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Research Progress in Photo/Electro-Induced C(sp?)—C(sp?®) Bond
Construction by Activating C—O Bond of Alcohols and
Their Derivatives
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Abstract Developing economical, efficient, and practical methods to construct C(sp?)—C(sp?®) bonds has always been a cen-
tral issue in synthetic chemistry. In recent years, the use of transition metal-catalyzed C(sp?)—C(sp?) cross coupling has be-
come a powerful synthesis method in photochemical and electrochemical synthesis due to its high functional group compatibil-
ity, high reaction selectivity and environmental friendliness. Alcohols, as one of the most widely distributed and naturally
abundant organic compounds, have great value in organic chemistry in utilizing alcohol deoxygenation to produce alkyl radi-
cals. The C(sp?)—C(sp®) coupling reactions of alcohol derivatives, including esters, N-heterocyclic carbene adducts, phos-
phine-oxide adducts, bromides and acetals, with aryl (pseudo) halides under photo/electro catalysis are briefly summarized.
Keywords photochemistry; electrochemistry; C(sp?)—C(sp?®) coupling reaction; alcohol derivative
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Scheme 1 Visible light promoted deoxygenative arylation reac-
tion of oxalates

http://sioc-journal.cn/ 1549



BIKE

JAARTE 4 F M 28 05 FE A SR, 1% 7790 LR R 1
KRS EY S EReFM, I EAEE 3 4-523-N-
BT A PR R R WE (6) N I = b & 1 T B % 2
Q203 M3 7.

VEZ P B S ML B AN Scheme 2 Fiw, B GHES
R AR A AR TR 8, K TLER 8 A H
AL Eyp=-+1.26 V (vs SCE in CH;CN). R A H*Ir 48
HI(E? =[*I'"/Ir'"]=+1.1 V, vs SCE in CH3;CN)#AJ LA
FHZEIRER AL, 2P0 A S AR s 2E
FOEme A L 9. [HI, NiFE &4 12 5 55 LR
13 S A s 5 2 NV LA 14, Jidt 5 AR 5%+
()44 A2 T S 0 Rl R 75 1) (e 258 ) (07 2 )N A i)
15, HE— B8 R 5 2 N R &40 17 A5 3640 724 16.
BE J5 Ni' A4 5 3 U ) Te A7) 2R B R R RS
AR I AR Ni© BC &4 12, SE R IMEALTE R,
Z N B R R A RE AT AP = e e Bk el 2, S
LT 0T WA R AR HARF] C(sp?)—C(sp?) 2 AR EX
KRB, FERE T AR C(sp®)ib i 254 R it )5 ok
B& IS, KKIRIE T C(sp?) il 43 B R A3E .

L\v/) k\v,) '?lk IL ]
alcohol product 16 N_'l\“m_A'ﬂy‘;
| - e
o) 5 N N A
~ 0 Nickel
i (dtbbpy INI'L, Catalyt|c
IS
1! /—wbpy N| L,
Photoredox
2002 Catalytic It aryl brom|de
CycIe

Ir'”
alkyl nucleophlle 9

| o ~
N, _Br
N
\N “Br

Ir[depylz dtbbpy)PFg NiBr,-dtbbpy

-{\\\\

Metallaphotoredox
Catalysts

B2 AT OGARE A B R T 5 VR R A 58 AR IR S 2L PR
Scheme 2 Cross coupling reaction mechanism of oxalates and
aryl bromide promoted by visible light

[Fl4FE, Opatz VREZHISIRIEFE 5 20K TR H h A

1550 http://sioc-journal.cn/

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

SRR B AT, R G S AL JE AR I R
W, SEHL T EEREE B VR ARERAT A S Eh 10T
18 #—2F minisci Jx W', #% C(sp?)—C(sp’)it. 1%/
NASE AL 520t = I 3EAE R A ), SEEL TR (19,
20)F1EE 21 f95 244k (Scheme 3). Toid i 4@ ALK
it S AR SR A A AR R T AL G minisci [ H
A FET 21 E LT, Bronsted BEEk Lewis BREL iR
Hdk 5, T HAARE T 2009 4F Yoshimi 4@ 20071 FH PR R
VBN C(sp?) i 73 o i 2 775 J2 A s . P JER A 3 FH 9

CN
0,
. N phenanthrene (75 mol%) N
| _ DMSO/DMF (V:V = 1:1) | P
N UV-light, r.t., 24 h N
18 product
X | A X
® P ®

19, 56% yield 20, 58% yield 21, 50% yield

B3 AR S ERHE ¥ 5 4 minisci S8
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Scheme 4 Minisci-type reaction mechanism of cesium oxalates
and p-phenylenediamine promoted by ultraviolet light
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Scheme 5 Three component coupling reaction of alcohols, alkynes, and aryl bromide
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Scheme 8 Activation of C—O bonds catalyzed by photoredox and nickel catalysis for alkylarylation of olefins
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Scheme 9 Mechanism of visible light promoted silicon radical
mediated cross coupling reaction
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VR AT S 7 2K RIS 82 5 DUHTIE(HE) T ik
— X TR -2 AR E S YI(EDA complex). 7E 1] WG
ST, X=X R EMRAES T ETEE, 932K
HREE 5 A B T 83, MifE R4 B-WRS Bk B
FHJE 84 FIRIF=PIR IR EE. RIS X ALt nE 85 #% HE i&
59 E RS T 86, FibbrksE itk 84 KA Ak
IR N, B LTSRN 7Y 87, NP e T
M 1135 4 77 2(Scheme 11).
1.4 ZEMIFREEEX LAY C—O #ITK

F5EPERAL SV LE T O-F0 N-BEE 2R A
R R E . Rk, C-757 FEREFEVE %k 2590
ZHEF, FERNH TR AU, SR R A A 5
TEPERR R S AR TR TS . PR IR S 2 R IR 25 5
AL AL SR, TTRE A T AR L BE R A R
B, ST RA B-TH RN
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N
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_N
78, 51% yield

(trans:cis = 4:1)
on-DNA coupling of alcohols

76, 53% yield

X
_N

| N
N

77, 70% yield

X
N

79, 67% yield

0]

RO

~-N

80, 68% yield (from Haloperidol)
DMSO/H,0 (V:V = 4:1)

B 10 e FALRLNE 5 R A5 A AR ER G /7275 DNA 9 22

Scheme 10 Photoinduced deoxygenative coupling of p-cyanopyridine and alcohols for synthesis of small molecules and DNA-encoded

libraries

activation via

simple esterification

):2\©\CN

O F

@ > BielED

Photoinduced single ‘

81 electron transfer (SET)
o F
CN EtO,C CO,Et P EtO,C CO,Et
LR o WL
e e
| P Me H Me 83 CN N
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CN
@ ) BueLED L _ , _
| | N~ radical-radical coupling = |
N -CN \N
HE radical cation 86 84 product 87

B 11 Josem e ] S e 5 1 ) 5t LR R s N2 AL

Scheme 11 Mechanism of metal-free catalyzed deoxygenative coupling of p-cyanopyridine and alcohols

2021 4, AR THIBABIFF K T —Fh i ZE kg
(DHP)R IR FE 51 88 /i T MR &4 C—O #iE ik )7
5. BRI A S AR SR 2 T AT DR e Hh
AR H RS, 5B S R A A I AR R A
FEAE R B AR, SCIRERALE Y H) 0F EA R . Ak
FX] T HRART B (89, 90). LI 91 FINTA RIR=“W) 7+
[92, (+)-sclareolide]¥FIi&EH, FF BXFHFERLMRIHI
D-WEIg % b8, B EEZ B-57 HAL R ISR =)
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89; YN D-FIRLAHBRIEHEI C-75 FeAb W N & A=
TOrMRIEFEVERIAR, RARR o- S 44 90, BT C(2)
BB ST 2 45 R = SR, Ak, 53 B
ARV AR 1) 75 25 IR AL D(93 ~95) LA K B A PR ItL i 1 5
1 96 BRI IGR S B, FEBILH 32 )4 i& FYE L. ]
R 2L 1 11 5 i) 2% R AR OE 1 SBR Oz T IR AE A
B KB 77(Scheme 12).
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ik SR

W% (DIC) I 4644 R 48 & 15 3 B EALE LS M DHP
WEIEEE 88. J&5 #1E 25 0 TAb S5 BRSOG4k 77 4
1k, 155 DHP FEEBE % H B2 99. [ )5 Hantzsch MERE
101 & L3R 5 | 2t 100, 7RO

Wt — 5 AR, AR B AR 102 3B
B A 58 Bl bk B A . IX —HLHIDABER CO Hig
AHRAL T — T ¥ SR BE (Scheme 13).

DHP ArBr (1 equiv.), 4-CzIPN (1 mol%) Ar
hif NiBr,-DME (5 mol%), bpy (7 mol%)
0 Na,COj (1.8 equiv.)
88, 1.2 equiv. dioxane, 84 °C, 10 h, blue LEDs
Glycosyl ester
Ar
/

89, 72% yield

(a:B < 1:30) Ar

92, 51% yield (d.r. 8:1)
from (+)-sclareolide

(a only)

90, 50% yield
(a only)

Ar
91, 54% yield
(o only)

:’5\@\
Ar =
! co,Me

Halide

Br\©\ Br\’\/ﬁ\
L.
R N CN

93, R = H, 83% yield
94, R = CF;, 90% yield

96, 52% yield

95, R = Me, 81% yield

B 12 OBRBERA G C-05 Hedl i
Scheme 12 Photoinduced C-arylation of glycosyl compounds

COOH
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. ||
Me NH Me
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! , = Ar

' Cz E

CN CN E product 103

Cz Cz E

: Cz E
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DIC N Me
X _NH
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88 Me
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PC catalytic -H*
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(bpy)Ni'Ly O  CO.Et
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Nickel N
ickel 0 EtO,C
catalytic (BPY)N"Ln CO,Et ;9 Me
cycle ArBr 2 "
e
Br g 0
N
NQNI‘H_Ar EtO,C 101 J
N heat Me
100

Bz 13 —ZUIkNE(DHP) /S I HIAT A4 C—O BiE AL S N EE

Scheme 13 Mechanism of C—O bond activation reaction of alcohol derivatives mediated by DHP
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B (1) i F2 FE = W1 R B, FK A Barton-McCombie it
FeHE R WBY. 2017 4E, Molander B REZH 32138 1o 4 % i i
iGN TR BR TR IE 104, SEIL T EROG M4 5 IR BRI
5iRARTS IE B Bk S N (Scheme  14). 544 F|H BFs/
Oy 5l RARZRAIE, EFH 48 1 & T /5 T 5 =500
FRAEER 111 VR AR B B ATAR 1 AR 1% R B
FR T IRIR b A7 A A AR S 1 B A0 2R A A 0 35
A& HI(105~107), {H C(sp?) #8730 PR W B 7 EUAR Y
77 FRA(108~110). FEICAERT, T 2R =R
BRER 111 PR AE R AP TR A AR 102 AR A B R R T
HR R R, PRAER R E B 113, AR e N B AT

ek, SE BRI B AL . AR Ty bt R P AR AN [F
S AR IR 2, RIESRAT AR e it B R AL A At
1T C(sp?)—C(sp*) & SABRBR S B2, S8R 18T R4 L.

2023 4, REMIRBAPET CSy/t-BuOK 14 R4
Pt Ji5 AN Y A Dl 3 S IR B R, TG 7R AL 1 ) %T;%QTELF%,
A BB — D RN R BB TGN T, 5XR
BT C(sp?)—C(sp?) it FUAR BRI . 78 AN TG Y6 857
MR, FEH A R T SR AR BRSO
HARMM N T ZMRYERE. RIFIE RS
fif 2 A2 T4 ek, nf DASEEUARE 117, FPEE 118, 5L
B 119, “FEF 120, MEPAEE 121 FERIRF=H05r T 122 1)
75 #:AL 2 N (Scheme 15).

sec-BuBF3K (3.0 equiv.)

(i) NaH (1.2 equiv.) s Ni[(dtbbpy)(H20)4]Cl; (5 mol%)
(i) CS, (1.2 equiv.) J\ Br  Ir[dF(CF3)ppyla(bpy)PFe (2 mol%) ~
+
Mel (1.2 equiv.) SMe a2 blue LEDs, EtOAc, r.t., 48 h Ar
0.3 mol/L THF, r.t., 3h 104 14
~ S R'
A 2
r JISM c—0 ( )\ ,
€+ /8\ scission + 8 R
| RUR ==5C . )
Ar2 = CN o
105, 73% yield 112 113 O~ SMe
\AI'2 \Ar2 JY\
R' |
111 |r||| |rII NIOL N\I

L,

109, 83% yield

107, 57% vyield

ArBr
Photoredox Cross-coupling
CHs cycle cycle
Ar
0 if
. L Ni
108, 69% vyield i L,Ni'—| Y \
r

X

.
N~ CF,
110, 72% yield

=0

product 114

B 14 b T3 B iR 51 SRR NI S B IR SRR S M A LR

Scheme 14 Reaction and mechanism of benzyl xanthates with electron deficient bromobenzenes initiated by sec-butyl radical

(i) 'BUOK (1.8 equiv.), CS, (3.6 equiv.)

/©/ CN 6,18 molil EL,O CN
+
NC (i) PCy3 (2.2 equiv.), 0.1 mol/L DMAc

1.8 equiv.

OH
OH "
NBoc >r

117, 67% yield 118, 68% yield 119, 50% yield 120, 74% vyield

1156 product 116

121, 81% yield o- D qucofuranose

122, 46% yield

B 15 BRI 1 15t SRR S

Scheme 15 Photoexcited deoxycoupling reaction of aryl nitrile and alcohols
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o o . en Ir .5 mol%
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product 127 }/ PCy,

S .
— R’ R PCy3
R <7— \OJ\S/
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B 16 X f5 SEF AT ARG B b SRR S S
Scheme 16 Mechanism of deoxygenation radical coupling re-
action between alcohol derivatives and p-phenylenediamine
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PS5 T3 TR 803, R N-Z PR 5 R 0 i g 1 it
1T IR AL, I 4 )8 6 AL A AL () SRS, R D
SEIIL YU dor R W 5 o Ak ) I I AR R AL e
(Scheme 17). ZRMAMEA T VZ HEY&E - %, mH
RESCELBURE RS 259048 7% 4E (129, Januvia) A R, BAK
YU 259 5 T EAZBER U (130, Taxol variant) % I
A8 25 2 A VT 2R2440(131, Simvastatin variant) FJ 575
BN, BN H T A B S A S R AR
Re 11k 5 B 15 K T RE.

EBEEL | — RIVARIAREZERRIRIN, WAEG A
T N-J HE R IR ER Eh B 68 40 ) 5 BE TR O &) )5 R
BT, FEE AL S5 2 N BH T 2R e
133 (pKo~=10)8%, FEBRMIIEH T LT ERE] o
R HE 134, HTAIM 3 M RETN. O 0), H
KA B-WiRAE N 1% AR, RN 7R 250 P 3R b
KA C—O BN R G L iR =P 52 F RS 136

1558 http://sioc-journal.cn/

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

1.7 equiv. Quinuclidine (1.5 equiv.)

128  BuOMe/DMA (V:V = 1:1), blue LEDs, 2 h 137

) F
OH I :I
Prim Icohol
rimary alcohols F F

24 examples
129 65% yield, >99% ee

=N Januvia
N
J\ N)ﬁl/%N
OH N__—
Secondary alcohols H
60 examples

o e

Tertiary alcohols 130, 25% yield, >20:1 dr

14 examples Taxol variant
MeO,C /N
”””””””” mf"m"m"ge T;l\
Bu Ph
N/+ By
P N+
Bu ° »

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

131, 81% vyield, 2:1 dr
Simvastatin variant

B 17 BRI S A S I O 2007 JE 4 S
Scheme 17 Deoxygenative arylation reaction of alkyl alcohols
mediated by N-heterocyclic carbenes

s KIS IKEN 77, ek | A 135, B,
Pk H S 135 B Nilt A Fh i gR Az i Nitt R, PR
AR JFTHBRTFE] Ni' iCA YR C(sp?)—C(sp)) BB =40
137. )5 Ni' B a5 E MR I AL & A i T
BRSSOV AS ) IO AL A NS, 58 B AMEAL I
M. ZTTENEEE Y C(sp®) H HIZESRAE T38RI,
BB G B A& b i — 25 )12 N (Scheme
18).

AN DT Il AR S LI C(spP)Risr, &
I BEARSE A SR A D AR R . SR, AN SR )
A RGBT R EL S AR, 2024 £E, MacMillan HEI4 B
B R E AR EAN TR C—0 STy
W, RIE T — PR B X E AR R -SSR R
WS K 1o RUCR > ML R 2 A4 F (Scheme 19). H HIBERT
PRI AT i R R Bl i, B R E
. ZHEAE SR AR IR C(sp?)—C(sp) 3 AR EL
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Scheme 18 Mechanism of N-heterocyclic carbenes mediated deoxygenative arylation
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or 3y Y
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BR 19 XUE BERI AT AR5 e A AL 5

Scheme 19 Couple-close reaction of bifunctional precursor with pyridine bromides
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Mechanism of diradicals couple-close reaction
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Scheme 21 Enantioselective deoxygenative cross coupling of NHC-alcohols and aryl bromide
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Scheme 22  Electrocatalytic C(sp*)—C(sp?) deoxygenative coupling reaction of alcohols and aromatic nitriles
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Scheme 24 Deoxygenatve arylation of alcohols via phosphoranyl radical intermediates
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Scheme 25 Mechanism of P-O adduct deoxygenaive transformation via exogenous radical addtion
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SNLE R, 1% S T DA S B RO ) L i A
th, I HEA RGME RS AR S =2, &
R ) RAIEE 175, & BRIERREE 176 & LI
YIRE 177 SEIEMEYIEE 178, EilE 179 A& B
JRPIEE 180 ¥ E . 1Z 7R RE LI o T RIR AR
FE 5y METER 52 AR R T 7R B K 25 (181, ospemifene)
et SR EE (182, phytol) IS B Be B4k, NEZAY o
TR W5y 1 Ja B i oo 32 4t 17 R4 177
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wEMRAk, D5 ER BT AN R AR 1) 05 AR (183 ~
186) LA S Z 34 Z kg 187, M5k 188 2K 1N 189
PR IFRERE 190 ZE38 v A S8z, FRILH T2 (R A05E
HYEH, BATZ 8T 55 (Scheme 26).

VEZ R WL AN Scheme 27 7w, VAR T IR A7
B S AR AR ) BE AR A A O R A AR R
BT, IR S S IR e B AR VR SRR 191,
KHAE 191 5B 192 VAR Mitsunobu H R 4
193, %&2%%‘%&%@@1‘%% T =R A B
FLIR 194, J5E MR 195 I8 R AR ek B 2 196.
I, AR 197 76 AT BB 718 o %
Prid 198, X —i SR FRORKF 1 F it I Al 1) e kit
JER ST 167 AL AR JOR P L P IR SRS B AR 198 'R
B AL N B0 FR 2 [HTE B AN L 199, ik
T YIRS ket 2 196 45 A4 B =M AR Y R
200, 2GBTS 2] HFREEC =Y 201, FHASEALE
TR AR B - R DA I A o A LR [ B PR A, PR
L REAB A B e S 2 = RIS 193, XA L —
#e i) Appel JRBZ, 1% NAN T AR IR ES . 10775
S DI S T SR e 2 R SRR TR TSR TR, B
BIE A E A RS B2 .
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C(+) INi(-): =4 mA
NiBr, (10 mol%), dtbbpy (20 mol%)

y Br. -
i‘ . \@\ PPh; (3.0 or 7.0 equiv.) R?
R2” OH R DIPEA (1.2 equiv.), LiBr (1.0 equiv.)
0.067 mol/L DCM, r.t., 14 h R
product

| e |

1.0 equiv. 3.0 equiv.

R2” "Br
Alcohols
(e} g
0 o NBoc CN
175, 57% yield 176, 61% yield 177, 57% yield 178, 60% yield

>
= .
CO,Me Me Me X
Me
S

_ 181, 57% yield 182, 75% yield
179, 74% yield 180, 73% yield From Ospemifene From Phytol
Aryl halides
Ph Me . Ph Me
183, R = H, 90% yield N
184, R = CF, 60% yield |
185, R = OMe, 61% yield Z
R 186, R = NMey, 62% yield 187 65",;1 yigl';"e
Ph  Me Ph Me
N
| 188, X = NH, 43% yield S
5/ 189, X =0, 66% yield o

190, 67% yield

B 26 FLIRERAE A IO -5 5 2 i QA £ St S AR TR s 2

Scheme 26 Electrochemically enabled nickel-catalyzed deoxygenative coupling reaction of alcohols and aryl halides

R1 n Br

- R1
. peh, PhsPO
R? O R? Br
193 R 194
R! R2
-HBr | R2~ OH Ni'L,—Br B
o 192 201 product 195 Ni L,,\
° 197 B
c PPh3Br2
©
191 Rt Br R
>_Ni|il|-n_ ) +2e ~
’PPhg, RY A R? ~2Br
200 196
Bry Bu Bu
— 0
26 L= ¢ N » B L,Ni
= N NIt ¥/<198
- Ar
2Br 199 ArBr

BRI 27 /MR S A A SR B R S S AL B

Scheme 27 Mechanism of electro/nickel-catalyzed in sifu bromination deoxygenative coupling reaction of alcohols
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2024 4, FHEKIRBHASIERRH PPhs ¥4Iz AL
RAG 72, 7R &8 et d ™ S Bl T R i i 4 05 &
. fEHRRT, BRI I AR 5 RS 7 R A
FREMA R T, OB S = ORI AR R R
B 191, BHJE IR =RIEEE 191 5REF 203 4567 R
WA IR L T AR 205, S5 BIR S bSO I
I 25— 20 =R EBS 2R IR 206, f538 AT DA IR
BCE AL TR B IR S AR BN 2 B A 207 HE VBRI
WAEIA I C(sp?)—C(sp) B, ZBLAEAFIRA, REfE M
T2 325D EYE 7 15 BB s A, W)
Jii 2548140 (208, Estrone analogue) 147 % 23 25414 (209,
Ibuprofen analogue) ] i A B fe B4k, B A RIFHIERE
By sz v, HE AL S T ERRE—NHmTrE
(Scheme 28).

5 HREEENEERUETESEM C—O BiEk

4K S N A ML A BRORN 25 0 40 2 A0 a7
B — R E B R, EAY T4 ﬁ*%A%ﬁﬁ%
TS H S YR FE5 G 5RAT) . AW i BEAN AR
FeoE M, IXFRILGAEFRN AT i) R (44,

2020 4, Doyle [P —Ff B4 1 i FH R —
BeE R F 2R B B A4, SEER T 07 SR H R b
M (Scheme 29). Bl J51f 3 & IR R = B8 [5] R4 [ #
REAF Nt 5 B B AT A SEIL C(sp?)—C(sp®) 8 Bk R B
(211, 212). X — K IR AE AR & 3 — 0 R F 40 % (213,
215 ket B BB AT, TE R S A N = A be i B B
B, ST EOR B AG(214, 216).

I[dF(CF3)ppyl,(dtbbpy)PFs (2 mol%) 4 \)

N X
@[Hr e oo
S N

\
NiBr,-glyme (10 mol%), dtbbpy (20 mol%) @ENW

PPh3 (1.2 equiv.), 20 mol% 2,6-lutidine I
TBAI (20 mol%), 0.1 mol/L DMA, blue LEDs

202 203 204, 74% yield
o+ {
7’W//\ N PPthI’ -Ph3po (W/\Br NII or NIO 7/\ﬂ//
N N Ir N
205, Mitsunobu mediacy 207
AIIk
/ B N-Nj"'—Ar
K [11 Blr
N-Ni'—Ar
PPh3Br, 204 product |1|
191 Nickel
catalytic
\PPh3 (dtbbpy)Ni'L,, cycle
| I
1/2 Br, r
(dtbbpy)NiCL,,
N
A\
Photoredox >_Bl’
catalytic it S
cycle 183
Br NELl %

mf}
O

208, 58% yield
From Estrone

BOOL o
[ @

209, 70% yield
From Ibuprofen

B 28 /AR A B S iR A i SR S K AL B

Scheme 28 Photoredox/nickel-catalyzed in sifu bromination deoxygenative coupling reaction of alcohols and itsmechanism
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Ir[dF(CF3)ppy]o(dtbbpy)PFg (1 mol%)
NiCl,-glyme (10 mol%)
dtbbpy (15 mol%)

cl
+ (MeO);CH

K3PO4 (2.0 equiv.) ‘
210 34 W blue LEDs, rt.
(0.05 mol/L)
standard conditions
(RO)sCH

reaction solvent

= 0,
or cosolvent =Et(21 ) 42% yield

R= Pr(212), 37% yield

O replace orthoformate cosolvent
% with 213/benzene (1:1) Ph
Ph Y O

0}
213 214, 50% yield
(0] replace orthoformate cosolvent
/*\ with 12 equiv. of 215 in benzene Ph
Ph™ | "O
H 0
215 216, 41% yield

B 29 A IDGHEHE R 5T B Clsp?)—C(sp*) TR S
Scheme 29 Visible light promoted C(sp?)—C(sp®) coupling
reaction of aryl chloride

VEZFEH ) IR N ALEL U Scheme 30 FioR. 5675 2
S 211 5 NS 212 A sos A NI D
B 213, 2B VBB T A A DT 5
Nl 4% 54 214, 214 TEGIE T R A LMCT i FEHOAE R 5
H g, |EmEE P S5EPR=HEE 210 K AR
TH R R (HAT) A 5 P IR = R AR B H 3k 217,
B J5 KA - WS 3 F B e 2R AR IR — A e 218,
B B R NG A 216 H3R, 53] Ni' Bl &4

OMe i
il
Me02100 L,Ni*Ar MeO OMe
/ 216 \ 218
K HAT . MeO, ho B-scission »
MeO™™ -\
b 217
0 L,Nil“ ar | "
2> 215 = LaNi=Ar
v 'w\/ Q 219)\
Cl
» | O
L,Ni'L o e L,Ni'
214\/ oxidant /220 product 221
SET SET
T
\ CIJI reductant /
LN Ar L,Ni°
213 \T 212
ArCl
211

B30 FHHBEN SRR NEY C—O G
Scheme 30 Mechanism of chlorine radicals mediated C—O
bond activation in acetal compounds
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219 2 Ja, RAEBFEHERSEE] C(sp?)—C(sp®) B =4
221 K Ni'lC &4 220. /3308 Ni' Fd&4 220 7T RLK —
MBS B = BB &, [FIRS Ni' iIE A9 220
B JFA NI L &9 212, SEREALAIEER. 1207 15 R M
AT AE PSR H R i 1y el 36 DA R ARG i 1k B el R it
T, AR A R A R AR R N
H.

2022 4F, Doyle VA7 2] iR TAERJE &, F
FH o 25 T 5 25 B 4 5 1) 15 P 4 B A D o i 1) e R T
1, SEIL T 4l 5 07 HIRAR BT B SR C(sp?)—
C(sp* VBRSNS N ALER B HE SR T #4 #2 1L FE(HAT)-
FEMEA AR AL T = E G FF, HARTH = R I SCHAE T-IT
Bie =2 2 (M G 2. VR B Rl P %5 Fh AR
F M 10 77 IR PR 1% 4 8 s 5 s A IBG S ot
FEZIR AN T iEEE (222, 223). #FE(224. 225). [
F(2260) A (227) % B Re BB a3 7%, i BT T HUR
2 BRI 5 IR e RS P S BRI =%, &
WY gEREN SRR C—O0 #IELN T Cspd)—
C(sp*) B s M. 1 3K T BE(Scheme 31).

2022 4F, Martin PRAZHUSHRGE | PR EE (1L B 1%
C—O HBEWIRTTHAL N, TEH 45 A% 2 B e
HORHELE T R (n > 6) i S 1R 5 RIS M N /N R K
71, RA SHRAAEAE R — R e e A I R T, =
UK R p BB 5 AT ARE M) C(sp®)—O L
ERAEES A o*-p HILPERN (Scheme 32), JERAH
STAREEACILIERS, A BE5 RIPRERE C(sp®)—O
BT, %S m AR R TV R T2 IR GE
il A5 IR E VS EL o, ST AR ARIOR G5
M%(228, 229), TPk B b EEARE PR m AR B 2,
HoWr A BT A B 2 BUREEM C(sp®)—O AL 5. 1M
DB 2 5 SM 3 1) B b TE AR 2 R AR 4 BE A SN A,
I, FIREREUESEIL C(sp®)—O HIEAL, JF H4ims Ryt
A E R, AR Z BN (230~231). {EiX
AR, &R (232) AR T7-(233).
FRIE(234) KR i 235 5 Ae IR I 07 B IR
BInT N, R SEIR I ) C—O BEyE AL SRAL T i
.

6 BESRE

g bRTIR, BT RE TR ERD, HA 2R
WA, ATLATG Wb b e/ g A N AL R IR . 2 Fh
BT H YL £ 6/ H A SR T N R S -
BREEME BT B, KRR B AR 58 R AR T oA
RN A RIRSE NN EY), EIn& skt
R, T RS2 2] TR 2 RFEMPE A, X
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Ir[dF(CF3)ppylo(dtbbpy)PFg (1 mol%)
NiBr,-glyme (2 mol%), dtbbpy (3 mol%)

R
X (e}
(:T + (:rkm
X=ClorBr 1.1 equiv.
I
OR
Ph)\OR .
Br
R’
Ir
PhCO,R
HBr

eOQCN
R

224, R = Me, 95% yield
225, R = CH,CH,OMe, 9

222, R = Me, 82% yield
223, R = Et, 87% yield

0.1 mol/L PhH/MeCN (V:V = 1:1)
K3POy4 (1.0 equiv.), 34 W blue LEDs, r.t.

o

C(sp®)—C(sp?) product

" !
product L,Ni .
F
Me
MeO Me
Et0,C  Me

226, 70% yield 227, 28% yield

8% yield

B 31 1A BN SRR EY) C—O S RN L HLEE

Scheme 31 Reaction and Mechanism of bromine radicals

mediated C—O bond activation in acetal compounds

Ph

Ir[dF(CF3)ppylo(dtbbpy)PFg (0.5 mol%)
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(3 mol%) (

25 mol% Quinuclidine
Na,COj3 (2.0 equiv.), t-AmOH

2.0 equiv. 1.0 equiv. blue LEDs, r.t.
Alcohols
Ph Ph
Br )\ o )\ o
O O
Me "Bu
MeO,C
1.0 equiv. 228, 83% vyield 229, 69% yiel
AryI halides
Fj\\ Br
2 @EM/\
O I )

N

2.0 equiv. 232, 60% yield 233, 56% vyiel

% 9 e

radical intermediate

PHZD

Rm
O OH
Ph—~
O OH

d 230, 34% yield 231, 67% yield
d 234, 85% yield 235 56% vyield

B 32 IIRGEREAE N C(spd)iRsr C—O BE 1L
Scheme 32  Cyclic acetal as part of C(sp*) for C—O bond activation
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