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Abstract Alcohols are among the most synthetically versatile, operationally convenient, and commercially abundant func-
tional groups in modern organic chemistry, which are widely present in a variety of drugs, natural products, agrochemicals,
and fine chemicals. Alkyl radicals are the most important building blocks in radical chemistry. Traditionally, the alkyl radicals
can be generated from the alcohols through the Barton-McCombie radical deoxygenation reaction. Despite the importance of
this reaction, one of the several limitations of this strategy is the requirement of stoichiometric quantities of hazardous rea-
gents. Another limitation is that the generated alkyl radical can abstract a hydrogen atom from tributyltin hydride to deliver an
alkane. Therefore, development of a convenient and compatible method for generation of alkyl radicals from alcohols has
synthetic appeal, yet it represents a long-term challenge and urgent demand. With the development of organic chemistry,
much efforts have been devoted to the development of this transformation. This paper reviews the recent advances in dehy-
droxylation of hydroxyl groups via oxalates, focuses on the design principles and concepts of these strategies, compares the
reaction mechanisms, and summarizes the generalities and differences of these methods. It is divided into three sections con-
sisting of the radical-based dehydroxylation of hydroxyl groups via N-phthalimidoyl oxalates, oxalate monoester salts and
oxalates. The future and trend of radical-based dehydroxylation of hydroxyl groups in organic chemistry were prospected.
Keywords photocatalysis; free radicals; dehydroxylation; alcohols; oxalates
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() E R J Al S B, I RS S B R AR e 3t
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FVE RE e A

TEiZ N, FES BT Ru(bpy)s(PFe), 75618
ZMF R A RRBUR ST Ru(bpy)s(PFe).*. Bl JE A
B AEA T 5 DTS k4B B HL F 5% #% (Single  Electron
Transfer), A A0 RS FG AL Ru(bpy)ﬁﬂ H R
Tk 1-9. —J7 T, =50 1-4 5405 — %
%i%%%ﬁ%@mw&ﬁiﬁMPME%1Lkﬁ
BT SR 1-1 RAERE TR, A S eH
155 Ru(bpy)s(PFe)2. 4828 — HI BRIV i fiT A= Y B R R 2
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FEFEE 3 1-6, BJG b A M B RS BRI b=
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B, HEBHEFRE 1-2 [N, A Rdl R A i
A 1-8. edd F % 1-8 AT LASBHE 7 [ i3k b a4k
1-9 RARR 588 S N A AH LK H AR =) 1-3 (Fig-
ure 1).

2016 4F, fHAEEEANRIE T = iR L
E IR R B, HFDAA R T — RIS =
TR RO A BRSEAL EW 2-3 (Figure 2). RN EA BIFH)
JRPDIE P, IR SR AR BEAR U M 3E T 1% M,
BFE SO 2-3a) IRBEG=H) 2-3b) KIRG=H)
2-3¢) LA S 5 R NI R & WIe =4 2-3d) KA A P (Figure
2).
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s Overman, 2013 mm—

e Ru(bpy)3(PFg)2 (1.5 mol%)

Hantzsch ester (1.5 equiv.)  R1 EWG
+ /\

BWG 5 NEtHBF, (1.0 equiv) Rz‘lz/\/
THF/DCM (V/V, 1:1), blue LEDs R

19 examples 22%~92% ylelds

1, From 3° alcohols 2
Selected examples

Me
Me
\)L \)LMe Me MeO
Oﬁ " Oﬁ N
H MeO

Boc

3a, 82% yield 3b, 68% yield 3¢, 36% vyield 3d, 62% yield
Proposed mechanism:
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Y Hantzsch ester
4 R? SET: Single Electron Transfer;, HAT: Hydrogen Atom Transfer
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Figure 1 Photocatalyzed fragmentation of alkyl N-phthalimidoyl oxa-
lates
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9 [ONPS) Ru(bpy)sCl, (1 mol%) R? 1
R
R! O\n)‘\ _N Hantzsch ester (1.5 equiv.) P
RP'/3 ° iy / Ph ProNEEHBF (1.2 equiv) " =z R
RO THF, CFL, 8 h r
1, From 3° alcohols 2 29 examples, 35%~92% yields 3
Selected examples:
//*zl //%Q /QER
“Boc ph Ph
3a 82% vyield 3b, 41% yield 3c, 79% yield 3d, 35% yield
Proposed mechanism: O\\S//O
~ 4 R3
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Ru(bpy)s
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R CFL = Compact Fluorescent Light.
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Figure 2 Photocatalyzed alkynylation of alkyl N-phthalimidoyl oxalates
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@ n-BusNBF, (0.25 mol/L) R*
R1 o\n)L Ri A~ Hantzsch ester (1.2 equlv} R?\/ WG
EwG DME, 20 °C g
R
1, From benzyl 2° and 2 RVC (+)|RVC (), (25 V)
3° alcohols 11 examples, 31%~74% yields 3

Selected examples:

M
SO,Ph
2 SO,Ph SO,Ph
SO,Ph

3a, 72% yield 3b, 74% yield 3¢, 31% yield 3d, 50% yield
Proposed mechanism: (50°C, 5.0V) (50°C, 5.0V)

>/: EtO,C COQEt
Rh/
- Phthalimide
-CO, EtO,C CO,Et
R%ﬁ ﬁ
2
R 4 \EtOz COzEt 8
l Co,
4 R Hantzsch ester
R I ewg g EWG
Ra — 2 v
R® 2 R RS 6
Cathode RVC: Reticulated Vitreous Carbon Anode
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Figure 3 Electro-induced deoxygenation of alcohols
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L] MacM|IIan & Overman, 2015 mm——
Rl o Ir[dF(CF3)ppyl2(dtbbpy)PFg (1.5 mol%) w1
xw*m+fz o - Ry e
R H O (10 equiv.), DME/DMF (V/V, 3:1), R?
blue LEDs, 40 °C R®

1, From 2 and 3° alcohols 37 examples, 51%~99% yields 3
Selected examples:
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Figure 4 Photocatalyzed fragmentation of alkyl oxalates
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SN R AR R B, BIA]1E 2] Dendrillolide C.

s Overman, 2017, 2020 s
Total synth of Chelovie A and B and Dendrillolide A and C:  po

H\.oH [Ir]: Ir[dF(CF3)ppy],(dtbbpy)PFg
g

1 Cheloviolene A
i) Oxalyl Chloride T 730/Ste_psld
i) Hy0, K,HPO, o yie

Qlf

wHLOK e
|) [Ir] (2.0 mol%), blue LEDs
ii) n-BusN (10 equw) blue LEDs

76% yield over two steps 8 steps
l 13.7% yield

L-Men O,

- (0]
5
Cl
i) [Ir] (2.0 mol%), blue LEDs
ii) n-BugN (10 equiv.), blue LEDs
68% yield over two steps

L-MenQ,

toluene, 90 °C
77% yield

Cheloviolene B Dendrillolide C

Total synthesis of Macfarlandin C:

AcO,
i OH H ] H
B N H
7 H o]
i) CICOCO,Me Macfarlandin C
ii) CsOH, THF/H,0 Me_Me 8 steps
>95% yield : T 12.6% yield

over two steps N~OL_o
Leco o-MenQ
Q H )0

)\\‘(OCS Me 3 Cl
{ile} - o (0]
0 i) [Ir] (2.0 mol%), blue LEDs

A i) n-BuzN (10 equiv.), blue LEDs E'

H g 74% yield over two steps

9

B 5 Cheloviolenes A Il B, Dendrillolide A 1 C A% Macfarlandin

C RN A
Figure 5 Total syntheses of Cheloviolenes A and B, Dendrillolide A
and C and Macfarlandin C
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2020 4 Overman @2 IE AL HemE, LA=2%
i 5-7 K%, Gidfai e e & R R B B R G )
5-8, MR R I B BRI R B, B R
FIFHRNAEY 5-9, it 5 AR AT 15 3 KR4
Macfarlandin CU'7-181, — RF| RIRFEMINI =B R, T3
BT BRI B KA s .

2018 4, Overman “5HRIE | 5T G AEAL HE IR B R
WAk, =R kedE E B BRI W (Figure 6). OB H 1) 5
R HLERSRIEY) 6-1 SRR T =i, HAdmEsd =41
MR =2k i, BEERAE 1Le-TNUR M. %R B
B RUFRYEE M. V1 s B AL EE 5 Al T 28
L, [FIFE 2 BIR AR 2R R Y 6-1 53R &AL
Ir[dF(CF3)ppyla(dtbbpy)PFe* A A= B HL 746 8%, £l H
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J&i B R 25— 4 T AR AR PR AR A R ) e 2 ER 2
)44 6-5. Jedk H HHIE 6-5 5 H T ILYE % 6-2 KA
H AR B, A2 B 5 B S ek 6-6, T4
I B IR R Ak, BDATAS ) 1,6- IR 6-3.

s Overman, 2018 s

Rg'/o\")LOC R ppylictobmy P (1.5 moty RL A WG
R? H,0 (10 equiv.), DME/DMF (V1V, 3:1), R? R3

blue LEDs, 60 °C, 18 h

1, From 3° alcohols 23 examples, 30%~77% yields 3

Selected examples:
OCOt-Bu
A~ COEt

6\/\/0025 ? SN A~_-COsEt

i
3a, 74% yield 3b, 64/ yield 3c, 54% yield
Proposed mechanism:
1 =
RYOW_ -coy % A coMe R an-COsE
LY ®L T Rl T
R® O R3 6
4 5
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-CO, ||| I
@ﬁ - \
SET o
.
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ot —/ F3C 7 N/ \N N
R}( \")LOCS
il

B6 =ZbedEE HFER 1,6-8 R
Figure 6 1,6-Addition of tertiary carbon radicals
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LT (NHY)2S20s. BEAL, 1B I8 R IAEERE e &1k
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Ir[dF(CF3)ppyla(dtbbpy)PFg (0.5 mol%)
(NH,4)2S,05 (1.5 equiv.), DMSO

o]
R!_O
oo ox
R® O

(NH4),S,05 (1.5 equiv.)
DMSO, 65 °C, 10 mins

+

2 2
RR3 blue LEDs, 30 °C, 10 mins X =Cs, Li 12 examples, 12%~82% yields Rrs 3
3 34 examples, 32%~100% yields 1, From 3° alcohols
Selected examples: Selected examples:
Me Me Me Me Me Me
N
A A X A A A X
Me MeMe H Me @ Me
I~ o — o~ Z o~ 7
N N N N7 H N N N
Me"
3a, 85% yield 3b, 68% yield 3c, 85% yield, dr>20:1  3d, 47% yield, dr > 20:1 3a, 53% yield 3b, 69% yield 3e, 61% yield
Proposed mechanism: iy Proposed mechanism: A
e -
S)0% ——— > 2 80,
A Chain Pathway
2a i Me o . )
s 4 N SO, S04~
RYO\l' -C0p RN H A Rl_oO " i Vi 1
R, —> g, > + R T 0Cs RL_0O Rl_O
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4 5 HSO, 6 H R 1 R® O \ R?
| 1 -CO, 4
hy PCET S0, Me co
- 2
co, . | K \
Tl I - -80.% Me B
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a + 2
/ \% N J/ D { .
Photocatalytic . 2- - 6 . 1 .
SET Cycle - 3042 S,08 HSO, -’t‘ R2 R?IRS
SET Me ~2CO, H g
0 J - Me 5
R! o\rH‘\ b R! SO\" X
> OCs 1 . + AR’ . _
R | Ir S,0g2 ” o2 R?II?:’ PCET Itl/ R!
! s F 5 ) H o g’
PCET: proton-coupled electron-transfer HSO4 3

Bl 7 ST AT BRI R
Figure 7 Radical alkylation of electron-deficient heteroarenes
BEBEGH) 7-3b)id S 2 IR LR (724 T-3d) S BEAR AT 1L i
T XA SR

FARK) [ SALER LN Figure 7 B, TESGHEIGEIAH,
RS SR 7-1 KBS THF, LK
AE A, A ESERI B RN, A R N Bk B
3 7-5. SRRRIERIBEEE B B 5 B AL B T 07 ke
7-2a KA E RFEINRUSORE, A AU 1 5 1 R ] 4
7-6. 53— U7, WORB MR IR RIS, R
IR I B SR A HEA ) 5 I BRI AR S b,
HHT A L OGN BR R AR B H13E SO, B
A4k 7-6 5 SO~ KA T M & B T B Kk N
(Proton-Coupled Electron-Transfer), 45 H A7/ =4 7-3a.
BeAMZ S BOEAFAE H 3 EE AU AR, & T B
A4 7-6 7T LA I BRI AR A A B 1A%, AR R H Br
Y1 7-3a F1 SOy, BJ5 SO« F UAS 5 Ja S HER B G 1
EACHEZRAL I RE, B A e E 3k 7-5, AT SEEL
H AR, R NS AR, AR
RAEMPEAM N R, LRI T IR B b5
SOy, HH—70F 1) SO4 FT LUK B L i e A A il A
H%E, HadEsim e, ek bkt
7-5. Kedk E IR BT IR 0T IR SORE, AR R BH B
T H B PEA 7-6. B85 FHE 5 A b2 b A S 5
=TI E I SO TR TR TR X
Sz, AT AL AR R H ARt &4 7-3.
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JUF-[R)— I ), V37 B R A PU R RE R OE T 2T
IR I B 05 PRV e Ak S B (Figure 8). NG
AT S JE IR AR, R ke e
P LR VR T SRR L 8-1 ISR k. ok R
) 8-3e). —HEEGEY) 8-3d). L EE(EY) 8-3a, 3b, 3¢)
PR = W72 8-31, 3g, 3h)TAE IR RS, #ALIN
TS TR L. % Bl Uk 05 IS5 ) I 24 1
T, MERIRGFHIE A T B, AT SEIRAE i M o T
g5 WA i . Kk ) A (milrinone) AT O FF R AT AR
(pentoxifylline) S BE S I H 25 14 i

2016 4, Opatz BRI PHRGE 73T IR 1 05
i 5 R SRR A B D B R A B S B (Figurre 9). 1E 3
FEHGE 7T RRIIRYIBR MBI N, R
BT TR AR ) B B R AL S I R R
B, A AREE DL S = G B RAT AR B R SRR
P, T R AT AR I SN A 2

HR B Figure 9 Fi7R, TERAMDGZAET, 3E
(Phen) H1 9 2528 R 25 (Phen®), 4k 25 1 3E B A Mo
f) B HL T 38 JE BE F7 (E1[Phen™/Phen*] = — 2.1 V vs
SCE), nJ LK 75 FEfEZRIKY) 9-2 (E1.[DCB/DCB )=
—1.61 V vs SCE for X & ZJif {242 J5 e 71 B9 - H H 2%
9-4. PWRSNMUTIRE —NHETRE, BHEALEN
JeHE AT (Phen™). AL MALTIEAG — 2R BT
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FLR L ERSRIRA) 9-1 AL R R S 2, B R A B
Hh 2 e A A A e 2 7 AT L ) e 5 Eh 2 9-5. e
B E S 0E T B P AR B B d R
WK s LA FSEHR R [ H B 7420 9-3.

s Wang, 2019 memmes
(NH4)2S,0g (2.0 equiv.)
o > R @
DMSO/HZO (VIV, 5:1), 50 °C, 24 h

o
R_O
SOy on -
R® O 53 o/ ano R2
examples, 30%~94% yields R3

1, From benzyl, 1°, 3
2° and 3° alcohols

Selected examples
Cl

N/I%N
{
NBoc NBoc
a, 82% yield 3b, 66% yield
Me Me Me
@ﬁl COLn O
2
NS Me Nl N Ph
MeMe
3f, 42% vyield

\

3¢, 63% vyield

3d, 48% yield 3e, 42% vyield 39, 42% yield o

Z N o o Me
! )J\/\/\ I
NC_~ X Me Me N N
| NG PP, NBoc
07 >N "Me 07 NT N
H Me

3h, 52% yield, (from Milrinone)

B8 FITTI bR S
Figure 8 Alkylation of N-heteroarenes

3i, 36% yield, (from Pentoxifylline)

s Opatz, 2016 m—

3
(0] CN ) R R
Phenanthrene (1.25 equiv.)
R;( oCs N DMSO/DMF (VIV, 1/1) X
L UV-light, 24 h |
N 5 examples, Traces~58% yields N
1, From benzyl and 3° 2 3
alcohols
Selected examples:
Me Me
X X
® ®
N N

3a, 56% yield 3b, 58% yield 3¢, 50% vyield 3d, Traces

Proposed mechanism:

o (O e | e

Phen = Phenanthrene

* \N——>
Phen 5
\ R RS
-CN
X
P

N

Phen 3

/
/ﬁ"—

Bl SEMEAL IR IR 5 77 FE G IS A I A B0k S
Figure 9 Phenanthrene-catalyzed coupling of oxalates with aromatic
nitriles
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2021 4, Waser BRAEHAAPHRIE T 6 HEAL BRR g
AW TS R R N, FFA R T — RAIE 2
BRI Y ZRAL & W) (Figure 10). /F % 8 %52 7 3t
T = R RATAE P B R IR R, Tl & AR5
B = b R G2 10-3a) & BRI G 254 1) = 2 s (7
) 10-3b)i8J2 E KIEE IEE(F=Y) 10-3¢)EBREIR L Hh
TR TG TR I IS AR, 7 ek
HI RG] 10-2 B St ar AOfca] WLk, AT S )
FeHEA T 1E .

PRGN [ LB AN Figure 10 iR, & Bebgsthym

AT 10-2 FECIRSRAT T, AR 10-2%,
RAS I = A AR AT DL R B 2R 10-1 RAE R
%%%V,Mﬁémﬁamﬁlo4ﬁﬁ%¥am%¢
[ 102, S EHHELT—BRR, AR E
& 10-5, kFﬁﬁig&%% A R E A 10-6.
b B IR 0 — 2 T S e s o) e B, B
AT BAN () B AR 10-3, DL REZE R SR 10 Bl JE e
Fro10-7. MAMAE T E BEF AR 1027 AR E,
WA AT R R AE RIS, AR 1,4- 2K T —hRISEI =)
BT EHEE U AE S5 32 R, AR RSN
3, EHMERIE 2.5 equiv. B4, 216 R BAEFR T
IS CAEALTIET, 122 5 N A RER R A2, Forb )
T AT 10-2 AT PARE 2 1.5 equiv.

s Waser, 2021

Ar
1 DCM 30~35°C
R ?I/O\[I)L ocs R%
R \ 2 Kessil Iamps (440 nm) g2 T
1, From 3° alcohols 7 examples, 37%~70% yields 3

Selected examples:

3a, 60% yield 3b, 54% yield 3¢, 37% yield 3d, 70% yield

Proposed mechanism:

0, 0 *

Q m Q
| m |
\Ar \Ar

R® 2l
R
O, R® O 1
Q
| o]
= 1 -
\Ar .7 R
0
’ |
R3 o
3 RI—=—ar A
R2 2

B 10 ol (LB RR IR AL S K SR IEAL S R
Figure 10 Photocatalyzed alkynylation of alkyl oxalates
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F F R

ik

2021 4, Sl 2 PORE TR T AT Wb Rk
SRR DR AL R B (Figure 11). [ NGER HER
%%%E%E#M:ﬁ@,ﬁxﬁﬁ@%ﬁ%%ﬁw/

e R, AERbidE IS, M SEIUEE C—O MR
%.ﬁ$mm%wﬁﬂﬂﬁﬁmmwﬁJ,%%ﬂﬁﬁ
HLYGCHER 4CZIPN. 72 EHis 7 T, TEE BT 7%
Tt = 2 e 1) AR B A SR

HVEANI S SALER AN Figure 11 FiR, REAGMEAL
F (4CZIPN) W U )6 LA Ja , 2B BRI & 75 1 6 i 4k 571
(4CZIPN*). R A6 B A R 16 B e 1 58 b B
J1(*E1o[4CzIPN*/4CzIPN ]=+1.35 V vs SCE)7), A LA
H LR R O TS B AR PR3, R A
¥R sony, BT 19 30 6E3E | R A 11-5. ik E
RS EHIEREMENRF 11-2 B, AR b
11-6, B 5 & A b s 2 2448 i H AR P24 11-3 4T
IR HRE 11-7. B 5 4RI R H 58 5 IR R A1k
AT 4CZIPN R A B el 1 78 AE il AR IR IR £ 28
T UL AL 4CZIPN, T LB G AL IE R,

I Xie, 2021 m——

RPI/ \[I)LOCS + §\R

1, From3 alcohols

___4CzPN(1mol%) R%R
DMF (20 equiv.), DCM R2
blue LEDs rt, 12h R3
25 examples, 37/~84/ yields 3

Selected examples:

Me Me
Me Me I:>/ /O)L

3a, 74% yield 3b, 73% yield 3c, 44% yield 3d, 52% vyield
Me Me Me  Me

Me‘dL /\)\ /O)L /\)\

Me AN
/

3e, 37% yield 00 3f, 60% yield

Proposed mechanism:

/

4CzIPN”
B 11 DR R AL S
Figure 11 Photocatalyzed deoxyalkynylation
2016 4F, MacMillan ¥R PSHRGE T TO6/AR B i
AL ST B R BRI 15 07 5 o A W R 58 AR R S 1
(Figure 12). LA Ir[dFppyla(dtbbpy)PFs A GHEAL T,
BB BRI, SEEL T — R Bk I A Mt R AR Ik
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RN 5K 28 = i PR B4k (R LA [R], 2% B
ﬁmnTﬁuﬁiﬁﬁgwm PR R, RIS
EAERE IR T, A ReSI IR R L.
ﬁrmﬂwF®m12%ﬁ}$&$%fWﬁ$
#Ti&@&ﬁ%ﬁ%%¢@%,%F&ﬁﬁ*ﬁ%%
A EA, ERE E B, A E HEREL TS
¥, W58k dE [ 3L 12-5. 55— 51 Ni(0) 5 7% 3k pg
ek A A I, AR NidD)F a4, Ni(dDBE s 5%
B H i 12-5 45 54 NI A E) 44, F 200 3 5 T B
FONEAE B H FR P24 12-3 NG H a4, Ni(D) 585 2506
TR AR TR IOV, AR RS AL I A
Ni(0), MM SEHLEHE A FOER M A I 2R
s MacMillan, 2016 mmms

Ir[dFppy],(dtbbpy)PFg (1.0 mol%)

\n)LOH NiBry-dtbbpy (5.0 mol%), CsHCO3 (1.5 equiv.)  R! _Ar
* Ar—Br Dioxane/THF:DMSO (V/V, 5:1)
blue LEDs, 70~80°C, 4 h
33 examples, 37%~95% yields

R2
1, From benzyl, 1°
and 2° alcohols

Selected examples
MeOzC MeO,C MeO,C MeO, cm

3a, 62% yield 3b, 53% yield 3c, 78% yield

COMe i-Pr.
NPhth \O\
2 R
m /@/\Ph NBoc . e
MeO,C MeO,C oo
MeO,C 2
39, 57% yield, 7:1 dr  3h, 43% yield, >20:1 dr

3d, 37% yield

3e, 50% yield  3f, 95% yield (25 °C)

Proposed mechanism: B

r R!
AL, ) 2
Ar-Br .';R

RO -co R!
YOy e Ry
R2\"O 5 12 L Ni®
4 NI
\ aga gl

dtbbpy Ar-\hﬁ'Ln
-H +
-CO,

L Nil
N R1 Ar

—/ I
\")LOH N ' ( Ny 3
Y F
hv
*

|I'”|
B 12 SJRAE SRR S A I RS
SR

Figure 12 Metallaphotoredox catalyzed cross-coupling of oxalates with
aryl halides

2018 4, IS FCURALIPHRIE 1 3% 16/ 8 U [F] (i
T 10 S S B A 7 32 A28 e ik 57 A S V7 (Figure 13).
S EL Ir[dF(CFappy)la(dtbbpy)PFs Aot AL, S i
R 7 35k P A R R P ST A A ) 22 2 03 A B S L
Forb i SR A ORI T = . H ] = R
Y—J5 i i T = R RAT A A b il i S A Ak
AR A e sk B 2k, 5O T AR I = Gbedk 2k
A BB B, Al Lk L5 55 2 s A B R A AR

75 FE AL IR 58 AR IR
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o F 5 R LRk
JO7. o F A 5 A ) PRI D SR A H . R R R i JRIF R JE AL Ni(T) (E12[Ni"/Ni’]=—1.2 V vs SCE

FEERY DA T SR VE IR e . A, 12 B A A e 28
P A RIS 3.

HPEQM N Figure 13 s, FESGHEAL
A I RS W SR, AR ORI, Ok
A AT 5 B R AR 7 B 1 R AR B TR RS, AR D
JRADGMEALTR e RIS H B2 S E RSN PR,
AR U SRR 2, B S e A A R A i i AR
B, AR A It 13-5. et E BT L S5 he
KIRV KL L, A B F s 13-6. 55— 7T
Ni(O)'ﬁ%%iM@Eiﬂ%buﬁi AR Ni(ID ),
BE 5 Ni(ID) 555 E B 13-6 454, A2k Ni(IIn). pt4h
Ni(0)tHr] LG 5 i 13-6 454, ARk Ni(D) 1]
W, B 5 5 07 B s A R AR E A IR, AR R Ni(TTD).
Ni(IIDB J5 KA JETH bR OB, AR EY) 13-7. BT
WORASIeEALTT 1r[dF(CFsppy)]a(dtbbpy)PFe* F AT %
() = LR A BEE(251.6 kIsmol )P0 W] L 5k 13-7 K&
RE B RS AL, AT S B 8 PR IS 7 A 4. Ni(TIT)

s Chu, 2018 m—

R1 o Arz—_ IF[dF(CF3)ppyla(dtbbpy)PFe (3.0 mol%) Al R
\")LOCS NiCly'glyme (20 mol%), dtbbpy (20 mol%) J\)<
DMSO, blue LEDs, 36 °C, 18 h
Ar'-Br 36 examples, 52%~91% yields 4

1, From 3° alcohols
Selected examples:
CHO CHO

Me Me O Me
N
NBoc O ‘
By Bu

4a, 82% yield, Z:E = 94:6 4b, 52% yleld Z:E=94:6 4c, 77% yield, Z:E = 91:9
CHO

NG S
Me Me Me
S
Bu Bu Bu

4d, 70% yield, Z:E = 94:6 4e, 76% yield, Z:E = 90:10

Proposed mechanism:

4f, 63% yield, Z:E = 97:3

-2C0, \\Ar.
Photoredox \

Catalytic Cycle I A2 R!

R2
4 Ar*"\)<R3
1 hv|
R o\")J\OCs Isomerization
B v

Ar' R!

RZ
4 A,ZJ\)<R3

B 13 &) M ARG A I8 T A AR 25 4 10 S bR (1 e 5 05 R4 S
Figure 13 Metallaphotoredox catalyzed alkylarylation of terminal al-
kynes
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in DMF) ] L5385 WA FI(E o[/ I = —1.37 V
vs SCE) in CH;CN] R A= FL L T HEFS [ N7, AR 2R s i
AT Ni(0), AT SZELG AL AL A5 R

TERTHIIAT AR |, 2019 4EAEFA TSR L B Y 4R
T8 T T /AR U IR A TR A 0 1 e 3 D5 R Ak I
(Figure 14). Frpfe R IR T, 75 2R IF T 05 B
o). W I RS B R SL IRk, AEHER T — R
Y| = R ATAE SR R 2R R, AFEE WL R O
B R EE R (P~ 14-4d)~ S5 NI VE I S NI BERE =4 14-de)
PASMEIRREERI (P2 14-41, 4g). MAL, IR RBIEMA
FEESE MR 14-4a). BRETHR(Y) 14-4b)
PAK & B FIRRGE ) 14-4e). TSR, 1% NSRBI T
I 1,2-R0E B A0 .

Ir[dF(CF3)ppyla(dtbbpy)PFg (3.0 mol%)

o)
RO RO Ar R
25( 'OCs 3 NiCl,DME (20 mol%), dtbbpy (20 mol%) )\)<
Rre 0 + DMSO, blue LEDs, 36 °C

Ar=Br 51 examples, 34%~92% yields 4
1, From 3° alcohols 2

Selected examples

4a, 82% y|e|d 4b, 52% y|e|d 4c, 85% yield 4d, 42% yield
& ® ®
0 Y Me 9 Y e )(J)\ 7 Me
‘Bu)LO ‘Bu)LO Bu” O 0
NBoc o\>
4e, 65% yield 4f, 34% yield 4q, 75% yield

Bl 14 BJRMEACAG AL IR J5 A AR 25 5 10 S ) e 5 0 R4 S R
Figure 14 Metallaphotoredox catalyzed alkylarylation of terminal al-
kenes

2020 4F, PR PHRIE T T ORAR P R A 1Y)
% 40 43 B Bk e B (Figure 15). NAR & 6L T2
B AR R EALAE IR Tr[dF(CF3ppy)]o(dtbbpy)PFe, %73k
H R RIS T = RIEAT AL N R R SR A &, M
FE N2 i i e R e, IOV 2 T SRR | EEH%
IR SRR DRSS OB IREE I S PR, il &5
T RS SR ST I T 2 v e S Y 7 A R

HAVEANR S MALER AN Figure 15 Fias, 7RG
AT, BERRBEG R ES IR B, P2 AR
Ferplalk 15-5, B fakest B S i s 1) b B g 15-3
SN, AR pmE M A AR 15-6. S TERGEE H
HETURKESTFHABR 1L5-2E 7B RN
(1,5-Hydrogen Atom Transfer, 1,5-HAT), £ i sE ke
FEEHBE 157 EAHERLE S5 E SRR E
I, BURIA33AH S B AR ) 15-4.

2018 4F, Reisman UREHPHRIE 7GR RATAE
Vi i 2 i AR I B (Figure 16). TEZR N H, fE# A
TRE ) FH B R TR R TS A A . R S 5 0, R G oAb
R AR, AT SCI B B R B A R, B
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s Chu, 2020 —

: IN[dF(CF)ppyl,(dtbbpy)PFe (2.0 mol%) . Mo R

\n)LOCs . NiCly(Py)4 (20 mol%), dtbbpy (20 mol%) !
DMSO, blue LEDs, 37 °C
Ar=Br 39 examples, 40%~77% yields Ar 4

1, From 3° alcohols 2
Selected examples:

OBz OBz OBz OBz
— — - we
Me Me Me
cN cN cN
(0] NBoc
CN

4a, 70% yield 4b, 75% yield

Proposed mechanism:

Me \ R
—> 6\/ 1,5-HAT
—Ni"
Arg/ A Lﬂ&
-2C0, L,Ni® Q\
\ BN
r”’\ Ni'L, Ar-NillL R
SET "
Ar-B%
M

Ph
SET otoredox LI

Catalyttc Cycle

xR

O/ \")l\ocs ||| I Q/\/
TN——

v Ar 4

Bl15 IR MR AL IR AR 45 5 1) 2 4153 FR B L
Figure 15 Metallaphotoredox catalyzed multicomponent radical cas-
cade

4c, 76% yield 4d, 40% yield

e

s Reisman, 2018 s

Ir[dF(CF3)ppylo(dtbbpy)PFs (1.0 mol%) /—CI
Cs,CO; (0.5 equiv), [F] (1.5 equiv) 1‘( (1
DCM, blue LEDs, 27 °C, 4~24 h R? R3 2BF
4 examples, 31%~59% yields 2
; Q Ir[dF(CF3)ppyl2(dtbbpy)PFg (1.0 mol%) | e}
R o\")l\ [C1] (1.5 equiv.) RI_cCI
oC
R?'/ © DCM, blue LEDs, 27 °C, 4~24 h RPRQ Cl,C” "OEt
15 examples, 46%~87% yields [cin
1 From 2° 3
and
. IfdF(CF3)ppy](dtbbpy)PFg (1.0 mol%) Br<__COEt
3% alcohols Cs,CO; (0.5 equiv), [Br] (1.5 equiv.) RgrBr 2
DCM, blue LEDs, 27 °C, 4~24 h R? R3 CO,Et
4 examples, 66%~83% yields 4 [Br]
Selected examples:
OPiv
Me Me| X
g ~C}+ Ly
J Me ’/Me

2a;: X =F, 59% yield, 3:1 dr 2b, X =F, 31% yield, 10.7:1 dr 2¢, X = F, 50% vyield, 7.7:1 dr
3a: X = Cl, 85% yield, 9.8:1 dr 3b: X = Cl, 80% yield, 20:1 dr 3c: X = Cl, 83% yield, 5.9:1 dr
4a: X = Br, 83% yield, 7.4:1 dr 4b: X = Br, 66% yield, 10:1 dr

BI16 ok i i e 5t v b S B
Figure 16 Photocatalyzed deoxyhalogenation

FRA R B A, RS A AR SRAZ A A g AR S,
BIVRTAS BUAR L s AR =4, n: P AR R B R S0
A AR R T R RS OB, B AT A B i R A )
16-2; 5 =S LM LBE SR, WA A5 21 it Fe 2k A 1)
16-3; 5EA IRER OB, RIS 21 i e 5 IR A 1)
16-4. S E AT RUFIEYE LA B RERIA B, %R
JSETT PASE I = AN = W B RE AL O, A, T
FRAAF B NS, FLAt TR ZH th o Je ol 1 3Tk ikl
R TR P 1A SRS ) i A e 3431,
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2021 4F, Brioche URREAPHRIE T F TAR M0 1 5
PR B R R A A W I T 3R AL S S (Figure 17). OV SEBR
TR IR U R R RS A R N, At
BTl T P SRRt R AR 4 IS FH 1% S

MM Figure 17 iz, B 0B 0 12
TH5 MRS, ERERRBUEY 174, HFHS
TR 17-2 KA TR RN, AR AR 17-6
A1 e e )k 17-5. A s b Ak pE 5 & 4E 0—
Ag(IDEEHZ, AEHmE 17-7 AI—MEE 1. A8
A2 i i S R P A e i 1 PR 17-9, B S L S0
il 17-2 KAEGIREF#HF RN, A AR~ 17-3 FIfH
BT E HEHE17-5. MR AW 17-4 AT LU FH
B[t E Ak 17-5 A4 B MR 17-6.

___ ] Bnoche 2021 m—

/—CI R!
AgNO; (5~20 mol%
;( \n)LOCs . gNO; (5-20 mol%) > o7,

R O ZBF; Acetone/H,0 (V/V, 1.2:1), 25 °C, Dark, 24 h R

1, From 1°, 2°
and 3° alcohols
Selected examples:

2 21 examples, 15%~95% yields 3

\Q ST
{ile)
8 Me
Me" Ko}
Me o

3a, 95% yield; > 95:5 dr  3b, 80% yield; 97:3 dr  3c, 55% yield; > 99:1 dr  3d, 67% yield

Me
Me’ N
QR 7w Mo
H ‘Me ¢}

3e, 15% yield; 2.4:1 dr 39, 36% yield

3f, 42% yield; 1.2:1 dr

Proposed mechanism:
o)
RL_oO - -CO RL_OG . co. R! R!
R7T \II)LO e TN e o — i g
R* 0O R® O R3 R3
8 ¢ 9 3
7 2
RzY
O Ag(”)
/—CI
/—CI [
2BF,
A \7 BF, /
SET
o] 5 / 4 C
e on A (W
T OCs +
Fre 0 N\7ZBF
o
! Rl_O 2
A O
RS O Agh
4

B 17 ARG R I SR AL S S
Figure 17 Ag-catalyzed deoxyfluorination

2022 4, FEHTRE R PSHROE T M Ak R A
IR B e AL OB, A T — R A& b O —
UG I B Y(Figure 18). N FELH 7R T =
WRERATAED IR I A SN, FL S R AZ O T 72 A 1)
Pt A HES a-—F PR 182 RAMSR A, &
B 18-6, B J5 4oid B I8 U/ g fk, BT 75 3
Hbsr=4.

ISR, B AR EAL A A LT A R
F SR B RR BRSNS D A R T I v, R 2 e R
TEAAEREEY). R R ER SR TS A SRR S T
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s Yuan, 2022 s

(0]
CF CFp R
RH/O\H)J\OCS . /1\3 4GzIPN (5 mol%) 2 R?
30 R MeCN, 60 °C R R
blue LEDs, 36 h
1, From 3° alcohols 2 33 examples, 30%~97% yields 3
Selected examples:
CF2 Me GF2 Me CF, Me CF, Me

F’“w)’\)m
3

3d, 30% vyield

Q)‘\)m

F3C
3a, 87% yield 3b, 87% yield 3c, 59% yield

CF, Me CFy Me

O =

Me0,C H
3f, 70% yield, 11:1 dr (60 h)

MeO,C
3e, 34% yield (132 h)
Proposed mechanism:
CF3

1
Xﬁ—» P| % CFsRR

x 4CzIPN 4CZPF\/
CF3 R

4CzIPN”

BI18 ok i — 56U T B A0 S

Figure 18 Photoredox-catalyzed gem-difluoroallylation

M — R RPN =) H R PR A AR
KR E 2 5 T A /AR A RE S I H HH R it
FREEIAE. N R AE AT A G I B R R SR A R

s Gong, 2019 mm—"

FRESE E H2E, AR PR RO SIS AL .
2.3 EERRECEYEANREENR K

2018 4F, &P R POMRIE T i i B G s 4L
M), SEELAREE R VE L (Figure 19). BN BB BIFHIE #E

B E, bRl Fdk, A, IR0 REHR
REAR f7 M3 ) T i SO M.
2019 4, FERIST IR OMRIE | B ) = ke

FERERRIE KL SR A R B, AT SR =R B ) C—O
VGG DA S b 2t ) H SR 1 7= A (Figure 20). — 2Rkt &
PR T B e H 38 S5 N 110 1 I B R b A, B KA C—
O PR RE - THRHMNE T, FliEEH
B Gk A DSBS RRE L4 R,
T S5 B REE (%) It 38 i o B A0 s B2 ok 71 7 4R £ 2% A
T, BEERESCRMAY 20-1 7] LLS 5 B R A iE R

s Shu, 2018 ——

)0]\ R! NiBr, (10 mol%) R
P(4-CF3Ph); (30 mol%)
A\ + R2 2
Ar” 70" "COMe Br)\/ Mn (4.0 equiv.) Ar/\)\/R
DMSO/DMF (V/V, 1/1), 30 °C
1, From benzyl alcohols 2 44 examples, 45%~90% yields 3
Selected examples:

3a, 75% yield 3b, 61% yield 3c, 61% yield

o /“/\/\/COzEt o /“/\/\/COzEt
P Ph
o 9@ o 90

NHBoC 34 909 yield, 99.9% ee OTBS

Q]N\/cozet @/\/\/COZB @/\/\/coza
N N s

1 3f,64% yield s 39, 45% yield 3h, 64% yield

3e, 88% vyield, 99.2% ee

B 19 BRI RS B R IR AL 1 10 I8 SR AR SR
Figure 19 Ni-catalyzed reductive coupling of benzyl oxalates with alkyl
bromides

2 2 EwG o] 4 Cl—Ar
RWEWG ~_ NiClo(Py), (10 mol%), MgCl, (2.0 equiv.) R}(O\VHLOR Ni(TMHD), (10 mol%), MgCl, (3.0 equiv) 1 A
ReT, = PBI(30 equiv), Zn (25 equiv) Rigo 4-MeO-Py (3.0 equiv), LICI (3.0 equiv), RT,
DMA, 25 °C R =Me R='Bu Zn (3.0 equiv.), DMA, 25 °C
3 30 examples, 40%~89% yields 1, From 3° alcohols 15 examples, 41%~67% yields 5
Selected examples: iy Selected examples:
e
Me Me Me Me \k Me, Me O Me, Me Me Me
' “Me
P Ao’ Y\/\ACOan Qe Q\©\ )1\)\©\ O)\Q\
Me Me Me COzBn CO,Me CO,Me COMe

3a, 77% yield 3b, 70% yield 3¢, 57% yield

a~_-CO2Bn

OMe
3d, 70% yield 3d, 70% yield

Proposed mechanism:
o o
RI_O. Zn RI_O,
ROy Vo <2 RT Y ome
R O Zn R® O-

B 20 SRfest RIS SRR

Figure 20 Zn-mediated fragmentation of oxalates
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5a, 56% yield 5b, 61% yield

CO,Me
Mé' i\Ae {
MeO A CO Pr

5¢c, 47% yield

5d, 41% yield Ve Me 5e, 65% yield
O_ 1
R!_o_ A RS.
e m)\on\ne R2T,
3 -
R O 00C-CO,Me R
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BV S R, AN TSI B EE PR JE 2 ik 05 Ak S . R B B
R AT F0 SR FH P AN BE 1 e 2 k.

2019 4, ZEAITTIR A MR IE T AR AL EER IR S
FTEEY) 5 5 52 s A 1)k JE AR I ) B (Figure 21). JRB
1A R PRI RIE T a- I REE AL &Y. (ENLEEAF
FOTH, VB BRI TR I RLIGIE T e E HJERL
PRI NGRS, TR T TH, TR o-FR
FE R TG I 2 PRIR 1) 3 B 2R A0 & ) # REAR 4 HudE FH T %
S

I Gong, 2019 mmm——"

o
Nil; (10 mol%), Ligand (15 mol% H
ROJ\( \")LOMe 2 ). Ligand ( ) Ro)‘\r/-\r Pt
A Pyridine (2.0 equiv.), MgCl, (2.0 equiv.) ; \\7
X =pr | Zn(30equiv). DMA, rt, 12h R N
" 52 examples, 15%~87% yields 3 Ligand

X

{

1, From 2° alcohols 2

Selected examples:
CO,Me COZM COMe CO,Me
MeO,C. MeO,C. MeO C
! L] os ' ;] mkgj/
CO,Me Me

3a, 86% yield 3c, 87% yield

o COMe o OMe o CO,Me j\(©/002'\’|e
EtO
EtO q Me
Me Me”™ "Me Me

3f, 46% yield

3b, 60% yield 3d, 85% yield

3e, 58% yield 39, 70% yield 3h, 50% yield

Mechanistic srudy

CO,Me Standard o
Jt; \n)LOMe + /©/ _conditions J\/\/\Q\

3i, 52% yield COMe

B 21 SRAEIL R RERR TR AL S I 7 S R

Figure 21 Ni-catalyzed arylation of oxalates
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2 AI’\/\B l N y

; )
RYO\")LOM Fe(acac); (8 mol%), PBI (1.0 equiv.) R SA N/ N
R? MgCl, (2.0 equiv.), Zn (3.0 equiv.) R?I/\/ 1
MeCN, 25 °C R® N

1, From 3° alcohols 70 examples, 10%~95% yields 3 PBI

Selected examples:

OCl

3c, 71% yield

Me Ph K\/Ph

3f, 35% yield

3a, 52% vyield

3b, 61% vyield

3d, 73% yield

i; __Ph
N

0 3 Ph ~Ph NNy
2\ a Cbz |
0”0 B CO,Me

3e, 52% yield 39, 30% vyield 3h, 41% vyield
Proposed mechanism:

Me, Me
Ph™ Y

Al
0 r\/\Br -
Rl O 2 Fe
R?l/S OMe Br
R® O, Ar\/KﬁRa
- 2 7
ZMgCl,  AaANg, s r1R
i -
R! o
Rh.a Br
R Ar R3 2n A A~_R®
4 R2 \/\KR2 3
6 Fe™R! R!

Bl 22 BROEAL AT RRIH AL S HIE SR AR AL S

Figure 22 Fe-catalyzed reductive vinylation of oxalates
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Fe(acac)z (10 mol%), dtbbpy (20 mol%) R! R
MgCl, (3.0 equw) Zn (3 0 equiv.) o R?R(\Ir

OCO,Me
1, From 3° alcohols 2 61 examples 27%~92% yields 3
Selected examples: Ph

Me, Me

3¢, 70% yield

Cbz H co Me
3a, 61% yield 3d, 43% vyield
| Gong, 2020 mm—
N
o
NN
N

Ph,SiH, (2.0 equiv.)

0]

RL_O i i RI_H
?I/ \")LOMe NiCl, (5 mol%), PBI (1.0 equiv.) ?I/
R MgCl (2.0 equiv.), Zn (2.5 equiv.)  R°g3

DMA, 40 °C
4, From 3° alcohols 31 examples, 40%~99% yields

MepSH
e ;"‘QM

H
coz H CoMe

5c, 64% yield 5d, 86% yield

Selected examples:

5a, 61% yield 5b, 52% yield

B 23 BRlBE(eat IR S C—O MR AL S

Figure 23 Fe or Zn-mediated C—O bond fragmentation of oxalates
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R! O\")‘\ Ir(ppy)s, DMF, blue LEDs, 24 h
OMe +
Ra/ © Bacat, then pinacol, EtsN

14 examples, 48%~83% yields

Bpin
RZY

3

/@ABpin
MeO

3d, 79% yield

1, From benzyl 2
and 3° alcohols
Selected examples:

Me
Me Bpi
T RS NBpin
Me Me Me o

3a, 82% yield 3b, 55% yield 3c, 59% yield

Proposed mechanism:
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Figure 24 Photoredox-catalyzed deoxygenative borylation of alcohols
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3 R
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Selected examples:

Ph Bpin Me e
\/25 /ﬁ*apin _
OMe (6] Bpin
o]

MeO 3b, 87% vyield  3c, 59% yield
Me,’ Me Me
MeO Bpin M‘Bpin
S

3a, 70% yield

MeO™
3d, 46% yield

3e, 65% yield

Proposed mechanism: NM62
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Figure 25 Catalyst-free photo-induced deoxygenative borylation of
alcohols
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Ni(dppf)Cl; (10 mol%)
1, Benzyl alcohols 4o (10 mol%), phen (2 mol%), i~z | 7 A
N DMO (1.8 equiv.), Mn (3.0 equivy * AT | _
ArP-X DMF, 80 °C N N
2, X=0Tf,Cl, Br, | 110 examples, 10%~87% yields 3 phen

Selected examples:

T T O
CO,Me MeO CO,Me
3a, 61% vyield (X = Cl) 3b, 56% yield (X = OTf)
CO,Me CO,Me
3e 74% vyield (X = Cl)

3d, 63% yield (X = Cl)
O O O)L ¢ \)L cone
HO CO,Me

N

3c, 63% vyield (X = Cl)

3f, 54% yield (X = Cl) 3f, 54% yield (X = Cl)

Proposed mechanism:
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Figure 26 Ni-catalyzed arylation of benzyl alcohols
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1, From benzyl alcohols 2, X=S,Se 46 examples, 22%~83% yields 3

S@ s aaliosans

3a, 69% yield 3b, 83% yield 3c, 36% yield
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Selected examples:
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Figure 27 Ni-catalyzed reductive coupling reaction
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TEMPO (4.0 equiv.
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CO,Bn COan
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Me Me © i3 Me
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Figure 28 Radical annulation toward bicyclo[3.2.1]octanes
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