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Recent Progress on the Electrochemical Difunctionalization of
Alkenes/Alkynes
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(Guangxi Key Laboratory of Agricultural Resources Chemistry and Biotechnology,
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Li, Xiuying'

Abstract The difunctionalization of unsaturated hydrocarbons (alkenes or alkynes) is an important strategy to introduce
functional groups, and is also an important method to synthesize polysubstituted hydrocarbons, which is widely used in the
fields of total synthesis of natural products and drug synthesis. The latest research progress on the electrochemically enabled
difunctionalization of alkenes or alkynes in recent five years is summarized. According to the classification of
difunctionalization of alkenes and cyclization of unsaturated hydrocarbon, the application and the related reaction mechanism
are introduced. It is hoped that this review can be referred to the future application in organic synthesis of electrochemic-

mediated difunctionalization of alkenes/alkynes.
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Scheme 2 Electrochemically mediated intermolecular oxidative
trifluoromethylation and amino trifluoromethylation of olefins
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Scheme 18 Electrocatalytic radical dichlorination of alkenes
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Scheme 20 Electrochemically mediated acyloxylation/trifluoromethylation of styrene derivatives

BHFATERE TR M 86 BRI BT IIRY)
(Scheme 20). 2022 4, IR HRIE T Bk 24
PR DA 6 AL JETE P AL R, 20 B B 2R A Sk
T BRI S E 88 1 H AL B (Scheme 21), &
T ap- NI SR, = =FYHRARH R
AR ) — 8 A A (Scheme 21).

RVC(+)‘_{ }—E] Pt(-) N3

N
Cu(acac), (0.02 mol%), TMSN; (5 ~ 6 equiv.) o N
nBuyNBF4 (1.0 equiv.), K3POy4 (0.8 equiv.) 89
MeCN/H,0 (1:2, V:V), -10 °C

o)
0 N3O
Ne) N3
TsHN _~ A N3
N3

89b, 81%

88

89a, 76%, > 20:1 dr

Jo Ja AR RS EE 92, AL, RGH IR RN RIS
AR b A 2R 92

2022 4, ZS RS PIVH M e S A L
SO JE RN, R T ZEEEK 100 5 o -G RE
101 (KN 2 B (Scheme 23). %4 S0 I JEE M6 B
12, af-ANHOANES AN = HOAR ) 4 TR 1 eSS FH %R
N BeAb, TEPIRERRIG 5 — F AR IR I SN o 5% B - 4
B I DX PR . b A7 30 e 0 T R
QRA I B 16 ) B2 s BT Re Ak, dE—DAuE i 1 iXFp Ll
07 BN H (Scheme 23).

B AR U A BOR O T 7E AL R N B A R
103 FE VAR ER R AN EE =20 70 IS, SEEL T M XU E g
e 551 B-Fe A SR IR AL 54 104 (Scheme 24). %
SR R I R AR R H B AAEAT, AT
BRI I S R AL, REER TR 1) & Rt T etk
H&(Scheme 24).

O o
o, g@ RIS RO Ol T R G . B TR
. (g LT, FFRARE LR 105 it 7L F VAR 1L
89c, 80%, 251 dr 89d, 79% SR AR ] 107, @RS R TR AT, R

B 21 F-EEEn S 5N

Scheme 21 Cu-electrocatalytic diazidation of alkenes
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Scheme 22 Cathodic regioselective coupling of aliphatic ketones with alkenes
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Scheme 23 Cathodic regioselective coupling of aliphatic ketones with alkenes
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ICso 184 38.3 pmol/L, %+ HCT-116 A1 B16F10 ¥ £ 1 (1)
1Cs0 {E 435129 0.95 F110.98 pmol/L. AATIEXS F= 4 T4
BT THRE, 477 164b 5 ERRFRIE ALK — e fndh
FR kS BE I, R 8 R4S B P24 165, 166 F1 167
(Scheme 39).
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HIRE RIS, AATEE T B RRE A LTINS AR =

3
N R
S
N~ “R?
H
155

R3
Pt(+)‘ Pt(-
0 R14\ N R2
KI (0.15 mol/L) N

DMF/H,0O, I=7mA, rt, 3 h H
undivided cell 156
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B 36 N-J7 ISR LI FEAEAL 201 3 I A U8

Scheme 36 Electrocatalytic intramolecular dehydrogenation cyclization of N-aryl enylamine
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Scheme 37 Synthesis of selenoindolones by cyclization of acrylamide

4184 http://sioc-journal.cn/

© 2022 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2022, 42, 4169~4201



Chinese Journal of Organic Chemistry

REVIEW

R\ /Se

ol

+ Se
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X = CH,OH, COOH

SeR/\E/O\
(4Y
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Y = CH,, CO

NHy4l, CH3CN
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162a, 82% 162b, 95% 162c, 78% 162d, 92% 162e, 77% 162f, 84%
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Scheme 38 Electrochemically mediated bifunctional selenization of terminal alkenes

(@] Q o
OH
CO ol
~ n-BuyNPFg, RSe-SeR o
o] CHCN, rt, 1h SeR
undivided cell, CCE at 10 mA
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N/OH N7 | N H
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Scheme 39 Electrochemical mediated intramolecular selenidation/cyclization of alkenes

SR AL D SR, PEORIRIE T R AL — R PR
MEWBES 1,6-IMHbEY) 168 TS, £33 3 2=
Y (Z)- =5 R FE L& B AT AE Y (Scheme  40). 1%L
IS PR RS & AR SR, =T B A A
BF7E BE B A B, A I o i e 7] 47 i X L v 1)
RS IERRI R BL, G AT i SR B IR i U
RILS e &1, LA G R E e v — N e
AR B T T HE(Scheme 40).

2020 4F, FOREEIRAACHRIE T — M %
I E A A R i I R R R R ) S R
DL BT A 170 S54RI 171 R, SEl T —
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RANRIREEATAEY) 172 BA Hi(Scheme 41). %W LA
R AR, R ONBAG, DL R, DT R
T ey r R BT, A = IR RUSUOR AP T DAE E HL R H A
3.5 h. ERPLHEAG RV E R H A R, BT HERAE,
SONE AR AN, AN 75 EEE A AN 0 <65 i A 7R R 22 48 AL
IS5 2 (Scheme 41).

2018 4F, SREHIIREAIH K T —FhEl N-J5
5 R 0 T e %) PR A 2 = 36 PR 640 J7 75 (Scheme 42). 1%
SONAEAR Gy B gt b CLDY T IR O H AR T, 5k
BAR AN 22 9 A, SR EE 75 °C, @i (Al
i = 98 R R LA AR =R R B 2, A N-O5
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Cl Ar,

= A A
N r FacMe /AT FscMe /) C
\—( Mn(OTf),, MgCly, bpy, NaSO,CF5
Me LiCIO,, HOAC/MeCN, 22 °C, 3 h N N
168 Ts Ts
(Ar = 4-MeOCgHy) (E)-169 (2169
. e Ar
CFg Ts—N C?r &CFS
S— 3 —_—
\_(_ TN
Me
B 40 B 1,6-08 A S 6 3 = S R BRI e AT AR

Scheme 40 Synthesis of chlorotrifluoromethylated pyrrolidines by electrocatalytic radical ene-yne cyclization
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Scheme 41 FElectrochemically mediated tandem sulfonylation
cyclization of ortho-aminoalkene radicals
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Z >N
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N
\
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174b, 75%
Bn
CF3 CFy
@(i 0
N
\
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B 42 HAEA T N-J5 35 T8 0 I e 1 = 80 R R ERE
Scheme 42 Electrochemically mediated trifluoromethyl cy-
clization of N-arylacrylamides
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RPEB N 173 AR, Sl
W5| W 174 (Scheme 42).

2019 4F, BENEERBASIFEMETTR T BEAEN T
HILL N-J5 B NI EERE N IR 175 & BRI EE 176 (175
5. ZVERIRIR 2 Ab A B A 5 S 5T T AR I
1 =5 H 35 40/C(sp?)—H B Re411L(Scheme 43). L
Wrdd 177 FEBAMEEAL, 15 = 560 FF 366 0 A R A I o 2 ik,
178, 178 5 175 MiAERL 179, B 179 LA R
180, /)5 180 1EPHM B — M 8 AL A =) 181
(Scheme 43).

‘ Pt(-)
+ CF3SOzNa
[ij (6] MnBr2 4H20, H3PO4
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175 176 60 OC,Gh, 10 mA

|
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_ o] 2
e |€177 N

\
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.
178 J H" -e ’
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y o N
\
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7 HE AR L =

=HEP RS, 52

BxR43 BHENT
GAZIKEA
Scheme 43 Electrochemically mediated trifluoromethylation/
C(sp?)—H functionalization of arylacrylamides
AR NG B AR, T AFAE T 25 A A
b, o2 3% A N 2 o R R (FDA) L #E R 254)
W DL 25 PRI Z —. Masson BRI R T
— Rl AL ZE AN T B 182 = 56 FH AL A B R AT A )

S5 31k C(sp?)—H B
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183 W77k, 2T 1E R Bk iR AI(Scheme 44), 1% H
M H. 5 A P ) = 40 2 Tt R A R AR A Dy = R 2
AT, TEfE R R 2 R bR s i, DA AR R
UF 7= 3R ARG T 25 P AR 1) WS I 47T 4= 40 (Scheme 44).
HEERME, R RER TS EBEERE A, W
i ot SR 0 R SRR AT S MR, A A5 380 A N P e
=)

I?G Ar
1
RIN c(+)‘_{ 75 Ni()

+ CF3SOQN3
R? “OH MeCN, LiCIOy, rt.

I :§
RZ

Ts
N I s Ns
[ CF, [ CF, [ CF; [ CFj
o) 0 (o} (o)
t-Bu

183a, 82% 183b, 80% 183c, 67% 183d, 82%

B 44 HALEN IR =5 T S S AT A2
Scheme 44 Electrochemically mediated enol trifluoromethyla-
tion to synthesize morpholine derivatives

RS AR AR, (LAY 184 Wi =5
I [ B i) — 35 A AL &4 185 (Scheme 45). (L&
185 R —REIEM-LIuRN, BAZ WA SR,
TEAETIRZ 2.

Ts Ph

N C(+)‘ Ni(-

A + crsoNa WV UNO_
OH MeCN, LiCIO, rt.

184 15 mA, 3.2 Fimol
%
185

BIK 45 AL AR =38 IR S & B 443t
Scheme 45 Electrochemically mediated enol trifluoromethyla-
tion cyclization to synthesize seven-membered heterocycles

L2782 UL A R T H b2 R =R LR
b Bi(Scheme 46), 1% J W 3 ish — % FF 22 IV ik % B 7
FHAR A A R =5 H 2 B EH SR AR, (RIS SEBl T
N-FJEIG 42 186 — 3 F EAL A1 —SAALBR AN, B Ruh
PR T & =5 AL PR N-B L 2 187 (Scheme
46).

i ik UR R ZEL SO TE T H Ak S R JR A B R IR
N EEAL IR [ S (Scheme 47). — 4 H e WA R 4 5 45 1%
188 TEHTHLIR A /BRI, 75 LB AN A
FINERT M FIENE 189. LA, LRI N
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C(+)F W Pt(-)

R-Z ] R
N CF4SO;Na
’?‘/\A T "Bu,NBF,
CN (equiv)  DCM/H,O (V:V = 5:1)
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\\ //
\\ /, \\ /,

@sﬁ @m

187a, 64% 187b, 50%
\\ /, \\ /,
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B 46 LN T N-FURE R =50 R L

Scheme 46 Electrochemically mediated cyclization of N-cyana-

mide alkene trifluoromethylation
Pt(+)‘ Pt(-)
+ CF,HSO,Na
CH3COOH, MeCN/H,O

70 °C, 10 mA

g4/
Ios
O
OQ

189a, 63% 189b, 57%
CF,H CF,H
(o}
H,,. Me
189c, 38% 189c, 42%

BR 47 BN S R SR R R b
Scheme 47 Electrochemically mediated difluoromethylation
cyclization of diphenylalkenes

INFAAE AL 22 AL I R ko B OGR4

TR AN 1y = T BRI, AR ITAIAR 3] — R 81 &
— 9 EE Y Y I (Scheme 47).
http://sioc-journal.cn/ 4187



BIKE

W R R A P THRGE 1 A =50 PR B R
BAERAE O B R A, b A P AT R T A
F AR R R S B RO, PAAP AR AL RN RS 2
R p- = TR AR . e R AE DL SRR Ay FL
Jit, ZHEAK TR A FE R R 73 B FEAR I b AT A
PR B = 95 T R TR B S MM A S A A AT L) b
Wt J 5 4 e o S RS 1 2 DA L U B Al 4
W B-BRIE B T HOIE, P 3EAT iy S HE I %

2022 4, BRAETHEGSEHBSIIER T — M e I8 0 5
FRERAL A1) 190 AL 191 1) B4k 2 20 R s IR AL AT Y
FiE 4k 2 W (Scheme 48). 1%l HL Ak 7Tk Tk 36k P F6 14k 4 (3
FIE 8 &8 AR b = R AR, Z RN B 2SI
IK IRV, TEAS 3 B 11 R AR o 5 FH B sy LA,
EERFEM T ﬁﬁ, PAFT BA T AR S IR i 52 1
) H AR = PR P 4T 2K — R IEE 192 (Scheme 48).

2022 4, ﬂedm% AT R T —F Co ik EE%WC

Ji A 2 B AR ).

COOH
R1JI\,/L~:‘ + Ts-NHNH,

R'I
}_b C(-) I Q:‘]\)((\ Ts
it o

v CH3CN/H,0 (V:V = 10/1) v

g AcOH (1.5 equiv.), LiCIO4 (0.1 mol/L) o)

190 191 Ny, r.t.,12 mA, undivided cell 192
Ts Ts 0

® O » °
o s OO0
o
192a, 96% 192b, 97% 192c¢, 86% 192d, 82%

B 48 HALAEBEIEAL T S MR e A R A BTG 415 48 — PR IR 1A 5 A

Scheme 48 Electrochemical sulfonylation-induced lactonization of alkenes: synthesis of sulfonyl phthalides
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Scheme 49  Electrocatalytic oxidative hydrofunctionalization reactions of alkenes via Co-cycle
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MRS S T — s SR R 1 A S B Re L
SN, SEIR T IREEAG AP 193 inEbE A S N
AR NS B AR I E AT AR P AL 195
(Scheme 49).
22 BREWNEEES FRAT KRR

it IR RZELAE FAL 2 SRR BE A 7 T
AN 7 A P R GIR NI 9. /N ARTE T LA
TIRBRAEREAGE EAEA ], AT ELR IR Bt A
HEAT AL I N B B B 2 0T RS e, in
AT DR GO R I SR A T AR R " E — P
S A 2R A A BT RO, 2018 4R, %
ZHIO2 R DY 57 B AR A 77, e B g 0 e i X
WSR3 2 MU N, BT S AR I V-
4275 T AW (Scheme 50). [ NANEA T2 KR

YOI, AR T B B2 FHANME KR [2,1-5] 78 F-
ML S 197 AT 197d. SO FLR B BRIBE[2,1-p)H K
FFEEMRIEDTAREE . DU DUl k. IR PIFTRKIEER
RS ZA T A RIS, 2SR T
[3+ 21301k 5B I HLER (Scheme 50), 560095 &1 202
TERHBR 4 S8 A A BB 1) FH 25 PH & T El ik 203, 48
Ji 198 JEik B RS Y R E 2t 199, R
b N A i 2% E 3L 200, SRR TRAE
DX 3 B SR AR BBk [ ER 2 R (1440 201, 5 JiE EAT B
HLF S KIBRNBER, T2 Rk e = 47) 197.

T2 R R 2L T A R IR T A 2 TR A SR P R Ak
177 — &5 HIHEFT(Schemes 51, 52). 2016 4, %k
HISURIE T —Fibiz 204 LSS TN C—H/N—H
B AL A 2 BRI AT A9 205 17715 (Scheme 51).

R2
SN
R3—(\ RVC +)‘ PY(-
)\ tetraarylhydrazine (10 mol%)
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Scheme 50 Electrochemically enabled synthesis of imidazo-fused N—Heteroaromatic compounds through (3 +2) annulation reaction of

heteroarylamines with intramolecular alkynes
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Scheme 51 Electrochemically mediated C—H/N—H functionalization synthesis of (aza)indole
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5 mol% [Cp,Fe]
THF/MeOH, reflux

X =CH, 72% yield
X =N, 68% yield

207

B 52 LSRR T I SRR — AT AP (KB

Scheme 52 Modification of ethinylestradiol derivatives under electrochemical conditions

SR RO EAE SR A R, T AR R RSk
Rl T Boc ZUEER AN — K45 B it ](Scheme 52).

V225, AFERIRFZ . VLSE5HRE. 23 LA
SEYD IR, HE A IR I IR R R B IR E PR 4. 1R
R ZH O T8 7 — e Ik S B B A A S A IOk e i
FZRHEMEER AT A=) 209 175 1£(Scheme 53). % 5 1E(E
F 208 1E MRS, Gid Wb/ A BB B, — D153
209, JC AU SR AL A AL, B RIFW
H Re i 52 k.

FHERT T 10 g ZHBH R M (Scheme 54),
WLk 10.4 g Ji&A 210 DA% 5.9 g ZRFFBRIERR 2117
R 57%). BEAh, 210 B W] DAL N L e &9, Blan, W]
DU IS b B e BRI A B RREE, REE =S
SN B R SR TR IR 212; 211 1 FLBUR SR 3R 8 42 1)
U AT DA IR BRAEAR, 23 AR A 213 1 2145 211 %t
BeE BRI A 0T AR DR B AR B 2150, B N &
P S AR B 215D, 54k 9 SR A1 42 ) 215¢ (Scheme 54).

2020 4F, ZRAATILIRIE T TEMPO /i 3R Bt %
BBV F WAL BL, S2EL T B e -2- i 1k
e 2-BHSSAL AW AL A K. L RVC NFHMR, 18

ay lRiﬁl RVC(+)FWPt(-)

%, TEMPO SN, DU T J DU Gl Al iR i Ay HL A
JR, =8 ORI, CERIKONIR GV, 15 E iR
N5 mA BB =R T T AR, PSR
e B )77 2645 BNERE-2-FR 28 =4, LABRER BT, 182
HLA 10 mA HEAT HLAR, TUI75 B Dkme-2-Fi 2R 54, 1%
SN A BT RERII 521, B4R AN, HAK
T TEMPO HIMEDfE, BRI EAIE JFEA 51 AR ik iz
B B EEAE AR R

2017 4, 75 % SCHSEA R F B 2 8 AR
W, FFR T B ol B S R 1) FEAL 2% A AL O SR
IR, AT — R A EBEAY) SR AL B
WA WI(Scheme 55). %5 B N AR REBELL . B IA
oy B M ISR I FR A, B RE I ALY, R
K2 H A5, EAERNE, 12N 68 B R R
N 35CRBEAT UK, A B 1 Tl A6 B A AT 5% (Scheme
55).

2021 4F, 3RS OB TR IE T —Fh LLATAE 3 2K
LR JERH 25 2,1-2K FFREMAL A VI B Ak 25 B 17 2
(Scheme 56). 51% %8 i Al 2 B AV 22040 Ji 9 A AN A,
PEAZ S TR, A3 B 5 — o Ak v A H S T

” TFA , EINPFg
DMF, 110 °C,2.3~4.9h

2
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N RS
O—ﬁ/ //;
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0= o O=< 'Bu

209c, 52% 209d, 61%
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Scheme 53 Electrochemical synthesis of benzoxazolone derivatives
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Scheme 54 Electrochemical synthesis of benzoxazolones and their subsequent transformations
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Scheme 55 Electrooxidative tandem cyclization of activated alkynes with sulfinic acids to sulfonated indenones
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(Scheme 57). Z N UAFA Stk A HK, 1R AR, &
JEFIZSTSFARECL 4 01 PIHBENIRBA AR, 1T 3N
PR N R, 7RI N EE BN 15 mA A%
B LA TR R AT IROBE, 15 B2 FERL =) 226. 1%L
L &EMEnT2Ys, BA RIFFIRVERE, A
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RN 1918, BeAh, Z N EA TS, G
DL 58% 7= 2459 3| 7 2 ) N =) 226a (Scheme 57).
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Scheme 57 Electrochemically mediated radical tandem cyclization of alkynes
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& BAFAMEAY) 228 (Scheme 58). Sz 3i 2k A4-IR A,
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Scheme 58 Electrosynthesis of azaheterocycles through anodic
oxidation cyclization of 1,6-enynes
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FRCPRAie ZEUBE . A AT TR I 9 T R R ) S FH 1 A
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Scheme 59 Electrochemically mediated synthesis of aziridine from triaryl-substituted alkenes and sulfamate
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1,4-ZREEEEE 1,4- S BEEfiT A (Scheme 60). 1% M
ReFe R Z AR BRI, FEx B =BG BRI B
UF By s, B A BRI AR O R RIS
Y. ZRBAIRIRER T RS, B 1,1- R4
SRR TS 1,2- b ST s g8, R
DL 80%I1I77 ZE 3R A5AH S =4 2392 (2.5 g). H4 FHR A A
R ORI R L, IS RE DABE PR 3 e 3E 47 3R AH B
(1 H AR P29, %05 820 32 s 8 AT RE 1) AL EE (Scheme
60): B Ju =7 240 fHEAITE BH B 4 S AL R B R 2R R
BT 241, L 5IGRIRY) 237a AT R TR, I IR
AR () H B PH B T 242, £ % 238a X} 242 it
AT SR LI o 1= AR e b0y H B 2 243, S8 )5 FRIX
WAL S RIRR IE B TR IAA 244, B JRHAT3ME O AR
B 1,4- W8 BE= 1) 245.

AT, CIRER GRS AR IREGY 5 5] R %
JE. DRI 206 81 2B E N IR A T 48 A0 28 A IEG S
WA — MR EIPRAR. 2018 4, % ORI R IE T
L) LW T ) & R R T FRAG S IR I L, A K
T SRR AT AE ) 247 B 248, Z A $E R N AT
REFHLEE (Scheme 61): 156, N ENHEAT 5073/ &
IR 246 456 T NI BB B L &) 249, &
BC A4 249 16 FHAR B9 AL B — I B 24 &4 250, JF

RVC(+) F w Pt(-)

KA FNIRETE LA RIPR =M% 59 251, K5
CIFIRN AN BT R AR 252, BE R T IR SR R
SN S B B & 7R 247,

IR E AL AR N SEI T kR 253
RO NG 254 HRAL[4+ 2D, &l 1 DY Sk
fiTHE) 255 (Scheme 62). N TG 75 4@ AL 7 AT 7B 4
3R, SER T AL g N SR BR M. R R 2% R iR A,
ERR T RA, BRI AL, e R,
LR EA TR E H A B 7 A Re /1, &LIhZKR
NS, BRI N HLEE 2 (Scheme 62): FUELEH)
254a 1 PHAR RSk, AR pRT DL IS R R e 1) H 3
FHES T 256. #RJ5 H HEERH S T 256 LR N5 H %R
BT 257, JFBUE 7153 258, 5% 258 5lakt 253 kAR
T s S AR E PR [ 3L 259, HaEi o IR R
MAFE] 260, 5% 5 7EBH A A i 4 7)) 255a.

2019 4F, @EH RSV RIE TGRS 2-2 AR
P T iz 30 3k BH AR 38 9% 1 SR T XU R [T A s s i
FAAEY)(Scheme 63), 75 Tl AR Ik 1) A 3 475 2 R 3
Tz . 1Z R RR T NI I NP5
W, SEOGEE R IR 262a, 262b Al 262¢ #E AT
L. TEAN R, & B 05 M Lk fE T 05 0
BB G, MBRT RuidkE, WIEE ST 603 m,

R! R? HO
e )

R3 HO
237 238

NArz (10 mol%), ’PrCOzH (2 equiv.)
Et4sNPFg (1 equiv.), MeCN, 80 °C

R2
R1

3j:o> + H2
R0

239
yields: 19% ~ 85%

Ph Ph_H Ph HO
Ph o Ph
jioj \t j—- PhTto% Ph\to — Ph\to >A
TsO 0 o5 o OH o 0

239a, 85%

g-scale: 80% 239b, 72% 239c, 36% 239d, 55% 239, 36%
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|
- |
NArs Ph.__Ph o
241 ]
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-e j H2
HO \
Ph._-Ph 238a
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\L 2H*
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Scheme 60 Electrochemical dehydrogenation cyclization of alkenes with 1,2- or 1,3-diol
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Scheme 61 Electrochemical synthesis of isoquinolone derivatives from ethylene/acetylene and aryl/vinyl amides

R2
R2 h |
R _

NHAC  + _ @ X > i
R4 _ "BuyNBF 4, CH3CN/AcOH %
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I
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N
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B 62 ALEN S S BURIE 4+ 2 ME & BUU A e &1
Scheme 62 Electrochemically mediated cyclization of alkenes with tertiary aniline [4+2] to form tetrahydroquinoline
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R B AT A R N RS ZR SR T — AN AT
A [ S HLFE (Scheme 63): 14 560} A 2K 2.0 264 £
FHAR B SE ARG B HH2EPH 7 265, 5 HEERLE 1,2-I0
B BEAFE 266, TEFHARAE A A I R AR R b W 2445 3
267 Ja, BHIAEFITPE KK AR, 35) 4-F IR
268, 5 2-Z 0K LGS & A2 BT i 269, FHERETH
— K, BEERESFHNIRARE] 270, HAEBHNHE
AALTFEI=) 263b.

Pl A 7S Bl B AL AL TR I, AT
JG R 05 271 AR . B 272 = N, A
BT EIRERTAE W) 2773 (Scheme 64). 3 o 4% i) 556 FNAIE 2R
PRz thERHE 7L, ABATTER H I B AL o Bs 7-7E FH AR Ak
DR, AT S AR R OR 2 T R (44 274, BE
G T NIMEIEE 275, 272 5 S AL BRAN — BT )
IR IR TG R Ao R AE A7) 272 (Scheme 64). {H

24 RENE &R FEFMUR

2018 4E, Ackermann R MRIE T 7E =I5 T &hifit
B 5 25 gt fr 1 FELAL S A OB, 8 T S P R
FA A V) (Scheme 65). FE T 1X — W 5 Fehih I, %R
LR N-2-EBE ik 276 5 P HE 277 [P, GRLT
TR ) e R 2R A A 278, RDPR HLAL A
Bl AL R R R AL IR ¥ i B P B (Scheme 65). S
WRER 2540 5470 279 ERULEZ R4 T EAT Ak 5208 7
N, W] AL E AR BIA R I =) 280, A TIGIRZE T
JOSLIE M, FERRHESRAT UL RIFII 2 2G0T ek
& JefiTHEW) 278¢ (Scheme 65).

2019 4F, ZREHTIL & IR R IR &
B — SR AR, 7EA S2BONBAR, FHRCA B
HIAR 73 BR it rh gk AT, SRE TR 5 =05 B Ok
AWM B, B RS BRI 23 5 R EY. R

g, (RS IET A TSI NI RERIREAE oy e IS VA, T LA U P A BUR B E
T EIN &R AR BN AT, 1% 1R A MATTETF T T R4 30— 2554k 7 .
AT — 0 SIS i S ) ) RN S B R BRI 1 TN, AR DL GO0 5 7 R ) 6T (1) — B kg
Bl A, R, TR RN R I, SRR I v, 7
Q RVC(+ prt
R1+</\6LNH2 + R2TX "BuyNBF, (50 mol%) ﬁ\
Z > NH, 262 CH3OH/CHACN (V:V = 1:1)
261 70°C, 12h 263
0 o
©\)L/NH 262a @fLNHz Meo/©;:’/ ©\)\ NH
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Scheme 63 Electrochemical synthesis of quinazolinones from alkenes and 2-aminobenzamides
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Scheme 64 Three-component reaction of electrochemical oxidation of o-aminostyrene, carbon dioxide and secondary amine
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O Me (0]
N Mg(+) | Pt(-)
RN 2y Smly (10 mol%) 2 NH
NN R Nal, n-Bu;NPFg, DMF NN R2
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279 280

B 65 HAFA TR N-2-MEBEMEES A BE BIFRAL I R
Scheme 65 Electrochemically mediated cyclization of N-2-pyridyl hydrazine with inner alkynes

ik SR

11 RVC BHARANEH B R AR 70 B FL At i SE B 17 28 R
5B i rAG S AR PR AL SN S R TP IR S £ T
AT AT BREIE AT AR TLTe kT (D% &1, AR5
PR NIE I R-GTCE3A g &1, i ATIE R bR
Ja LB AR S A e 4 72,

R ZH K SR F SO 7 T R R AT (1) — 2R
PO, I CRRPR . DU T vy SURR B AE AU /K i
WA, 1E RVC R FH 9 BN 1 A 73 b R fide it
SKHL T 2R - P IR IR 5 Sk i s R A AR [4 2130k
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T RET A IR AT A PR AR ([ 3 2 B A A S
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Scheme 66 Ruthenium/electrochemical dehydroalkyne cyclization

2019 4, ] ff (iS4 B LUET AL SE B T 5
B OB 5 BRI R[4+ 23RBSO, B RR O-
N BREE e AR R R A R T 1H-57 (-
1-FA{L &%) 286 (Scheme 67). S i -T2 25 FhHUAR 2
(1T bR, S AN o R ot A5 0 R b A A, e A S AT e

BIMUR L, FEH, X Fp BRI R B8 v] LU &1
— AW . B MR e, BRI S A
L3 BE R R (Scheme 67).

2019 4F, IR A L o AR i A
13, FIFHRIE 288 F1 1,3 —BRIE( 54 287 Ak, @

o]
o]
N
R4 + RZ—=-FR®
Z~y OH
284 285

0
C(+) Pt(-)
R1'_\ 0
[RuCly(p-cymene)l, (5 mol%) A~ RS
NaOPiv, ‘AmOH/H,0, 70°C, 24 h

286¢

B 67 LA FHIT7EE LIRS N BRI BUR 4+ 218 [ B
Scheme 67 Electrochemical mediated decarboxylation [4+-2] of aryl glyoxylic acid with inner alkynes
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£k SR

TR0 B R[4+ 20U AL SR RN, B R
REHILR) 1-Z5Mib &4 289 (Scheme 68). SEUG4E %
B, & 8RR SE 1) 2 F R 2R 2R #1038 1% M,
FLA W H 7 A F T JE T () 2K 20 Bt RE IR b 75 21 AH
L=, SRR A A2, S B DR RN AR Joe Je A R 366 f ke
FR P77 2R, X BRI AR R et YA A 2%
Wik &9, T2A R T AR R4 (Scheme 68). &
SN VEA DT TS T R A8 OB AR I S B A K

B AP B I T 784,

2019 4, PEHEE RIS R T — M B R
PR EERZ 290 At 291 I SR SON, a7 Vi
S0 B R PR R I M 2 R S v R 292
(Scheme 69). 1% WA EEAMBEAA], T /st
BT ARG ER, 1 H SR E AT SRR L, Bk

AR R T A X

2020 4, TR SCHRBIAURIE T I IE /e 5 4R
55 RAL S B AL S B A [ 20 M R B, AR T & R
Z IR 75 H AL EY)(Scheme 70). X Fh L& B 3298 55 HE
WEYY R n AL T — R, B T ANESAL
FURIE F AR TR e Ak, 383 SR A A 24 05 2
PHES 7 A, SR8 7 SR AT R A0 R X I8k
PRI TS B AL . BEAh, S MERR AN AR 1% AT AV
R A AT AR 9o A, A RORE R ) E R AT AR
296a FIA &S5 A4 296b (Scheme 70). 2 W1% 51 H.
H—E PN HANE.
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Scheme 68 Synthesis of 1-naphthols by intermolecular annulation of alkynes with 1,3-dicarbonyl compounds
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Scheme 69 Electrochemically mediated dehydrogenation coupling of amides and alkenes
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