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1 HREEREX ®
&

Commercial alkyl sources Limitations of Alkyl halides:

2 x 108 1 x 108 1x10° Genotoxicity;

R-I I
R-Br -

R-Cl |

| |

Light-sensitivity;

Necessitating care in handling
and storing these reagents.

R-CO,H

No general strategy for alcohols

OH
HO 0] H
\Cf Me OII, o ?H N
i : X ()
Me ow
0] N Me
[~me N N HN
Me P :/H
A
Me N N S
H Oci
Taxol variant Simvastatin variant from S-D-fructopyranose from dasatinib



1 ARBE=RENX

2 € reactivity - Sy2 2 e reactivity - Sy1
Nu PPh;, DEAD OH LG Nu
- S— —
Nu~™
1 e reactivity

A"

e Overcomes steric limitations

* Reduce the possibility of side reactions, e.g. olefination or rearrangement products

» Potential for late-stage functionalization of drug molecules
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1 ARBE=RENX

S

J "Bu,SnH
OH Y X , base (o] Y toluene, reflux H
> il >
or AIBN
NaH, CS, then Mel S

Y = SMe, imidazolyl, OPh, OMe; X = ClI, imidazolyl; base: NaH

Initiation step: CN CN heat CN
Me fN'\zfr‘? Me __— o N, + 20€Me
Me™ WV “ “Me M
e
~ CN CN
("Bu)sSn—H u-{“—nMe s ("Bu)Sne + H—éMI:Ie
e

Propagation step:

oY 03 Y oY
%/ N0 ~esn(Bu)y %/‘“1/ T ' §-m@58n<"su>3
S« ~ ~Sn(n-Bu),
) /]

Sn("Bu);

1//]
Sn("Bu)s . % H <—|

(this radical enters
another cycle....)

Barton, D. H. R.; McCombie, S. W. J. Chem. Soc., Perkin Trans. 1, 1975, 1574.
Barton, D. H. R. et al. Synthesis 1981, 743.
McCombie, S. W. et al. in Organic Reactions, John Wiley & Sons, Inc. 2012, 161.
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L ﬁﬁ B5XE /.\
. &/
Photochemistry
AI\ Electrochemistry
%OH act/vator O  TM catalysis %. FG % FG
> —_—
L
O Z@ G Oiﬁ Q@ Oi -
23V : -16V . -1.14V +1.75V
A e
P2 - 0 ¥ 42
o 5 o) Yo o ; 0
Ph P ' MeO CsO E ! HO
(o) 0 (0] 4_5 E-» (0]
e SRS SRS
24V 19V -1.3V +1.2V +1.86 V
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.
6

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



1 ARBE=RENX

st oy o
Overcome several challenges,
most notably the in situ cleavage of strong C—O bonds

(1) require no separate alcohol pre-activation step
(2) be amenable to all classes of alkyl alcohol substrates
(3) exhibit exceptional levels of functional group tolerance

(4) be readily adaptable across diverse connections

Photochemistry

3%[0'* scs [g% ]_» g%,m

()



Q BT SR EE T B

%OH e/ Bl NHC { g% ]_» CO%,FG



2-1-1 @3 PEHEBEFRECHNENESR -SRI

scission
RO + P(OC,Hg); —= ROP(OC,Hg)s o0 Re + OP(OC,H)s

(Savas, 1960)

Ir[dFMeppy],(dtbbpy)PFg (2 mol%)
QP (p-OMeCgHy),S, (10 mol%)

PPhs (1.2 equiv.), 2,4,6-collidine (1.0 equiv.)
OH > H
Toluene (0.1 M), r.t., 24 h

34 W blue LEDs

It /-PT\ H
Proposed mechanism “SAr ArSi/r

HAT

AN,

\ *SAr pscission F 0’ Ph
P

o+ - H+ hPh
Ph

P

70\ P.

Ph” [, Ph Ph” | "Ph > oo
OH

Savas, E. S. et al. J. Am. Chem. Soc. 1960, 82, 2181.

Bentrude, W. G. et al. Acc. Chem. Res. 1982, 15, 117.
Doyle, A. G. et al. ACS Catal. 2018, 8, 11134.
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2-1-2 &3 BEHHAEERANERNESR -REC RN

X,

IF(dF(CF3),ppy),(dtbbpy)PFg (3- 7.5 mol%)

NaBPhy (2.0-4.0 equiv.)
Quinuclidine (1.0 equiv.)

co, >
Ar” OH DMF (0.25 M), r.t., 40 h Ar” S CO,Me
30 W blue LEDs Quinuclidine
, then 2N HCI; TMSCHN,
1,1.0 equiv. 1atm 27 examples, 31-90%
Proposed mechanism Stern-Volmer Analysis
I\Ille
2.00 1
o N.
O GV -
Ph,B~ Ph—B H 1
4 | AI’ OH 1.754 —— NﬂB]’h_‘
'Ph—Pr/ Ph Quinuclidine
ET P T R X
\\ : L0 _Ar i
* o= -Ph,BOH P e : 1.50+
1 Ph ; =2
//\ """""""""" 1.25 4
SET
g / Ar”
=) 100
CO,
[ — 0.75 — T T T T T T
Ar Ar” YCOOH 00 02 04 06 08 10 12 14 16
Concentration/10™ (M)

Xia, J. B. et al. J. Am. Chem. Soc. 2022, 144, 8551.
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2-1-2 &3 BEHHAEERANERNESR -REC RN

Radical Inhibition Studies

CO, (1 atm) Me
Ir(dF(CF3),ppy).(dtbbpy)PFg (3 mol%) Me
NaBPh, (1.0 equiv.) N

OH TEMPO (2.0 equiv.) COOH ol’vI .
Quinuclidine (1.0 equiv.) + Me

Me Me Me

DMF (0.25 M), r.t., 40 h
NC 30 W blue LEDs NC NC
then 2N HCI 44% 15%

Crossover experiment using NaBPh, and NaB(4-Me-C;H,),

COOH
CO, (1 atm)
Ir(dF(CF 3)2ppy)2(dtbbpy)PFg (3 mol%) H
NaBPh, (1.0 equiv.)
OH NaB(4-MeCgH,), (1.0 equiv.)
Quinuclidine (1.0 equiv.) 44% 63%
Me -

DMF (0.25 M), r.t., 40 h

NC 30 W blue LEDs Me
then 2N HCI Me Me
NC

40% 85%

7~
@
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2-1-2 1@ BEHRERCHERNER-REA RN

AG (kcal/mol) ¥ ¥ Me O * Me ¥
Q.0 o | S| e
. o H 0 B@
Bl i B-=-0-._,
G D O
"~ M
Pht © NC NC

Ph—Ph ]
‘j' TS1 TS2 1S3 TS4
T

0.0 ka ﬁ
F"h,,B, 22 -40. '----FI, :--—--HL(]\B :

9 co, PhiB-OMF
quinuclidine o
+ o o Ph,BOH
Ph,BO 7/

-89.7 ,

Q I\ide
N

. B+0

ol
-95.4
Ph,B-DMF
B. M M M 9] M 8]
e f‘m Q o Me e e . M
- Ph—8 AN
& ! &
N 9 Me NC
quinuclidine NC NC NC NC

4 (4c-7e) 5 6 7 8 3

()
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2-1-3 EEEUENHCEHESSHER - A B RM ®

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

t . B +a7
OH Br X BuOMe (0.1 M), r.t., 5 min .~ u\©:N\>
+ | — then Ir(ppy),(dtbbpy)PFg (1.5 mol%) N o
X R tBu _

NiBryedtpppy (5 mol%)

\

Quinuclidine (2.5 equiv.) X R
1:1 'BUOMe/DMA, rt., 2 h q NHC-1 J
Blue LEDs
Selected examples
CHO
MeO,C MeO,C
MeO,C “/OH
63% yield 81% yield 52% yield, > 20:1 dr 81% yield, 19:1 dr
Boc OB
N Bno, &
Me A o
N Me OBn
MeO,C MeO,C N — .
2 2 MeO,C N MeO,C N
44% yield 55% yield 51% yield 82% yield, > 20:1 dr

MacMillan, D. W. C. et al. Nature 2021, 598, 451. 13
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BENHCGERESSHNER-FE B RM

oh &/
OH Ph ‘8
Bu +N +Pyridine U\©:N><H
, + ? B ——— 0 o
Proposed mechanism Eog \E;Eo -PysHBF, By
tB _
Y BF; 0
S NHC-1 p
/‘ !
/ oxidant
CF; [
dtbbpy)Ni' L,
Photoredox
Catalytic
Cycle
iy
All|<”yl Nickel fo o P
N N| =Ar icke
Catalytic Ir! \©: ><
Cycle reductant
(dtbbpy)Ni°L,,
N— N|" - Ar \©\ -H*
Ph
tB
Ph Fai
Bu N’ 0>—\\\
+ 0>=0 -
‘Bu 14



2-1-3 EEEUENHCEHESSHER - A B RM ~

NHC evaluation Preliminary investigation
NHC, Pyridine, in ‘BuOMe, rt., 5min ¢ Stern-Volmer Ph
OH 3.00 | e t-Bu N~ H
then Ir(ppy),(dtbbpy)PFg (1.5 mol%) ' \©:O><
. o O—R
NiBryedtpppy (5 mol%) EB
fo) Quinuclidine (1.5 equiv.) 550 b
1:1 ‘BuOMe/DMA, r.t., 2 h CF; . m Aj A Me_ _Me
Blue LEDs [N l}l
Bn
33 e BocN N B
Ph Ph Ph Ph & Boc r
Bu +N’ +N’ +N’ Ph +N’ ® —/
Ty T e P L e
o o X N COH
Bu - _ - Ph _ _
BF4 BF4 BF4 BF4 1_00 = v with [Ay
NHC-1 NHC-2 NHC-3, X = NPh NHC-5 , , , , , N N
NHC-4,X =S 0.00 0.01 0.02 0.03 0.04 .
88% yield 72% yield 0% vyield 0% yield Quencher concentration (M)

15



2-1-3 BEIENHCE S SHES 2R B REL

Investigation of the reaction mechanism

NHC-1, Pyridine, ‘BuOMe, r.t., 5 min

>
then Ir(ppy),(dtbbpy)PFg (1.5 mol%)

NiBryedtpppy (5 mol%)

Br N
| > + A/OH

A X
P

0w
N~ ~“CO.Me Quinuclidine (1.75 equiv.) MeO,C~ "N Me0,C~ N7
1:1 'BuOMe/DMA, Blue LEDs, r.t., 2 h 32 1
1.0 equiv 1.45 equiv 77% yield minor
Bu Bu
‘Bu Bu
5 NHC-1, Pyridine, ‘BuOMe, r.t., 5 min
r
| X HO then Ir(ppy),(dtbbpy)PFg (1.5 mol%) N D N 2D
_ + | NiBr,edtpppy (5 mol%) ©/
N~ CO;Me Quinuclidine (1.75 equiv.) z HTZ
1:1 'BuOMe/DMA, Blue LEDs, r.t.,, 2 h H OIN
Vo gy T T T gy T ; | _
1.0 equiv 1.45 equiv ! : VI, 28% yield VI, 21% yield CO;Me
Bu Bu:
E : A N
: N\.;Q) N /O/\/\ 1% yield
/\) { Me0,C~ N
“Iv v :

()
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2-1-4 NHCE b HE SRS RS B hOA E (S B At R A

Fragment coupling of alcohols & carboxylic acids

O; 0 = traditional OH CO,H aspirational
ester formation
o (o]
o)
o NHC-1, pyridine X
Mesl OAc), IMes MTBE (0.10 M), r.t., 15 min;
OH >
X -2 AcOH r(dF(Me)ppy),(dtbbpy)PFg (1 mol%)
Ni(TMHD), (10 mol%)
t i
no purification BuOMe/DMSO (1:1, 0.02 M) Ni(TMHD),
blue LEDs, r.t., 1 h \
Selected examples
Me H H Boc. Boc.
N, N. °“~NH 0 NH Me
d\/ Cbz MeO Chz = Ph\/?\%Me
Me Me Ph Me
75% yield 57% yield 50% yield 50% yield
MacMillan, D. W. C. et al. J. Am. Chem. Soc. 2022, 144, 6185

17
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2-1-4 NHCECRIEE S BERnRFR BRI FIESFt{BEX R M

i\

(:I/ IMes
ET
no purification
reduc ant
A [ r.I 1]

-2 AcOH

Me
CO,H
Y

carboxylic acid

MesI(OAc),

Proposed mechanism

O-/Me -RCO;

0
t Ph
Bu N )01 O

Photoredox
Catalytic SET
Cycle
¥ 1l
oxidant
MeHN NHC-1, Py \©:
eHN__~
OH -PyoHBF4
alcohol

C

NHMe Sscission
JPh (\j/\/ NHMe
Bu N
o
L =o
O
Bu
N Sy2
o N NHMe :r LnNi"I\/\NHMe
@ stronger Ni-C bond
radical
M sorting
eNi"'Ln o_Me
AN
——
(y S
NHMe

more stable radical

18
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()

NHC-1 (1.2 equiv.), Pyridine (1.2 equiv.)

r,«W/OH Mes _ *_Mes ‘BuOMe, r.t., 15 min; /Y
| _ S y f
| + | o

oTf Ir(dF(OMe)ppy)(5,5'(CF3)bpy)PFe (1 mol%), TBACI (2 equiv.) “s._.-

Cu(terpy)Cl, (5 mol%), dMesSCF3 (1.5 equiv.)
Quinuclidine (1.6 equiv.), DMSO, Blue LEDs, r.t., 8 h

S"Pr Me><Me j\"Pr X
N)\N " "o OH @ NZ IN e o CF;
F \\\\‘ \N)\(Ik '& j r F \\\\‘ \N)\YKN '& J
D o N= , 0 y : 1 °

F N Late Stage Functionalization F

Ticagrelor Acetonide 55% vyield

MacMillan, D. W. C. et al. J. Am. Chem. Soc. 2022, 144, 11961. 19
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A-=RREMARM

) Ph
Proposed mechanism  oH Ph . ‘Bu N__H NHC
‘Bu *N +Pyridine \QE )<
N 3 _— o) -
N \©:0) PyeHBF, r dO activated
Cbz ‘Bu -
BF; CbzN alcohol
NHC-1
G * |1l
/-:xidant
CbzN
Alk Culn i
"l Copper Photoredox Y
anu I— Cata'yﬂc Catalytlc
X Cycle /\ Cycle
4, Ph
M\\\\\\\___, o .h;<H
0 Ir! \I:;:I:O o
L,Cu reductant ‘Bu
Mes\g,Mes
- | N
OoTf Chz
source -H*
Ph t Fh
'‘Bu N Bu N
"7
+ o 50
Cbzr!lj \@oﬁ - ©:o S\
tBu tBu 20

NCbz



2-1-6 FEEIINHCGEAWE5MER-GieseBI R

NHC-1 (1.1 equiv.), Pyridine (2.2 equiv.) R
4 OH H.
. EWG MTBE (0.10 M), r.t., 15 min; .
{ Y . R/\/ - EWG
S R [Ir(ppy)2(dttby)]PF¢ (1 mol%) '
NaOAc (2.2 equiv.), TMG (1.0 equiv.) S R
‘BuOMe/DMA (1:2, 0.033 M), Blue LEDs, r.t., 2 h
fragment-coupling

: Ar Ar

' Sso N H - e_ Seo N’ ’7 ("‘W ° E

; | ~O : ;

: LX . T EO>—\\\ )

: NHC=0 ]

Selected examples
CbzN CO,Me CN Me  _CO,Me
Co,Me O/\/
NHCbz CbzN BocN NHCbz
NHCbz  BocN
81% yield 88% yield 93% yield 97% yield

MacMillan, D. W. C. et al. Angew. Chem., Int. Ed. 2022, 61, €202207150.

()
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2-2-1 BB RN TiEE SHER- SR

_ 1) 140 °C
) . ) . ~ TiClg, K A~ 2) evap. Ph
Dimerization (Initial work) Ph” SONa —— Ph” “O[Ti] — pp N\
PhH
reflux low-valent (vanTamelen, 1965)
Ti species
Ti(benzene),: Young, 1979
. [Ti] cat.Cp,TiCl,/LiAlH,: Sato, 1980
Deoxygenation reductant P2 1112 AT
R-OH » R=H Cp,TiClI: Barrero, 2010
i i Cp,TiCl |+
Cp,TiCl Cp2:]'ICI P2 A Cp,TiCl o
R—OH —_ 5~ —> |R---0 > Re » R—TiCp,Cl — R=H
N~ \
H H

van Tamelen, E. E. et al. J. Am. Chem. Soc. 1965, 87, 3277.
Young, D. et al. Tetrahedron Lett. 1979, 20, 173.

Sato, M. et al. Chem. Lett. 1980, 9, 103.

Barrero, A. F. et al. J. Am. Chem. Soc. 2010, 132, 254.

Cp,TiCIOH

()
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2-2-2 FiEE RN TRt S E5NER-GieseB g

QO TiCl,(collidine) (2.0 equiv.)

OH P LB ) >
+
@ Z “EWG Collidine (1.2 equiv.) @
EWG

THF (0.2 M), 70°C, 20 h

Proposed mechanism TilY + Mn
Ti" (low-valent) P
OH base . Z “EWG
baseeH* 5
n+1 Il
" SEwe Ti™1  EWG EWG
I//]
(o)
OAc O TiCl,(2,4,6-collidine) (2.0 equiv.)
Mn (2.0 equiv.), collidine (1.2 equiv. AN
A" SOH + pp oMo (2.0 equiv.) (1.2eq )> Ph OMe
THF (0.1 M), 70 °C, 20 h Ar
1.0 equiv. 2.0 equiv.

Ukaji, Y. et al. Org. Lett. 2018, 20, 5389.
Ukaji, Y. et al. J. Org. Chem. 2022, 87, 7487.

7~
@
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2-2-3 B e Tid RS EERIE R -GieseBU R M

7\
N\
"TiCly(cat)" (2.2 equiv.)
EWG ) :
A EWG — %\/ )\ Zn (4.0 equiv.) R?2
R'—OH + EtsN<HCI (1.0 equiv.) .
R® DMA (0.2 M), 24 h R\)\R3
Alcohol Ph. _OH OH OH OH Proposed mechanism
conols -
e X \r direct
C-O cleavage (rds) A R2
BDE (kcal/mol) 83 96 96 94 —— R > R Ao
i 9N f ical i
Stability of R+ © High Low RVO\ [T, - [TV [Ti' ree radical reaction |
I
C—) +1/2 H, 33 R'—Cl + metalation-protonation
TiCl,(collidine) it
| collidaine
+ M; 3 e reduction R1\)\ R2
1.52Zn f[Ti"']
Ukaji, Y. 2018 *H*’ OI)
o cCl H HY O _Me
N )
Ti ! H |
EE—— \ ) o R
©:°' ¢l R'TN [T, R 2 | = we

+7Zn

Serrano, R. et al. J. Organomet. Chem. 1986, 315, 329.
Ukaji, Y. et al. Angew. Chem. Int. Ed. 2022, 61, ¢202112533.

Ti-assisted HAT
from DMA

25



2-2-4 Z RGBT TS ENER -GieseBI RN

Proposed mechanism

Cp*TiCl3 (10 mol%)
TESCI (3.0 equiv.)
Zn (3.0 equiv.)

OH
%/ + 2 Ewe

5AMS

Selected examples

- EWG
THF (0.4 M), 60 °C, 12 h

CjM}\/COzEt M90:©/Y\/002Et
Me Me
o MeO
62% vyield 53% vyield
OH Cp 'Ii'lClz
OH
=y
I
V
] IV OH
TESCI
1/2 ZnCl, Cp*TiCl,
|

Shu, X. Z. et al. J. Am. Chem. Soc. 2020, 142, 16787. Zn TESOH

O, oEt
Me P\
" e>(\/ OEt
Me

64% vyield

O EWG EWG
R s

7~
@
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2-2-4 Z RGBT TS ENER -GieseBI RN

DFT calculations:

AG (kcal/mol)

HO pathway Cl
_ Me  not found Me
CpTiCls  + —>&— CpTi(OH)CI, + 35
HO pathway cl
. Me not found Me
CpTiCly  + —>&—> Cp'Ti(OH)CI + 6.5
HO pathway cl

Me not found Me

Et;SICl  + 6 —>—>  Et,SOH  + 6 0.2

The controlled experiments:

OH standard condition Cl
'
without Zn, 12 h

Me Cl Me ¢
Me CI
MeW Me
5 5
0% 0% 0%

()
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()

DFT calculations:

AGgy)
kcal/mol 075 i

Cp*TiCl,
lZn(S)
Cp*TiCl,

0.0
OH

OLMe

% 1.1 TI“‘\ /H

/gl |/ cl

28



2-2-5 TiiB N =REESIHE RIS {BEAR M

Cp*TiCls (10 mol%)
TESCI (3.0 equiv.)

R R Zn (3.0 equiv.) R R
AL + X\/\Ph > M
R* OH THF (0.5 M), 60 °C,12 h R Ph

5 A MS (20 mg)

Reactivity: ¢ Alcohol C-OH homolysis e Vinyl-X (X =F, CI, Br, I)

Selectivity: © 3% gver 19/2° alcohols ¢ Vinyl-Br over Ar-X (X = Br, |, OTf)
Proposed mechanism
Cp*TiCl,
! R H R Ti \Y
~OH Ml H R
_OH R . Ar H Ar Ho T
R m R —
v H Br Br Ar H
(E)A (E)B Br
o (E/Z)-Vinyl-X
Cp*TiCl, CpTiCl —_ .
R R H
A Ar =
1/2 ZnCl, TESCI A H NP R
Ar H (E)-product
Cp*TiCl, Br H Br
Zn I TESOH (2)-A (2)-B

Shu, X. Z. et al. ACS Catal. 2022, 12, 1018.

()
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2-2-6 Tii it FESHEE AR X BIAR M

C

[Ni] (4.6 mol%) -
TiCly(lutidine) (1.1 equiv.) Me Me
OH X\//\z Mn (2.0 equiv.) o \ — VR
R
R 2,6-Iutidine (1.2 equiv.) Me—\ 4 ) Me
_ THF, 70°C, 20 h N. _N
X - BI’, I ,N|\ .ZHZO
1.0 equiv 1.2 equiv Y Cl Cl
Proposed mechanism Ni catalysis:
1/2 Mn'!
1/2 Mn® \——Br
N— N| N
\ Ar N \I
Br
NX |||

Ar/\/ N \I

Radical supply:

n rate-
[Ti] limiting
Ar”YoH —> Ar” o[l P A
- |

Ukaji, Y. et al. Adv. Synth. Catal. 2020, 362, 5622.



2-2-7 RefE{YIEERIE R -Giese B R

R2
OH R2 PPh; or piperidine R3
* RK/\ RelO,(PPhs),, b 150°C 1
3 e , benzene, R
X Y R 2 3)2 X v
Proposed mechanism PPh; 0. PN HO_ Ar
_\_\ SReV
~ e -1
o~ |
PPh, PPh;
|
_\_\ PPh3 ° |i>ph3
N
RelV*I SReV-l
HO™ |
OvAr
I
PPh3 PPh3 or C5H11 N
/\ I m
Ho~ & -
I O _Ar OPPh; or C5HgN

Nicholas, K. M. et al. J. Org. Chem. 2020, 85, 3320. 31
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2-3-1 SCSTENX

()

“The main feature of this process is the shift of spin density from the
former C-O C-atom to the C atom that bears the leaving group.
Therefore, we call this overall process spin-center shift.”

Muehling, O.
Muehling, O. et al. Helv. Chim. Acta. 2003, 86, 865.
~ ~
. S-C-Z cleavage - PPO . (e % RNR PPO
R spin-center shift (SCS) 1% class | R
HQ: 'z > >_ ) O S 0
a G —HZ X B C scs > .
HO OH -H,0 (0]
Spin density shifted from «-C to p-C.
\_ Yy, ribose motif deoxyribose motif

Muehling, O. et al. Eur. J. Org. Chem. 2007, 2007, 2219.

33



2-3-2 5@

iiSCSii*E%'—i HES

-SHE R

0]
R mter-E T intra-ET ©)‘\/
hV -OH_
OH bhp ™ phypt C :
conditions = DMSO / hv, Ph,P"
CSFSB(OH)z (20 mol%)
I Ir[dF(CF)sppy]o(dtbbpy)PFg (1 mol%)
quinuclidine radical cation N « @ g - /N quinuclidine quinuclidine (30 mol%)
("' blue LEDs, DCM, 23 °C, 6 h
R' R ] ]
O R o H R R o
CeF5B(OH), HAT +e, H*
=R ()
3OH on HHO ;‘
O\é/o /
furanose HO" “CyFs HO’ I “CeFs HO CSF5 CeF5B(OH),
tetracoordinate boronic ester
BzO
zO BzO (0] OMe PivO OP|v
o) o _O OCy
0] ¢} (0]
Me
70% vyield (9:1) 73% yield (10:1) 66% yield (17:1) 66% yield (10:1) 68% vyield (4.4:1)
Santiago, A. N. et al. RSC Adv. 2013, 3, 11493.
Taylor, M. S. et al. Chem. Sci. 2020, 11, 1531. 34
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H

Proposed mechanism N
\

u

Ir(ppy)2(dtbbpy)PFg (1 mol%)
Thiol catalyst (5 mol%)

TsOH, DMSO, Blue LEDs, 23 °C

Me

MacMillan, D. W. C. et al. Nature 20185, 525, 87.

N

~—SCS—
-H,0

|rIII

N'l

RS

NN

H+
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Ir{(4'-Bu)ppy]; (0.5 mol%)
Lutidine (50 mol%)
Organocatalyst A (20 mol%)

DMA (0.25 M), H,0 (30 equiv.)
34 W Blue LEDs, 0 °C
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MacMillan, D. W. C. et al. J. Am. Chem. Soc. 2018, 140, 3322.
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Deoxy-hydrogenation Deoxy-carboxylation Deoxy-arylation Deoxy-alkylation Deoxy- trifluoromethylation = Deoxy-Giese type reaction
Pe, Doyle, 2018 Be, Xia, 2022 NHC, MacMillan, 2021 NHC, MacMillan, 2022 NHC, MacMillan, 2022 NHC, MacMillan, 2022
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Deoxy-hydrogenation Deoxy-Giese type reaction Deoxy-alkenylation 1 \ Ej__IFPG?_IEPGJ ﬂ/&%ﬁ/ﬁ{%, i?szgl\’
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Ti, Young, 1979 Ti, Ukaji, Ti, Ukaiji, 2020 ses
Ti, Sato, 1980 Ti, Shu, 2020 Ti, Shu, 2022 E§1E1't'd“d'
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Deoxy-hydrogenation Deoxy-heteroarylation Deoxy-alkylation
Santiago, 2013 MacMillan, 2015 MacMillan, 2018 4. ﬁi}géﬁiﬁﬂﬂzgﬁqj I ﬁﬁ%gﬁgﬁﬁ*q]%

Taylor, 2020 38
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