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Progress in Electrochemical C—H Functionalizations of
Aromatic Compounds

Wu, Yaxing Xi, Yachao Zhao, Ming* Wang, Siyi
(School of Chemical Engineering, China University of Mining and Technology, Xuzhou 221116)

Abstract Carbon-hydrogen bonds are the most extensive and basic chemical bonds existed in organic compounds. Electro-
chemical functionalization and direct conversion of aromatic C—H bonds is a green, sustainable, and atomically economical
transformation pathway, which avoids the pre-functionalization of reactants. The anodic electrooxidation of aromatics allows
the formation of C—X (X=C, N, O, S) bonds and the preparation of fused aromatic rings without the use of oxidants. Certain
C—H activation reactions with chemoselectivity and regioselectivity can also be achieved by the optimization of electrode
materials, electrolytes, and solvents. Vourious reactions focusing on the electrochemical functionalizations of C—H bonds in
aromatic compounds are mainly reviewed.

Keywords electrochemical synthesis; aromatics; C—H bond functionalization; fused aromatic compounds
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B, 25 5 Se B B AL B A B BE . FLE 2000 4F,
Waldvogel U JF 46 7 482K AT AEVI Atk =
SR TE, BT & AN = WA E9. 2006 4F, fih
AT SRS T W45 24 & R4 (BDD)E B AL 1) 2,4-
T IR A v e R R A A AR BE(Bq. 1), TEE
T, ML BN, BB 2a TR K.
BDD BH AR B P A i b B e v AT A L, DR 2y
FEAR A AR R N ) ¥4k (Scheme 1), B )5, i
1R BAE 7S 3 5 7 B (HFIP) Ay HeL f v T DU = iy
AR AB IR ()3 B (Eq. 2)"). 1% F BDD {E A, HFIP 1
R FIRER R FE e A H HEEREH, R NAE T 5 i —
FEME MY, AR R, TR
Al AU R T AR AR I K T AT AR A 1 P AR 1 R
SV 2011 4F, A ATIUSISORE B 0 A S8 AR T A4
BN, I NN =98 £ BR (TFA) B 7T LA B 84T i
AN IR

OH
Anodic oxidation Q O .
HO Undivided cell
HO

O O
(1)
mu,_Q + o O
b c
Anodic/ Product ratio of
conditions abc
Pt/MeOH 1:11:6
BDD/solvent free 18:1:0
@ HO—R substrate
w
O
o]
V)
>
[e]
o
Se
H+
*O—R product

E= 1 BDD FEKI/EHNLE

Scheme 1 Proposed mechanism

OH

) RK A oH BDD anode RN\ )\ )
— HFIP —/ N\ ,\R
H undivided cell HO
up to 74% yield

2010 4, Waldvogel Z:"HRIE T 1575 12 1R
R, {H BDD {EBHMK, SCEL T 4-H1HE-2- F AU 2R W
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B LT 07 R A ) A A X AR B (Scheme 2A). R4
HFIP F1 BDD FHAR 45 B8 02 A I s B 1) & A8, (HIR
IR, HG#R 22, A 75 B8 K& 1) 05 )R )
S T G 73 1 AR SR, 2012 4, %R A PO 3
NEREAT T ebdk, BP0 EEAE R SLIE R SRR, Y
HFIP/MeOH ATy 27 & 6 I, 28 XABE SR )3k
FEIEAN SN AR R 1 (2015 4F, Ml R G 7T 7 SLIR
FUXFAS [F e S8 AL B AL R Yy, e A, (IR AT
FURS, J5 IR &R > 3] 3.0 equiv., I HiZx M
& T 5 £ 1y 22 Y (Scheme 2B). 7E HFIP HH I
KB BEX X — I B B O B, WA S M TE LA,
BIREFMLE, AR L AL, AT P2 A — X TTRC )
2 AR B2 R FT A4 (Scheme 3). 33 A 70 2808 F T A
AELEMR T 3L Fh R 2 1 OB ERH, B ] PSR 1)
A AL, AT FRARE— X DT EC 58 SCABIBE Js o i 4.

A

OH OH
——EDG
OMe -~ BDD(+)|Ni() MeO X
+ —_—
/\/ HFIP, 50 C
undivided cell
Me EDG Me
10 equiv. up to 47% yield
R
9 A BDD(+) | Ni(-)
B | +
= /\’ HFIP/MeOH, 50 C
undivided cell
OH EDG
3.0 equiv.
R
EDG
X 4
I\ P X |
A + NN N
| ——EDG |
OH = X
. EDG
up to 69% yield

selectivity for biaryls up to > 100:1

B2 W07 K A o Ml S AR
Scheme 2  Electrochemical dehydrogenative cross-coupling
between phenols and arenes

VE N 5 & 755 8 RN 13— 45 4E i1, Waldvogel
AT 2016 4FIERIE T 7] =HEK-2,2- B A k.
i 1,3- RIS 2,4- HURE — 407 B il & ot
RG] =3 HR-2,2'- — W1 (Scheme 4, Pathway 1), Nj*
R 28%~41%. T AR PR ] =B -2,2' Ty 5
PG Ak S I ()i I R S B A 1,3- AR R
IR (I ST SURBER; (2)Ke 35 — 25 S NP v 1) oy 2
R4, 55 55— Bl 47 U H Ak 58 B BB (Scheme
4, Pathway 2).

B4k, Waldvogel 25 M3 A 2 T ik b FH T 7
T3 LR 28 AR BR(Eq. 3). AR A EEMAT AW EA K
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Scheme 3 Proposed mechanism of cross-coupling between phenols and electron-rich aromatic compounds

Pathway 1
BDD anode

H MeO OMe
Z OH H H

BDD anode
HFIP, 50 'C Pathway 2 MeO
undivided cell

R'1—
OH

HFIP, 50 C, undivided cell

MeO OMe
R1 CBCSij_R”RZ
OHHO

HO BDD anode
——R% | HFIP, 50 C
PG Cl undivided cell
R

B4 —BOR-2,2- I G
Scheme 4 Synthesis of meta-terphenyl-2,2'-diols

R AL, 2 —FE A BRI &Y. R BAE
F BDD FHARANER X BARK, 75 1 25 1) — 2 24 e it o
BT, BARHR AT A SR E P By OB, 1T L
BEI— RG] 2,2- W RAEY). I N5 By - 75 58 X
R MARL, HA RIS SUMBGE RN, BHrm R
. N T RS A A T AT BEIE R A ), Waldvogel
S RS HFIP, 3RS T AR AR e R Bk, (H

PR
OH
MeO H Hox BDD(+) | Ni(-)
+ | /—R —_—
HO HFIP, 50 C
undivided cell
Me OMe
HO
X 3
R : > Me 3)
OH
up to 63% vyield

2016 £F, Waldvogel WP HRIE T & 7l 5%
{RIP 2 1A FI B S SABIBR(Eq. 4), BH AR AN BH AR 45 5%
BDD Hifl. fELRPIEECU TIPS)X ) i FE Ak 2228 A
A B3 e E R, ONAEAR R LR A PF T =2
B, HOE R R . AR, RN
£ 30 mmol [JEA FH & T AKSRA B i IR I LI %

75 e B SRR A AL, e Rt R E
KT 55 W (PR S N 3R AE. 2007 4E, Jutand B EZH
SCPL T TR AL SRS N L N- BT I S A e 2 18]
1) Heck MBI N (Bq. 5). % M BAR B A FABRAS KL, i
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BDD(+) | BDD() _
T HRPsOC

SO E
OH TIPSO undivided cell

TIPSO N ,
— R
N 2 @
R'—— _
OH

up to 92% yield

C(+) | Ni (-),r.t.

H
N divided cell

R = CO,-n-Bu, Ph

Me N
7@%}( (5)

up to 78% yield

KRB IHARAPRL, 75 e B A2 A AN B AL, ROBETE
18 A 261 PR THAR, DL L4-2KER N B AL IR R AR,
SEIVER A TE IR, e S BEAE— MBI ™ R aeskig &%
)[R, 2014 4F, Kakiuchi R84 P04 1% v fk 23248
AR P T 7757 25 A I 117 X 3l 32 85 A AP B e o2

2017 4, Mei Z270 Pd AL N A T 55 B 5 54
WU EE o- 75 SRR Y C—C 4 485K S B (Scheme
5). %R AERE B AR P T, DABSERVEVA T, Pt A
HLHR, T DAA 3 o 45 B IR.

2010 4F, Jorgensen A4 FH T 14 i fHE Ak O

cat.1,4-benzoquinone
HOAc, Pd(OAc),
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OMe
Me Nl/
_OMe Me—BF3;K I AN
H N| T
N | PP
R HOAc, Pd(OAc), ~ Ph. O | -OMe
divided cell |
| dvidedcell N
0 R—i—
PN Z
Ph”” “CO,H

B 5 AEEIEE 5P B B RR 1A S B
Scheme 5 Pd-catalyzed coupling of ketoximes with organobo-
ron reagents or a-keto acids

258 Ak, SEEL T R W AN 52 ORGP R R B [ By 2 1] 1)
AKX FRIE S SR, IR B R A, By S 4t FH AR A
2B R FL I R R A, TS A AR ) M R AT S %
TRk, S C—C BRI IR (Scheme 6). 4 iz & 1L S
L1838 — /AL BAVE IR, [F4E, Jang iFHI41
Rt N S AN &, SEEL T IR i s
B A A AR, 25, Luo Z5CMBHRIE T [HN
5 FH TR A, SISEI 5 B RU 55 14 B0 i AR AN FR it
A8 X AREE.

2015 4, Zeng Al Little ML L= 55 FE e/ AR
IR JEA B, SEEL T RS o- 75 240 (Eq. 6). 7RI
SN, T B S R i R R AR TR,
A R B O ) T MR BH RS, AT SEEI O 2R B
Friedel-Crafts &2 .

X iyt
Pt(+) | Fe(-)
AN 2 + Ai-cH ————— N 2 (8)
| R (p-BrCgHys)sN © R
R LiCIO4/MeCN R’
divided cell

o)

0
Me N Me b
N

HO OH O,N
0 )
N
H

60% 88%

551 - Wy 2 18] 1 A8 SO BE I B 2R AL, 2017 4,
Waldvogel @22 Hi0E 1 FiFh 32 4157 55 Ak S i R
P2 i A2 ARBE(Eq. 7). fATTiE 3 A R HE N A%
AR, BELABIFHIF R A K 2,2- A EBER LAY,
IS HFIP AJ58R 2 S B RS AR BB ey e 1k 1) e i ]

2017 4, Hilt WARAPHRIE T —Ff i = BRI &
il 2 B IR J775(Scheme 8). 1% [ NAE R T 4514 T 3EAT,
PL 2,3-5-5,6- - 3E-1,4- 5 FR(DDQ)E WAL JF A
J5R. ) ) H AL, DDQ (1 F B AR T4 45 S S ] [
EbE, B REmE.
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Scheme 6 Dehydrogenation cross-coupling by the combination
of electrochemical oxidation with chiral amine catalysis
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e NS, emico

R'—— + | R ——————
2 G2PHN" F HFIP/MeOH, 50 C

undivided cell
NHPG'
R1\ _
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N\ R )
G2PHN
CHIC()
MeO O Q OMe F3CSO3H, I’.t., BUNBF4
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MeO

8)

MeO OMe
up to 92% yield

22 FEETHFENLEY C—C EHME
TR A R s, JEE B 77 &L SR MR

— L BH AR SE AL J7 Rk iy C—C #. 2012 4F, Yoshida

T PR S T PR R AL 95 F AL A Y 2 18] 1 i A AT
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N ABE(Scheme 7). oA FH 5 A 40 £ 4 () ok B AR BH
W, FATEMIR, BusNe(CeFs), 1EHMFR, 7E—78 CafF
TRAFEAEYWI N ZEEE) A, A H 2R
BT AREm SR E RERE T “PH R iREih”

REE, /90 CHMTEH—HRIEWIEH, &k
T XABE =), SN C—C BRI R IEE %
RN RAER), B T R ARG R A DL AR =4
P RN, BA RGN EREAM. ek
SN R DA R [X ik . 2015 48, Atobe M2 PSI
T8 7 AL O J -0 BRI R L, ARATIASE A B
Nigs, FIHEATERBAR, WSl 7 REH T BHEHAD
IR,

C(+) | PH() .
H divided cell
CH,Cl,, -78 C 90 'C, DME
BugN* (CeFs)4
cation pool
MeO |
o (o
WL SRS
73% 86%

B 7 JET B R i A 5 307 R SR B S 8
Scheme 7 Aryl-aryl cross-coupling reaction based on radi-
cal-cation pools

BT 07 BB (AR AL &) AR BAT B 1Y
AL, (HIXBUEYE S SR ZMEITUE R o- B &
Y, I BT B Meisenheimer 5264 Hh A1 44 1) FLAE
S T DA ik B 7 55 A A0 A ) TR % b S B RH AR R RE
PO — g, MR R B R SyAr R R
(Scheme 8): (1)ifiid o-H-Meisenheimer & &1 E ALK
51T [¥91 Br (Gallardo 250K B2 7R Sy 8 NASH
AR, RIS AR T BRI ROBD); (2) Z K3 |
HEA A LR (s R, SRR e BB
RGBT, WTTTER o-X EaY), B X E%, 153
REKIRZBA )

FESEERAGN o, e S AR R B A7 2% 1R R kAT, B
TR e e 4 k) (s AR e )42
JERE PSR ARl T, R SN I ARSI LAY
C—H #MFreft, HLLEE C—C ##(Scheme 9).

2017 4F, Zeng SN a-MiM N ALIAT, 15 NH,I
T, SEHLT SRR TR B C—H SRR R
Fi(Eq. 9). Kefirh, BISRAERR L 555 a-BiER S VA5 2
P BE YRR v B, i 2 T B R A PR R AR B B 1 4L
P FRAG BIME AL B 5, ) e R S N, eI R AE
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- H_Nu 4 Nu
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N O,N O,N
| —NO,
7 r X_ ,Nu A Nu
X ,\b\ anodic oxidation
i 1 _— AN
L/J Syt (NASH) |/
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- O,N O,N

B8 s 77 B a W E ALK FIE

Scheme 8 Two forms in the functionalization of elec-
tron-deficient aromatic compounds
NO, NO,
40%, Sy with BuMgC
30%, Sy with BuyB"
H Bu
CFs CFsy
35%, Sy with CN-
SEmeN T
NO, NO,
H CN
H
0, H i
80% Sy\" with enolate O,N
(o]
NO,
Fx9 T Meisenheimer H A AR K E T 5 HAL SV E
Reft.
Scheme 9  Functionalization of electron-deficient aromatic

compounds based on Meisenheimer intermediates

C(+) [ C()
LiCIO4/CH3CN

0 NS 2
R'—— + R<COCOOH —
% N/ H NHyl, undivided cell
| 2
NN R
o

N\ NC N\ Cl N\
CLA e LA e T
46% © 60% ° 59% ©
T BRI — 2 A v TR AT, RO R B B RE T 2
PE, AT S 2 AR 0 E RE A BN

3 C—N#pHE
3.1 FEUEYHIRK

2013 4F, Yoshida B HRIE 7T HFIL Y
C—H %) H B % L ) B (Scheme  10). 7EMLIEAFE T,
F5EAC A E I AR T K Zincke UL IE BHES T, ARG
TENNFRGEAT T F AP (ke ) A2, m] DAFS 3105 b &
. WEWE A RN R AR (DM (BT o B
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ANFT HAE AN SR T IS8 48 0AL; (2)MERE & 53R 1%
MR 55 /G A HERE 7454, (3) Zincke
AU E BH & 571 1E FLAT e B PR T 9 A
W, W T A ENAYPE EAA. XF C—H
A SN BA R 2 vk HT P A0 5. Yoshida ¢
THI I S R3S ) B s W 5 F S (i R
Bk T A 4). #xilr, Waldvogel 5M44RGE 7 38 i
BDD MK, B LUK R IE F i O 2 A 1 O
FHED.

C(+) | Pt(-) ;?‘r
divided cell *N °
Ar—H ——— N __8&c Ar—NH,
pyridine, 25 C | _ piperidine
MeCN
BuyN-BF,4 ©
cation pool
OMe MeO Me
HoN l
PhOC Me
NH, NO, NH;,
66% quant. 60% with BDD anode

B 10 T Zincke A 55 B 40 A 0 LA AL
Scheme 10 Direct amination of aromatic compounds based on
Zincke intermediates

WSS, Yoshida PREAS IR IE T FRRR IR Jk K m fig ik
175 B A P IE AL (Scheme 11). I BdE A A S k¢
KeBUREE Y, EIERREIE T, ERE T ST
FIIK PR RH (21, Tl o PP A P i 2 L A BB 7 0 57 oK
M U R R 2 i 7 TR R, e A BT K
M SONE T T % — R A B RIS PR D e
T 5 Zinkle BYPHE 7ML, SR b AL A IE R
77 He TR o AL 3 G 1 07 B AL S I AR,
TR AT B i FRY 72 2.

= piperidine

MsN_ N MeCN, 70 'C /7
Y| T AN
R'l

R1
Ar—H cation pool
/\ C(+)|Pt()
MsN__N LiCIO4, MeCN, 25 C

Y divided cell
R Ar/\‘

[\, 2 piperidine _
MSNYNYR MeCN, 70 C N/ \N
e, e P

R Ar Ar 5 Y

R 1

- R
cation pool

B 11 KPS 5 F S R 1) C—N RIS B
Scheme 11 C—N coupling reaction between imidazole and
aromatic compounds

JEAh, Yoshida PREHZLUUEHE T WM AL A
FIHI P B A PIIBE AL (Scheme 12). T84k 35 7 2 3F
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WEPOW ) FERRE 1 B 3 S B 505 B 5 i Bk 4
&, WM AR —FR5 N-F R ER) T . X
8 I N AT LA S B — 8 2454 43— 4 T 7 P8 3H (aniracetam)
FHE 5 TR (fenofibrate) HE 1.

RUR c)1PLO)
+) | Pt (-
Ar—H + \|I/ RRZ —M8M
N~ LiCIO4, MeCN, 0 C
a

divided cell
3
hydrolysis /R
— Ar—N
\
R4
b
Ar = naphthyl
Me )'V'\e Ph YO
|

HN/\/NTS E HN/\/OAC HN/\/OH

1 L

| vl
Ar i Ar Ar
80% 75% 79% 65%

B 12 RIS 05 K AR IR e

Scheme 12 Coupling reaction of heterocyclic imine and aro-
matics

bR TR H AR S R, )R] DLd s AL SR A
RSP AP REAL. BRAR DT KR 10 BH AR SR eT LA
ERNBULY), R RNELEREAN S5 T RBIL.
B, £ =M OMAFAET, WERHIBH IR -
(=4 258 JE) 2 (PIFE). Nishiyama 182054 F] PIFE
AR, PAEMNMRESE T RESER T EN
EYRBIERL C—N . MR N2 R TA SR
T I, 2016 4E, Francke 20 P2 g FHALAR 5%
Kol T — M2 ose AN B, A E T a fE
HFIP  Fil s X A A o7 227 A M &S L, AT 51
KNG 5 57 K i it 58 XABER (Scheme  13). BTJ7 1%,
BT RERE T IAEAE, RNVATEZSMEm, JFH &
T8 EARAERERIE V] DR 1 A A B A, bAb, X R 2
Ty Re F AL 5 5T AT DAAE S 25 SR RIS . )
FHE S 80 P] LA 31— R 41 N-J7 Bl figtb &4, Him %
— AL

2014 4, Zeng A1 Little 255 MR 7 48 DU bt 5 itk
BEAE N AR JFE A L 1) 2K FEE M 1) i Ak (Scheme  14A).
TSR FH TR R — S LA, AR RRON PR, B
Ftk, -1E A N EEAT. BT R IRAE T i
T, PG, ZREARGE TP NHL NS
TR A 5t R 7 i B A e A S i, A 2 o 2 2
(Scheme 14B)™H. it 2 rf, 55 3R 5 BHAR S0 A B i)
B 5 1 P A e - A P TR AR 2 12 S B2 P SR
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+ Ar'—H 1 NR2
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Ar' e
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B 13 AP AT B AL S MR R A 0 A S
Scheme 13 Arylation of amide with a recyclable iodoarene as
mediator

2
N R C(+) | Fe(-)
A R1—:<:E S—H + H—N]
Z~0 N3 HOAc, CHACN, BugNI
undivided cell

2
RIS N\>—N/R
I = le} \

R3
o)
4
LS : KR () | ()
B R'—i , + H—N E———
~ R?2 R RS NH,l, CH;CN
o R4 undivided cell

|
N
R1—:\ RS
~ R? R®

B 14 DBULTAA IR L C—H BRI
Scheme 14 Electrochemical C—H aminations mediated by
iodides

2018 4F, Lei WA HRIE TFIH Co AL N-H
AR A0, C—H SRS, WL 3 m) 1
H(Eq. 10). fEFRESA AL, DLSmiE R RY), el
FIRF ) S NS, TR R & T AR e 2 w2 HL
BB RN, AR T .

W 2.2 AR, FIH Meisenheimer 7 [A]44 7R 7]
DA iz B Gk B 5 7 A A (Y 2 ) 14 i A OO B
11).

3.2 FEUAINENK

FLAE 1981 4F, Hussey ZP7 i1 T 75 &L &4 (40
R 2L BRI E AR BT (n 26 T g AL
SEREAG SR, DAY TR VA TR e A A R e A A AL K
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bk SR
i H o C@ING
R CH\NHQ . [ j divided cell
NNy o~ cat. Co(OAC),"4H,0
Q = 8-quinolinyl NaOPiv-H,0, MeCN
X
R NHQ
= N/\ (10)
o
Me O Ph O 0

Coe L O
N MeO NTY

o NK/O Lo

55% 67% 57%

BN Sy with RNH, X
O,N—; OQN.—/ (11
Z>H NHR

N02 N02

O O CI\C[NHBU
NO,

NO,
NHBu 15%
84%

7, JE I 2 ) FELA BT DAAS 205 B A I L R B
JEER=H). 1999 4F, Sereno Z5SHRIE T HE S HIES T
RIVEMERIAE R T, WAHIRE AT, ZB/EHH
W RS S Ry 32 AT B 1A 2-R R 2R,

BT 482K T AR B BRI AL B A, FLAERH
WA G T8 1,2-2R B B I\ SEAZ ) S ]
A A I S RT L SR A R Bk — A i DA B — e e AL A1),
2007 4F, Nematollahi i 5 20 DR 1 78 7K ¥ 3% o DATE it
P8 AR B8 T o A% R I 48 2K By B Ak A& W 1 R Ak
(Scheme 15A). 4B My i A0 AR R )4, Ji5 3
SRR T & 2E Michael A%, 753643484 —
FEY. AEEE AR AE B L T PR I AR A, Bl
2-F I BN, 4- I BEAE AR AL R Bl A R R
f&, 2015 4F, [F—REAHRIE T 4- LR FE 2K 1) AL
ik, =R (Scheme 15B),

4 C—O ErE
41 FEUSYNBISEL

2009 4F, Tajima iR IRE T —F & 775 &L
B A AL TR B TR (Bq. 12). BN A FH A4 g
JE AR R, TE R S5 R TR AR R AR A R S AR .
RN B A N R, BCREE. =W
P 4 0 S S A S AL R T 15 TS 3 5 03 1 BV )
(W ZREER S ), PR R R UK 4 I S AR TS 1L
AR C—H L. MR, XAk ALt
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R
HO__~ anodic oxidation N A4 ¥~ NO,
A | — ) —
HO \\R undivided cell o =
HO = NO,

anodic oxidation

HO
. T
NHACc
LS @ |
—_—
O,N NHAc

B 15 AR IR & S Y B A R AL
Scheme 15 Electrochemical nitration of catechol and amino-
phenol

L
NAc

undivided cell

Pt(+) | Pt(-)

ArH - AcOH or TFA Ar—OCOR
or _— or

R—H undivided cell R—OCO,R'

'/\ Base

OMe OMe
OAc
OTFA (12)
OAc OMe

72% 91% 63%(NMR)

AR, DL BUR R B A . AN, SO
i (0 A RE RS CEBR PRI B N B el oA e vk, mlilm
Tt 90 [ WA T 0 AR A

5, Budnikova BAZL>SIHE T Pd 81 Ni f#1LH)
55 FL I E 0 FELAL S R EAG(Bg. 13). PFHAREAL A s
S Pd 31 Ni 575 3Emne I e &4, TS R4
RRMIN, BRI =Y. N EE S SR
AT AL T SIARIA SR, I S e A o 25 Rt ik
17.

Pt(+) | Pt(-)

- divided cell -
N Pd(OCOR), (cat.) N

H or Ni(ll)(bpy)s (cat.) OCOR
RCO,H, EtN-BF,

2017 4F, Mei BB Y508 7 Pd AL T 75 25 1
FAL 22 B AL SN (Eq. 14). L n-BuyNOAc A HEfRJR,
T 40 CHMTEAMEM, r~FE4F. b5, Sanford
ST —p R R T K RN, DY 3 2R
(TMAOAC)E LA, FFIMNZEERAE N A AL B i 52
B Pd FIMEALAEER, 7ERRE A ML e T — RAE
SRS R LA IR (Eq. 15).
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_ _OMe

H N Pt(+) | Pt(-) OAc N

Q l Pd(OAc),, HOAC L | (14)
R—— Me n-BuyNOAc (1 equiv.) R—1— Me

& divided cell Z

up to 80% yield

C(+) | C)

@\ bG Pd(OAc),, AcOH/MeCN ©\ bG 15)
H TMAOAC, benzoquinone OAc
divided cell

OAc = OAc H OAc
X | O N
C oD T
N= CF,

41% 47% 52%

42 FHEBERK

2017 4E, Ackermann A HRIE T FiR T Co i
I C—H %Ak, H T 05 5B & U(Eq. 16). LARPIR
PeFgHR(RVC) N FH AR, N-BUAR F LI 5 B PR AR A A
RS AES Co TERAL &9, TS5l A R NAS 205
FEBEF=Y. S SRS VG T, B R ) X 38k
PEVE. BRE RO /RSN, 1207 VR AT F T A s B

0o = | RVC(+) | Pt(-)
NN Co(OAC)," 4H,0
R—— H |

F H NaOPiv, divided cell
R_

+ ROH
(@]
3 )
+
16 B Y (16)
|/ H |
or ©

B 75 2.1 R4 205 B C—H/C—H Z [ i B %
AL, Wb & ) Rets 5 s A I LT B BL Tk
Nishiyama @217 R GediiE 1740 s AR Y BH Fl S21L.
SR, — A I PR A 2 e AR L C—H/IC—
H BB~ 0; 1 2,5- = s AR ) <8 ik FH AR A LA &%
PR AL (] C—X BT, TR — 5% R: Mk (Scheme 16)1%%°,
TR PR, 48 A A& R — i A 5 78 F
LA AR R R AR R AR A B R R R R A, S
FAE AN AL AR R A3 — 05 3. b, xR
My A BB — A e R R TR R AR X 30k
Nishiyama BREZH ] 6 B D & b 1 4R —H 2R 27 I
FARERRI T S FR AL A T

HAAG I I P IR, EREEEATE B A, 8
B — RYNEAG G Ak S0 05 B R ), 1K
VIHEAT WL A A AR A ). 40, Waldvogel
A2 TR GE T E = A AR DUAA O R R,
Ba(OH)s* 8H,0 ) FF EVAVLAE FLAR IR, 2.,4-— FR LR} Y
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CO,Me COMe COuMe CO,Me
Pt(+) | Pt(-) Pt(+) | P(-) X
Bror CI HCIO4, MeOH o X
X
OH OH X (6]
—X'l MeOH
CO,Me
CO,M
2Me " OMe CO,Me COMe
Zn(+)| Zn(-) X N
o X cathodic reduction O-methylthalibrine
O X
X OH

B 16 48— UM A R RN

Scheme 16 Electro-oxidative dimerization of ortho-dihalophenols

PR SR, B2 A B DU AR, 77 S d i vl ik 52%.
S S5 B B UK ) JER I T B RTIS 23 g, T SR B 4% i
THIURR R e 22, 75 30 10 S UT0E T AL A o,
Gy ¥ oy, Behh, PEMre] DLt b g AB I I A A Al
HA IR E T, 3 B~ Scheme 17
.

5 C—S EBHWE
51 FHEMBAIEK

A% Ty RN B8 I Ty 2 Ak & ) B IR I AR Ak
57, B I E FH B ) SR A R AR AR R B R S i, B
IR S 55 C—H BRI A BT ZE B lE. 2005 4F,
Tammari B EZH OV 2-57 3 26 UM 541 2K — AT
BT =M@, Bl —mkEmsoh gl T o5
Wik, 7745 (Scheme 18A). Zeng 5 IR G0 5E T

T T3 27 VS AR P W AR RS I L 1,3,4- — AR A % s I i
I 2 5 (R IR FL AL 22 A B I 0 Ik FE AR A L. LA
F AR S S5, R A B TR BB AT AR B E M IR
fi¥ 7= #)(Scheme 18B). 2008 £F, Khodaei {4 /520" iE T
VMR BEAN AR (O 2Ky 2 5 FIBREE R . B2k O 2k
B EEAESEAZ R Ah, 2000 4, Fotouhi ¥ Hi# 1 LA 2-—
FRR L OB R, 4-00 T 402K — ) i i Bk Ak
S, RS FE R EIREE DT T 2R ER R AR T .

IR A A B D B R O R AR
HIEEH). 2012 4F, Nematollahi 1850 2H B8 7 #3289
WEE (WA E R SEAZ A, 1-(4-(4-FR R L) - R -1-28) 2,
P 22 R Ve v TR ) C—H B s (BT 1), SBT3 B
Pk P= Wk 5 FL i, I 25 H ORI IEE P, H R
OSBRI T — v ROEA R () 05 BB AR FE M) A Ak
Hi.

OH
Me P 1P
Ba(OH)2 '8H20
Me undivided cell
B 17 2.4- R B AR =W A2 1
Scheme 17  Modification of an anodic product derived from 2,4-dimethylphenol
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R2 R2 0]
R! R! ﬂs—<\
anodic oxidation N
—_—
HO undivided cell o
o

OH

RZ R RZ R'
H

Ol oot — (<o

OH OH

R2 Me
Me\(/N\N (LN N)\s
N—. \NJ\S ‘N’ks

; 1
HyN S R
OH OH OH

B 18 tABIK AT A=A i SR B O Rk
Scheme 18 Synthesis of aryl sulfides by electrochemical oxida-
tion of catechol

5

B

D
O
O)\CH3

X =S8 lIsolated yield 93%
X = O Isolated yield 87%

B D7 BB AR IR ()P 5 7
Figure 1 Synthesis of aryl thiobenzoxazoles (thiobenzothia-
zoles)

2017 4, Lei SRARHHRE T G 5056 S 410
RGP SRR TR C—S B, TRRT . &
2L LiClO, AR HAT R, LMl atim], FEta fLiii s i h
I PeAE AR, e — S B R T, B AL

FETRIEN b, 1% B35 BE SR A3 1 s e A F | kA
A, W RELT B S A B K (Scheme 19A). It
Ah, Lei YR58 74 A Hofh & i 795 AL A
By o fie. J5 7Bk LIS E WY 5 VR R I S A
(Scheme 19B), 33| T AF M RMEE R, UEH T IR M
BT Z NS, ORI T ISR B AT REALEE
N TR BHAR A AE BRI 5 R R Rk, 5
5 1 R ) O AR S5 A0 = P (B R B S ) R AR AR R I
N, 4 B2 Y)(Scheme 20).
52 FHEWHER

2003 4F, Nematollahi i 54 BHRIE T 78 55 3 W AR
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A

—~Ar
R H R S
I\\ S Pt(+) | Pt(-) l\\ N\
+
Z~N A7 TH LCIO,, CHaCN, 1, 3h NN
\ undivided cell \
Cl OMe /@,CI
S S S
MeO
Jes :
N N
\ N\ \
85% 38% 94%

B
Pt(+) | Pt(-)

+
Ar—H + HSOQ
LiCIO,, CHACN, rt,, 3 h

undivided cell
Ar-SOCI
OMe s
© L
Me
itI\K:L N cl
MeO OMe Cl |
Me
74% 44%

B 19 s C—H/S—H BIASE XAk
Scheme 19  Electrocatalytic dehydrogenative C—H/S—H
cross-coupling

H

\
S—Ar
Pt cathode 1/2 H,
“S—Ar

H* Ar
Ar s~
— L \
- S . dimerization S—g N\
/ Ar S\ \
H Ar Ar N
% \
o
S

)H
Crd \
N

\

H
Cy
N

\
B 20 HAEL C—H/S—H 38 X AREE & ML

Scheme 20 Proposed mechanism of C—H/S—H cross-cou-
pling by electrocatalytic dehydrogenation

TEET 4-BUT HEA02K — By sk 4k ) % (Scheme  21A).
Wb 2 7 55 00 2 Ty P s T A AR % 6 1) i A 55 e B 2R ALA,
F& 2 B AR TR 5 55 T R & A= Miichael I s N A5 21 P2 4).
JNEASE FH (4- R 288 28 M Al R A R e A0 K70, 7931 T4
R, 2013 4F, ZUREA P RGW R T AR ) K
FLATT AR AL S T A0 S R IR B g g R 2007 4R,
Zeng VA SOHRGE 1 AR K NHERR (BRI AL SN,
T & B— RPN BB HIV RS 5 AR5 1)
75 SRR IR AT AE . SNV AR R R AT

\
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%%ﬁ%%ﬁ%%&ﬁ.%ﬁxg%%u,&ﬂﬂﬁm
217 Michael K, F LRI REAL 25 XS 0k A
AR R IEE A7 (Scheme 21B). {EERMZ, RIES
RAEEBACHI R I I A Re 4 A4S 2 T 4.

anodlc oxidation

und|V|ded cell

II

anodic oxidation
_ >

undivided cell
R
OH
ﬁ
TsHN o
B 21 AR i K R AT AR B A A G RS HE R

Scheme 21 Synthesis of aryl sulfones by electrochemical oxi-
dation of catechol with aminophenols

2017 4E, Chen A1 Yu Z5E8H 3 1 AR £h A7 76 R 15
Wi S HATHEMIN ol R BA(Eq. 17). %M AEH Pt
YE A%, CH3CN/H,O AVE 7], TBAI(DY T JEfiAk 4 VR 1
3R, 75 IR RN RE 1 15 15 R 7= 26 1 ] w0
PR R SR B BT RE A 2 1, o7 T A R
HAHEYDE R 5-HT6 1357

©E> ©/802Na
o4O
N

+) | Pt(-)
unlelded cell

“TBAI, CH,CNH,0 CH3CN/H,0

5-HT6 receptormodulator

6 RIFRM
PR MZIMEEYIAEL5Y) . BRI 2555 (1 5

2600 http://sioc-journal.cn/
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BATZHRMNA. S FAEBEE C—C/N/O/S H#,
S I B A 27 2 (R FAL 2 XU A, R DR SR %2
AN E IR 2 040 5 1.
6.1 D FREIKIFREL

2016 4, Xu WREHPRIE T &AL TS
Y51 I C—H/N—H A3+ 2P Mb b, FFE %
5| 1 2 24 W3I e (Bq. 18). i F %8k (CpoFe) (N %Ak
R AT, I BH AR S TRl A il 0 E 2L IX
H B 50T LS 2RI S Z AT 7 NIk, 15 2138k
P, MRONEAE — = R E A R AT, A R
R KR AE N A2 M. 2017 4, Xu 25006 i & Bk — 25
K&, ATZ3% N-R 5 HRER LSS

cat. szFe
@[ _RVC#H)|P) \ \
o \| MeOH/THF, reflux (18)

undivided cell R1

MeO
N/Ph N/Ph N/Ph

85% 83% 87%

R A S0 B i, Xu &P
P N-J7 R 1 N SRR, T E R 3-91-2-
W5 WA A #7490 (Scheme  22). I B A 1R 47 1 5 g A1 i
Ak, TTRLH T S A R R R, b M R T
(Mestranol).

2018 4F, ZIRBHIT R 7 —Fogh B — 5 B4l
7 CF,HSO,NHNHBoc, Hifiid — k3 M4
L A, SRR AU N, 13 2 N AL
() R A G C IR PR (Eq.19). L5 A T 5
ERGEEIL R, AT T 28 Bk -EooH S i L 25 M
G, WK Z2 Bk (Mianserin). K2 F-(Mirtazapine) 5.

2017 4E, Lei A HRIE T LLBEY) N R AL 5
R N-J7 B e i) Ak 2oy 7+ A A e, B T5
FSIRAT A PI(Eq. 20). 1SN AE — 28BS Ha figgits rh gk AT,
KA AE AR, WIS 3 R S s e A il &
M A A A B R O PR R R SR DG I
Gb, HAEH N-EIE BRI, AT DA A K I
[1,2-a]Ptkme. [F4E, R MHRIE T 55 HL i 5 0 fi
PR T FL A 2t R DR FR AL S S, FH T Ak B il (Eq.
21). iZJ ML Pt AE AR, BuNI {EEALIE E L7, 78
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cat. CpoFe
\\ iCOZMe C(+) | Pt(-) O\ ICOZME
MeOH/THF
Oor-30C
undivided cell
1 F
R CO,Me
AN
— | o]
Z N
\R )

From Mestranol 91%

Br A CO,Me
@f%o
N
OMe \
56%

B 22 Cp,Fe /i1 3-90-2-M5 AR AT AL 01 Fi AL
Scheme 22 Electrochemical synthesis of 3-fluoro- oxmdoles
mediated by Cp,Fe

RVC(+) | Pt(-)
Cp,Fe, CF,HSO,NHNHBoc

undivided cell

HF,C
= R

L~ (19)
N

up to 75% yield

— R REAT. R BNy BugNI 2B K
SR B T A SRR IR S A 2 PR L PO BRI, 5 38 %
BRAFEAT B s3I A2 v A 22 737 NIRRT AR
PCJE A5 2URAR 4. IR DRI SO BAT R4 I g
VAT 52 M R e S5 S 28R

R3

_ PP
R2 Kl 015mo|L1) Z N
DMF/H,0, r.t. Ho
undivided cell up to 99% yield

Xu PP 2017 4E4R3E 7 —Fhi@id B N—H
BERR, Bl C—H/N—H BESS AR f Ak 27592
(Eq. 22). B EA & RTE R 341 A 2R
AR A, DA R BE AL 1 DU SRS (e ) ok e A7 2R
Y. 2017 45, iZRRAPNRIE T BT EE AN NH; & ik
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o}
o
X I Pt(+) | Pt(-)
R L NN+ S ———
H HO™  Rs cat. n-BugNI
CH3CN/DCE, r.t.
o undivided cell
b N I
R o Isl,—R3 (21)
R1
up to 95% yield

WE ) C—H/N—H 28 AR N.(Eq. 23). 1% 71218 H Bk
M AR EENRME, R &R &, BrEE

BT,
,X\ N -
RVC(+) | Pt | .
eonrete L/;Nﬂ 2 (22)
)\ MeOH reflux R3 )‘N R
undivided cell o \
up to 92% yield
X,Y=CH,N
| /:_R2
L RVEH) [P | g X ’s
R'—— NHs, AFPMeoH L AN &
undivided cell
up to 94% yield
TE =M OTEAFAE T, BORR &AL B A = (=

A L) (PIFE). Nishiyama @415 g F PIFE H@%
JHg Bl S 32 s B A T B A AR A R 20 E B, X
BE5E T ENEGYIEAT I, 1T LU 2 e ki
ZaT i e S i R PO CE ph TR ER L A B R 20)
(Scheme 23A). It B A] A T ik i 25 A ) 5 (tetrahy-
dropyrroloiminoquinone alkaloids) 1 111 /) £ & (glycol-
zoline) & B, 4RI b ATA # <1 28 B i 2% AR T
WAL e B AT B[R] B 22 R AR BUAR 5 3T #% (Scheme
23B),

W1 C—H R E A — " e 20/, FIH Zincke A
N W O 25 - v 55 T DA Ry Rl A A e 2 IR AL S ).
2015 4F, Yoshida BARZH" VR H 4 F N () C—H itk &
B H 2R I I e (1 ) 18 & ) (Scheme 24). 2017 4,
Waldvogel 5" phHh & 5 7 1, 4- 28 I B8 e -3-
(Scheme 25). fF— L8R AR =4 Fl A= W i VR4 o3 A 1)
HEGEMBIT, 1,4-2RIFREEE-3- 1T )2 R g 4
AR BB B, MRS T — PR T RS
AR, HEA — 52 e Re R 32 04 B e I e i

2017 4E, Xu WA MHRIE T VRIS R
A4H-1,3-ZKHBEE ) AL 2% C—H B A L N (Eq. 24). %
AR, R A AR LR A, AR T
H 2, ML C—H B S5 BHEIA &, T RNEEIL,
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A Ph—I
LiCIO4JC(+) | Pt(-)
F3CCH,OH | divided cell
Ri=\ OMe PIFE R1OR2 = N/OMe
0 \_7¢ 0

PIFE

K U \\
R2 N R1
Ac

R2 OMe

R'O PIFE
Rm fkj

0
B X ?Mex
N X = Cl, 68%
v
MeO OMe ¥ - Br 32%
0 X = OAc, 83%
H
Me OMe

glycozoline tetrahydropyrrolmmlnoqumone alkaloids

BRIz 23 PIFE () AR A e f HL R
Scheme 23  Anodic generation of PIFE and its application

X __N
i X \ﬁ X C(+) | Pt(-)
A N~ K,CO3
LiClO4, MeCN
X=Sor0O divided cell

cation pool

piperidine (t[
P R T )—NH,
80 C N

B 24 WAL C—H Hefb & BUR JEIE M ()
Scheme 24 Synthesis of benzoxazolesor (benzothiazoles) by
electrochemical C—H amination

002Me COzMe
L C(+) | Pt(-)
O orBDD anode O plperldlne
pyridine i:r T 8ocC |
| BusN* BF,
/ Z divided cell

cation pool

Ex 25 %% C—H b & Rk 1,4-2K I BErE-3- i
Scheme 25 Synthesis of 1,4-benzoxazin-3-ones by electro-
chemical C—H amination

5] 4E, Waldvogel 251104 F B Ak 24 5 90y N-75 3
Tk fiie & R A (Eq. 25). B A A 34 0E 2 11

2602 http://sioc-journal.cn/
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O R SN
N Rrvew) [P \lN(
NH R (24)
R Et,NPFg, MeCN/THF
rRZ R3 undivided cell R? R?

up to 81% yield

BHR A AL R B C—O SR A3 LUK AR, Eid

FEATH ] B ) — = AL Wi, BB 1= 2 I e ]
Tiif 52 1.
D +)| Pt()
O)\ HFIP, NBu,PFg Q_< D @3)

undivided cell
up to 86% yield

2017 4F Zeng SFU'HRIE T 05 FRIR M AL ST
Pl SR AE SR (Eq. 26). 1% 75 M8 A Bl ) — B A H
fift, KAV E AT IRIEE 40 g LA b, BEFT 2R A BRI
A, HRA R R X R

o)
Pt(+) | Pt(-) N
n-BusNBF4, CH;CN/MeOH i o (26)
undivided cell Z I\
/\Rz

up to 99% vyield

2017 4, Xu BRAA M 7T T I TR H B3E R C—S
BRI, Rl TSR A, DADY H R e U
AN(TEMPOWESEALIE JFE A i N-J5 B ARBE I 7 1
P B, T i ARA R W e R AT AR ) (Eq.
27). [FI4E, Lei BRAIAIIRIE T 75 3 R0 R R 5 fh i
HIER BN, R AR FEEEME(Scheme 26A). 5 Xu %%
WITTIEANT, 1SS F) R 2R P G 7R WS I A I R A
JR. AN, EIAE AR R M 2 equiv. PACOONa,
Lei St SEIL T oA JFEA TR 1 N-J5 2B AR B X 1)
431N MBI (Scheme 26B). 2018 4, Xu i 4%t
— Bk T S N, BN R SR s R B TR,
i VAN I S AR P AT U AT 8 S IN- 5 R (e e it A e 11
IR, G R (IENE) FEEEE(Eq. 28). FIHMaNL A
7715, 18 P /IN I 2% BT AT 58 BOK B IR IR F41L.

X
g RVC(+) | Pt (- g S
Ylj JSL M1Pe) Y'j >R (27)
I AN\ R Cat. TEMPO (5mol%) 2~ =N

| MeOH/CH3CN, r.t. .
undivideg cell up to 95% yield

6.2 NFEIMRITR L

BT LUR A4 TR AL R e dh, A
T ) 28 A L R A G 4 PR B A0 &4, 2000 45, Chiba R
AN ONRIE T Y50 e 2 TR B LA SR AR R [3 2038
BN, & AR MR (Scheme 27). 1R VIAE
— A E AR R AT, & T = EUOR DY EAR 1 R i
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z R ~ N .
m N . by _CWIPO X | \>_N/
Ve \_ CHCNH,0 Su~g \./
R H undivided cell
up to 99% yield
B H
' N
2 C(+) | Pt(- A
N N\n/R (+) | PY() R1:_</\[\>_R2
|// g PhCOONa, CH3CN/H,0 Zs
R H undivided cell up to 98% yield
B 26 WA T A AR R C—S B

Scheme 26 Construction of C—S bond by electrochemical
intramolecular dehydrogenation

H
| C(+) | Pt(-)

N R?2
X MeCN/MeOH VV 1:1
R1:K/ \[S]/ ( ) 1(\/E\>_R228

X H flow undivided cell

X=CHorN

up to 97% yield

W VAR 20, Hr= 223505, 2002 4F, Nishiyama VR
HUNONRTE T 2RI S R T R A3 208k [S 21 K
SN, 25Ty BH B8 - R R AR (9 T BRR JBE ) S . B S,
Chiba Z5UMNLR TR 4% 2 HIVAE R R G HE— 5 KB T
gz B A 32 e M. e N RE R, By AE
TETARPER) MeNO, —EH, T I = ) R ELE &
MeNO, 53 e i 55 ik b a2 . 598t A 2
TE R385 T 2 4502 R DA Ak 5 R R A I 2 T ) R
YER, RIS BELLE T 3R 0 a4 ik i A k.

OH R1 R2
LN R ()| PY-)
|
_ 2=\ . HOAc, MeNO,
H R® R"  ndivided cell
R2

R4
RK%\R4 '?2 o}
R
3
R\O — |\
) /7

S .

R up to 99% yield

B 27 My SId R R AL 272 [3 4 2] A S
Scheme 27 Electrochemical [3+2] annulation between phenols
and olefins

2017 4, Lei AU PHRIE Ty 5 N- L1805 AT
AW 2 T [3 + 2] 0 S B, 43 31— F 371 25 H: Ik g 1
WA PI(Scheme 28). I BiIEH T A ANF C-3 Al
C-2 BUREER N-2 BRI, H= 4R Rim, RA
& B 0K A RS B A I e Mk 2. MTLEE |
F, WL IER AL N-Z B2 mI w38y kA T BEAR SR AL,
TE I LA R B ER 2 TR A S A AL SR

2018 4, Ackermann ZE!FIH Co fiEfl, =T
SEIL T 7KAH e N-BURCR B i C—H/N—H #t 5 kie
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OH _CHIPO
10 —
R <:[ | "HFIPICH,Cly, 1t

undivided cell
o . R® o R o ,R®
= \\
| e — @Qﬁ@
R N"NF H N"NF
Ac Ac
up to 99% yield

B 28 M5 N-ZM R Wk 2 R (1 B AL 2 [3 + 2] A )R
Scheme 28 Electrochemical [3-+2] annulation between phenols
and N- acetylindoles

HIF R B(Eq. 29). SEIEREH, BHAR S A i) e 4R
WE Co e SRR G, BJaRKAEPIERHRA,
SERMIME. ZITEMA RVC AR, HIREAKVEBCRIE T,
FEER T, AR R XA A £, HRYd
VG

/O RVC(+) | Pt(-) Q
N Co(OAc),4H0 | N SN YO
29
|/ “HOMeOH N R (29)

2 (VV=1:1) 1
R R up to 85% yield

unlelded cell

B AS, Xu SR R IE T Ru Al T N-BUR T L
C—H/N—H #5HEAARN, H T & R il
EWI(Eq. 30). LESNAE R ZR P HEAT, R TRl 5L
—E R AR, BB I AR RS A

R’ H R2  RVC(+)|Pt(-) R R2
\\ [RUCly(p-cymene)], \\
| wll o N T )R (30)
NN H,O/PrOH (V:V = 1:1) AN
b R undivided cell bG
DG = 2-pyrimidyl up to 99% yield

SRR 2R By 2 Ik A= BH R 1A A8 A S v A i A i H T
A, TR FH wb A ) At T DA T SR LR 2 b S I B K
(Scheme 29). f5#1, Nematollahi 4! M T 4B
(Xj‘)z*‘ti*%f 1,3- ZHAfT A BR F AR AE R R AR B AR
Ak, 1S BRI R AT A K 2-05 B ORIRRE
e8], th% Zeng WML 5E TN, O-J B 45 B A
TE T AR 2K 1l FE AR S8 Ak, B DL & H A S F Mg AT A2
.

7 RE

7 AV R AL Re Ak O F TR A I L Tk
B DR LR ORI L R EERRIME S, A
AR ORTFrst, mnk M DL S R S AL AT, T
WM TR TAEE BT E AV C—H 3 E fefh
FER M E B NthEL Meisenheimer H A4 1]

http://sioc-journal.cn/ 2603



BIKE

R R o
‘\\ anodic oxidation /\
—_—
= OH undivided cell A o
(0]
Me o) OH
(¢]
Me \
Me OH
Me
(0]
DS
Ar” "NH, X
e S
N "NH H
M R1 N N
H,N 0 Lo xX( ) NN
W an
HO HO

BX 29 Bk WY A & ALY

Scheme 29 Synthesis of fused aromatic rings by electrochemi-
cal oxidation of catechol
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Fbw. L2 AR DT T, AR R AT FT AT DL AR 3% T ik
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