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Alternative Strategies Enabling Cross-Dehydrogenative
Coupling: Access to C—C Bonds

Wang, Hao®  Ying, Ping”  Yu, Jingbo™¢  Su, Weike*’
(¢ Collaborative Innovation Center of Yangtze River Delta Region Green Pharmaceuticals, Zhejiang University of Technology,
National Engineering Research Center for Process Development of Active Pharmaceutical Ingredients, Hangzhou 310014)
(> College of Pharmaceutical Science, Zhejiang University of Technology, Hangzhou 310014)

Abstract Cross-dehydrogenative coupling (CDC) reactions have been esteemed as one of the straightforward and efficient
tool for C—C bond formation. Typically, these reactions are generally realized via solvent-based thermochemistry, using a
round bottom flask and a magnetic or mechanical stirrer. With the development of new synthetic strategies, alternative
technologies currently available in laboratories that facilitate CDC reactions, such as photochemistry, electrochemistry and
mechanochemistry have arisen rapidly, providing green and high efficiency strategies for the construction of C—C bonds
which are perfect complement to traditional thermochemistry. In order to compare the advantages of each approaches more
clearly, and promote the development of CDC reactions, CDC reactions related to two or more enabling technologies of same
or similar substrates are reviewed, hoping to provide help for the development of CDC reaction and the development of new

organic synthesis methods.

Keywords cross-dehydrogenative coupling; thermochemistry; photochemistry; electrochemistry; mechanochemistry
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&, W CDC M HIA RREEI218 SEfEL CDC v
W, S fiEfb 7R (photocatalyst, PC)ZJ6HR G, & H
FH# 1L FE (single electron transfer, SET), 7E4> T %4
BN RO A, BRAE T I8 TR LA A R A T R R
JE S (Scheme 1, a). T LS CDC J A2 7E1H & B
AT, RN E R C—C BATERL, Bk
JRF I SRR A S (Scheme 1, b). M T2
2, WU 20 AR LRI B s S 40 A RrAE, TG 77 sl
VA, MDA VA S SIS S, A R S BEIN T, ELE
FIRH R s U231 S F, s B ADAE SR A AR A L ) AR
P PR e A B e e A%, Ak S AR LR 45 5 T A%
C—C ##(Scheme 1, c).

(a) CDC reactions by photocatalysis

C'-H + H-C? C'=C? + Hy0y/H,
pC*  PH,CH

Light energy\ / O,/Cat.

L PC 2

(b) CDC reactions by electrocatalysis

anode

‘WT—/

(c) CDC reactions by mechanochemistry

[O]/Cat.

no solvent/
less solvent \

& Mechanical energy

C'-H + H—C?

B 1 SR EEI SN A H C—C B Al B AR SR
Scheme 1 Alternative strategies access to C—C bond via CDC
reactions

45Nk, ofH KEXT CDC &M FZRIA PF
WS SR, IX L LRI K 2 B — J2 8 BIR B S S 1 A
FEREATREIR . A ) B I LA B 5 32 1 A0 35 0 = B
IEF I ERR G NOR 73, A XA
IR LI A Je, ALK J5 T [F) SRR UL R 42 1 9 e
BH AR DL BIOR CDC e B 1) SRS 3EAT 3R, A%
] ) R 2R [ C(sp®)—C(sp®) i« C(sp*)—C(sp?) K
C(sp*)—C(sp)BEL . C(sp?)—C(spHIBER]HEAT 025, T
C(sp®)—H SEHJERY), #%IBHEAEZ R T(N, O, S)EY K&
TR 53 3 34T PEIR (Scheme 2). HASEREMZ, &
CRRME AR T LR, ANEFEIG B B K S)
M Ko DL C—H Bl (R TE RS P S R ik — 4 S H TR )
VE R SN B 5 SR T 4R

1898 http://sioc-journal.cn/

© 2021 Chinese Chemical Society & SIOC, CAS

H . Nu
o Lt e T
X=NH, O, S
H [O]/Cat. B _Nu Nu
A" R! SET AR (O] Ar)\R1

B2 C(sp’)—HERIRMS 5 H05e Xl SRR
Scheme 2 CDC reactions for C(sp®)—H electrophilic substrates

1 C(sp3)—C(sp’)BEL K K

1.1 BL4BZLIRFHY C(sp®)—H 5 C(sp®)—H B CDC &
[\

2 5 75 R ZE AR 52 S A B I ) A 2 A
Sk, WFR N REZ T 7 ORI AR, o, i2H
ARV B R T AT DY S S e kS Ak A (0 B RE 1AL
R FC R ONT 2. 2005 4F, ZEEIFERBARYRIE T
CuBr L I TU &0 57 E IR 1 e 34 S, 12 I 2 A
AN, DUtk ek 0 0BT BE(TBHP) M 4L
7, S ERRIEGEE 2 N, FE RN B AT RN
(Scheme 3, a). JUERSEH TEAM RMVALEE, HEEK
SREGH T AT RE RIS R IR 4A, NiZ RN s IR 2l
BT RUFIRF SR, BE)S, HAb RV A R
ARk B ARGE, SO ER R A RGE T A SIS
RuO; HAWI(G-Ru0,)/0, AR, T RuClyenH.0 Al
RuO»nH,0, % BEAL A B 4K 5 A ALK %
WA, BRI S s A R e v, 2
T R R R RN VIR 2 —, B T R
FIF % (Scheme 3, b). BFH U FHRARBIKIE, AL
VU F k2 5 i) CDC RN 51 #E T W R )32 D4,
FIH Rose Bengal®l, Eosin YPZEEHLYRL, LL TFB-
COF1, Ui0-68-BPIE & A5 JEp R N etk 7, 18
SRR E AT, BB SRR N-75 5 0 & 5 e bk
EWELIEN CDC RN, A R50E T A2 A A
H, PR ATIA B P25 Ll E(Scheme 3, c~f), FRitz
A, BRVET RIS - IR LY. T
S DA R BB B R AR TR SRR S 5 AL
PO FE. X BLIHLELE & A eI (PC)EEIE
WG RS AR BURAS, ARk &5 R A (1 T
R, WG CMALFILLE RE A T RIR AT, 3
B o TR AT RSSO, 2 OB ALIE RN
IR, 50T A S8 T G S H 2 6 T4k 4t
RAFAE I (Scheme 4). R, XL 5 N AS A 38 4
il A WL AR S e RS S bE IR 4. 2011 4, 77
NRHR A POSRE T AL T TS CDC R,
U S S bR 5 i i e S A SR 7 2,3- 5,6~ RN
AEE(DDQ)MAEH T, thig k4R (10~30 min), i
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External-heating/stirring

CuBr (5 mol%)
TBHP (1.0 ~ 1.2 equiv.)

“Ar +

-
T
zZ

<

r.t., 6 h, yield 30% ~ 75%
G-RuO; (2 mol%),

H,0, 60 °C, 24 h, yield 67% ~ 92%

0.1 ~ 0.2 mmol R = H, Me, Et a 2005 Li
Photocatalysis a: 1 mL; b: 3.0 equiv. b 2012 Wu
rose bengal (5 mol%)
o) green LEDs, O,
CH3CN, r.t., 10 ~ 72 h, yield 82% ~ 95%
TBA-Eosin Y (2 mol%)
(d) visible light, O,
R - N\
N . )H\ rt., 16 h, yield 46% ~ 86% Ar
Ar R ONO,
H TFB-COF (30 mol%) R™ "NO,
1 2 visible light, O, 3
0.1~ 0.3 mmol = H, Me, Et (e) rt., 36h, yield 70% ~ 87% ¢ 2011 Tan
d:10mL; e, f: 1 mL Ui0-68-BP (2 mg) d 2012 Wu
® green LEDs, air ?22(?116?V\</VU
rt, 3 h, yield 79% ~ 90% ang
Mechanical grinding
H copper balls, DDQ (1.0 equiv.) N
N\Ar + R)\No silica gel, MM, 30 Hz, 10 ~ 30 min SAr (9)
) M 2 yield 70% ~ 85% R” O NO,
R= H, Me, Et
1 mmol 1 mmol g 2011 Su
B3 DU S a3 CDC % (MM =mix miller)

Scheme 3 CDC reactions of tetrahydroisoquinolines with nitromethane (MM =mix miller)

BRAE I LA BE 78 U B A i SR BV R B IPER, H
55 T a1 & H (Scheme 3, g).

2009 4F, Klussmann Z5BUSZI T PO S M b b
AHRAL &0 4 1) CDC . R < s AL VO(acac),
AN ILEAFI(HER), £ TBHP Afh, ZERHFE
24~72 h, ARG 2] 1-3k H I DU & bk = 4
(Scheme 5, a). HLELHF TR, 7E VO(acac), FHZER 1
WEERT, PANRY 5 58 L 1-C Fd g5+
4-A, I 0T U JH 1R S A% 0 s 2 S 7K Al I R4 21 H
PB4 5 (Scheme 6). 2011 4E, Rueping ¥4 P2%
AT sk iR R B, 7E 1 mol% [t i 1k 7
[Ru(bpy)s]*(PFe), A1 L-HZ BRI SEMEAL T, 4 124K
TR, PRI B3 (Scheme 5, b). WFFRM,
{5 FH 5 i PR 0 G BIOER A DGR, R AR e B gk AT B
PR, A [R5 i 7 gt R I Jle T ek B v T 0 T
WAL, FEEIRMN KA, FBICE R, s
IEJ?ET#)‘E@*HJ‘C%%?‘U Al DL R AL R, 3R
15w B UL 5.

B 5, SUERR T IAXFR CDC M AT T
—ERIKE. 2012 4F, WK o PR BIHRGE T N-75 5L Y
SRS RS IR 7 AR CDC &, £ CuBry/
FrEfE L1 SUELIA R & TBHP FEALEAL T, B3 T
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o
0, 2
visible light » )
. HO,
0,
C{ . G
CH3N02 2> ph

2 1-B

B 4 OB DU Mk S i BT ) CDC N HLE
Scheme 4 Proposed mechanism for CDC reaction of tetrahy-
droisoquinoline and nitromethane under photocatalysis

PR BRI B () T . BRI T AL
(30 mol%)#i % (Scheme 7, a). 2016 4F, XI|7755B9SzH],
TSR TR 2R R, N-BE 2 B R DU & v bk
JEAAE /D B DK IR A ST P AE AL ) L2 (2 mol%) 5 Ak
71 DDQ MIfEFT, Skedblidh iy oy muidk £ AR Bk
R, PAHEE 2 RAF YR Z 3RS 77 M) (Scheme 7, b). 1%
SR ZR BN TR 52 2 o 25 R RN AN [ FEL P 110 DU 0 S5 e b
A5 Fi FE S (Scheme 8), [RIIIX Fh N-F JE A4 1 DU &
i EMRAE 25 OR3P NI 5 JH S5 /A8 16 7 T BA7 S ZE L .
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External-heating/stirring . &
H VO(acac), (10 mol%) N ) N~ COH
N

AN TBHP (1.5 equiv.) 51l
R1:_/ Lo O (a) proline (10 mol%) N\Ar R }\R,
“Ar R2 MeQH, rt.,24~72h VO(OH)L, 0
1 H 4 yield 32% ~ 69% N e 4-A )J\
(o] s 1 R i R'
R'=H, OM 2= Bu, "
, e R?=Me, Et, 'Bu, "Pr 2009 Klussmann R & 4
Photocatalysis TBHP N~ TCOzH N~ ~COH
N [Ru(bpy)d]-(PFe); (1 mol%) VoL, — H
R1:— N O (b) visible light, L-proline (10 mol%) R'" H,0
¥ ot -
Ar H R2 CHLCN, rt,, 24 ~48 h R\N VO(OH)L,
1 H 4 yield 47% ~ 95% - N-r
R'=H,OMe R2=Me, Et, CH(OCH,), R’
6 + H0
X 5 O 2
R
Z N\Ar
R2 B3R 6 VO(acac) 5 UMbk F)HE A U S 57 v I 5 e 5
fii () CDC R Wi #LEE (L =acetyl acetonate)
50 Scheme 6 Proposed mechanism for CDC reaction of tetrahy-

2011 Rueping droisoquinolines and ketones catalyzed by synergetic vanadium-
and organocatalysis (L =acetyl acetonate)

B 5 UM S BRI CDC R

Scheme 5 CDC reactions of tetrahydroisoquinolines with ke-

S i H graphite anode, Pt cathode R N
R—— + SAr (e)
= N‘Ar ij/ LiClO4, CH3CN, r.t., 12 h .
undivided cell !
. M 12

yield 58% ~ 82%, dr 1.3:1 ~ 10:1, ee 59% ~ 95%

tones
External-heating/stirring (1) CuBr;, (10 mol%), TBHP (1.5 equiv.)
L1 (30 mol%), AcOH (0.5 equiv.) ;
@ CHCI4/Et,0, r.t., 11 ~ 42 h |
XN (2)NaBHy, EtOH, 0 °C |
R CHO yield 31% ~ 71%, dr 22:78 ~ 62:38 '
AN )\Rs ee Nd/94% ~ 99/94% :
1 H 7 (1) L2 (2.0 mol%), DDQ (1.0 equiv.) RE=Ar, 8 5 A;r
1= 3_ i H,0 (20 equiv.) R = Acyl, 9 N
22 - :r (I\)/IreAg,ll\/le, Cl, Br R®>= Me, Et, 'Pr, Bn A CH,Cl/CH3NO,, -20 °C, 48 h 22012 Chi ; H OTMS
(b) (2) NaBH,, EtOH b2016Liu | Ar=35-CF3)CoHs
yield 51% ~ 85%, dr 1:1 ~ 5:1, ee 97% L1
R! E
R? R3 DDQ (1.0 equiv.) . N. Lo
. )\[rR4 L3 (20 mol%), 'PrOH (20 mol%) R Ar © ' jN
R? Ny " CH,Cly, rt., 24~ 72 Oy “R3 LB 7 - TRA
Y 0 yield 52% ~ 81%, dr 3:1 ~ 13:1, ee 30% ~ 94% R ; H
1 10 1 5 L2
R',R?=H, OMe, CI 2013 Wang :
Photocatalysis Ru(bpy)3Cly*6H50 (3 mol%) .
o Co(dmgH),Cl, (8 mol%) Bn
N blue LEDs, L4/TfOH (20 mol%) ' BN
R | N H m-NO,-CqHsCOOH (40 mol%) @ HN" "COOH
NN CHCN, 10 °C, 24 h 5 L3
H yield 51% ~ 92%, dr 3:1 ~ 12:1, ee 95% ~ 99% 1
1 12 :
R=H, OMe 5 pr
: N
Electrocatalysis ! Snpp
L4/TfOH (10 mol%) ,
; “NH,
! L4

13
2017 Luo

B 7 WEREWSEE. BRAXFR CDC

Scheme 7 Asymmetric CDC reactions of tetrahydroisoquinolines with aldehydes and ketones

R =H, OMe
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2016 Liu

NCO,Me

HY|.H
R3

R3 = Me (9aa), yield 76%, ee 96%, dr 4:1
C3H7 (9ab), yield 73%, ee 94%, dr 4:1
CsH1q (9ac), yield 67%, ee 94%, dr 4:1

HO

NCO,Me
H™ | \H
7
9ah, yield 62%, ee 95%, dr 4:1

HO

NCO,Me

HO H ) H RS

RS = Ph (9ai), yield 72%, ee 95%, dr 2:1

4-MeOCgH, (9aj), yield 67%, ee 94%, dr 2:1

NCO,Me
H7|H

HO
s R

4 = OBn (9ad), yield 72%, ee 95%, dr 4:1

R1

3-BrCqH, (9ak), yield 68%, ee 88%, dr 2:1

HA 8

OAc (9ae), yield 70%, ee 93%, dr 4:1
OTBS (9af), yield 67%, ee 94%, dr 5:1
Cl (9ag), yield 74%, ee 96%, dr 3:1

7-Me (9bb), yield 68%, ee 95%, dr 4:1

7-Br (9cb), yield 63%, ee 94%, dr 3:1

7-Cl (9db), yield 60%, ee 97%, dr 3:1

5-Cl (9eb), yield 62%, ee 97%, dr 3:1

6-Br (9fb), yield 51%, ee: 91%, dr: 1:1
6,7-(MeO), (9gb), yield 85%, ee 80%, dr 2:1

NP Y S0 57 v -5 1 (A Pk CDC e BEJER AT

Scheme 8 Substrates scope of asymmetric CDC reactions of N-carbamoy] tetrahydroisoquinolines with aldehydes

2013 4, FELIRMAHBME T LR AT L3, 1E
TG 4 SR AL 2 A T 38 s TR e W i BH 5 1 5 6 e FR TR T
BT TR 5 A 4A 14 (Scheme 9), S23L T PIE 7
Wbk 55 5 B 10 FIASKTRR CDC [, 1% 5 i[RI RE R
E 121 DDQ N ALF(Scheme 7, ¢). A/ 4hEAL
FAMFINEA, SRR R, ¥ =R 2017
SR SR AR TE T G A ORI R AL BTV DU A S A Ik 5
FIAEE 12 FIAKIAR CDC S, 3X P A 7 k348 F 1%
1A 1% L4 AFPEMEAT(Schemes 7, d, e). TR0 M
R, SIS Co fHE AR AR 3 0 fi 1 25 -+
(AR BT A, [Co™ BB A AT, (2Bt L
MEIRSE R R, H 3R R [Co'), HEsZ i1 FIf
TJE R R AH 2K R AL, 58 U AL G 2A (Scheme  10).
M B o 1) FELAL 22 SRS, R I b2 E AR, OF
A 7 F A L4 7254 T RIS AL
FeoE PR I R, F A A = (10 mol%) H & B2 Fsf
[HEEH

ZEAZE B BRI FEAR 7T T DY A S v b 5 R 12
HILEYI 1 CDC L. AR A CuBr A 4455, TBHP
R, SEELT B S T REE AL E Y 15 BB
AAAREE, SR1FH 55 K UL B (Scheme 11, a). fEH A
TIEMENSRIZAAGN, AR BRI EIE, 23] T o
Fer=yy, X ATREIAE N A FNER T RE T A
TEREfR, ff C—CN BWTEL. IRAE, ZURREAHBI IR IF —
AL 17 SRHIRY), SR E(DCM) A, 1E
In/Cuw/DDQ AL EMAR R T, 5N ZFREE Rt
TP, 345 Z50 HFRr=4) 18 (Scheme 11, b). BfiJ&E, X
FHEWOLR H B — 1 Lewis BRIEALFT In(OTh)s, SEHL T 2K
FEMEI 19 517 BRES ) CDC = M(Scheme 11, ¢), #K
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TR
S
Bn N\Ar
A !
H,N” ~COOH
Noyr Bn l [o]
o R3 HN” ~COOH ©©
N
R* R 4 H,0 Y CAr

14
chiral ion pair

B9 DS S AR FR CDC B HLER
Scheme 9 Proposed mechanism for asymmetric CDC reactions
of tetrahydroisoquinolines with ketones

Rul%*
[CoM| (Rl
[H Co”']
cobalt photoredox
H* catalysis catalysis [R |2+ 1_
I
[Co] .
ICO“I |Ru ]2+ H*
e Visible ||ght ©i>
Z rJ:j\Ar
1-B
ER 10 " YGRS R Ru/Co LA A0 AR 3k 0 e pie L 2

Scheme 10 Proposed mechanism for the formation of imine
promoted by Ru/Co cocatalysis under visible light irradiation
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iR SR

External-heating/stirring

ok

R'= H OMe RZ =

O
C@

R'=H, Me, Et, Br R?=

Photocataly5|s

17 M
R'=H, Me, Pr R2=

BX11 s

R20 OR?

.o

Me, Et iPr, Bu, Bn
1.0 equiv.

R'O OR!

CO

= Me, Et, Bn, ‘Pr, ‘Bu

i

R20 OR?2

Me, Et Bn iPr, 1Bu

OR®

=

Me, Ph, Pr, Bu; R® =

S AR K EL AU S IR A S AL S0 CDC S

CuBr (5 mol%), TBHP (1.0 equiv.)

r.t., over night

©£(0R2

yield 56% ~ 82%
©16° 2005 Li
INCla/Cu(OTH); (5/5 mol%) 0
DDQ (1.0 equiv.) RO OR!
CH,Cly, rt., 24 ~36 h (b)
yield 17% ~ 72% 0,
2006 Li

Scheme 11 CDC reactions of tetrahydroisoquinolines and analogues with acidic methylenes

In(OTf)3 (10 mol%), DDQ (1.0 equiv.) R1
DCE, rt, 5h N0 o )
yield 64% ~ 91%
20 R207 0
2015 Liu
Cu(OTf), (10 mol%) gt
Acr*-Mes (5 mol%), blue LEDs > o)
Co(dmgBF5),-2MeCN (10 mol%) R2 OR3 @
MeCN, Ar, r.t., 24 h
yield 55% ~ 76%, dr 1:1 ~ 2:1 O O
Me, Et, ‘Pr 2 15w

HOAE T RN [R]. 1% AR RE N 2 AT, R
B4 O S (M) )t 1T 2 5 3 2R Lk g 1 B 0T B AL R
. [F)HA, 52 0 Bk R A B A e AR ) Acr -
Mes. Jii 118 JR LA T Co(dmgBF,)222MeCN X Lewis
IRAHEALTR] Cu(OTH),, 7EWEYEHEST KSR T, #ATR
H AR S p-FHfE 21 ) CDC N, LA 25 R4S
FIEEEF ) 22 (Scheme 11, d). X FHALZE B, 1%
MR R AR B % 8 o 1 AL S AR, (B R RS A
BONEDL.

HERATAEYIN Z CDC M R Csp’)—H
JEA. 2011 4F, FEIRBHIZHRIE T Cu(OTH- XULEMLR
BifA L5 b H &2 ERES 23 5 a-BUC-A-BAEE 24 FIASXT
FRCDC 8, PAEHF B (49% ~ 82%) Fl ee fE(80% ~
96%)3 2| R I F 1 a-fidk-a-RIELRATED 25. (HiZK
AR 2R 7 B ] — 40 CHI RO IREE, PLIRAS AR

Sof Wik B 42 (Scheme 12, a). )5, SUEk iR AR ZH 43)
FHARHRAE 1 [7) S JEC A () PR P = S0of B ade 86 12 D' A 25 I
Flg: EWOGRURN, SRADG#EH Ru(bpy)sCl 5531
AW EER, B0k Ru(bpy)s(PFe), 55 14 5
FLAEALT] Co(dmgH)pyCl FL & 1F M, 568 Sc8lH 2R
i 5 p-Hille A A AR, DUARAAIS 65 JE % miide 3814 3R
574 26 (Scheme 12, b, c). ALIEs T84 H &R
AR e, 1ZE AR A BT B 3R s ik E
(ESR), &% 5,5-— F3E-1-IE i pk-N-42 1L ¥ (DMPO)
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WRE A H HENEFHES, AR 2,2,6,6-1
2k~ 1-BRE (TEMP) il 3R S8 SAE 5, UEB 4> T 202 LA
A BEHBENEXNSS AR WA LS. mE
Ru/Co XUEILIA RS, TLFHIMBAMFIAHNS S, &
AR 2 R AR R AT

1.2 F4i C(sp®)—H 5 C(sp®)—H #Y CDC &

R C—H #, BT ILHBN AR R — IR
M, ZR A EAR R EPIR SET %, 7T
13 B AR o MR IE RS T, 25 Rk 2E CDC ke
MNAYEHTH C—C #E. 2010 4F, ZEMATIRBAHWHRE T
Cu(OT1),/DDQ AL AL T 3-"FHEm| Wk 27 54 R 52K
&) 28 IASKIFR CDC L. ) SR & H oI 1
XUEEME T AR LS (12 mol%), 70 C, S/ F AR A%
FIF e SO 21 b, PARy SR R B 254 21 T 140
WEr=9) 29, Z 7RI N T 2,3,4,40,9,9a- 7N A - LH-MEBE
I [2,3-b1051 WAV, 30 114 B (Scheme 13, a). 2020 4,
TR N TR ZH O FH ok R A il BT B (Liquid-Assisted
Grinding, LAG)H AR 7Sz T F A o e ide £64 Js Joi,
PL L6 (5 mol%) L7 (10 mol%)fF TRk, 1F K Bifk
ZA N BRI N5 28R 1IE T g (n-BuOAc) b B BE
FRERL), BFEE 23 min, LARTFULE(75%~96%)FIXT B
(77 %~98%) 13 2 F V=9, M T IR £,
KM 8 67 | RIS ), g/ 7 30 55 A 55 3 77 9 6
(Scheme 13, b). HLEEWFFLRE, FEBABRINA n-
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H o o
Ar\N)\[rOR1 . é([(
2
H ) HOR
24

R' = Me, Et, Bn

Cu(OTH), (10 mol%) o HN A 5
DDQ (1.0 equiv.), L5 (12 mol%) 1 : o I \ N
THF, -40 °C, 24 h X CoR @) N NJ
= CO,R? :
25 5 L5
2011 Wang !

yield 49% ~ 82%, dr2:1 ~ 7:1, ee 80% ~ 96%

R2= Me, Et, Bn, ‘Bu, 'Pr, Allyl

Photocatalysis Cu(OTf), (10 mol%)

Ru(bpy)sCl, (1 mol%), blue LEDs

toluene, r.t., air, 12 h le) HN’Ar
OR’ yield 52% ~ 93%, dr 1:1 ~ 3:1
CO,R!
Ru((bpy)s(PFs)2 (10 mol%) CO,R?
o(dmgH), pyCl (5 mol%), blue LEDs 26
R' =Me, Et,Bn  R?= Me, Et, Bn, () CH4CN, rt., 48 h 2013 Wu
ipr, tBu yield 45% ~ 91%, dr 1:3 ~ 1:1 2015 Wu
B 12 HERES p-EBLY CDC )R B
Scheme 12 CDC reactions of glycine ester with f-ketoesters
External-heating/stirring
Ar? A2 CO,R?
H ) Cu(OTf), (10 mol%) Ph
N . COR DDQ (1.0 equiv.), L5 (12 mol%) COsz Ph:
R N art co,R? CHClsftoluene (V:V=1:15),0°C, 21 h R'{- \ Ar i (@)
Z N yield 70% ~ 99%, ee 86% ~ 96% N N
! H
27 28 Me ™ e
R' = H, Me, Cl, Br R2 = Me, Et, Bn 2010 Gong 30
Mechanical grinding
Cu(OTf), (5 or 10 mol%), DDQ (1.0 equiv.) 5
2
Ar H , L6 or L7 (5 or 10 mol%) Az POR
CO,R - =0. .
N . y 2 n-BuOAc (n = 0.27 or 0.44) CO,R? b)
R N art 2 silica gel, MM, 25 Hz, 23 min YN 1
_ CO,R R Ar
H yield 75% ~ 96%, ee 77% ~ 98% Z~N
27 28 H
R'=H, Me, Br R? = Me, Et, Bn 29
3( \) 3/ \) 2020 Su
Al 3
i H Ar R
RS . ; 4
R N\_ge . on Fe(NO3)3* 9H,0 (10 mol%), DDQ (1.0 equiv.) S er ©
Z >N R4 silica gel, MM, 25 Hz, 21 min R T R
31 R 32 yield 23% ~ 95% N,
R!=H, Me; R? = Me, Ph R3 R* = Acyl 33R
2016 Su

B 13 3R EEMIN S 13- B ST CDC M
Scheme 13 CDC reactions of 3-benzylic indoles with 1,3-dicarbonyls

BuOAc 257 Cul-fefkZEMRIF R, MiESHE
TEALTEE(Scheme 14). [RIBRAAGINAIAALE, H%E T
FHERAR AR B 23 8], %8 50 A U2 7 VA
FrE R TR RS, BRAN, iR ESE S E T BR
MR R ) 3 2R e 5 T R IR 2R G IA 77 CDC
RN, [FIRERE, [N AENUE A 0 R IR AT, AR
21 min 5t AT DU RS 3815 H AR =4 33 (Scheme 13, ).

AR B S WAL R TR A AFIER T’
BRRE B IE B8 7, IR VR NARTFR CDC [ M ) #E
Y, FTRETFE C—C #. 2009 4E, Cozzi Z4k
T DDQ AL RIS I 34 S5 HE WIS AIARXR CDC Jx
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N, DADKPEIRER L8 ) =36 FHR IR #h N TP A 7R, 7E
BARAIIRE R (—25 C)SZHL T SN )Xo o 3 88 2 s il
(Scheme 15, a). 1% A FRiBiE T HALE 55 C—H 5
FIEEY), 10 1,3,5- 305 = I« RFHFNERR AT 37Kk ng[ bk

5. RO, Jang SEPOR AL = FHAR AL SRS, 7E L8 fi
%Fb&f)” TR [ N (Scheme 15, b). RBP4
K ee HINAFT N, (H1Z AL T I E AT,
SSL AT R AN . PEIRR 22 S50 3 I TV S5 T 1k
e Bl AU R T ) B B 36-B S48 R H
HHIE 34-A (AR R R B T EE s, (HARERRR
ARESL 2 P TFEMTE AR EIEE T 34-B 5
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BT FREHR

Ph Ph Ph Ph
— +
. DDQH /
N\ N\ - . N\ -

Ph Ph gt Ph D—Ph

N SET N N N

H H H H

27 27-A 278 27C

L6 + Cu(OTf),

#Bu  CU'  %Bu
c'>
/n-
ij(J fDDQH i
27-C 3
CU" “Bu  DDQH,

8
EtOM o

B 14 ASHBITHE T 3- RN 13- “ L S AR TR CDC [SHLER

Scheme 14 Plausible asymmetric CDC reaction mechanism by liquid-assisted grinding between 3-benzylic indoles and 1,3-dicarbonyls

(a) External-heating/stirring R, cHo

H
1 DDQ (1.3 equiv.)
O O . HYR L8-TFA (20 mol%) O O
o CHO DCM, -25°C,2~4nh o
34

: Me
yield 28% ~ 95%, ee 32% ~ 86% 35 E e} N
R = Me, Et, /Pr, Bn, 2009 Cozzi | L >miBu

""CeH13, efc. ) B\’ H
(b) Electrocatalysis )Ol\ |

H A~ L8
0o L8 (20 mol%), Pt anode and cathode H> X° R"
" HJLX/\R1 CH,CL/TBAP, rt., 4 h
| undivided cell |
o) H yield 40% ~ 84%, ee 20% ~ 68% (0] X
34 36 37 ,
X = CHj, (CH), 2010 Jang '
R'=Me, Ph !
(c) Photocatalysis (1) [Ru(bpy)sl (PFg), (2 mol%) R2 !
H white LED, L9 (20 mol%) ~"SoH |
N 4 H R2 BrCCls (1.5 equiv.), NazPO4 (1.5 equiv.) - N !
| \¢ T DCE, 35°C, 16 h | :
X R CHO (2) NaBH, (10 equiv.), MeOH X \/ .
1 Of ~ 0, - ~ - 11
34/38 7 yield 15% ~ 89%, er 50:50 ~ 99.5:0.5 X=0,39 R :
X=0(34),S(38) R?=Alkyl OBn, X=840
R'= Me, OMe, Ph (CHZ)ZOBn’ 2017 Pericas !

(CH,)30Bn

B 15 SRBERLEY SREIAXHK CDC KA

Scheme 15  Asymmetric CDC reactions of xanthenes with aldehydes
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0
H Ph

LD 0
0

HJ\/\Ph Hz0 Q
A

37 / \\Q/
[+>Ho N
I i ‘// H H20

H Ph
enamine

O O radical
(e}
\
-1e, H* .
CoO™ 0 "
0 o 36-B

34 34-A

i\i
HJ\/Ph

H
O O
34

34-B

VH Ph
36-A

: j xanthene <+>
N N

H cation |

H Ph
 Y— (LT
(6]

CLo™
o}

37

B 16 LA ELEARBE SR AXFR CDC RVHLE

Scheme 16 Prosposed mechanism for asymmetric CDC reactions of xanthenes with aldehydes by electrocatalysis

I B Hr AR 36-A (1)1 A& 12 (Scheme  16). 2017 4F
Pericas P8 2H SR F A 20 58 T TR 4038 o3 Bl B
NIz TR SR 2R RS N R SR AL Jot B 4K B (Schemes
15¢c, 17), RNAR R THEEIN = SIR B 5E(BrCCL)TE N
T, RHECAIEIR. BRILZ 4N, A 1.5 equiv.
(5 (NasPO4) F T~ i 25 OB R P2 A I Ak 2 1 B i A &L
(HBr), BREERYINE G456, FramE it q,
BRI p-FRET MO /R A BT AW 39 B 40. &
W FEZ R FR (DFT) THE R B 12 S B E 28 G AR
AT B P A8 20 T I 8 75 0 e v TR PR b R B3 47

2 C(sp’)—C(sp)BEt & N

2.1 BtARZE F/Y C(sp®)—H 5 C(sp)—H HJ CDC &
AVA

FIFAA A REREGREE. JBRE. HBE MRS L AT LA
IKZN C(sp®)—H 5 C(sp?)—H R EBABEL. 2005 4F,
AR ZE R P2RGE T DY S S K C(sp*)—H 515 Wk 41
C(sp?)—H ) CDC I, %4 Cu/TBHP 1L AL [, 15
B HAMEE =) (Scheme 18, a). A T 5 K Eid ALY
(A%, 2011 4F, Prabhu SE53ER 4 74T R i AL,
VY & S PR 2 M| R IS I PE 7K 2 V20 4L, 100 °C
IFAS R 24 h, PLASE AR S IS 28 3R 15 7= ) (Scheme
18, b). Y2 N —Fh H 28 S 72, BRI K %
RRPEIREE, 220K 2 i 7 E R, ROk
A 20 14-STIR FH Sl 25 5 R A DU & S s IR 1) 5 4k 7
T8 T % IR 9 TAE, 2013 12014 4F, AbAT143 l4RiE
TR R AT G-RuO, 1 Co(dmgH),Cl, Bl [F] Yo i
b3 Eosin Y i3k U & S5 M Wb AT7 A2 40 S5 15| Wk 1 == . CDC

Chin. J. Org. Chem. 2021, 41, 1897 ~1924
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2017 Pericas

0
OMe

R2~~-OH L _OH

R? = "C,4H, (39aa), yield 63%, er 97:3
CH; (39ab), yield 63%, er 96.5:3.5
C,H5 (39ac), yield: 51%, er 97:3
"CgH45 (39ad), yield 53%, er 98:2
CH(CHj3), (39ae), yield 57%, er 99.5:0.5
Bn (39af), yield 61%, er 97.5:2.5
4-F-CgH4CH,, (39ag), yield 79%, er 98:2
OBn (39ah), yield 84%, er 50:50
C,H4OBn (39ai), yield 50%, er 96:4
C3HzOBn (39aj), yield 79%, er 98:2

)
Me
PSS OH

39ba, yield 45%
er 82:18/80:20

OH
39ca, yield 63% 39da, yield 66% 39ea, yield 51%
er93:7/93.5:6.5 er97.5:2.5/97:3 er98.5:1.5

39fa, yield 45% 39ga, yield 69%
er98:2 er 98.5:1.5/96:4

B 17 A EIRE S A FR CDC 5125
Scheme 17 Selected examples of asymmetric CDC reactions of
xanthenes with aldehydes by photoocatalysis

RN, SRAF BB F R, A= R A SRR Y
(Schemes 18, ¢, d). #[A) H:AfEAl ) NiAAk R (Eosin Y/Co)H
TIANREZEZE, AT PLSEAL Co MEALIEIA T = AR 1R IR A,
e IZ, 14 RZAFHBEIIE S (Scheme 18, e). b4, 1%
HIBAIE SBT3 AR A o S8R R DG AL S R, S

40, yield 32%
er97.5:2.5
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BIKE

R SR

1 ] B FE AT BR AR 16 (40 7 Co™(dmgH)-Cl, [
JRRETE %, b B3k Y AR PR (AL Cot B Co™)fH
{EF(Scheme 18, f). BRIEEFGEESS, HMIMRAE L EEIR LT
MR X SRR, 2011 4F, FRoNRHRE L BOR LR ER
P& B 77 TSI T DY S S R S | T A D A R T R 2%
1R AL MBI (Scheme 18, g). MIXT T #Ub 22 F64L
RN, ORI T SIS ] (20~40 min), &
Ho 1 I BRI TR PRI I T 5

AR, DYS M S A 5 oA (%) 75 #1 4k
G CDC J SR ARGE B R TE. 2018 4F, VB TS89
RIH I AU 17 (X=0). PUESFHER(X=NAr)
FORI A R WEN 43 (X=S)YIHEAE Co/O, LA AL 1A
RN KPR IFALLE 44 FEAT CDC B, 1H RN 75 7E il
AT (140 CHEEAT, HFEE &R A R
2 B %7 (Scheme 19, a). [Al4FE, Hajra BRAEZHPOMRIE T
A HLY Kl Rose Bengal (2 mol%) i1k T It i 1k
C(sp®)—H/C(sp>)—H MBI S 8L, USSR EK & % 55 i)
TEFRIE AR SRR, LSS b ak1E 171
BEF=¥)(Scheme 19, b). ZJ71EE sERI =284, Tt

External-heating/stirring

CuBr (5 mol%), TBHP (1.3 equiv.)

B HLIE AR B LR DR P e A N- 5 5L D S i ik
SN RAFIROBCR, FIR, HAbRUZ, i NN-—
FH L O Ji 1,38 FH 1% ) A4 & (Scheme 20). #H EL #vik
RN, I RS AMESZEL T A& R AR,
PRI TE MR N T, AR T RV RE
HZEBRATAEY) I AAE T RIRF= RV E WG v oy
T, BFEBEMEGHRE L, HYS Csp)—H FEIK
YIH) CDC N FEBCRTRN. 2012 4, Z= 4 e o)
WF7C KRB, 1F CWTBHP ALEMIER T, HARATED
23 [ENE S5I5|MR A CDC VL, PRl S Bk & oAk
SRR SRR, 138 a- W=, T
TEZ A RGN, RGPt — oK, K15 oK
F=4)(Scheme 21, a). 2014 F1 2016 4, Z BEAHEO2F1D 4
SR BISEIL T CuFl Fe AL N H 2 BRAT A9 55|k 1)
CDC X Ni(Schemes 21, b, c), A& N4 E AIEA,
NHBE BTG TES SENER, HBREIEREE S,
FIEB A R S5 8. Ak, RSN K
KA B 1 — S 2B (DCE) = A 1 o 1R W] 1 [+
TR KEFRR C(sp)—H HHAMNIERLIZ, X5

H (@)

N

R ¥ 2@%’3
- R2-L R
NNy PN

neat, 50 °C, overnight, yield 58% ~ 98%
V505 (10 mol%), O, (101 kPa)

4
1 M 4 R (b)

R" = H or Alkoxy RZ= H, OMe, CI, Br,
NOQ, COQMe
R3 R*= H, Me

H,0, 100 °C, 24 h, yield 55% ~ 96%

a 2005 Li
b 2011 Prabhu

eosin Y (20 mol%)

Photocatalysis

G-RuO; (0.3 mol%), visible light

H,0, Ny, r.t., 20 h
yield 0 ~ 98%, yield (H,): trace ~ 96%
eosin Y (3 mol%)

H Co(dmgH),Cl, (8 mol%), green LEDs N\A
r
N H,O/CH3CN, N, rt., 16 ~22 h
1 N\ p2 2 3CN, Ny rt.,
m\” * R O\/Ng’R yield 62% ~ 98%, yield (Ha): 65% ~ 99% N R?
L S N,
1 H 4 R eosin Y (1 mol%), Co(dmgH),Cl, (10 mol%) R o2 R
R'= H, Me, OMe, green LEDs, nitrotoluene (10 mol%) 013 Wi
CO,Me, CI, Br - o ~ 959 c u
R2 R3= H, Me e) HyO/CH3CN, Ny r.t., 36 h, yield 81% ~ 95% 42014 Wu
CoCl, (8 mol%), € 2014 Wu
) dmgH (16 mol%), blue LEDs f 2015 Wu
H,0, air, r.t., 24 h, yield 60% ~ 95%
Mechanical grinding
H N
Nl N cpper balls, DDQ (1.0 equiv.) Ar
N\Ar + R4~ P R silica gel, MM, 30 Hz, 20 ~ 40 min J N R2 )
i R3 yield 67% ~ 80% £ N
1 41 R = R3
R'= H, OMe, Br 42
R?,R®= H, Me 92011 Su

1906 http://sioc-journal.cn/

ER 18 VIA R M5B CDC P (MM=mix miller)
Scheme 18 CDC reactions of tetrahydroisoquinolines with indoles (MM =mix miller)
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External-heating/stirring

H
A )
i n CoCly* 6H,0 (10 mol%)
RT L« . e _/\N/\g*Ar 5" 6Hy @
NS 0,,140°C, 15h
H N yield 63% ~ 82%
1117143 44
R'= H, Me,Cl R?= H, Ve, Cl ingZG“
X =NAr (1), 0 (17), S (43) 10.0 equiv. X-s a7
n=01 2018 Wang
Photocatalysis H i A
N rose bengal (2 mol%) 2 No, 4
R'G . ) /\N/\giAz blue LED Ar .
= N\AH R _‘\\ )QX r air, toluene, r.t., 24 h - Ar?
Y X yield 74% ~ 88% f J=x
1 44/48 R2S =y
R'= H, OMe R2?=H, Me, F, CI, Br 45/49 (X=N)
X =CH or N (48) 2018 Hajra
B 19 PO ks M5 A9 CDC R
Scheme 19 CDC reactions of tetrahydroisoquinolines with azoles
2018 Hajra
N N R-L N MeO
“Ph “Ph A Noart | Nepy
N AP \\_Ph - MeO “Ph
N N N
&= (/\_N an NONPh NN PR
-/ N =N
Ar? = Ph (45aa), yield 83% R2 = 7-Me (45ak), yield 81% Ar' = 2-MeCgH, (45ba), yield 81%

4-MeCgH, (45ab), yield 85%
4-MeOCgH, (45ac), yield 86%
4-FCgH, (45ad), yield 86%
4-CICgH, (45ae), yield 84%
3-BrCgH, (45af), yield 83%

8-Me (45al), yield 83%
6-F (45am), yield 84%
6-Cl (45an), yield 79%
6-Br (45a0), yield 82%
8-Br (45ap), yield 84%

45fa, yield 80% 49, yield 78%

4-MeCqgH, (45ca), yield 85%
4-BrCqH, (45da), yield 86%
3-CF4CgH, (45€a), yield 82%

4-CNCgH, (45ag), yield 82%
4-CF3CgH4 (45ah), yield 84%
2-HOCgH, (45ai), yield 88%
4-SO,MeCgH, (45aj), yield 82%
A>=N
Ph
N/ h Ph {
/

N

50

yield 85% yleld 86% yleld 82%

\Ph p tolyl ﬁ

5
yield 86%

N<
Ph
Z "N

yield 74%

N.
N-ph Ph
/NN VaL
= CN = s CO,Me

yield 80%

3 AN
yield 77%

B 20 OLAELPYE TS MR S PI CDC S EPTE I 51124

Scheme 20 Selected examples for CDC reactions of tetrahydroisoquinolines with azoles catalyzed by photocatalysis

T BT CDC [N B IR A B (Scheme 21, d).
1M 3AF 4 J@ i A0 7 = 05 & [ Bh R E 2 7 # 2h(TBPA ™
SbCl ) B UiE B fie 8 {12 3k H 20 R 5 7] WAk ) R BB e vz (691,
LM EAL, FTTE ST C—C B (Scheme 21, e).
FeMEAL T H &R 55k CDC S N AR IE T 2012 4,
Rueping PR ZH OV F /& (1) 6L 7 Tr(ppy)2bpyPFe
(1 mol%)5 Lewis BRILMEMF] Zn(OAc), (10 mol%), fE
FICHRE T 30~72 h ¢ B M (Scheme 21, ). BAA 5
P N-BREEMIANT 32, Bl S, 254 E iR RN, LA
Ru(bpy);CL JotfAb ), WrRIESGER B 1, AefgSEil

Chin. J. Org. Chem. 2021, 41, 1897 ~1924
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FALL [ . (Scheme 21, g). S SURIA AN Ao (2 1 )
NEAEEAEH: R, SRS H iR
Y, MRS 40 CRRRER, KM R E
2 20%. BbAh, B CEESSK R T Moo B E
St CDC [, LA Rose Bengal AYGEALT, 78
R T, 433 b 25 A b S E ISR o-Mg| M EUAR 2
TR =4 (Scheme 21, h).

FEX T a-AEBURI H R IR, o- B H 208 PR AU
AL BELEZ IR, AN 5y T RO i T 4, 3 DL 4. H Rl
KT a- AR S 51 CDC R NARIBEE . 2013 4, i

1907
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BH=E SFiR5HRE
External-heating/stirring X 0o
H H CuCl (10 mol%), TBHP .
R
AN CH,Cly, rt.12 ~ 48 h
R1\N R? + r3dL N _R4 2 s TN\ _ge (a)
N X = NR! R R
H o N Z N
\R5 TBPH (2.0 equiv.), Ar, yield 0 ~ 88% \
23 41 X=0 57 RS
R' = Ar, "C4Hg R®= Et,OMe,F, C,CF;  TBPH (3.0 equiv.), air, yield trace ~ 91% a2012 Li
R2= Ar, Ac, OEt R* R%=H, Me, Bn, Ac
CuCl (5 mol%)
®) TFA/H,0, air (101 kPa), r.t., 4 ~ 16 h H o
’ Y yield 61% ~ 84% Ar—N
;
SN Fe(ClO4)3 (10 mol%) x-R
Ar\N)\WX\R1 + R P DR © TBHP (1.0 equiv.) g2 N _gs
H23o “ N . CHaCN, rt,, air, 10~ 12 h N
R ield 30% ~ 83% 4
X =NH, O R2= H, Me, OMe ve ° 0 &8 R
R" = Alkyl, Allyl, Ar, Ph, Cl, Br, Ar MeGCN/DCE (V-V = 5:1 258}2 ?:r?g
Pyrrolyl, CH,CO2Et  R3, R*=H, Me, Bn, Ph (d) © (V:V=54) d 2014 Huo

CH,CONHCH,CO,Et

or XR' = Ar

H
p-Tol <

X
N)}‘/X\R1 + R2+<)\/\S,R3
H Z N

H

0O, (101 kPa), 40 °C, 4 ~60 h

yield 30% ~ 83%

TBPA 'SbClg (20 mol%)

CH,Cl,, air (101 kPa), r.t.
2t gL g e

(e)

23 o “ \R . yield 78% ~ 96%
X =NH, NRor O R%= H, Me, CN, Br € 2013 Huo
R = Alkoxy, Allyl R3, R*=H, Me, Ph, Bn
Photocatalysis Zn(OAc), (10 mol%)
Ir(ppy)2(bpy)PFg (1 mol%)
® fluorescent, CH3CN, r.t.,
30 ~ 72 h, yield 42% ~ 83% H o
H Ar-N
H N Ru(bpy)sCly (10 mol%) x-R!
Ar\N)}(X\W . RZ%Rs @ blue LEDs e
Ho % N Oz, CHCly 40 °C, 48 ~72h C Ay
23 M R4 yield 43% ~ 75% 58 \R“
X =NH, O RZ= H, Me, OMe, F, Cl, Br, rose bengal (1 mol%) f 2012 Rueping
R = Alkyl, Ar I, Ar, CN, CO,Me, (h) blue LEDs 92012 Li
or XR' = Ar CHCHCOOMe CH3CN, air, r.t.,, 12 h h 2020 Lu

R3 R*=H, Me, Ar, Bn, TBS

yield 59% ~ 85%

B 21 HERATAEWSHEIMER CDC &M

Scheme 21 CDC reactions of glycine derivatives with indoles

AR OHRIE | 5 T ORI B ELAL TS AL SR (1) CDC
SN, AP IR R N R 5] AMERE % 25 (picolinamido
group, PAYCRIIE, 7E Lewis iR FeCls*6H,0 F1 LT &
HAENYI(DTBP)EMEAT, LT o-NERER S
WG|k ) 52 S S AR BB S . (Scheme 22, a). 1% 7RI H
E R a- VU ZFEFRATAEDD 61, JRYIENIEH 2, B
Re A 2 PELF. HLERAR FE B, Fe' 5 a-fa 5L FRRY)
60 EEHATICALLS G, 15 2E L B EL AL H R 60-A,;
BE)5, DTBP TE#IEAE R T 2= A BT A H B 5
(‘BuO*)ZFHUEC AL AR 1A A 60-A a- Uk LA R T, TR
WAL EH AL 60-B, FIA 0T WHRHE FHEMEE] oL
[z, TR Fel BL 54 60-C. 5% J W5l Wk 41 X L3k 4T 55 %
IR H AR =4 61, [FET Fe' # DTBP B4/ A AN
Fe" 52 il I FA (Scheme 23). #¢ilT, Wang ZE7OHRIE T
HAENT a- IR FEIR 5 IR A XS FR Friedel- Crafts
1908
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M (Scheme 22, b), M1 17E a-FEFEREE AL E 5] N 4B
2 H RV e R 4 FE (NPhth), 1% R 47 3578 6 A it 7%
2 SET WRESMER— 70T COy FIAR A — H IV i
(PhthNH), 752 H I [A4Ak 62-A, FF4 SET IIFETE Ak
o~ EIEFR % 62-B, £ 05] Wk I 515 4% in e 45 2 AN 5 FR 19
R 63, S N H A PR IR R L10 7 v WL T e f
3, BERETE AL % X fg 505 T s AR, = H AT
FIE I FHER S, RIEE K C—C SR F P
HI{E F(Scheme 24). FXFF#ib2% CDC =B, Yl
AT 7l T R AR, R SR = IR R
17, SENIEAN.

Foh 25 () ML AR VR R AR 5 H &/ R AT
AWIRE CDC RN 75 7By B AT B AP RIFREE2A 2K
N, BN A — AT ISR AR EGAGR. 2012 4, B
A 2071 B 1) 00 40 IR (mCPBA) ] DL B B4 AL

Chin. J. Org. Chem. 2021, 41, 1897~1924
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External-heating/stirring

(20 mol%), DTBP (2.0 equiv.)

T R’ ( FeCl;*6H,0
\ e .
I HH Z N
_N (@] \
60

4 R
R%= H, Me, ClI, Br, NO,,
Alkoxy, CO,Me
R* R%=H, Me, Ph, Bn

R'= Ar, Bn, Allyl, COMe,
CH,CO,Me, COPh, etc.
R2 = Me, Et, Bn, Allyl

Photocatalysis

DCE, 120 °C, 24 h
yield 31% ~ 90%

R H  [I(dF(CFs)ppy)(dtobpy)l(PFe) (5 mol%) AN, g1
blue LEDs, L10 (1 mol%) .
ONPhth + ol ST N\ X :
A°HN/|L\Ir Ry CHACN, rt., 24 h RZ—!(:E\g (b):!
o H yield 45% ~ 97%, ee 78% ~ 97% Z >N :
62 . 41 o
12 R2= H, Me, OMe, F, Cl, Br, CO,M : ,
RE=An Alkyl & e hemane 2019 Wang ! L10, Ar = 2,4,6-(Pr)sCeHs,
B 22 o-BURHERRATA Y5 0| Wk i) 8L
Scheme 22 Reactions of a-substituted glycine derivatives with indoles
— (Scheme 25, ¢). PLMEILILARTR B L2 R M
CO,R? ¥, HFER R, AR THRASCR. SR, &5
N AR R IR T 5 BB A ZE W 2RI, IF AR RN I K
N e o R Aok |3 ARTUERRLY. LI AR, (FH

R1
X |
A N R?
| N o, “ r'u)\ CoR?
~ N‘ ~ Fe2+ | N ,'
60-C 77 Fe* B0A
" &ET / ‘BuO-

1

Lk s

O)L N” T COR?  BuOH  1/2DTBP
/N—‘F,e3+

60-B

BX23  #E N o-BUCHZRRATEY 515% CDC S HLER
Scheme 23  Proposed mechanism for CDC reaction of
a-substituted glycine derivatives with indoles by external heat-
ing/stirring

NN-SUEUARH RS 64, SEILIL 5 75 B My &2 145
BRI Mi(Scheme 25, a). &4 & HLJ7 B A 2R B A RE 6 3R
75045 2 RAFWCR Y, (A2 RN A R ANE F Tk A
77 By (A-VR K Y). Dy T N PR DR SR A R IR, 3
FUR G ZH 20f S B AR R AT T ek, AR AT
Cu/DTBP AL A 1 060 B 18 TR F) A ] HEL 1k A 2
B EAT R R 520, AR S N A A g R R A AL,
LB W i [X 35k 34 (Schemes  25b, 26), Lb4h, KAz
BEAY 1,3,5- = AR M LSRR AL CDC x
B MR, 2RI HLYYRL Rhodamine 6G (Rh 6G)
EEG, SR Lewis BRAEALTFI(FeSO4+TH,0) A fF:
M, EFEOCIRS TR T o072 a-ZZERE Y
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RKILLL Ru(bpy)sCl*6H,0 AOGAEATIHRE Cu(OTH), 3£
AT, Pt HZIREE S B-25 M A A S B I — o
WAL, il e i3k 1,3-ZKJFIEE 72 (Scheme
25, d)i74,

RN E R — R B 2 P2 BTS2 0 IRk &1,
HA—EMyiiE . Jums LIiEEPYWER, 2Bm&
KRG MR IR T B Gt i), 2017 47, i H &0
I8 ARG AT T H =R S BRI 73 152
XA, RMVALFHEAER CuCl KA S
1EREAF, 7E 80 C Fhn#ditkit 417 (Scheme 27, a).
AR, Bk N AR R I A T 2 55K SRR,
IMAE TBHP 8L T, a5 2K LI 75 REis 5 Kk Atk g
L, EFEEHIRTS o-H T 74 76, 1A LR L
77 WIFRAFE AT i 7= 78 (Schemes 27, b, ¢). 1%KL
H5&SEHEHAC TG MURE R, ]E, KK
e PR UV SR FH A B AR, ST 2R I ke 2
H5HEE6 CDC B, TFRIGHGH, 7% E
Cu MR H 2R IE Y RO 35 1 b B AR, s 5%
PSR AN, PIERAS A5 2 R AR 177 (Scheme 27,
d).

o- 75 FE G IEFRAT A WIL fe @ i T A BRI 5 2R
1 L3238 AR B e Nl 4. 2017 4E, Chandrasekharam
EUSITE CuCl 4L, LA DCE AR T RA1H R
& T 55 2R AT AR P ) S AL AR TR T W) (Scheme 28, a), W
PRAETI R, 2R, 2018 4F, R ARHAMIAHR AR
GBI EVE I TR )N, T H B (Methylene

http://sioc-journal.cn/ 1909
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AcHN, _,
“—R R
Cf\g AcHN)WONPhth
N 62 O
63

co,
o
0-p0 PhthNH SET
o/ \\o |r”

R’ _
.+ 1+ PhthN
chiral phosphate
H--N catalysis
4 f
; .+ I+ PhthN-
et AcHN)
O._.0
R ] 62-A
o “o_, R
LR /

R + 1l + . /
- Ac N Ir PhthN SET
N\ N 62-B |
A¢ H
N

63 + PhthNH
41

AcHN
62-A

photoredox
catalysis

visible light
AcHN”™ "NPhth

B 24 ST o-BUCHZRRATA Y5 %W A ST FR Friedel-Crafts Jo M ALEE
talysis

Scheme 24 Proposed mechanism for asymmetric Friedel-Crafts reaction of a-substituted glycine derivatives with indoles by photoca-

External-heating/stirring
H

A . OH
H ‘(X ‘ /1R3
OH . L LAWY OEt
,—RTN&(OEt N mCPBA (1.2 equiv.) v ()
! ) I a
RO o | /\I CH,Cly, air, 25 °C, 24 h R-N O
- ¥ R3 yield 0 ~ 79% LR
64 65 or 66 o
R3 = Me, Et, OMe, OH, Br 67 or 68
2012 Bao
H H NN
Are Oy &+ ' OH Cu(OAc), (10 mol%) s
H R L | » DTBP (1.0 equiv.) Sse N on
o TV Re DCE, 60 °C, 18 h Are o. ®
23 65 yield 53% ~ 91% N R
R'=Me, Et,Pr, Bu R2=Me, Bu, CF3, F, Cl, Br, |, OH, Ph 60 ©
2016 Huang
Photocatalysis
RZ
H ~
H el \/\
Are Xe 4 TN OH FeS04 7H,0 (20 mol%) . \ _
” R? L | v Rh-6G (2 mol%), blue LEDs Ty OH
0 YN e DCE, air, rt., 6 h Ay X g ©
23 or 70 65 yield 41% ~ 86% H §
R' = Alkyl, allyl, R? = OMe, OH, CO,Me X=0, 69
CH,CO,Et CO,H, CN, Br, etc. X =NH, 71
X =0 (23), NH (70) 2018 Li
H H R?
OH Ru(bpy)sCly 6H,0 (1 mol%) %S
Ars Ot + ~ Cu(OTH), (10 mol?
N R R2-— u(OTf), (10 mol%), blue LEDs
H N X o (d)
(0] DCE, air, r.t., 36 h )
23 65 ield 58% ~ 85%, dr 5:1 ~ >20:1
yiel © ) 1 1
R'=Me, Et,Bn,  R2=OMe, OEt, OH, Br, RIO,C™ N "COR
iPr, By CN, CH,OH, COOH, 72 A
CO,Me 2020 Li

B 25 HEMRATEMS®H. 2B CDC K
Scheme 25 CDC reactions of glycine derivatives with phenols and naphthols
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Q

H (69aa), yield 64%; 4- CF3 (69ab), yield 57%
3-F (69ac), yield 66%; 4-Cl (69ad), yield 61%
4-Br (69ae), yield 64%; 4-1 (69af), yield 67%,
3-Cl (69ag), yield 70%; 3-Br (69ah), yield 73%
4-Ph (69ai), yield 60%; 4-Me (69aj), yield 67%
3-Me (69ak), yield 74%; 4-'Bu (69al), yield 66%
3-OH (69am), yield 75%

RZ_

69in, yield 91%

) o™ o~ LY e
N OMe OMe OH
MeO MeO OO
OMe OMe 69hn, yield 58%
H 0,
R3 = 4-Me (69an), yield 86% 69gn, yield 67%
H (69bn), yield 78% Ho @ o 9 J<
2-Me (69cn), yield 84% N o~ N o
3-Me (69dn), yield 80% OMe OMe
4-Cl (69en), yield 61% VieO VeO
4-Br (69fn), yield 64%
OMe OMe

69jn, yield 60%

B 26 HEREES LMK CDC &N Y6 H 5125

Scheme 26 Selected examples for CDC reactions of glycine derivatives with phenols

External-heating/stirring

(a) External-heating/stirring

Ar : Het ) 5 5
HN |/ _CuCl (10 mol%) RL _R
+ Het \X CH CN. air M H
3 0,
o:-k wcien i L Ar\N)\r(O‘FU f N CuC (10 moi%)
OEt yield 34% ~ 85% AT H 9 = DCE, ai, rt., 15~ 36 h
23 R! = Et Ar 74 2017 Tang yield 62% ~ 85%
, 23 by 79
R1
Fn T CuCl (10 mol%) R® G
u mo
NH N ) R® 0 R' = Me, Et, Pr, 'Bu, Bn
TBHP 2 0 equiv.) \ 7 "\
/Q e CN,80°C, 12h © ®) N R2 R®=H, Me, Et, Bu
° — 4
Ph_0O \ 3 Vield 85% R2 NH R*=H, OMe
[ Ph/N Ph g0 A
73 76 2017 Tang 2017 Chandrasekharam
Ph b) Photocatalysi 3
Ph, CuCl (10 mol%) 7 N\ (b) Photocatalysis RZ R
N— LN TBHP (2.0 equiv.) Ph H N methylirlle bltjg |:(>5 mol%)
0 N CH,CN,80°C,12h O N © Ar\N)\”/o\w ™ ue LEDs
Ph N\ // yield 70% H _ CH3CN, 50 °C, air, 24 h
77 Ph 0 yield 40% ~ 85%
73 78 2017 Tang 23 H 79
Photocatalysis , R4 R'-0
R 0 1= ipr
H R2 H Cu(OTf), (10 mol%) \ /I A\ gz R';"‘:'ft'M Pe’v EtBU
Ar\N)\n/O\R1 X N/\ngr blue LEDs =" RS H Mo ipr F ol Br
H § =N CHCN, air, rt., 3~12h 80 AY
yield 70% ~ 97%
23 73 2018 Su
R' = Me, Et, Pr, Bu, Bn R2= H, Me, Br, |
0. HN-Ar B 28 HRAEATAEYS N-BUIKIZN CDC &L
Scheme 28 CDC reactions of glycine derivatives with N-sub-
RI_ /= R2 (d) X o
0 )y b stituted anilines
Ar N/ / =1 Par 257 S
74 2018 Le [EL & gy}

B 27 HRERATEY SRS CDC R
CDC reactions of glycine derivatives with azoles
T, S TEDFEEEEH
PG a- X R IR T ERATEDY)
(Scheme 28, b). EVETL TR &R AN, HEREHIM 2
RAF, &R BURE R R R BT LS 5 &, 3k

Scheme 27

Blue)7E # YGRS 2 50 Chnds R
TR G AL TG 1L,
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IR Csp®)—H WA 5375 BEY) C(sp>)—H
AT EAAR TR, X R 2T B R 7R

2011 4F, FAURBAPNRGE T LeE. LlEH T, H
140 82 1) CDC J )% (Scheme 29, a), %
1077 TBHP 7E #8725 AF F R 32 U bt 4 4 1 R 2R
FREEH AL, 7 FROABERIR IR C-2 EREA, 15
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ik SR

FUAN A B 3t Ak 81-A 1 82-A, /a4t E HHEE
RS2 HA5r=4) 83 (Scheme 30). % vifk &R & H., Al
AF AR S A ESCER I P, AR RS SR S, T
KE T EH ALY (4.0 equiv.) M 8 1) SO IR FE (120 °C).
BE J5, 9 R Ul 20 (i 255 23 i SR - Cu/KzS20s il
Co/TBHP LA R, LB T 2 Rk &M b
FAL SN, $hTE T PR RAE H YE Hl (Schemes 29, b, c).
R S B S BB AR S B .

AR, AT WOGIREN G I BRI A2 7 A a-
Bk [ IR A RO, 2018 4E, TEIE REBHRIE T H
FR T R A ) Be ke 5 28 ISR DG AL CDC OB, BL
I BB T BR(BPA)NEAF, 1 mol%[H Ir[dF(CF3)-
ppyl2(dtbbpy)PFe G HEA 1155 A S S NIA 64T (Scheme
29, d). WF7E I MHLELR Bl (Scheme 31), 5| & BPA i
JRERUGRUT A H ik, B IY A C-2 ERA,
P o-biFEE I 81-B. A H X405 1 H BN
B % B L R ANV 7% T AR 1 2038 S B ™=, Bk
FFEEMRAL, (MR FENE S5 S BT R B IRES 5
SNL. A, SR AZTTIERR X S PE VT (Fluoxetine, 94)+
1% &F H R (Fasudil, 95) 5 CUl W] A il (Pentoxifylline, 96)

HIBRIE T TBHP KA WU — ) — & (DABCO)E it
PR (B EE S 2H-M G4 CDC % Bi(Scheme 29,
e). KPR FA NI R A 1, 8% 1 48 Rl
R, B 7 i SRR () 1F N [ R 7). A ECAE N # i
FETIATHIXZE CDC B, JGEA T REAN TR Zad m )
WA, RFE =R A=
5, SFAECIR AN,

WENE B DSA S 4, JUFR 3-Je e g Wl S AT
Wt — KRB A YEESIR N A, 2018
GE, SR I TBHP W] B 2440 2(1H)-M4 I Thk
98, ST CDC M, Zik FE FIAE R FH L4 B Ak
I, B EEEREY BRI &4 TR TSR
R IR BB B P2 P (Scheme 33, a). BEJG, Stk 2%
& 201 H)-VE W Rk I e B2 A 0 1) g VA AR AR Ak e 4. e
TR A MG B (Rose Bengal) . 4L 77(TBHP) A& B
(DABCO), fEEYEHEST T SEHL T IX b F 54k (Scheme
33, b). FRIEESL, FEAREESE YT E G %M T &
D1 B EEINBGERE, 3743 BAR=4). Suryavanshi Z5881[]
FERIH DA e, SR8l 1R 84 51 R B &R
F2(Scheme 33, c). &G TR AT, GG

25T B RE Bl1E& i (Scheme 32). T, Hajra i

1912

External-heating/stirring TBHP (4.0 equiv.)
120 °C, air, 6 h
R =H, Me, yield 51% ~ 90%

Cu(OTf), (10 mol%)

(@)

X=Y x—N ; N X~
b) K2S,0g (2.0 equiv.) N Y
+ R+ \ H ( A \
Hkop)n <;EX>_ N, 60 °C, 14 h R x> <O/(J)n
81 82 R =H, Me, OMe, F, CI, Br, NO, 83
- yield 0 ~ 92%
X,_Y CHyorO NH, O. S a 2011 Wang
n=1or2 CoCO3 (1 mol%), TBHP (4.0 equiv.) b 2013 Pan
2.0 mL or 5.0 mL (c) €2016 Lu

120 °C, air, 14 h
R =H, Me, 'Bu, OMe, Ph, F,
Cl, Br, CF3, CO,Me, yield 57% ~ 91%

Photocatalysis

\ N
H/@)n + 101 \>_H

BPA (2.0 equiv.)
Ir|dF(CF3)ppyl 2(dtbbpy)PFg (1 mol%
blue LEDs, TFA (2.0 equiv.)

acetone, r.t., 24 h

) R\2
11 \) )n d
R @Exﬂ @
83

R? yield 28% ~ 92%
81 82
R? = Boc, Piv, R"=H, OMe, Br d 2018 Wang
Bac, Cbz, etc. X =S, NH
Y=N,CH,, O Y
n=01,273 L
X—Y H TBHP (1.0 equiv.), rose bengal (2 mol%) Z
O o~ blue LEDs, DABCO (1.0 equiv.) . (€)
H n R N-Ar rt., air, 24 h R N—Ar
z ~ = , air, P
N yield 45% ~ 95% N
81,2.0 mL 84 85
X,Y=CHyorO R =H, OMe, F, CI 2019 Haj
Z=0orS © e
n=1or2

B 29 HCR) bk 5L EYIT CDC R

Scheme 29 CDC reactions of cyclo(hetero)alkanes with azoles
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A
Buo- +  HO

N
H,0 ©E8\>.

HO- < 82+-A . @EN \>—(j
* BuO- | S o]
CO ‘BuOH CO 83

81 81-A

TBHP

o

82

B 30 LA NI S SR S CDC S SIALEE
Scheme 30 Proposed mechanism for CDC reaction of cyclic
ethers with azoles under external heating/stirring

Eosin Y BEfEJOGMEALH], SURSEHE B k5] KAt
H.

3 C(sp’)—C(sp){BEX & KL

WefE g CDC MR C(sp?)—C(sp)se# F 1
C(sp)—H ZEZRA. E&FPREZ 5K CDC KM,
DA DU & S MR 1 ol B A0 I BRI T BN 2. FAPE 2004
E, R E R K T CuOTH/TBHP AL b 1A
R, 0 G NFHERER IR AR L1, ARSI R
FUGT WEFEVEI 1-d DU S5 WAL A5 90 (Scheme 34,
a). MG, XIFZEPRA 2,2,6,6-00 RNk IE & ALY £
(T'BF )% S U A T mEmibIe Ak [ B, 7fEFHERLAR L12,

() ()

HAT

N N
Boc Boc
81 81-B
BuOH BuO- + HOAc H

X N
H-.. >
i o PCET s

Me~ ~O”Bu 82-B

SET, Boc S
visible light =
|r3+
H
(=~
. N
83-A
B 31 AT WOEF N-Boc-iit M e 5 IR AL 5 1% CDC
HLEE
Scheme 31  Proposed mechanism for CDC reaction of

N-Boc-pyrrolidine with azoles under visible light irradiation

Hil£E CuBr, Lewis 8 Yb(OT);, B KOH K85 EtOH
FKEIVERTR, JEA)IE FHE R = 4 i 0t e £ 1 A0 6
Frde i, (EMEAAE AR RIS 5 4%(Scheme 34, b). %7
VERTE— D T A A B A s PR N BE AR A
HEOE L Wb, [F14F, Ramon VROV LRI 1R 51

2018 Wang

cl

N R® = H (87a), yield 67% N N
_ 4-Br (87b), yield 50% Hj Br—</: \>—(j

N 5-Br (87¢c), yield 83% N N =N N

N 6-Br (87d), yield 40% Boc Boc
Boc” : 88 89
86 3-CO,Me (87e), yield 45%
yield 80% yield 54% yield 35%

F30\©\ XN
|
N
o =
©)\/\,}l
9 Boc

Fluoxetine

Fasudil

N~Boc Boc—N
93
yield 51%

96
Pentoxifylline

B 32 Otk N-Boc-Mtig be 5L &I CDC S eI i K 254 45 K A A

Scheme 32 Substrate scope for CDC reaction of N-Boc-pyrrolidine and azoles and the modification of drug structure
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External-heating/stirring
PN X N\ H .
X | R1- TBHP (3.0 equiv.)
)\ ”‘ * 7 N (@]
H )
RZ

N,, 100 °C, 9 h
yield 35% ~ 90%

X/“\\‘
N ¥
=
N [e]

|
99 R2

97 98
X=0,CH, R'=H,Me, F, NO, 2018 Qu
1.0mL RZ= n-Hexyl, Esteryl, Bn
Ph lysi T
otocata = N H TBHP (1.0 equiv.) X7y
X7 R1€[ I rose bengal (1 mol%) LN
P AN N0 blue LEDs, DABCO (1.0 equiv.) R'T .
= R2 air, r.t., 24 h, yield 36% ~ 90% N" 70 ®)
97 98 99 R2
X=0,S R'=H,Me, F Cl,Br, CN
’ il gl y ’ ’ 2018 W
20mL  R2=H, Alkyl, Allyl, Alkynyl, Esteryl, Bn, Ar ang
PR
X7
B N H . . . N ;
X~ R1€[ I eosin Y (1 mol%), white LEDs NS ©
)\ Gt Ao THF, 25 °C, air, 24 h R
Ho " yield 39% ~ 95% N" 0
97 R 99 R2

98
R'=H, Me, Cl, Br, COPh
R2 = H, Alkyl, Allyl, Bn

BK 33 2(1H)-MEVEMEH S5 BEHT CDC S

Scheme 33 CDC reactions of quinoxalin-2(1H)-ones with ethers

2019 Suryavanshi

CuOTf (10 mol%), TBHP (1.0 equiv.)

External-heating/stirring L11 (15 mol%)
mol7o

(a) - R?
THF, 50 °C, 48 h ;
R = Hex, TMS, Ar, Py N A
Ri_f X yield 11% ~ 72%,, ee 5% ~ 74% R o | P o
AN, #R—=——H 7N
R CuBr (15 mol%) N N
1 H 100 Yb(OTf)3 (1.2 equiv.), T* BF, (1.0 equiv.) Ri = Ar, 101 "
R" = H, Alkoxy, Me, Cl, Br L12 (15 mol%), KOH (1.9 equiv.) R' R?=Cbz, 102
R2=ArorCbz b) EtOH (1.0 equiv.), H,O (2.0 equiv.) 2004 Li L11
CHyCly/toluene, r.t., 48 h 2015 Liu
R = Ar, CgH13,CO,Me, Alkenyl, etc.
yield 15% ~ 70%, ee 39% ~ 95%
_ CuO-Fe;0, (3.64 mol%) | N
N + R—=——H - _
SAr ChCI/(CH,0H),, air, 50 °C, 72 h o} N 0O,
1 H 100 R = CgHyy, Ar, etc. }\‘ N\
yield 37% ~ 94% "
'Pr L12 pr
Zn(NTF,),/Fe(OTf),/L13
LN (20 mol%; 20:3:23)
R N 4+ R— n 0, (101 kPa), NaBArF,, 5 A MS

Ar DCE, 35 °C, 24~ 72 h

.1 H 100 R = Alkyl, Ar, efc.
R" = H, Alkoxy, OMe, CI yield 22% ~ 82%, ee 20% ~ 99%
Mechanical grinding - i
N copper balls, DDQ (1.0 equiv.) Ar =2,4,6-PrsCeH,
R ! L11 (10 mol%) L13
& 3 fORT=H silica gel, MM, 30 Hz, 30 ~ 90 min
1 H 100 R = Ar, CO,Me, CO,Et, Py, Pr
R = H, OMe yield 65% ~ 77%, ee 10% ~ 79% O N
. N
Photocatalysis CuBr (10 mol%), (BzO), (1.2 equiv.) 4
[ Ir(ppy)a(dtbbpy)| PFg (1 mol%) PPh,
PPY)2(C 0
Ny ¢ R——H visible light, L14 (15 mol%) 0 OO
1) 100 THF/CHZCN (1:1), 20 °C, 48 h L14

1914

http://sioc-journal.cn/

R = n-Bu, n-Octyl, TMS, Ar
yield 20% ~ 90%, ee 60% ~ 94%

2015 Li

B 34 DU S B R ) CDC M

Scheme 34 CDC reactions of tetrahydroisoquionolines with alkynes

© 2021 Chinese Chemical Society & SIOC, CAS
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AL (CuO-Fes04) ML, 753 i % 55(DES, &4k
BEBR 2 —F)y rp ST DU S MR S 2 R A8 XA
B, fEORFRRE W AT T, DES Al v HEAE
R 10 k. RE1Z 77 BERE RSN TN, (B2
etk 246 2 HAR AT RS, HoK O ME— R =4
(Scheme 34, ¢). 2017 4, H/NBH RO IL T A A%
T DY S R R AN o B A OB, 10792 DA Bk
W4 BT NN- A FPERCR L13 i EF1E
Hly, HATERE . XUEREVELS . RYIE N B
Ri(Schemes 34d, 35). M, HAZ 5 TR AR
ﬁ/ﬁk, IR ST 5 BTN S ) I f A T A R i X

W3k B 1) B (Scheme 36).
I3 N RHR K IHE T T AUk A 57 S R A PR e

2017 Feng

R = Ph (101aa), yield 70%, ee 93%
4-BrCgH, (101ab), yield 73%, ee 99%
4-MeCgH, (101ac), yield 74%, ee 92%
4-"PentCgH, (101ad), yield 68%, ee 96%
4-CO,MeCgHy(101ae), yield:50%, ee 95%
2-FCgH, (101af), yield 65%, ee 90%
3-CICgH,4 (101ag), yield 72%, ee 99%
3-MeOCgH,4 (101ah), yield 82%, ee 93%
3-NO,CgH,4 (101ai), yield 45%, ee 95%
3,5-F,CgHy4 (101aj), yield 69%, ee 88%
1-naphthyl (101ak), yield 75%, ee: 95%
2-thienyl (101al), yield 70%, ee 98%
CH,CH,Ph (101am), yield 55%, ee 37%
n-C4gHoo (101an), yield 40%, ee 20%
[>-5— (101a0), yield 60%, ee 61%
Ph

[>Le— (101ap), yield 77%, ee 20% 101la, yield 45%,

101ea, yield 36% ee 79%

ee 90%

Ft, 2011 FFEENZIRLH Rl DR FH JC I8 ALK B V53115

T RH) 1-HIE-DU S ST AEY. B s, A1
MNAR RS NFHEEAA L1, KR T —Fho] B Bk
A 1) DU 0 e P X W 0 e e A SRS, e o T e A
J )2 J%i(30~90 min), BP] CAHREEISCR AT ee {HIRTFF-1
VYA S EMRAT A2 W) (Scheme 34, €).

2015 4, AR B HPIM ADBRE J7 20, 7R
(=20 C)F, &FVEBERCIR L4 F Xy muk Sk, LA
5 90%UCHE A 94% ee (MG HERFYEY), %KM
AR LU A A (BZO), 1R NS T AL IS
R AT, HERRME ST H S E 580
27 I N AL (Scheme 34, 1).

MeO
N o
o Htee Sy
|| 0 Il <l
Ph Ph

101ba, yleld 50%, ee 99%

101ca, yield 43%, ee 90%  101da, yield 69%, ee 84%

MeO
Ar = Ph (101fa), yield 65%, ee 94%
4-MeCgH,4 (101ja), yield 66%, ee 95%
4-EtCgH,4 (101ha), yield 63%, ee 97%
4-PhCgH4 (101ia), yield 60%, ee 94%
3,4-Me,CgH3 (101ja), yield 63%, ee 94%

3-Cl-4-MeCgHj3 (101ka), yield 61%, ee 89%

OMe OMe
”@ O
OMe
MeO l MeO l

101mh, yield 42%, ee 88% 101nh, yield 22%, ee 71%

B 35  Fe/Zn XU A6 DU S0 MRk 5 A () A0 PR CDC S e 47 s L 47 2

Scheme 35 Selected examples of asymmetric CDC reaction of tetrahydroisoquionolines with alkynes by Fe/Zn catalysis

Ph———-=H Ph
100

O,

o N
(@) X Ar

L13 + ZnX, Ph

101

Erlpghe
T~ + Ar

1-d

1-a

/*\
S @3
ZnX7 _N A

path b
H(O)O™
E(E)
O’OH

OOH H*

B3 36 Fe/Zn X4 @ MAL NS R S HUE A FR CDC N ATTEE

Scheme 36 Proposed mechanism for asymmetric CDC reaction of tetrahydroisoquionolines with alkynes catalyzed by Fe/Zn catalysis
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4 C(sp?)—C(sp)BEtR N
4.1 & C(sp?)—H 53& C(sp?)—H # CDC &
A, I Csp?)—H BEIEVEAR, Bk L%
55—y F 05 SR B I AT E A AR s B R
IR Z (A 78 TAEMRIA SEARAEIX T THI, W Gtk 2% i)
J5 1875 1 B AL B B K FLAL 22 SRS R 05 -5 IR T A
BICSON., & HIT R, Wokm) . BMyEm ey, BF
BRMIAA IR R B AT, REOSIE I 5 R R I R R
FosE I B B2 A, B D 5 AR R AR I R
N, HAE AT E-T5 % CDC JRY). IR N4
JE AL B T 4 J A b 1) 82 SR A 58 OB BB 7 1 A 4k
fRi&. Pappo PRELHUEH FRAN )8 Fe fEALSEIL 705
Ty — 7 8 ) B4 A8 AR, R R SR A 771 7S 9 S T
(HFIP) PG T By R P 8 A FLAT, X3 v s I e 38
sk B HEAEH, (248 /K MW 76 = iR T AT
(Scheme 37, a). 2015 4F, Jeganmohan 2R IE T 4L 4 )&
K805 /1 S 1075 Wy —75 W CDC b7, 33 78 OB FF i
BT3h BwN ' <HSO; , #ifil T 2Kmy 525 Wy It H 5 {5 Bk
DA K AE SRR =P i i FE 48 Ak (Scheme 37, b). Kita PR
HOTKIREU T TV A 1) 05 4275 18 CDC R B, 2016 4F,
AT 4-H AR SRR A Ak 5 B — 5 e SR A AR B s B
PLEL IS i BR &5 (Oxone) UL 7, £E HFIP 35 HinA
FH G 7 A A4 70 52 Tk (18-crown-6), K45 T 75 By %of o7 75 4k,
F=¥)(Scheme 37, ¢). FRILZ 4, ZIREAEIRIE T B
Bl 2% (PIDA)OS) K [ XU (= 4 & Bk 3% ) Bt ] 1 &0 &
(FPIFA)!MO0EE sy (R (IID) fie A4 P 55 18— 05 J8 CDIC L.
Waldvogel 8 41 10-10217E 5 4 Ja 4 A4 1 FL AL 22 05
Wy - 75 % CDC B I S B 7 TS T K & T 72 TAE.
2010~2011 4E, Waldvogel /NG JEHRIE TS 4
NI 47 (BDD) N HLIBBHAR ) CDC J 3%, 7£ N-F%:-N,N,N-
= L3 LR 82 5% (E,NCH303SOCHs) A2 HFIP(IE ) N
FER R, AR T S E TR R
FEY, AR R S AR UG, Z2HE T SR A S
TRIBEAIZE X ARBEHITR AW (Schemes 37, d, e). BE/J5HIWF
FURIL, 1) 5B H N 3 751 R sl /K DO3TRT DL & S
LR, Yk A B S ARIEE, E R 5 e v A 7
HFIP U104 fz B35 5 [k (Scheme 37, f). BDD Fi
HFIP {EIXF RN s 2o HER/EH, BDD HitifH
M n] DR SR E 3 R AR R, T HFIP BE R
B 3 aR A 1E F (Scheme 38). 24 BDD BEAE A%
SAE R AR AR TOS] ] 5 575 Py b5 R AR (TIPS B
TBMDS) R4 175 By Bk, AH b AR CR 3 17 05 By — 5 I 4
Fpct104] - ELA B vy 110 A 2 0 5 M R s B 3K (Scheme 37,
). MhAb, ZHF /N ISR FH FLAL S BDD BH R A 7772
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SEPRT G Y R R B B AR BORNAE B BRI, ax 2k
AL 2 05 Ty — 5 e CDC SRS BE AT R B A 2% S A 77 2
SR MEATR B, AEAS Tk G A B[] () N 4 RE % ey
FAT(HFIP) A% .

2017 4, Konig B2 1075 I /b 5 1) o 46 AL 55
Ru(bpz)2(PFs)> (0.5 mol%) Py [F] ik & 1) % 25 44 16 7
(NH4)2S:05 e 1 YAk 75 B — 05 18 A8 ARG, M.
2] WG R AR R SR (23 °C), RIS T AR
P/ IR FEVE IR 55 FEAG P2 ) (Scheme 37, h). %7 EHE
AREME B2, B FREEE. BNk
JERAD I — € I e MM #E 7% ~21%, Scheme 39).

Bl 2K 05 ke ok, RIE KRG W I E By
K, 55— T M5 R ARRIMEE, & 507 AT A
¥). 2016 4, Shindo FBLISHRIE T —Fif S AELIAH
RW/C LI C(sp?)—H/C(sp?)—H 131 E AL B EE S,
DU S 23R8 2-25 i 5 5 T iR A8 — o 67 A8 AR G
FEWI(Scheme 40, a). UTil, Yoshida HIBAIIZK T 55—
T A AR AL A R PA/ALOY/O,, ETE MO
FIERRIAE FH R, mnss e OR 9P IR 2R e A S bl S Ak, g —
W5 H A 5 e N, i B R R A RS AR B R )
(Scheme 40, b). ¥l SZIGTUERA, MRS GERARY IR IE AN
SR R SRR AT I B, P A A 7w (i ik B
Iy SuN

Waldvogel H@ZHMOF 2017 SEIL T AL T ANA
RIEARY B 5 W75 B i) CDC vi, 840 T 4 @ A AL
A AT . ISR FH 3 B8l g B A0 A0 B B A
K}, dl i HFIP/MeOH ¥ 74 Z 32 il B S 3 A P21,
R A AR A A FELSE 1) P P T 1 e T R B 0 R A 4
1k, 4k 5 55— F 05 B AR 4R 58 AR BR =4
(Scheme 40, ¢).

U5 IR g 1 AR A LT RT3 3 A R AN R ) AR 4 A
HEAT IR, Waldvogel BRAZMILERE G0 70 &I, H
A R TG R ) HR T 2 AR 4 B A A S AR
W, RIS R e, B RCE R T R PE AR
RA, Bef m Ik Bk o IR AT BT T I AR XS AR OB R
(Scheme 40, d). HifT, 24 1E 2 M2V [E]RE R FH BE )
AALTRES, D SR o B PE AR, 7E HA nBusNPF,
TRA HFIP ¥A 7, SEILT 2-Z8 1% 5 2K BL AR A X A i 4
A A B EL(Scheme 40, e). 1z FiZ AL 7 VR T 5 4 Fh
%W 7, 04 R %% (Adamantane. 121) < Afi 3% 2%
(Ibuprofen. 122). Z%3¥%4: (Naproxen. 123). FLFLIEIF
(Zaltoprofen. 124). W|WE3% 3 (Indomethacin. 125). Hi&
fHEZ (Dehydrocholic acid. 126)F1ERH(Estrone 127)#714:
A&, 5N 42 (Scheme 41).
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External-heating/stirring

H Rl — —
HO R H FeCl; (5 ~ 15 mol%) ™~
AR \@Rz DTBP (1.5 ~ 2.0 equiv.) \ 7\ |/ @
1/ s = HFIP, r.t., 4 ~ 24 h, yield 37% ~ 93% « » R
R Ny
65 104 105
R' = Me, OMe, OH, CO,Me, Bn 2015 Pappo
OH R2
H
HO ~ oH K,S,04 (2.0 equiv.) Ri= =
| N + H | N L, BuyN*+HSO3 (10 mol%) N\ /N /
S IR CF4COOH, rt., 18 h, yield 26% ~ 82% RS ()
R v 2 HO
65 65 . -/1 06
R' = Me, OMe R? = Me, OMe, ‘Bu, OH 2015 Jeganmohan
OH Oxone (1.2 equiv.) R? R!
H 4-methoxy iodobenzene (10 mol%) / | A\ -|—
NN A 18-crown-6 (0.4 equiv.) Q_@’OH
R1.—/ o M N CF3COOH (2.0 equiv.) = =
e A - R (Y (©)
I < HFIP, r.t., 24 h, yield 40% ~ 90% NN
66 104 107
R'=Me, OMe, Bu,Bn  R2= Me, 'Bu, OH, OMe, 2016 Kita
NMe,, NBn,, NHMe, Bn
Electrocatalysis
Me . Me
OMe BDD anode, nickel cathode MeO
. NN ; EtsNCH305SOCH; (6 mol%)
’ | R HFIP, 50 °C, undivided cell N (d
stopped after applying 1 ~ 3 F/mol phenol OH —R
OH yield 8% ~ 47% Z
108 104 109
2010 Waldvogel
R/H R/H R R
R/H R/H BDD anode, nickel cathode ~
Et;NCH305SOCHS5 (15 mol%) S A
L e
RIH oMe t RH OMe HFIP, 50 °C, undivided cell MeO” N F “oMe )
OH OH stopped after applying 1 F/mol phenol OH OH
yield 4% ~ 83% 111
1o 110 2011 Waldvogel
R = Me, OMe, "Pr, Pr, Bu, CI, Br
OH BDD anode, nickel cathode OH
H EthCH30gSOCH3 (06 eqUiV.) — —
S + | g )
R _ HFIP/MeOH/HCOOH, 50 °C \ | VAR |/
Pz undivided cell, yield 6% ~ 69% R R2
65 104 stopped after applying 2 F/mol phenol 105
R = Me, OMe, "Pr, 'Bu, CI, B 2012 Waldvogel
e e, T B LB 2014 Waldvogel
OH OPG BDD anode, BDD cathode OH R2
H H BuzNCH303SOCH; (0.09 mol/L) — ==
X + N L, — (9)
RS- | —R HFIP/MeOH, 50 °C, undivided cell N/~ N\ /
= = stopped afeer applying 2 F/mol phenol | ]
yield 44% ~ 72% R GPO
65 112 13
R' = Me, OMe, Bu PG = TIPS, TBMDS 2016 Waldvogel
Photocatalysis
OH OH
H Ru(bpz)3(PFg), (0.5 mol%) 2
il NS blue LEDs, (NH);S:05 (15 equiv) "N /R (h)
L~ | _ CH3CN, Ny, 23 °C, 18 h CJ 7
ield 7% ~ 79%
Hes 104 ’ 0 ’ Ko
2017 Konig
R' = Me, Et, Allyl, ‘Bu, OMe, CI, Ph
B 37 HEMEH RN CDC kB
Scheme 37 CDC reactions of phenols with arenes
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BilLE
% ROH
\
B +
H CF, D i”
FaC D
0-H---0
| H <= RO*| A RO*
H i N
| 1
_0---H-0 o
Rf Rf D
E/ "
-
ROH

2017 Kénig oy

OMe OMe
105ba, yield 61%

OMe

105aa, yield 78%

OMe Ph

105fa, yield 36% 105ga, yield 79%

105ca, yield 44%
oM

OMe e e e
oM
OH O e OMe OMe OH OMe oH OMe
MeO O MeO Ph MeO Cl
OMe O O O OM O
HO OMe HO OMe e OMe
X Cl

105ha, yield 10%

105
BIR 38  HEL IS I CDC SN ALEE

Scheme 38 Proposed mechanism for CDC reaction of phenol with arene by electrocatalysis

e OMe OMe OMe OMe
o O ome OMe on OMe on OMe OH O OMe
‘ Bu ‘ MeO O Meo O
OO OMe O OMe O OMe O OMe one
OMe

105da, yield 62%
oM

105ea, yield 46%
oM

105ia, yield 21% 105ja, yield 7%

MeO OMe
oM
OH OH © ‘
MeO MeO. MeO O
O OMe O OMe HO OMe
e

105db, yield 31%

105dc, yield 24%

oM
105gc, yield 23%

B 39 OJLMETTES 5T RN CDC RN JEMTEH
Scheme 39 Substrate scope for CDC reactions of phenol with arene by photocatalysis

75 B R A VIR RE S O e R A BT -5 R R
NABIEE. 2011 4F, Sridhar #8235 B Fe/TBHP 1k 4
Tk &, 75 HF RIS S L T 258 5 2R & 1 40 A — 20 4L
A XABER, e TRV B & HE(Scheme 42, a). WHIT
KO, sk REa A HBR e TFHRELSESS R
J97, (L S5t R P 25 A A 25 DA B — 980 R AR P 2 e U G
PRSI N AR, BEJE, Trivedi ZEM 95 A FL — bt
FEl R A H)(Ce-MCM-41) 5 447 TBHP 3£ [F] {1452
W7 RN, AT E 22 (0.9 mol%), £ Hid g
e, W] 2 &8 F (Scheme 42, b).

2017 4F, K5 & ISR O A 4k 2 7E A Ak
(NH4)2S:0s HITER R, 3R18 T 280 5 05 R AR A — XA 45

1918 http://sioc-journal.cn/
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=4, SARIA (=9 QR X R e [N BH 2 e
FECF eBEE H (Scheme 42, ¢). FEAL 27 508 [F] L BE % S2I
XN, 2018 4F, Waldvogel 15:A5ZH M6 F 3k 55 %
%, £ HFIP/MeOH ¥&FIEF R, SBANSEIRTT T 55
My 5 75 i (1) AR — AR AL AR BR = P (Scheme 42, d). TIE ()
&, RS IIE LRI = E AR, A
SRR % ik L) R R A 2 M 5 TR AR I 2
42 I C(sp?)—H 5%4& C(sp?)—H BI5FMN CDC
&N

1% C(sp?)—H e —Ke IRy, L5055
o AR R BRI SRS & RO i 8. Horh, BubaE,
FeAk =B R R 1 05 B L 7y 7 8 CDC RS2 il %
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o ¢
Rh/C (5 mol%) O

H R
NR'R2 NR3R* (a)
+ CF3COOH, Oy, 1.t/ 60 °C, 4 ~ 50 h
RS yield 19% ~ 99%

1R2
14 15 NR'R
R',R?= Alkyl s ol s 116
R, R* = Alkyl; R>=H, Me, OH 2016 Shindo
2R3
L) NR'R 5% Pd/A1,03 (5 mol%) L) NR2R3
N SN CHF,CO,H (10 ~ 30 equiv.) N &
+ | —1R4 ~ | (b)
_ CF3CgHs, rt., 05,05~117 h N X .
yield 33% ~ 93% R~ R
H 115 =
AIkyI Alkoxy, Ph R2, R® = Alkyl 18
OPh, CO,E, etc. R*=H, Me, OH 2019 Yoshida
Electrocatalysis glassy carbon anode NHPG'
1 2 glassy carbon cathode R1 —
N NPC el NHPG® B ,NCH;05SOCHS5 (0.09 moliL) KN LR
R R HFIP/MeOH, 50 °C, undivided cell = 7R?
H 119 Hi19 stopped after applying 2F/mol aniline G2PHN (©
PG', PG? = Boc, Acety, Trifluoroacety, Benzoyl, etc. yield 38% ~ 74% 120
R, R? = Me, OMe, OH, Cl, etc. 2017 Waldvogel
glassy carbon anode ]
NHPG NHPG2 glassy carbon cathode NHPG
O G v G BusNCH;05SOCH; (0.09 mol/L) @
T R HFIP/MeOH, 50 °C, undivided cell
H H stopped after applying 2 F/mol aniline GZPHN
© oo yield 7% ~ 56%
PG', PG~ = Formyl, Acety, Benzoyl 120
R', R? = Me, OMe, OH, Cl, |, etc. 2018 Waldvogel
NRSR® graphite rod anode
platinum plate cathode
Ff NRZR® [ Dge "Bu,NPF (0.1 mol/L)
b = HFIP, rt, 4 h, undivided cell ©
¥ H 115 yield 36% ~ 94%
R? R3, RS, R‘5 =H, AIkyI, Bn, Allyl, Ph, efc. 116
R"=H, OMe, NEt,, Br, CO,Me 2020 Li
R* = Me, OMe
B 40 FJE 5L K CDC M
Scheme 40 CDC reactions of two anilines
2020 Li m Cl
; & HANA
121 122 (0] (0]
adamantane derivative ~ ibuprofen derivative - N/\
yield 82% yield 86% o}"':
O - MeO 125 126
B indomethacin derivative estropelddsg;atlve
: yield 85% yield 1%
i OMe
123
naproxen derivative 32 o
yield 79% 124
L 127
zaltoprofen derivative
pyield 67% dehydrocholic acid derivative
yield 52%

B 41 A CDC M SIS 701 F BE L AE 1

Scheme 41 CDC reactions for functional modification of drug molecules by electrocatalysis
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10
FeCly6H,0 (20 mol%) RT
TBHP (2.0 equiv.) NMe;

toluene, 4 ~5h, 0 °C ~ r.t., air
yield 45% ~ 67%

Ce-MCM-41 (0.9 mol%)
TBHP (2.0 equiv.)

OH (a)
OO 129
2011 Sridhar

N

“  NRIR2

BT
External-heating/stirring
H NMe,
OH -
+ R1+
=
65 128
R'" = H, Alkyl, Alkoxyl, F, Cl, Br, I, NO,, CN, CF3, Allyl, Bn, etc.
H NR'R?
OH " H N
[ =
=
65 115

R, R® = Alkyl
R3 = Alkyl, Alkoxyl, F, CI, Br, |
Photocatalysis

R3
~ OH
yield 45% ~ 66% OO 130

2012 Trivedi

Ir[dF(CF3)bpyl,PFg (5 mol%)
blue LEDs, (NH4),S20g (2.0 equiv.)

CH3CN, 60~ 80 °C, 3 h

ey A

65 or 131 132
X =OH (65) or NH, (131)  R2, R3=H, Me, OMe, F, Cl, etc.
R'=H, OMe, F, Cl, Br, Ph

Electrocataly5|s

glassy carbon anode
glassy carbon cathode

CF3COOH, r.t.,, 10 ~24 h
yield 26% ~ 83%

(c)

X X=OH, 133
X = NH,, 134
2017 Xia

3p4
NR'R™ " BusNCH30550CHS; (0.09 mollL)
HFIP/MeOH, r../50 °C, undivided cell

14 stopped after applying 2 F/mol
naphthylamine, yield 8% ~ 48%

Me Et, '‘Bu, OMe, Br, | R2 =H, OMe

135
2018 Waldvogel

B 42 FHEH5RER CDC &M

Scheme 42 CDC reactions of phenols with anilines

JER AR WRAT A YD ) B B AR, 2010 4F, ZRIK [REEITIHR
IE T BRAY FeCly/Cu(OAc)*CuCly fEfLFALER T, Bl
(KoCO)R M) N-75 FE I i 53— P A8 A PR A s I i 46 s
Wk AT 4 %) (Scheme 43, a). AH LT Pd/Cu LI J7
JEUS1201 3 BEAN Fe b0 1) CDC RBE, X ¥RARE A
ARO5 IR I H S e 8. B s, BUE AL
AT VA A gk e, 22 ESFI2URD Chan
PRAZHI22155 A5 1o A "BuaNI Ny S B AR A R AT 5 JE
J & 531N CDC J2 W(Schemes 43, b, ¢). Ja& #E
AR AL R @ I TR 1 A "BusNOAc SEH, Hom
N H H IS 2,2,6,6-V F BLIRIE A 462 (TEMPO) -
AW AN SN, UE BT S S R AT e AN B H AL
., XRLERMEMTN T EE GO RN
SR BEAR, X REUR R ZH D23 AR A 1 R H 12443 S SE 3
T PhI(OAc), 5 Cul/l, 51k FHIFZER M, 16D s
BWAEAE T, R 3R A5 A v U EE i R AT AR
(Schemes 43, d, e).

2016 4F, 5% U Bk R @ 4H 020k B stk 227k, DA
Ir(ppy)s AYEHEALT, A Co(dmgH)x(4-COMepy), Hifi
3R, 28] DO B SR 5 ik 0 I RS W 3R A5 gl Wk R )
(Scheme 43, f). & NAR RMELRE R, AN EHA
A
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2017 4F, B ZSCHEIHIZOHRIE T B N N-J5 2%
Wl 15> CDC N, TE Pt BHAR G I (8] Py ] s 2R
BENIRET=W, RN A, KT BE7S 2 o A R o7,
Nz 58 Mk RIS FE(Scheme 43, g).
43 FJ& C(sp?)—H 5 C(sp?)—H B CDC & [

S BA —ERE, &K NS R
R CDC J b7, SEBLEPE DT BEAT A 40271300 1) B B4
. 2013 4, Antonchick PR IIF] &N 4L A4
PhI(OCOCFs), 1E A& Ak /I, 1& & % 5 = F FEhk ke
(TMSN:) e RE T S8l T &R 5 I 5] CDC [V
(Scheme 44, a). [N F TMSN; 7] 5 PhI(OCOCF;), &4
[N /=l W e SN N E = AW Sl R B S 1 eid e S E N S - Y
TER. %% LA R 587z, N TR AN 5 A g 35 m)
M52, 228 AR & B P 7RI 45 1) 1Y) R 9R
EW(Scheme 45). B, XIZZ24R5E T TBHP/=
W LIR(TFA) T F IR 5 55 1% 1) CDC J ¥ (Scheme 44,
b), TFA F TiGALER Y, TBHP 55 SR H i3
BRSOV B O ROSR (110 °C) 58K 1 S B2 B
[B(10 h). 2018 4F, B2 CREMAISR JE T HiE K CDC
ST, R ONAR B R B8 O A A Ak 7
(TBHP), {HILGETE 5 A X IR 5 AU IV IR R (2
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H
il )R
& H

N~
H

136

R' = H, Me, OMe, Cl, Br, I, COMe, etc.
R?, R® = Me, Et

H
0
= N)\(H

H
136 R3

CO,R®

R' = H, Me, OMe, OEt, Cl, Br, I, CF3, NO,, efc.

R2 =Pr, Ar
R®= CO,Et, CO,Me, COPh, CONHPh

R1@[H R2

U

= N)\(H
136 ™ RO

R'=H, Me, OMe, F, CI, Br, NO,
R? = CO,Me, CO,Et, Alkyl, Ar
R® = CN, NO,, COR* ( R* = Alkyl, Ar, OMe)

(c)

CO,R®
Cu(OAc), -CuCl, (1.5 equiv.) SN
FeCl; (10 mol%), K,COj3 (3.0 equiv.) R N R2
%
DMF, 120 °C, 2 h, yield 30% ~ 72% N
137
2010 Liang
I, (5 mol%)

(b) NBS (1.1 equiv.), K;CO3 (1.2 equiv.)

R3
DMF, Ny, 100 °C, 1 h N
yield 36% ~ 95% R1sz
Z N
H
BuNI (30 mol%), TBHP (2.5 equiv.) 137

AcOH/DMF, 100 °C, 24 h
yield 27% ~ 99%

b 2011 Li
¢ 2013 Chan

(d) PhI(OAc), (1.3 equiv.)

R3
DCE, 60 °C, 2 h, yield 33% ~ 91% R X N\ R
| _ N
Cul (20 mol%) H
I, (1.2 equiv.), Cs,CO3 (3.0 equiv.) 137

1,4-dioxane, reflux, yield 69% ~ 95%

d 2009 Zhao
e 2016 Chang
Photocatalysis
3
O R Ir(Ppy)s (3 mol%) R
R . )\(H Co(dmgH),(4-CO,Mepy), (7 mol%) . {I\gﬂ?z
H 5 Ny, 450 nm LEDs, r.t., 20 h Z N
136 R yield 25% ~ 95%, yield (H,): 60% ~ 99% H
R!=H, Me, 'Bu, OMe, F, Cl, Br, CF3, Ac, Ar 137
R? = Ar 2016 Wu
R® = CO,Me, CO,Et, CONHPh

Electrocatalysis

I
= N)\(H

Pt anode, Pt cathode

136 1R

R'=H, Me, OMe, F, Cl, Br, I, CF3, Ac, Ar
RZ = Ar, /Pr

DMF/H,0, rt., 3 h, yield 56% ~ 96%

KI (0.15 mol/L), undivided cell

R3
Z >N
H

137
2017 Lei
R3 = CO,Me, CO,Et, COPh
B 43 N-J7EMERI ST M CDC ¥
Scheme 43 Intramolecular CDC reactions of N-aryl enamines
External-heating/stirring PhI(OCOCF3), (2.0 equiv.)
TMSN;3; (2.0 equiv.)
(a) - XX
X H benzene, r.t., 2 h, yield 35% ~ 94% R1+
R1:— )\ -~ =N
N +* 0P R?
2
138 H 139 TBHP (3.0 equiv.), CF3COOH (1.0 equiv.) 14‘: R
R"=H, Alkoxyl, NO;  R? = Alkyl, Ar DCE, 110 °C, 10 h, yield 31% ~ 95% a 2013 Antonchick
b 2015 Liu
Photocatalysis
X
R T H TBHP (2.0 equiv.) R
L I blue LEDs, CF,COOH (1.5 equiv.) NN
H 0 R ethyl acetate, r.t., 24 h, yield 42% ~ 90%

138 139 07 "R?

R' = H, Alkoxyl, CI, etc. R2 = Alkyl, Ar 140
2018 Lei

BK 44 Sk SR CDC M

Scheme 44 CDC reactions of isoquinolines with aldehydes
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BIKE

ik SR

2015 Liu OMe
MeO N MeO N <o N <O O AN MeO N
O O O N O N
MeO N Meo N o N © 1 MeO =
MeO
caliecallicalnealiice
MeO MeO
MeO MeO MeO e
140aa 140ab 140ba 140bb 140ca
yield 67% papaveraldine pulcheotine yield 70% tha!|m|cr|none
yield 75% yield 44% yield 83%
OMe OMe
MeO O N MeO N
N O
=\ MeO r MeO N
/
\ oy  Meo on
N O
H MeO MeO
141 142 143
1-acetyl-p-carboline 0,0-dimethyl-annocherin A papaverine
yield 57% yield 73% yield 35%

B 45 Sk S CDC SR 4 R AR A s
Scheme 45  Alkaloids synthesis by CDC reaction of isoquinolines with aldehydes

TR Mgy ieAT, a2 RAFIBCR A C-1 {7
HRFEAL =W (Scheme 44, ¢).

5 Hit5RE

ZEIR T AN T RBOR T GARE . JBRE. FLREAIHLI
RE)AZ M AR IE S B () F 98 33 i, S5 A ) B AR AL
T T IR, ARG R CDC OB TS B
L EARG Gk, K 2 7 B I B A SR A S A
T, AR T IR S Y A RE YR TE RE A I AL SRR, T
TN AT BRI 6k 2 B A 5%, R 08 e g ik
G AN A 2 A AR A, A R MR AT . Ho, H
RS AENEE C—H B, ReAlE 772, C(sp?)—H #11)
FAIE T AR B EEAE . SR, ks & &
T e S R VA R B R A AR A, AR B B N
A GRS AR R SIN, (15X P 85 1 A
this MR 52 B AT RSP A SAS IR 2R HO PR 1. WL 1 1E
F R CDC it e S5y, &2 Sk
FIMZ 5, 8N RETE TG 7B 1 77 i ik 2 o s ik
17, BB ], B N ACR

CDC N IAS AR B A AR &, BEA
i FIX B 7 v R S R i S AN R, PR3, A L,
J AR AL 2 75 v R DL AR A 6 BB UK B RE UK
WAL, 5o, MU S e b = R A R
W 7 T (1) AR AR 134 T 2 B 4Rk 1 I Ak e IR 1351 4% Ty
[ 1233610 4G 7 8O, MU 5 5 FAE 2 R
B TR W& TE 5 JE E R ER 10 05 BE A RN A AL s D41 T
BTANBEEMER. vTOATA, 47— XK 3)

1922
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CDC =52 B PRI, BRGNS 2 oA S & AR
B, X BLYRE RN CDC W A& SR kR ) B 2 7 ).
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