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Abstract Quinones and their imine counterparts constitute a class of highly electrophilic and dearomatized synthon. Their
preparation and synthetic applications are challenged by limited stability due to the tendency of dimerization/polymerization
and hydrolysis. By taking a biomimetic catalytic oxidation strategy, we have developed oxidation systems comprising metal
catalysts and green terminal oxidants that realized in situ oxidation of phenols and reactivity modulation of labile quinone
intermediates. This has led to the establishment of several [3+2], [3+3] and [4+2] cycloadditions and control of their
regioselectivity and stereoselectivity. In this account, our recent advances in reactivity modulation of labile quinones/quinone
imines and their biomimetic catalytic transformations are summarized.
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Figure 2 Direct oxidative in situ generation of labile quinones and their application

AT A FH 25 42 YRR R () A6 R, S8z Al i
KEA G RAERRI TS SO RN X — RIS T
T 1,2-F8, A0 T 4B KR W Ji i iR A A= BN R BRI
O ARG 1,4- 2K FEIERR S5 7y 400131,

T SCER VR, FRATTAR AR IR R R AL A AL
R WARIE. ARPREE WA ST UAE RN “RIR” 5
I T B[4 20BN R 1) 7 2SR 4 1) O Ak SR A ek
VU S W BRI S T V2 AL TE T RAR =W S 2500 1 i &5
PR TG, %071 DX A% Gt LA R e N, 78 Pd
AN T TR ST W P JE 4 o a4 ) g A 104,
RN I Iy (1 SR S A B 1,2 1) R R AT R
WEFT, (BRI 1,2-B8 — R 50 oKk WARIE, JE A ] fE
LK AT A 15 P 2 v T AT PR IR R AR US), Rt 4R
2 TR SE A TR B AN 8 P Tl SR JE AR R 1R 4R
B e Sl 1 K NV R e 37 VA 1 L e e R
P A REAG BREE T AE 1. SRT, B NREREIE (R 3k
BEMRL TR T =, Aok T A B
SN REE ). ltn, T N-Ts RY ISR % 2
K 2 B A4+ 2R N B B2, m-CPBA. PhIO 2645,
AT AR AE ST AR R BR — W RE TR AR,k — A Iy
SRR 3, (H [F KB B TR R R A AR .
T Ik A AR 9 O AN A AR AL, FRATT R B A AR 7
PhI(OAc), #& % MR 5 (AT, FeA T 482 — %
SRR AU ) T 4 J8 B A [ 4+ 21 I RS s 7 3 s
WRIRE . SRIFRRIR . 20 R S 2 Fhe B 1R, JF Ak
97 #R ELAT R ) X ke 3 P A o e — 1k (F] 3)1el,

Ty R0 L HL T 05 AR I AL AR A B BB B BE A K

Chin. J. Org. Chem. 2022, 42, 665~678

© 2022 Chinese Chemical Society & SIOC, CAS

8 G e 1 T I S L S P TR A 73 8, (HRG AL
PP REERZF T BEMNA, KRR T RMZ TR
[FJRF I SE I T 7P 4  B ALAL R ERE . e, AT —
FRVE IS T AR B SAS [ (10 A2 P 3 T ik Az,
I3 AR B S5 R SOSLAT H AR ER IR S SR AN M SE 4, X
W S SRR AR R . 58 B )
A, AT RIBIE T B A 1 A JRE AR A S A PO SRS, 1 4
TR ERY 51N AN £ S S PG 75 4 32 395 D R 42 ST A ke 14 e
PEREFEIESEME V2 ML, A 2RI 2 2
P, TRt SN AF A& 2 fl 2 1O R R oK

2 (PEECSEAREBETRENRMNE

21 S airAROEBRELARS HIHKR ML

BRI S ZAFAE TR R A R e 35 B 0 AR
G, W iEe e AL R BRI A & B E g R, i,
FERFE IR IR A HEAL T, By il In AN = P A AL
AR EEE L2 R PRk, 2 A R Al R R ) e i
HE AR (B 4, )17 T8 A i S A S B B I AL BRI
SR A AR SRR R O B 2R e A A
WSEEl. MRk, WEFNTERE T#Z AT Tid
< TR AR A S P A 2R DS 1 1 7 A A R
e, R R DL JE n MRS A O AR I R s
Fe & 2 22 AL OB, EATEHT 1 E
FEAL AT BE 9 K L 32 6 07 A AR RIS, Dy iy
FRACE DB 2B A A SR A R 0B S B T i R 2k B A
P> T 5B T 5 2 Ik AT fE

http://sioc-journal.cn/ 667



B

Pg
Iy
activation /N\P‘/;(’ * metal catalyst
pd PAR

known ¢ limited to allylic alcohol/diene
P
rllii rF\,Jg R’
2 442
CL, e~ LY

I}IH ,F\! “'R2
g

P

2 ’ 3

NP * metal-free
‘ Phi(OAc), EI 9 * diverse C=C bonds

oxidative activation * chemoselective oxidation

this work NPg * diastereospecificity
1 * 40 entries, up to 94% yield
underexploited

Ts R Ts Ts Ts

CI: : :N N CI: : N]/\o) CI: : N O R : Nj/On—Bu
Cl N]/\© Cl N Cl N R N
Ts Ts Ts Ts

R =Bn, 90% 57% 50% R = H, 52%; R = Br, 93%; R = Me, 94%

R = Me, 79% (0.97 g)

B3 PhI(OAc) /M-S HIARH 5 C=C HE[4+ 2] (LI IR
Figure 3 PhI(OAc): mediated o-phenylenediamines and C=C bond [4+2] oxidative cycloaddition

a)
OH (0] . OH
0, H,0 OH
NS . Eumelanin
Tyrosinase HN black pigment
H,N H,N

H
CO,H CO,H 0 Biosynthesis of Eumelanin
b) CONHR CONHR CONHR
enzyme, O, o Ns NH,
NH O (0]
o NH2 Me Me Me
R:—</\[ R = -Thr-DVal-Pro-Sar-MeVal Actinomycin D
[e], MOy, 1", 1V N0 reaction partner products of
- - R —_— synthetic interest
sterlc/ellectl.'onlc A NHPg (limited scope)
deactivation

e.gﬂR = H, unisolatable

stabilized

cl R NH
NH H3C;<IO ;@
R O
(6] Cl NFmoc R or R'= NO,, CN, CF3, PhCO
B4 M mmEmEit
Figure 4 Biological oxidation of phenolic compounds
I8 3 2 Py 1) A A S A B T Nt TR T AL BEAh, B R R A — R W
A . Ferp— AN SR R 5] e DU D R R 2R f& Actinomycin 55 §1E R KAV & BCE D IR(E 4,
ARG R EAL TE B, (AR PRI QB IR IR 5 I Ji v 7] by SR, bad B B A A RO I AR R S e R4
W oy RAE R, X IER R BRI (L 325001 BB A B 1SR 3 PR, G SRR AT R R S T i

668 http://sioc-journal.cn/ © 2022 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2022, 42, 665~678



Chinese Journal of Organic Chemistry

ACCOUNT

LSRR R B, — M7 ZEAE R BRI AT
FEEE KA BH S A 53 g . FE SRR b T R DA
HAzE e BN, Lectka /NHPOIRLE iRtk I 1 7
il N 25 A0 2 T B0 i S SRRk, o 4 X A R 1
TSEEL T H S BRI ARE B[4+ 2] B, 3R1F T Ok
SR TE L A-SRIRRRE R A Y. A, BRI 4N IX
B A B ] (AR RAT FE T Pb(OAC)s AL T 7 1B
T P () G5 AL 2 PR S 11 ST R

22 PEREXBOBEECSLBIKME+H2EFFMER
I~

T HUAR F5 P = 1 410 2 gt B 0 e ) A 5 1) 4% A
Bk B MRIE, il PbO, EAL AR KW 5 H
BEHTANA R, B4 YRR R =
(£) 0.7 mmoleL ™ ") R il LA Y3 2% V. A2 2 e 5 W0 i 1) —
RRU AT AL S A 1 SRS B AT 2050 928 1% v T 44
A R e, NI AR B B R A e i il 2 X
SN TE 43 1 R R, X —RITE Mn(salen)f# 1k
VARER IR 4 5IRRIGRE 5 A4+ 2] RS 256
iE. AR B IR (89%) R 21 1T =38 1,4- 2K FRRERR (L
G 6, R HBRAR T AT RER AL E 7 5 & K=Y
A 52T R B B, 2 SR R
MnO, NEALFIN, HE “RANTE=Y). HRTH
AT B e SO FEVE RIS, A BRIZ, =4 6 1R
Z i A TR AL TR) 2 R 8 S T s 5 BRI, IROBLIR B 1 52
Wi 75 ARBL R KA (P 5), 3 78 29 15 B o ) 4k 7 2248 m 4
i A BB T 2 i 45 e N PR e R 221,

AR N T, EiR 24 Diels-Alder 2 MWAX 7
1.5 mol%Mf] Mn(salen)fiE{b5F, BL H,O, A& s L7,
TEEIR PR e, 12N TR R R 2R S
R sz o7 e ) A T AR SRR AR TR A R S ) M, K
KEwn T ARRER R & M. AR M A e AT LA
B, ZHEA R RAGE F TR 4 T R AR
TR, BERAEA A et d PRI, 1AH R R
W AR 5 kA B B R AR S A A, 2R
PRI e B A AN TR & M, B anReFe s J7 B 8%
ARIGEIE . FERR A bR IE 5 T RE(K 6). TEANEN D Mn fiE 4k
AR BL S, T BRI i 7 T UL A RS0 5 R AE
SN AE T 6. IR e LE JEULI, AL R BLAR R
A1 2 A oy DR AN SR A 1) 5 I TR T S 82 11 2 m A B
BUS IRINEAR AT H ORI, RN Mn &8k
FITEFEN [ M R LR 3 T A E R, FEAAELE
P ABIRBR A Lewis BRIGIL. X AR T 4 I FHHC
T HERTAE ) Mn(salen)E AT, FRI0R =4 6 X H
FEIH AT AR FR S5 e R

Chin. J. Org. Chem. 2022, 42, 665~678

© 2022 Chinese Chemical Society & SIOC, CAS

PMP Mn-1 (1.5 mol%)
©:NH2 HN  co,et  Hz0 (1.5 equiv.)
+
o
oH 5 CHCl3, 25°C, 7 h
4 5
: N, N
H COZEt ' RN -
N NH | WA
. via Cﬁ O i O
NHPMP S By By
6 7 i Mn-1

100

Yield/% of 6

0.5 1 15 2 5 10 20
Loading/mol% of Mn-1

100 A
90 A
80 1
70 A
60 A
50 A
40 A
30 A
20 A
10 1

Yield/% of 6

-10 0 10 25 40 55 70

Reaction temperature/°C

B 5 AT BN S i 0o S S IR Wy 5 i A
52 8 ) B )

Figure 5 Influence of catalyst loading and reaction temperature
on the oxidative cycloaddition of 2-aminophenol and enamine

2.3 HEECEEBRSENSE LB+ 3FRmK

1,3,4-W8 Z A0 S PR 7S Ju 30 b R 23 AN A
JRF R — AU T IO MRS 45 W £ 52 500, e I AR AE
T2 Rl B B3 A T I 25 S A AR 2 23,
SR, HRTCA 1R D> B %8 ML & W & T
RERIE, FF HIX L5y ER il £ 5 5o T WAL
(7 2P, 431 10) B0 IR IRk S BLAR T LR35, (HAH
KT+ F 8, R RAE TS SO 2 R
W [ 2 = AN R THIR 1,3,4- 507 HES & 7k
R

http://sioc-journal.cn/ 669



BHLE
Mn-1 (1.5 mol%)
N NH, @iCOZEt H,0, (1.5 equiv.)
T CHCl3, 25°C, 7 h
H COzEt
| ~ N
R—— P
(0)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, NeR
H H
H COEt H COEt
S Ve
85% (1.62 g) 63%
H CO,Et
H N
s es
\C[OD O2N OHN
HN-_~o0TBS
79% 93%
H COLE!
: O t /@[ :I:/\
HN\n Bu HN
70% 86%

B 6 ABZIEIARMmY AN A (44210 I B S B ARFR P A
Figure 6 Selected examples of oxidative [4+42] cycloaddition
of ortho-aminophenol and enamines

ST IR R S SNV TE R R, AT
LM BRGT 2 15 Lt R S B M tH A, A B 07 A A
R RIS, B ASEE P IAR 9 1F N “Br-T-R” &
T, RGN BRI =R TS, DR

NPg

a1, %T 0, SRR L 2 BRI SsOn 1
25 5 2% R A, S T RATHIOGE. BRATEREA S K
AT 12-F TR 13181 N-75 50 10
ER “E-F-B7 G, BB SR A7
B33P N, KET 1,34-88 R A
YT A TR (B 7, 2)3),

X TFZRB, KRR 825 R [3+ 313
IR, EAR N R HL - FEHUR 10 R R SR 2% = 1)
T, (HAEH] R B AR T N-EBEE U T BT
R, EAL ML 2 (hemin) fEALTFIFT HO0 4 H 14
R AL N-TR S0 Ry A N-05 B R e 4%
PR, TRALAE B B PR % 5 5 3 AL O B A R
YERYE R, RIS AR SRR s S B A
%ﬁ &Wﬁ% *W@%ﬁﬂﬁ%%%&%u& ﬁ

PANPY

¢+ Cbz.
T%%ﬁﬁ.

Hemin /& RAMA R FIES AL TER, — K& HE)
VIR oy B4 at, e RAE A O AR 2 TR
& I EAGIE S R R0, HLER T TSR, FRATIAR
hemin/H,O; % T~ 22 22 1) Aij 44 1) S840 08 S Iy S |l )
Fh, & PI D A AR, X AT BLAA N 2,2,6,6- DY
LR e AL Y(TEMPO) . 2,6- U T J:%1 Y (BHT)
S L e AR R0 0 e S PR Sk 2 A 4 FH 45 B SR
SR, AiEMALR RPN NaOH, %W /] LU S AE
R EMTIRACE HL0, 5e it AT 72

EAEREMAZE, AT TEMPO A6 LE
&, BRI AR B T T 3 RO TR RS L

cmau&%ﬁmﬁ%%;ﬁﬂ?Tﬂhﬁ

RLTJDwP/RS

R2
H PgHN
\©: )sz

Pg = Boc, Cbz CO,Et, Ts

[3+3]

* lonic phenol oxidation with hemin/O,

NHPg

NaOH
-2e, - H+
(6]

A3+ 31 IR R PR A 1,3,4-8 TR SRk
a)
NHPg
©)
8
b) « Phenol oxidation with hemin/H,0,
NHPg H202 NHPg
2nd oxidation
- H*, -e
Pg
_NHR
© X
R R
0]
K 7

[3+3]

non-catalytic fast

Ty =R A= [3 -+ 31SE AL IR N AL 2 1,3,4-M58 18R

Figure 7 Biomimetic phenol-hydrazone [3-+3] oxidative cycloaddition to construct 1,3,4-oxadiazines

670

http://sioc-journal.cn/

© 2022 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2022, 42, 665~678



Chinese Journal of Organic Chemistry

ACCOUNT

PR 7, b). B CEkikiE, hemin A 5 B A5 508 R
A0 ) 228 R LA A VR PR PRI, TR 26 R T e il 3R
T BB BB A TS PE R w-oxo- 4K, iZnibkek
L&V EALNLEE S pH B2 DIAHSCRT. s,
KIEMAEWMEA T £ A 7 =% 5 sl s
g1 T A R R RS AL 2. A ANk, 34T
LRI N-Boc NEARERH A4 5 7 A3 0 5D B — A
PO { R AR 7, o). LREBH—PEE
7 Lhhemin NHARK B RIR & @I SIS 5 5H b
LG B INAE AL S R, R AR R A
RUEYIRRAN R P450 KA IERIREY 2K+
1) AR A B8 SUAB IR 2 R 9

3 ETEvEFENHEENEXELEIRRN

3.1 REESHBIRENELELE2ER MK

bRk, T WAREESE T IR TR, &k
J 5 H e SR AR RN RS AR AT R AR AL B R,
AL T By AL AL 1 < R C A AR A e Az il 5
B RN, M O I 5 AR REAL R T AL, A
SN AR B L — 2 HA I R O S S A £ . X T |
TR R ® S T7 RS TR, BVR
AR T AR (14U A9 45 R A S B % )R T SR
TR 5T A BE TR 42 AN 3R BE (0 SLAR I .

a)
OH C

u
HO f COOH oxidase

ﬁ/COOH

R IR MR 15| R bk 225 4] 2 V22 -1 R SR AR M )
HEE AR XU AT R I S AR e, A
RAYIF e BAT BB S8 W AN R 2 05 /A3 +
210 RS L 2 K S X — 43 - BRI B L R (6 1) AV,
X AR A R AR =W R W & B D BR . i, bi-
pleiophylline, 124 T4 7 & %8 MR AR R R AW
{175 A & a = 2 S RO B/ RURY PR LN N
HEWI/Z Voacalgine A H1#JALZK — ) #1 Pleiocarpamine ff]
W Wk B 7 3 3 ) L s Ty i R 114042 70 A A 5 SR [3 +- 2]
R 8, a). KT, I /N> TR R
TR ) 25 340 458 P R %o PR3 458 1P 0 70 3 Pk R 200, ZE AT
R I AH S T 2 B, 5 BT T A RS e B RS
JFR BN, 2014 £E5K BRM R ZH PR B Zn(OTH 7E A
Lewis FRUEATT, SCHIL 1 0] AR IV Jie ) 4 i F4) [ 3+ 234
IR L, AR IR A2 1% e N AEA Rk, LR
TR A EALTISEIL T N-Ts FRIZAZAT 3-HUARHs Wk f[3+
20 IR L, DA S ) SR B 4 T ORI TR
IR T 5] R IRR 0T 2018 47, B3 LA BURIE T
Cu(I)/SaBOX =y AL ERARBRER S N-Rist gt Jk s ey A
XFFR[3 + 21PN R 2

BT UL BT 5, IRATHIEE R & — N = 2 15
AR AR, T 11 P A S A AR T R R PR AN K PR A I
SONAHERER. SRT, REEE AN Lewis BRIG AL

pleiocarpamine

)

Bipleiophylline

o
O
N

(@)
MeO
H
X 3

Me cytochrome ¢ (0.37 mol%)
H,0, (3.0 equiv.)

PBS Buffer (pH 7.4)/MeCN, 48 h
(49% vyield)

OH 12 H H
8a 13a (5% ee)
) NHTs NTs NHTs
1
! + Hy0, + indole Q R O
oxidative catalysis Lewis acid catalysis N o
(e}

OH
8a 9a

22 examples, 42% ~ 90% yields

B8 X SR Mg WAt 77 M A SR [3 - 203 o o Py S 8 Pk M e b

Figure 8 Oxidative p-aminophenol-indole [3+2] cycloaddition via relay catalysis to construct benzofuroindolines
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Figure 9 Enantioselective phenol-indole [3+2] oxidative cycloaddition enabled by Mn(salen)/CPA relay catalysis
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Figure 10 Mechanistic studies on the Mn(salen)/CPA relay catalysis
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Figure 11 Assembly of benzofuroindoles via oxidative phenol-indole [3+2] cycloaddition
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a) Cu/Co co-catalyzed phenol-indole [3+2] reaction
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