, Se)

™ HovaL SOCIETY
ap OF CHEMISTRY

wi\s10C-Y

ORGANIC CHEMISTRY
FRONTIERS

CHINESE
CHEMICAL
SOCIETY
View Article Online

RESEARCH ARTICLE View Journal

/) Check for updates Photoredox catalytic deoxygenative divergent

functionalizations of alcohols assisted by
N,O-heterocyclic carbenest

Cite this: DOI: 10.1039/d4qo00115]

Qiuzhu Wang,® Youye Tian,® Dan Han,“ Wenjuan Xiao,® Mengtao Ma 2 and
Binlin Zhao () *2®

.
o-.-§—0H S NHC 2 o-&,—o’mb —C &.-}—FG
¢ ¢ ﬂ o
1°,2°%,3° without purification ‘k;%{'t\ %ﬁ%g{’t\ ﬂ(;f"ug{,t\
[ — : FEL, —Hfl.
/ ---——R' ---SR? . 1{*D1%:{ﬁﬁk?ug{{
rBu\@:N\;}@ . ---SSR* >—002Me 4§7Ar
© BF, \\—R2 ---SePh o
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3. NHCIRBEBR SR hc—ZsE (N, S, P, Se)

HO—;. 1
[

% i
: Tol—S- f
u
0

1l -
Tol—S—0

|
F
PC
PC
o)
Tol—8§
o
il ﬂ
o}
E *
C’}—FG
@
3,5
Ts—FG
2,4
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3. NHCIRBEBR SR hc—ZsE (N, S, P, Se)

Photoredox catalysis

o,

NHC activation

Primary alcohols® Secondary alcohols® Tertiary alcohols

Ph Ph Ph
Ph\/\% Me\/\/\‘% PhM
Me nM

e Me
3b, 46%
3n, 88% dad, n=0, 56%
3ae,n=1, 48%
—
O P TIPS TIPS
":// z Ph\/\%
Ph Ph
Me Me
3ar, 59% 3as, 63% Jat, 42%
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3. NHCIRBEBR SR hc—ZsE (N, S, P, Se)

Photoredox catalysis

.’S—OH - Ts —FG & ® - .LFG

/ '

1 4 5
NHC activation

S Se
S Ph
\ ; Ph NstBu /\r X
w0 X L oh
Me Me

5g, 45% 5h, 46% °

5i, 31%"° 8, 7TI%°., E:Z=1:3

R
0O

Neg ot

R = OMe, 5p, 90%°
R = OCF3, 5q, 49%?

e, Tk, iE
€, BRI, =B,
ME—BE

5k, 57%°”
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3. NHCEREgERSE R h—Z8E (N, S, P, Se)

O : c) Stern-Volmer fluorescence quenching
OH A bo7.00
a) + —Ts —m - *  Alkyne A
. « TMG
O - 600 - 4 NHC-Alcohol
13 2a : |
14, 42% e |
5 ot
'S
3.00
*o200 )
/ E 1.00
H B / ’ L P 1 1 1 1 1
b) NN + < > =15 m : 0000 0001 0002 0003 0004 0005
E Concentration (M)
15 2a 16, 55%
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4. SE5RE

= | CO,Me o
N CO,Et NHBoc CF; NHCbz
Me
Deoxy-Arylation Deoxy-Giese type reaction Deoxy-alkylation Deoxy-Trifluoromethylation Deoxy-Alkylation Deoxy-Alkylation
Macmillan, Nature, 2021 Macmillan, ACIE, 2022 Macmillan, JACS, 2022 Macmillan, JACS, 2022 Macmillan, JACS, 2023 Macmillan, JACS, 2023
Macmillan, Science, 2024 Fe: Radical Sorting

Ni: Radical Sorting

H
R
cF )4 e oe: )
2 ~ ~
Deoxy-Difluoromethylation Deoxy-Sulfination Deoxy-Phosphonylation Deoxy-Alkylation Deoxy-Amination

Macmillan, JACS, 2024 Macmillan, JACS, 2023 Macmillan, JACS, 2024 Macmillan, JACS, 2024 Macmillan, JACS, 2024
Ni: Radical Sorting Hu, Nat. Commun., 2024

Ph
F N, Ph s S. Se
WMe St-Bu Ph
(0]

Deoxy-Alkynylation Deoxy-Alkenylation Deoxy-Sulfination Deoxy-Disulfuration Deoxy-Selenylation

o

Zhao, Org. Chem. Front., 2024

¢ SHERHENERE, THIREREHARARE
¢ Fe. Ni71SHY “Radical Sorting” J9tgEXMRERF/ORHFTER, EEREEE
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