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Progress in the Construction of Spirocyclohexadienones via
Alkyne-Involving Dearomatization

Liu, Peng” Zhong, Fuming” Liao, Lihao® Tan, Weigiang ™ Zhao, Xiaodan™*
(“School of Environmental and Municipal Engineering, Qingdao University of Technology, Qingdao 266520)
(> School of Chemistry, Sun Yat-Sen University, Guangzhou 510006)

Abstract  Spirocyclohexadienones are not only widely present in bioactive molecules, but also act as key synthetic
intermediates for the synthesis of natural products. Owing to the great importance of these compounds, their efficient synthesis
has drawn considerable attention from synthetic chemists. In particular, there are many reports about the synthesis of spiro-
cyclohexadienone derivatives via alkyne-involving dearomatization in the past few years. The success of these reactions
benefits from the reaction mode: the activation of alkyne m bond by radicals, electrophiles, or metal catalysts under the
conditions of photocatalysis, electrocatalysis, or chemical oxidation, and then the subsequent dearomatization process. The
advances in electron-deficient, electron-ordinary, and electron-rich alkynes-participated dearomatization of phenolic deri-
vatives to realize the efficient construction of spirocyclohexadienone derivatives in recent five years are systematically
summarized. During the discussion, the used triggering ways are subdivided. At last, the prospects of this field are discussed.
Keywords dearomatization; alkynes; spirocyclohexadienones; synthetic methods; research progress
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HIEER o 8, RN RS XAEE 22N, 5
b, IR I H AL OO, TR T MR IR AR
e, TR, S Bk ) 25 5 R R i 57 6 1 25 D7 # A DA
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Bkt 2 5 15 57 AL SEBRIA © I i SR S R
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F MR O WG HRAL S £3385), (HoZ, BIH AT
1k, EEA LR MBS 5 L IR I B —
W AIEHAT RGLRE. A SO W2 5 £ I
IR ORISR S Bk, R TR AT
FUHERE. EHE PR ERE. R TR =
KREATEMZ S E TR BT 02K, R —3K
R SCEL L DAL AN T B, Ao figfl. HufE
o AR R SR M AT A . ALRA
HE AN 7 iksed N 1 i ie 2 5 255 i i 0%
O TIEESRA ST T, fedt xRt A AN 2 5
P ATIEAT BT B GR,

1 BEBEFRIESSHEFTEHCRN
1.1 BEERHFNEFIUR R

H 52— R B miE I s S R, wE e
oy . AR ST B A, TR
51 R G B 25 55 KAk R,
1L.11 T A A AR IR [4,5] = M BR AT £ 40

FefEAb 2 — PR s S T B, v TR
77 BOR &2 51 KA 4R B AR S PR sk, —
S0 AR 3k B S AT A 1) 25 0 A A LA SE BB BR O 0 i 2%
WAEYINE K. 2018 4F, RSO OHRE T nf It
R ) N-CR HR 4 25 7 88 ) T o ot 5 Tt S PR B A 2
Pk SR, e HR R SR 1 e GBI T ARk
I, PR 2ESIBL . ipso BEIME . ZI5FITL RIS
it 8, W T — &5 3-BEIL IR [4,5] = B AT £
(Scheme 1a). J )37 [F] B 357 F2 B% T P AN Bl B B AR — ANl
AR, 2021 FFAZ IR RRA T R R T DAL i g I 2
F H 25 BT R R AR AL SRR AN S B2, SEER T MR [4,5] =4
BEAT A0S 5 (Scheme 1b). Zx M A, BEIEI5EE S5
RAEPDCHARERBTFER, AR O mE, 3
— W R AR BRI, R — T, RS B
H a5 B . B, FREEA . A REEIL
2,4,5,6-VY (9- e P ) [H] 2 - Jii§ (4CzIPN) A L BRI, I %
12K H I (BPO) A AL T, a- B ARRER AMES: B 5L AT
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W, IR TR T — R 3-WALiR[4,5] =) AT
AWHTE] WG HEAL A (Scheme 1c).

(a) R?
= 0,
R N™ ~O Ir(ppy)s (2.0 mol%)
. R2 2,6-lutidine (2.0 equiv.)
o H,0, CH3CN, Ar, 100 °C
)k 5 W blue LED

Ar” Cl R®=Ar, alkyl

(b) R®

&

R N0
+ R?
0
Jkﬂ/ 5W blue LED
R4
R = 4-CF43C4H,CO

N.
OR R%=Ar,R*=Ar, alkyl

(c) Ar
Meo\(\j\ /lt
I
NS0
R, Re

O

OH

R3

R

B 1w oG IR A 25 5 M AL R B

Scheme 1 Visible light-promoted acylated dearomatization rea-
ctions

Ir(ppy)s (1.0 mol%)
H,0O, CH;CN, Ar, 80 °C

4CzIPN (5 mol%)
BPO (3 equiv.)

CH3CN, N2, r.t.
blue LED

3 = Ar, Bu

up to 80% vyield

Ar

(0]
MeO N | | N
| [ Ru(bpy)s(PFe), (2.0 mol%) !
R AN Y) K»S,0g (2.0 equiv.) v Ar
+ CH3CN/H,0 (V:V =1:1)
H rt., blue LED O C(CO,Et),
EtO,C. | CO,Et
CO.Et Y = 0. S. NR2 up to 86% yield
P ) O,

B2 AT OBt M ke et 2557 Mtk S

Scheme 2 Visible light-promoted alkylated dearomatization
reaction

2020 4F, Prabhu TR HRIE 1 — 1L 1 B A
(KoS:00)FAHE T, A= FE =R IIE Mo i i e B
T s T FD 248 B 4T A 0 16 AR A 25 55 K9 AL B B (Scheme
2). WORAHDCHRN S R #h A R TR, TR
BREAR I 7 B 2, Rl AR TR ==
FRIRBRFA R NI B e R, Hok— 0 R Jm St e
RS NAS 21 3-Fe KLU [4,5] = H i 7= 1)

2020 4F, 2=V WA BRI AEIORE | — M5 )R
Z 5 HR] WGHE A N-Cf R S8 3 55 31k ) P BRIt 2 ) e QR
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WAL B, AT AFE SR R A 3- xR IR [4,5] = 4 B
(Scheme 3). 1% 5 S A% XU ( = 41 2. T 05 ) A HE (PTFA)
PR IRF, AST5 B4 I0 BRI R AT S AL R ERAY,
L AEF W IR I, 1R %4 & i IR AL A B
SACHE IR SRR, TR R IR o] SR
RECEAIEIRU I B, 125 R TE T YA, 2R A,
W8 K AT

PIFA (2.0 equiv.)
NaOAc (2.0 equiv.)
CH4CN, Oy, rt. ~N R’
Xenon Lamp /
o} |

MeO (I up to 93% yield
0
N So

| PIFA (2.0 equiv.)
NaOAc (2.0 equiv.)

KX (2.0 equiv.) ;
NaOAc, CH4CN, rt. TN R
blue LED
X= Br, Cl o X

up to 90% yield

B3 A7 WG i T o B A o A MR B 4K B2
Scheme 3 Visible light-promoted halogenated spirocyclization
of propiolamides

2021 4, BRERR . TARRSEIR R T —R LA
(g-C3Ny) AMEAF, BER — F s (DMC) A 7 i o] Dok
AL ER FAL 22 55 M4k [ M (Scheme 4). %48 R TG 75 ME
AT, e TG AVLIERIEH, AL g-CiNy
AJ A [RIOR] A

(e}
Ar
1
MeO._ -~y | | 9-C3Nyg R
| + NHSCN ———— p Ar
_ DMC, air, r.t. N )
@] blue LED

R’ N
R O  SCN

up to 84% yield

B 4  g-CNa AL AR FUAL 25 07 M0 I B2
Scheme 4 g-CsNs-catalyzed thiocyanated dearomatization reac-
tion

A4, ZRBHAIINIRTE T — KL mS 50
WIGHEAL N-J5 3 PR BRI (1) B e Ak S R (Scheme 5). J
RiFIA 4CzIPN G BGH, o 4 H Bl (LPO) N AL
A, AEFIRFAT T RRIIE R T — &5 3-BkiL . =%F
FAL AR FAL 1) R IR (4.5 = IR ER AT 4.

2022 4, REMHEERIE T —HILUR MR
N OBERE B B R, wT OB N-J7 R P R
JH (1) — 9, £ Ak 25 05 KAk [ R (Scheme 6a). 17712 5644
TN, SOMEI AR, [R)AR, P SElRIE 1] oG sk
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o)
Il
H-P-R® 4CzIPN (5.0 mol%)
R® LPO(2.0 equiv.)
‘ MeCN/H,0 (V:V = 20:1)
Ar r.t., air, 3h

3W blue LED

R2
‘ 4CzIPN (5.0 mol%)
fe) MeCN
rt., air, 12 h
o 10W blue LED
/
[
_ \ R = SCN, CF;
Togin-Il CF3 up to 91% vyield
or
NH,SCN

B S5 A WOGREE A R L B IR L — i TP S AR Ak

A
Scheme 5 Visible light-promoted phosphorylation, trifluoro-
methylation and thiocyanation of propiolamides

(a) R o}
MeO | |
CL fac-{Ir(ppy)s] (1 mol%) ,
N o ~N R
e | KsPOy, DMSO, N, J
rt., 5 W blue LED 2
BrCF,COR? O  CFCOR

R' = Ar, Et; R? = OEt, NAr up to 72% yield

(b) R2
Meo\©\ | |
|
Lo
+ R

HF,C

PhI(OAc), (1.5 equiv.)

THF, Ar, 40 °C

\"/O\I/O\H/CFZH 24 W blue LED

o} 0
R2 = Ar, Me

BIR 6 Pk b % IR L
Scheme 6 Difluoroalkylated dearomatization reaction of al-
kynes
T, AR S ) BIACAR BE i — s Y 3 AL alml, X
AT, TEFIMEMTF PhI(OAc): fEATR, ST —
R R T AR [4,5] =06 B A7 2R ) & S (Scheme
6b).
JA 4B 2018 AFEARIE 1 AT WOGAAT T DRSS
B 1) R Tt 5 1 T AR ) AT R e %) P A R A
W R, 133 7 — 51 3-Relht FE a2 [4,5] =W B AT 4.
B 1 ELE ARSI SV A AT ARAh, WAaRI A =256 it
HAR[4, 51 =) B A T3 EARIE. 2019 4F, BFRSCAFIR
2K WO E Rt N-J7 5 DY Bt i 5 T 57 i A0

up to 73% yield
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1,4- 54k —38[2.2.2]F HE(DABCO)*(SO)(DABSO)
TR AR IR SN, B % T — R YA IR [4,5] =) Bl
A¥)(Scheme 7a). F5f&1E BuONO(TBN)EH FA R
REALS, HEdFHBMAE/ENYS DABSO 44, 153
BEWA. HEEEY A Gt B 2R 1%
FE(SET)d#E, 1921053 3 . A m(SO)F H H
B B, ffE, BT A B AR, 193
75 BRI AR C. € HEBCP Rm E1S B 2 S
A D, ZH AL ipso BRAE RN . 5B P4 AL

ik P Bk S5 RR AT BB =W, AR A, AT LR A
T o5 B EE SR M R AR D7 B A e, TG AL R A

(a) R2
o)
MeO_~ [ Eosin Y (10 mol%)
| /. 'BUONO (2 equiv.) R-
R! N" "0 DABSO (1.5 equiv.) R R2
+ H,0, CH5CN, Ar, 70 °C
Ar—NH, 5 W blue LED o SOLAr
R2 = Ar, alkyl up to 91% yleld
Ar—NH, —BUONO__ p—,+ BABSO .oy O
Ph AI'I \§</D
_N©
Me0\©\ Jt RTLR
o R Ar- /ik N
/S\\ +
Ar 6} SO, 4
Ph c R/E‘R

Meo\©\-\ SOLAr B
N~ ~O ™

|
l Ph Ph
SOzAr DABCO SOzAI’
S S
MeO /' MeO @
N N
E / O g / [¢]
(b)
Ar—N,yBF, DABSO (2 equiv.)
‘ CH3CN, 60 °C
Ph
Me0\©\ /lt up to 90% yield
(e}
o
R R3
‘ DABSO (2 equiv.)
Ar ~N Ph
/ e Acetone, N, r.t. /
A=l Tio White LED
o SO,Ar

up to 79% yield
BIR 7 =206 B iR [4,5] = R

Scheme 7 Three-component reactions for synthesis of sulfo-
nated spiro[4,5]trienones
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fRHEH AR E AL, A R T 2B IS IR b & 1)
HHAT. [F4E, Volla BREZHUTHRGE T BB 7 E A3
FDABSO 742 75 FEMhE F e 2, SEI N-J5 55 P ot fre
IR AL 25 05 /A S R (RIS, At AT A BRLLE mT DY 1 2% A4
T, LFOLEGN, 5 RS S DABSO AT Lidik
KAV L8 7= A 77 FE T B e B e A, SEELRE AL [4,5]
=AEHAATAE D ) B(Scheme Tb).

2022 4, J7IEBRAEAUSHRIE T — 6] WO T
N-C0F FA AR 258 ) R R I e ) A, 2 55 Ak S L. 17
ERTRHRGIAENFIN S Y, A b5 5 et
FE () B AL, 530 1R 72 40 s Pk g o D 177 A A2 W bl 1 I
(Scheme 8).

(0] NIS (2.0 equiv.)

MeCN/HFIP (V:V = 1:1)
R air, r.t., Blue LED

& N.

up to 78% yield

B8 N-F R PRI e (A 25 05 ) A S
Scheme 8 Iodinative dearomatization reaction of N-benzyl
propiolamides

BT N-Chf F SR 57 BRI BRI i ob, i 4l AT A
FRY P BRI A T AAE T IO HEAL T SE L 57k, Ak
WZFR O R, 2018 4E, Baidya BEAIRIE T LG E
FIZEAET, A TSR AT WOt N-J7 37
R i IR A BRI S, SRR, BRI BR, AT Sk
P78 AR A Bl(Scheme 9a). Sarkar ZEROHAE LI 5%
fE TR SR BT AR R R AT AR A A 25 05 R Ak e R
(Scheme 9b). 2020 4, #EMAFERI Pd gAAKKL 118
1E ZrOy ETRIICHEALTR, KR T —Ff N-J7 E ki
[ 5 2R TRy 5 i 3-Bn ARUR[4,5] = J R (1038 J7v2:, MK
i HABALA) 5 T [ A (Scheme 9¢). 2019 4, B4 .
A SE ZL AP LA B B 15 O Bt IR B D9 B 380 B T 2 T4
SCHL TR WG N-D5 J PR BRI G P A A 2 05
S Bi(Scheme 9d). 2021 4F, iR ZH 23 1w W o'
fesEng, Pl 2,2- IR R = AR NIR B BT, 52
T 3-IRARME[4,5]) = 45 ER A7 A Y0 # & 7 (Scheme  e).
2022 4, DRWLE AR I RAEPURGE 1A WL A L
ATV IEAL . ipso TRIME . 37~ P AR I 5 2K I Ak
FTER RSN, B T — RN A =37 )(Scheme 9f).
1.1.2  EAEA ARIR[4,5] =M BRELT £ 40

AER, AT RO — R IR H s A
APIERTB. BT BB AAREER, —
LB AE W AL S SR FR e BUE B E R B REAG R AE
AL R N A SRR T, IR E B EE It
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(a)
R2
H Blue LED
| N | | + ArSeSeAr
vy sCN, O, balloon R~N
R1 ’}l (@) .
R
R? = Me, Ph
(b) o
Ar
H Il Blue LED
+ ArSeSeAr —MMM8M R Ar
CH3CN, O, balloon
o) 18 °C
R O SeAr
R = alkyl up to 88% yield
(c)
Ph
H hv, 3% (w) Pd/ZrO,
| N + ArSH
V& CHsCN, 0,, 30 °C
R N0
R
R=Me, H
(@) 2
(Acr-Mes)CIO,4
H 2.0 mol%
h f + NHgSON —— )
v HOACc (0,5 equiv.)
1 N~ O air, DCE, 35 °C
R I 23W CFL bulb
R2= Ar, Me
(e) Ar
o)
H ~ Il
A N\"Xp RoseBengal (4.0mol%) R~ |
R? | HOAc (1.0 equiv.)
+ R R-N Ar
- 0,, CH;CN
rt.
Br——CO,Et 23W CFL bulb o Br
CO,Et up to 95% vyield
o)
O, balloon
K,COj3 (2.0
\O\ + RiSeseR? (2008 (20 equiv) Q R
50 °C, toluene ) R2
3 W blue LED
o] SeR3

up to 78% vyield

B9l WOGHEsE AR AT AR MR A AL 2555 A SR
Scheme 9 Visible light-promoted oxidative dearomatization
reaction of aniline derivatives

KB 2020 4F, FRPLEBAPIVRE T —MEib A ST
PRI AL BRI AL I Ty ik, 72 TC 488 AN C S8 AL 2%
7, Ed EREREE, RGP RERT — R4
(AT Ak M2 [4.5) = 45 B 7= #) (Scheme  10a). [A] i, FJ FH
TSR RGN HAT T ORI, 7R T Bk 2%
SR AR AT . 2021 4F, BRATEER @2 R0
T8 T R B AR AT I 8 B 3 2 0T Mk
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fir(Scheme 10b). EZEiR Jo4 AR S Ak 7 A7

M2 T, FIHASERAA RS, DhEER R
EI'JFL?E{%@J RANEAL /7%14332@1{@%[4,5]3%%@@?7?%
V). ZOREE TANER R G TR R, [FIRZ T AR
AT LAEAT S0 A

€0~ Il
ol i

H-BU4NPF6
ArSeSeAr or PhTeTePh CH5CN/HFIP
Z=0,NR? undivided cell
(b) R2
[~
R! N0 CF ’ﬁC
+ R T am
LiClOy, r.t.
LiX or PhSeSePh CH3CN, 10 mA
X = Cl, Br, | undivided cell

Y =Cl, Br, |, SePh

BR 10 ALz & R [4,5] = J R
Scheme 10 Electrochemical oxidative synthesis of spiro[4.5]-
trienones

1.1.3  HALAR FAR & R IR ([4,5] = M BRAT £ 40

B 7R E A AR AN, R 2 R
AN B A AR T Z AR,

2020 4, BRARE AR RAH MG ST DL 4R B i T
(Oxone) N EALF, VU T Ze bk Jy <, S8 1 bk
AT 4 5 5 A R B B, SR — RS 3
A7 R ARIEER O R A . 2019 4, Baidya PR @22
RIE TAEMIGFLET, Lh KoS:0s AR N-J5 54
JRPBE R I A0 25 05 A Ak S R, DA A 2 RO B () 7 3R 3R 1S
T O3-fili R R[4,5] = AR T A Y0 (Scheme  11a). 2020 4F,
Reddy BRI ZHRIE T 7ERS R (CAN)E AL
SR, 3 A P B R R R SEUER B A M AH B ) H el
FEATAR, 0 RN BRI N A R B F A
(T F AL )RR O WG EH AT A= P)(Scheme 11b). 2022 43R
S5 e anZEBORIE T LA Selectfluor Ay B — AL,
SEPL T R g PR R I i 55 0 R I 1) R R IR AL S B
(Scheme 11c¢). #E— R R I, 97 my SN I BE FE s
AL R ALY, [BIAT DUBRIARE] 3,4- A FE
[4.5) = MERAL AW, PSR AL IS IR AL =) 38 AT B e 4%
UG . WLEEREFUR B, st & JefE CuBr /EH FIE
FSCH e B Jig o (R4, f5 3 P adE— 20 R AR AL BRI I
2. [F4F, Reddy PRARZHBPILLTE A FRAR 9 571, K2S20s
REAT, SEILT N-J7 FE PRI . R BRI —
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Moy B HFEBRISN, &SR —
P At A 40 (Scheme 11d).

RYFALIE[4.5]1 =4

(0]
(a) i
R1
z K5S,0g (1.5 equiv.
Ny aesesen, KeS20s(15equiv) R?
| / DCE, 80 °C
)

R | O SeAr
,,,,,, z=ForOMe ... upto80%yield
(b) i o

CAN, DMSO R’
MO~ I+ AgSCN or KSeCN ——————» " U
| 60 °C R2
o Y = SCN, SeCN
) X" o
R
(e} Y
X=NR, O
up to 92% yield
(c) %
H
Selectfluor (1.0 equiv.)
MSOO f CH4CN, 40 °C N H
N~ "0 (0] SeAr
—— up to 88% yield
* o
AeSeSeAr
CuBr (20 mol%)
Selectfluor (1.0 equiv.)
CH4CN, 80 °C N SeAr
(0] SeAr
(d) 0
R1
I AgNO, (10 mol%)
MeO K5S,04 (2.5 equiv.)
+ RZB(OH)Z L, R1
Se, 1,4-dioxane X /
X" "0 120 °C
X=NR, O (0] SeR?

up to 85% yield

B 11 N-J7 5 T BRI I (A A AL S 8
Scheme 11 Selenylative spirocyclization of N-aryl propiola-
mides

2020 4, Reddy PR BHRIE T DABRERAR F 455,
K280 A, o EACRER Ayt & F B BE AT A4, N-05 5
TR R e e A 4K 2 05 K 4K S (Scheme  12a). BG4,
24 {f FER IR N I AR, AT DATR R AR i B A, A%
JHCH ot g R AR, [FI4E, Volla 54 BIHE T LA
KS,0s AENFINTLE RS E5H a-FARR IR ™ £
WEd 5 BT IE, BT — RS 3-Ih LR 4,5 =I5
fTA4)(Scheme 12b).

2021 4F, Fefh. i aiEBIR R T M e %
PETRHRIH Cu/Ag HEGE L 3-"F IR [4,5] = I MR 1) 72
(Scheme 13a). %7728 FId SR R AL T Ti(TBPB)
AL, I F 2R R R AR, SR 1 R
TAT A 20 4%, [RIEE s LB [0, fH sz 7 75 LA v 119 e I il
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Ag,CO3 (10 mol%)
(0] K2S,0g

‘ CH3CN/H0, 70 °C

R2
5.0
MeO._~ Il R3 = alkyl, Ar
\O\ up to 94% yield
AN
R |
R Ag,CO3 (10 mol%)
‘ K2S,0s
i CH3CN/H,0, 70 °C
R* “OH
R* = alkyl
up to 83% yield
(b) Ar
’}l 0 Kzszos 3 eqUIV
+ R Acetone/H,0 (V:V = 1: 1)
o 120 °C
Ar,)k[rOH
o up to 89% yield

B 12 V-5 PO I P 5t R Tt AL MR PR S5 7
Scheme 12 Decarboxylative acylating spirocyclization of N-
aryl propiolamides

(@) ,
Ar’
AgNO3 (20 mol%)
MeO Il CuBr (15 mol%)
+ Ar/\H
TBPB (2 equiv.)
N" "0 130 °C, MW

up to 65% y|eld
(b) R?
Meo\©\ /l[
=
R1/ Y @) Kzszos (20 eqUiV.)
+ H,0, CH5CN, Ar, 80 °C
R3
EtO,C CO,Et
| up to 88% yield
N Y =NR, O, CH,
(DHPs) R3 = alkyl

B 13 N-J7 3 PRI ) Joe B AL R L 8
Scheme 13  Alkylative spirocyclization of N-aryl propiolamides
JE. W AEDNRIE 7L 4-Fedk-1,4- S e ket 5
FEHTR, PLK.S,08 AT, ELEBS SIS T
o N-75 B BRI IS be S BRI A6 S M (Scheme  13b). %
SRNEJEADE I, RIS B AT A2 0 PO bR R B th A i
b S NERECR.

2022 4, Reddy PRARZHPOHRIE T B R A7 A A7,
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AR ER RN N-JF R S 1,3- e
IR B, G T — RAE 1,3- s i [4.5]
—IE AT AN (Scheme 14).

Cu(OAG), (10 mol%)

Ar
MeO | | M (NH4)2S,0g (4 equiv.)
\O\ R CHyCNH,0 (V:V = 4:1)
R1
R

80 °C

up to 92% vyield

BRI 14 N-75 5L B R 1) — B e S AL AR R AN S
Scheme 14 Diketoalkylated spirocyclization of N-aryl pro-
piolamides

2018 4, Balalale P& 4P ikiE 1 7£ ‘BuOOH f71E
T, B ARLATAN N-T5 5 R B G e A T e R AL
Wb, £ A Bi(Scheme 15a). 2019 4, Soulé
URAZH B AR Ay e ik B 5L w44, 72 BuOOH fEHH F4E
B o BREEREEE H AL, ST N-J5 3 A BRI ) o A
b+ EIRAL . SEAL HR BRSO (Scheme 15b). 2022 4, 4K
FFUR L PR IE T — o B J2 AT A= 0 1 A 25 5 # 4k
SR #E Cu(OTH), Al ‘BuOOH 1EF R, R4 1A
3 BIWEREEL B i, BEJS MO 20, BRI
AL AL RIS B 3-TEmE LR [4,5] = A ERATAE
Yi(Scheme 15¢). =5 FREER AN 1E Jy =5 F 2 B Pl 6
A, AT DUSE IR L — 5 B B4k . JBAH 25 05 M40 I R
1.1.4 3R[5,5| = M BRAT A 4% 69 A A%

BT ESCHEBIM R . PR S S Bk F bR
Ah, JREHZEA G T LA B e A A T 3 B S 1)
EHF SRR, 2019 4, XIF JREBOLL =R ALY E AL
7, TEEREN AR LI ) p AR AT AR, SEIL T bR 1 i ok
WIS, 133 T — RINBGIR[S,5] =R AT A
(Scheme 16a). 2022 4, REFRBHHRIE | —F] £ T
TREREN N SO, BT A =40 7 & A R AL AZ S, 5] = Jei i 1)
J71%(Scheme 16b). PREAN5ES7E — EALBAEH = E &
rul E HE, SRR GE B A, BEE SO: flA
A e SRR E PR3, R e R S — RV E R
N, 53 HFRZIE O IR ERRTAED.

L RBRERAAAE T, PL=5 4R (AgSCF) N =

FBR IS B BRI AT, 2B A SCF3 H R r1b
A%mﬁﬂﬁizmzi,ﬁxi£ml it AgSCF; 7
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(NH4),5,05 (3 equiv.) R?HN

\
_ +NBS
A N "0 'BUOOH (5 equiv.)

R' H K Ar
N. NMM, CH5CN, 80 °C
Ar R?

(e} up to 73% yield
(b)
Ar
le) 14
H N /L %/W p-TsOH (10 mol%) R
+ 3 - T"R-
A N0 R 'BUOOH (5 equiv.)
R I H °
L 60 °C

Cu(OTf), (10 mol%

ON_~ |l B BUOOH (3 equiv.)
| +0=p-R —————— =R
& N R3 CH3CN, air

R’ | 80 °C

R? = Ar, alkyl, TMS

up to 66% vyield

B 15 AT AL 2 0T AL R 8L
Scheme 15 Oxidative dearomatization reaction of aniline de-
rivatives

(0]
N SO,R
Mn(OAc) 2H20 R1 !
(2.5 equiv.) Ar
HFIP air, 25 °C R2:— |

up to 95% vyield

.0 Ar'
N FeCl, (10 mol%)

+ N \([)I/ + NapS;05
Ar ChsCN, 80 °C
\R3

up to 86% yield

Bz 16 LIRS, 51— 4R & 1k
Scheme 16 Synthesis of sulfonated spiro[5,5]trienones
T R 4 (K0S 0s) 1 FH _FFKEE I PR B3, dtm
S5 R R AT IO, B 6-exo-trig FMESZH
PO =5 PR EAL ML, 193] 7 —RIE SCFs #
(125,51 =M ERATAE Y (Scheme 17a). B i 91 i@
IR NS, 7E ‘BuOOH f7AE RSBl 1 3 o R IATC B
25 5L A 1R IBC D 5 Jok IR JER A 1) 25 95 4 4K R RE (Scheme
17b). 2021 4, ¥ CHIREIH HHRIE 7 —Fhil il Bk 2

http://sioc-journal.cn/ 4025
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JHEF A =R PR B R T, e TR
FR SR A, &4 B IR AN (Scheme 17c¢).

K2S,0g (2 equiv.)

NaHCOj; (1.5 equiv.)
DMSO, N,, 80 °C

(b) o

0 N SCF3

1
= K»S,05 (3 equiv.) R —
oS AgSCF Ar
N 29208 0 O9HV)

f AT 9T g 00H (5 equiv) R ]
R \ » HMPA, CH5CN

R2 H N,, 80 °C

O
up to 85% yield

F ’_h R
Pt(+) Pt(-)

NaOH/NaCl/NaOAc
CH3CN, LiCIO,4
I=5mA, rt.

o
up to 91% yield

B 17 7 HE BRI ) = 5 PP B SR AL 25 0T R S
Scheme 17 Trifluoromethylthiolation and dearomatization of
biaryl ynones

2021 4, BOF 7 iR HISHRAE | — L AL 4
A BuOOH 1 i T 1Bk 77 R ) e B A 26 57 M A S B
(Scheme 18a). KedkJIAA A 27 A AT 4600k B Hi 5
PR PR e E S, R EESER I, BT R
PR320 S AR AR 5 g 8 25 R I, T DASRAS BE A S
BOR. [FAE, B0 — T L S (DTBP)
FE vl T2 AU T S B R, R AR e
H g, BB R I 56 BUR SRR L £ 57 Mtk
FE(Scheme 18b). PHA=L FARTA M)A 1E ] T1Z K &,
[F4E, Boprr iR i PO K& — &k 5 ‘BuOOH
MG, AR R IR - A B B b, SeHl 7 kOT A
B IR . SRIAAG L 257 R A H B SR

2021 4F, Reddy URRRAH 8@ B Ak 2 kgt — %
B TR A AN R, IR R SR (12
IRy AL BRI, W] BUAR 3 — R AU IR[5,5]
ZRERAT A, 2022 4F, Perin AUV ok A B firk 1R A0
(Oxone) J AL, fE il TR 5 5 B A A
TR, 132000 H d 3G TEYIRY, SCEL T RN R R
TR AL BRIAAL L. Peng 2501 K, S,08 A AT, Al
Tk g 5, TR A SEE UL 1 3K 7 R IR A A 25 57 R A
2. 2022 4F, 475 RGP 55 3 “ KA H t
FERif, fEEE AT RIEAR KT, SC T A

4026 http://sioc-journal.cn/
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SR 1A Ak 25 95 K4 4K (Scheme 19).

CuBr (5 mol%)
4
oy YOO (80 equy. BuOOH (4.0 equw)
Ny, 120 °C

up to 86% yield

(0]
RIS R
DTBP (5 equiv.) L
_— Ar
Ny, 110 °C R2— |

(o)
up to 89% yield

B 18 K55 I b (1 e 5 4b 2 T3 A S

Scheme 18 Alkylation and dearomatization of biaryl ynones

o)
SeAr

R~

_ 8Woblue LED Z Ar

CHL CN, Oy, rit.  R¥— |

(¢]
up to 82% yield

B 19 7 FE BRI AL 25 05 AL S 8
Scheme 19 Selenylation and dearomatization of biaryl ynones
AW E PR PAE 2018 4EARE T — 11357 B el
FOTERR AL 2 07 M4k S B, BRI ik 1 e 22 e Y B R P A
T R 4R (AgNOs)E F R JR AL P74 (Scheme 20a). 24 fihiAl]
LA BrCF,COEt N et B iR A4, 72 EAR 1R
HI R RIRE S T SRAL R ) — slbe Al 25 05 A .
2022 4F, BRAE. FRERESFESSHRIE 1 — B BRI 1L
LA, TR SRS B0 B R, Bl
FEETORREE, AL T — RANEEIEAIR[S,5] =B AT
)4 Bi(Scheme 20b). [RI4E, 7 3CHESEBRIE T —
i BAH B AR5, 51 = IR B AT AE VI T 1%, 4E K,S205 A7
TEN, LA BR AR A0S A0 7 A2 AF 2 1 i1 % (Scheme 20c).
2023 4, FPELAFDHRIE T —F AR T BR(TBN)Z
55 BT B BRI B AL 2205 MU BB, [RIRESRIL T — &
B RH MRS, S| = ER AT A= Yo & i(Scheme 20d).
2021 4F, Ackermann B REZHBORIE T 1F EE@C%/TJ#‘
AL = P RN AR R P R H 2, S RS
=R R AR5, 5] = IR ERATAE M 1 SR (Scheme 21a).
TR FREIE TR R 2022 4F, B CEAERT
FERL AR AR T, 2 S be i 7 AR AR 2R
R, SEHL TR O 2 bk A R SRR AL 25 05 M A e B
(Scheme 21b).
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(a) 0
_ 0 AgNO; (20 mol"_/o)
| % I KZSZOS (25 eqUIV.)
A ~ Ar *+ H=P—O
R | Ot CH3CN/H,0, 90 °C
RZ/ Z>0OMe
o}
PO(OEt),
R
Ar
R |
up to 78% yield
(b)
0
s TBHP, 1,10-phen
g | R Ff NH,Fe(SO4),*12H,0 (20 mol%)
YA Ar + R4-gj—
1 N RSTH guoH, Ar, 90 °C
R | / R3
=
R2 OMe
O R R4
-
X
R1:_/ \RS
Ar
R*i—

14

R
K»S,0g (4 equiv.) Y\~
R |

" + NaNO, Ar

CH3CN, air, 110 °C

(0]
up to 87% yield

TEMPO (0.2 equiv.)
EtOAc, 100 °C

up to 87% yield

B 20 7 IR P WAL . EREAL AR AL
Scheme 20 Phosphoration, silylation and nitration of biaryl
ynones

1.2 mREBEMHESHLRM

B 1 H HE I G R XI5 iAs, B n
FRPEM 4 RAEE R AR 7R o] SR I TE Ak, AT
AR 32 R I 1R 25 55 ) A DA S AF S PRI R ) 05 Tl 2K Ak
4. 2018 4F, Eycken PR PSRIE T Ugi P2 )75 4 M
TR R AR 22 5 AR L. T8I T RIS, T
A 23 5l #5330 7R B 5 X B S5 0 1R Dl S B IR0 B R )
(Scheme 22a). 2019 4F, 1R AHPNE T TE Ugi 729+ %
TN 3 ALEUAR I MR (], I i Ah 25 5 e Ak
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GFF’E Pt

Et,NCIO, (0.1 mol/L)
Y=HorF DCE/MeCN (V:V=1:1)

+ CF,YSO,Na

45°C, 4 mA
N CF,Y
R1,—/
Ar
R |
O
up to 63% yield
(b) o
o CClY
R
BPO (3 equiv.) =
Ar + CHYCI2T o Ar
1 °C, air -
R Y=HorCl R
OMe
2
R o)

up to 85% vyield

B 21 RI7 R 2 i FR AL 2557 K4k S 7
Scheme 21 Polyhalomethylated and dearomatization of biaryl
ynones
FT A3 BB RG4Stk — b 5k [ R A [4+ 2]
IR, 13 8] — R E 2% 2 3872 Y)(Scheme 22b).
Wt At A T160-620 388 e AL R IR e 7 S & AR B T AN
[F] =S50 (1 2 IR AT A,

5 mol% AuPh3CI/AgOTf RO
@) MeNO,, 2 °C ~rt.
- 3
‘ up to 98% N R
410 R3  upto>30:1dr o” N 55
)0 :
HN-R4
/ N R R
R ZJ\WN\ 4 +
R R R1O
(0}
Ugi adduct = RS
2 ~ 5 mol% Au(JohnPhos)CI/AgNTf, N\:
\ THF, r.t. ~ 60 °C 0 \\/<o
up to 70% RZ\
up to 1:3.4 dr HN-R4
(b)
R2 00
HN >\%R3
N OH (IMes)AuCl/AgOTf
R (10mol%) R
SN 7N —
N _\R5 CHCl3, 70 °C

R‘l

0
Ugi adduct 5:\1 o O up to 84% yield
N
R Re
[Au] N o [4+2]
NN
R' R

B 22 SfiEfl Ugi W05 5546 UM

Scheme 22 Au-catalyzed dearomatization of Ugi addducts
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BHLE SR 5itR
RIS, Vadola RGN TSI NS R
TR Jie AR RN 22 D5 M A IR S R, DA PR 5 2 R G 7 R '
BHPAG T B NBEIZ P ¥ (Scheme 23), % EALIE R |\\ /lt R'SeBr (1.3 equiv.) A o
P o A T A TR R B C AL A, A R & N O MeNO,, 90 °C '
fi6, 6 T HHE SRR . SeR1
R = 0-OMe or p-OMe
up to 85% yield up to 88% yield
O T
(®) Ar
R |
\O\ Au(PPh3)CI (5 mol%) R Il ,
R2 X SOCl;, (2 equiv.), DMSO
AgOTF (5 mol%) HN™ |//
DCE, 80 °C / N} toluene, r.t.
R =Bu or H o R | Ve Cl
R2 = Ar, alkyl, H up to 85% yield R =F, OMe, OCF3 |: in\s?t; :| up to 87% yield

B 23 fiEfl N-75FE T BRI ) 25 55 KA S 2
Scheme 23 Au-catalyzed dearomatization of N-aryl propiola-
mides

2020 4F, Eycken BREZHIO4HRIE T —Fp i i & R
RAUOKIRRI 715, ZERAOKEE — BRI AR LG, 7R
Y5 R 22 P AL S N7 R R (A 1 B s, MR AR, H
A] 22 YR IEUAAE F (Scheme 24). [A]4F, Bibal 1481 4H 0514 &
T RN G SRR IR AR - S S
YIMEALTR], AT DA s Ak SR W A A 1 0 HE bR T 1) 25 05
Ptk B, FUERE AR E 0.05 mol%, H 5 TR ES
.

H
(0]
By~ Y Bu. Bn
0,
e N’Bn Ag NCs (0.3 mol%) o H N o
DCM, 50 °C -
HO & (6} o
70% yield

B 24 HRLGORAR ML T BRI, I 1 2% 55 A A S B
Scheme 24 Silver nanoclusters-catalyzed dearomatization of
propiolamides
1.3 FBRRFHRHNES R

2% PR TR 0T R et ) L T A A ST 2 5 R AL 5
— Rl E NS, 2020 4F, Zeni HAIZHOOE Ik i 2 ) KA
ﬁ/;%ﬁ?ﬂ'ﬁ N-(f S 57 8 ) P O I e b AT S B, 22 3

BN/ E T RS B 3 AL IR 4,5] =)
@ﬂmﬁi%(SCheme 252). 2021 4, Fhz= CiREAH @S
SOCIL/ — H 2 K (DMSO) 4 &, TR AL A B3 H 1 H
AR, I T 3 AL R IRAR[4,5] = ER AT AE M A Rk
(Scheme 25b). 2022 4, AhAI68E T — AR (PhICL) S5
TR TANERI A, SR A ORI S, SEIL T 31
FEAR[4,5] =M AT AV G R, 20k R TR R
TR RN, A5 IR S R AL 4.

2022 4, BRAT T IREAORIE T IERK 5 BT =5
WERAAAES, DL N-fi SRR IR A o A A k7, S

4028 http://sioc-journal.cn/
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B 25 N-77 3 IR 1) A 25 95 R AL S
Scheme 25 Electrophilic dearomative cyclization of N-aryl
propiolamides
LT N-Obf S 2 57 58 ) PR bR PG e R MR IR/ 26 55 R A Je
Ri, 193] 7 — RV FACIRIR O IR EAT A, R4,
v 27 05 SEUORGE 1R N- SRR B I i A AL
AgSeCN At A (SeCN),, [R5 1 Z Wik /S K & =&
WBRAFAE T, SEBLBC TS B bR R AR/ 25 55 WAl S,
15 2UAN AL KRS, 5] =M B ATAEP)(Scheme 26). %771k
AT R T N-Of FRARRE D7 28 P BBt fie, 45 28l AL Y
R[4, 5] =BT ED.

(0]
= N FeCl3-H,0 (2 equiv.
\/\l \Ar+AgSeCN+NCS 310 (2 equiv)
R1 | X CH3CN, r.t.
Rz// OMe
(0]
N SeCN
R
= Ar
R |
(0]
up to 96% yield
B 26 N-75 5E TR I 1) 5 HOR UL R K SR

Scheme 26 Electrophilic selenocyanogen cyclization of N-aryl
propiolamides

2 BEREEENEFHURN

55 PRI AT BRI TG BRI 5 R FEL bR AT B,
SR (R AR O A, 3 R T L I <R i A LA S
BUEAL, 2151 A B2 07 A SR, AR bR A&
T SBIATED G T F— 27, XN AT B
TR SN 7y 18] SN
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21 FEEREASTTRESHUERE

2018 4, SOFTEE . PRRHESETIHRIE T Pd 2K
VPR 2Ry 25 D5 AL B RORE, SEIR T Ak | Wk K b
BB IR O M I SR 1) K4 £ (Scheme 27). AT REALER
R JEA AR BRI AN AR Bl 5 O AR A SR A N Rk
Heck MELS B e AL YFh B, BE R iZ B R SRR
BCAZ 132k C, TERMIER T, KByt B —
BAF R AR D, /5400 R T bR A3 2B ). AR
FHUEHE T T AR R AL 0 05 SR Y, BT T AN
E9p Uty i 1 N /R ] 17 N I i 7 9 e
R IR IR e MR ER O S ER AT A A

|
R1'_.\ N ,
"\ = 1
NN RIS
R

Pd(OAC), (5 mol%)
P(p-MeCgHy) (10 mol%) R

K,COj3 (2.0 equiv.)
MeCN, 80 °C

Ph

B 27 ARAEALERIRIAL 2307 M0 R £ BRI O A

Scheme 27 Synthesis of spirocyclohexadienones via
Pd-catalyzed cascade cyclization/dearomatization process

2020 4, MRERIUEIRBIZHTIHGE T Pd 1L 2 KB
Mg 75 FEARME IR AL S L. A A i E A AR il S5
75 FIRR AR E AN G, RS S R A FA T R
[Pk A, TEBRIIE FH T 2K 21 Pk Uik ik — B 15 20 4
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HAYF, RIGEERIERS R T — RYEIE A
fTAM0(Scheme 28a). 2021 4F, AT S F F SSABLA 5
W, SEEN T B S BRS04 TR SR AL BRI AL S B (Scheme
28b).

(a)

X
R
=
R Pd(OAc), (10 mol%)
/ RS Xantphos (20 mol%)
Rzi ‘ + Ar—Br - .
S K,COj3 (2.0 equiv.)

MeCN, 100 °C, Ar

O Ph
O‘ Ph O CsHi
() ()

76% yield 62% yield
(b)
R1+

g5 PACL(PhCN), (5 moi%)
. —
3, RU\/ BuOLi (3 equiv.)
RAC | DCE, 70 °C, Ar
X 6
OH

up to 85% vyield

B 28 ALAEALHRIEICOR I (1 5 B AL 25557 K A0 S L
Scheme 28 Pd-catalyzed cascade cyclization/dearomatization
of alkyne-tethered aryl phenols

b 7RI AE AN, ZEI AT A T ASE L2 05 K
k. 2020 4F, S 7 URE TS HRGE T e p- 2K AT AR
W5y TN LT, S SRR B, ISR L
THERR T M. S E SRR S st W&
PERAME M S BRI S BICALE B E AR A, B85 250
IR ipso LY UG EE SR B, B e BB HEAL 771,
I3 2 — R A PR ZE R 7 Y)(Scheme 29).

2022 4F, FRILWIRABIAUMRIE | — M T FIEER
ZERTCAR I A AR BR 25 05 1A SO, JRAIE
2, WSS -2, 2-ZEMACRIR AT AR RO Mk, &
JIEAT RS i B R MR FE O B T A2 Y0 (Scheme 30).
A R B BT A R, RS TR A )
T A i B 2 (A1 T il ) SRR Y, (3 T )R-
PR I HEAL.

2019 4, Patil SRAHTURAE T —F0 4 SRR
T AR & G T R RIS R 2 IR TR T, AT
KI5 PhI(OAC): AAMEAM TS Cu(OTh, 45
AR AR ERAL 1) C—H BIE IS B IEER =4, ﬁﬁ
e RAEZRIN ipso BB Cu O TR N TR B, B
4029
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ik SR

BIHEFE
PG
PG.
N/\ l{l
JohnPhosAuCl (5 mol%)
SN OH  AgNTf, (5 mol%), DCM 7N ¢}
R-— r.t., open-flask R.—/
=

Proposed mechanism

°
[AUINTf

I N \

o

B
B 29 BfEfbIt p-Z2M K71 N 2 I5 AR

Scheme 29 Au-catalyzed intramolecular dearomatization of

alkyne-tethered f-naphthol derivatives
L1AuCI (5 mol%)
OO NaBARF (10 mol%) ‘ 0
84%, 96% ee

0]

“O? -
L2, 98%, 98% ee  L1,67%, 93% ee

K 0
S

L2, 74%,91% ee L2, 95%, 90% ee

BR 30 &fiEfl p-ZRMm AR 257 FAL SR
Scheme 30 Au-catalyzed asymmetric dearomatization of /-
naphthol derivatives

Ja I SR BR TR R0 22 5 A=), AEE N RIS T Ph-
(OACKLAEAE N Cu(OTh), B Jeb B N =i Fh, 1E4
R RCA . M FUR TN S, 53] 7 SR PEE RR
.

22 RS FRAESHURE

2019 4, X LR USIHRE T 6] N-J5 IR A
TR B IRAL 2 55 KA SN . 1% N Oxone 284 IR
= AR E i 3E, Bk B 2 E B N (Scheme

JothhosAuCI + AgNTf,

OH
JothhosAuNTf2 OO

[Au]
_O

)
L1: DG = /p\’
EtO OEt

L2: DG = ;‘f‘fo

N
Pr” ipr
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31). JRAD TG AR AL 5 BT UK, i A
PR AT AL 7).

Br

Ts N
N T
Y\© Ar Oxone (2.0 equiv.) Ts Ar

+ ZnBry Y
MeCN/H,0 (V:V = 4:1), r.t.

H (e}
Y =1, Br, Me up to 81% yield

B 31 N-J7 PR R IR AL 2 9T ML S
Scheme 31 Brominated dearomatization of N-aryl propargyla-
mines

2020 4F, Okitsu P58 BODL N-RAR T — 1 W0 i
(NIS) Az BT, I bR IR S B, SEBL T %6
o R TR AT A FR R T R TR A ) 25 95 R A SR . 2022
4, Fujita PRAABIRE 2-BRILBIRIINTEY) 70 HUE R
I TR AR T, R IR 2 ) 32 R T 1 5 44
R, 1EE A N-EAR T B (NBS) 8k NIS] A7 1E
NEEAT X IBOE FE AR IR IR AL (5-endo-dig AL, T HEE @
BRI R T 1) 6-endo-dig IUTE LI =)

2022 4, Rubin SEF2HRIE | UL =90 IR A7AE T,
5- LB HE-4- 7 BEMEE R A 7T SR AR IR A/ 2 D5 K
IR BL, & R T 2 W g 3 [ A IR O ) R AT A .
Jeganmohan ZFBIFE =3 AR LA NI T 2-BR &
AT 25 07 /A A
23 WEEBRENSFEESHEILRK

MET 2 FHNRR, HEs 58510255 R
RIAENT LA B2 3 7 2 1. Il AN R R A S
AR A, W] S ISR O BT A M
Bk kg,

2018 4F, Jit PSR A BRI T — B AL p-25
T 97 A2 90 5 i I A R i 1T 1 T o 6 2 D R Ak I B
(Scheme 32). J SAE A Z&AF R DA &5 AL TS 1) r= 2
Fb 22k B 1S 31— RYRZERRATAED.

NHTs

Re OH
Pd,dbas (2.5 mol%)
N + rac-BINAP (5.5 mol%)

/\ THF, 50 °C
= OCO,Me
R! =~ up to 94% yield

B 32 AR p-Z5 T 5 TR TR R 14 701 ) 25 95 AL
I

Scheme 32 Pd-catalyzed intermolecular dearomatization reac-
tion of S-naphthols with propargyl carbonates

2018 4F, ZSHTZEIRBALSSHRIE 1 im s d/BE UK o M
b TR AR PR 1 1) 22 K B, 6] FH R e B B AT B 6
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WA YIX A E R SRR, S m R,
PRIT R4 NN 22 75 K4k, SEIRMEER AL, &1 i 2 0k 4%
PEEG (Scheme 33). FIREM [ SIALER 2 : BRI 1 5E
2 P& UK R 75 (NBE) S B Bk SR AL, T TG R A i 8] 7=
Y1 B, A5 5 IR bt b S AL 0 AR B DAY R R R A C
B Je LA JRE PR AR NBE /3 29 a4k D. (A
P D Gt HuR s NFIEIR A [ N 1S B 4=, JF B
AR FE N R — ML IEER. 2T 1% PA(0)/NBE £
Kt SN, 2021 4F, iZ U BOLE R R T LA
PN —HRVEA T Dalesconol A fI-LIF LB LR, FF
I S AR, S8R T Dalesconol A 731
EHK.

Pd(OAc), (5.0 mol%)
P(2- furyI 10 0 mol%)
NBE 30 0 mol%)

- | "B CSZCO3 20equw)
MF, 90 °

X= 0, NBoc, CHCO,Et
R = alkyl, Ar

Proposed mechanism:

1M
E Pd Ve
/ Br \Pd”
Ar
X A
Pd" Me /
Ar I|3r D

pd"

G
Br
NBE Bl
Pd¥
N A
Ar B

c Me

B 33 Pd/NBE AL 2 KA SR A IR [4,5]58
Scheme 33 Synthesis of spiro[4,5]decanes via Pd/NBE-cata-
lyzed domino cyclization

2020 £F, ZOH FIREHEHRIE 1 —Fh Pd(O){MCﬁ
B 5 R I [2 2+ 1 IBIR AL OB, BT
RN AR . W5 HEAE AR 2 57 4L, BE&%
PARGF B4 22 1 B SR AT T — AR P IR I I B 7= )
(Scheme 34).

2019 4F, ZEHT ZE PR SSHRE | —Fh B F R
RIS S P 7r T HIRABEC R[22+ 1IR3
JS2, 1% B LA B S A N R B, 8 T U
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Pd(OAc), (10.0 mol%)

+ Cs,CO;3 (2.0 equiv.)
Br Br DMF, 130 °C

OH
= =
R2_ 3.1
Q/ or R Q

OH

up to 56% vyield

B 34 AL D73 ) S R R[22+ 1] 22 05 A0 S R
Scheme 34 Pd-catalyzed [2+241] dearomatization reactions
of aryl halides with alkynes

VIR E R, e DA 1 DX 3 FR A R4 1) 77 223145
T RYNEA O RIS Y. AR R AT A5
RN, S 2T AE LA v X e 5644 3845 H A7 7 9 (Scheme
35a). 2020 4, 5BEANGEEMRGE T — 5] T TS
T HIR R[22 4 1125 57 AL IR IR S B2, i a6 iz
LEFME C—H EReth, PAPEER00RM 7 R L IEM O
TJERBEAT AP G B(Scheme 35b).

(a) Ph Ph
OH Ph  Pd(OAc), (5.0 mol%)  py, Ph
N 2 DPPP (6.0 mol%) .
| + -
R KoCO3 (2.0 equiv.) R |
Ph DMF, 100 °C
Br 0
up to 95% vyield
(b) R3 R2
OR )
R Pd(OAc), (10 mol%) R? R3
N K5S,05 (2 equiv.)
R'T +2 | | - RHL |
Z AcOH (1 equiv.) !
th R Ny, 80 °C
0
R = Me, Et

up to 87% vyield

B 35 Pd MEAIREAT A BRI [2+ 2+ 1ML

I
Scheme 35 Pd-catalyzed [2+2+ 1] cyclization reactions of
simple alkynes and phenol derivatives

bR T AREARTAEIAL, ZEE T A Pt nT LS B 05 4
RIS FE. 2018 4F, ZRHT @R IE 76 PA(IT)f#
ZEY RN AW 5 PR AE A A B 264 R I [3 4 28R 3
RN, A R AF B — R A IEZE I i 5 ¥ (Scheme  36a).
SONHLERU R : ZERRAZELE R, PA(OAc), 465 1-773E-2-
25 R AE R E AT BN CIRR AE A, R HEITER
FNRE]) A B, T ERIK A () R AR,
HUYIFR B S U ZE 15 SR IR A C, B SR T R
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BilLE FIRSiRE
BRI A, I HAE Cu(OAc), 1E T H 4 i 1k 71
Pd(OAc),. 2022 4E, Ackermann BRFRZHOHRIE T — {548/ (@)
AL R 5 1-05 25-2- 25y 1) C—H 35 40/[3 + 20838 b Et0,C CO,Et LE9C RS
S R (Scheme 36b). %7772 LA EAL AL F B, b Br R oippy)s (1 mol%) ’
N7=] » N — ac-ir(ppy. mol7
T AEAFENFI R, 074 Hay (R ME— 4. - + TR R?
1R DMA, blue LED R |
X R2 Nay,COg, rit. !
(@) N = R3 OR' o
R1— T~ p up to 98% yield
H R3 Pd(OAc), (10 mol%)  \\ R4 oy R
R? on + Cu(OAc), (2.1 equiv.) ~ o (b)
|\\ | | chgl\s/l l(:z_goe%uiv_)’ Rz:_/ EtO,C CO,Et Etg;ng R3
_ R4 - 90° Br R3 . 0
up to 95% yield _ . fac-Ir(ppy)s (1 mol%) R2
Proposed mechanism: —R | | DMA/H,0 (V:V = 5:1) RI— |
Ph A R2 blue LED, r.t. !
O + 2 CuOAc O ! I
Ph K,CHO3 + up to 87% yield
o Pd(OAC), OH
OO B 37 "GN 2-1R-1,3- "8RS SRR TR
2 KHCO F TR
2 Scheme 37 Visible light-induced intermolecular dearomative
2 Cu(OAc), 2 KOAc

Ph O
Pd"
SON
9@ A
c

X Ph
Pd"
o
Ph
NG A
Pd" Z
/ /
oyl
B

N 1= R?
e I he RE
_ y R2 GF Pt N /

Pd(OAc), (10 mol%) R®
OH + | | 0]
OO n-BusNOAc (1.0 equiv.)
R3 DMF, 100 °C

CCE@2.0 mA up to 94% yield

B 36 Pd L 1-5738-2- 28 5 BRIE I3 + 21 b S b
Scheme 36 Pd-catalyzed [3+2] annulation of simple alkynes
and 1-aryl-2-naphthols

24 HttHFEIEFHERRE

2018 4, kK E RS ORE T — 5 A Wos i
2-JR-1,3- T HRIEA B 5 0 B R K 43118 25 95 ML R
J%(Scheme 37a). HACJKAN 1 Jotl B oL 134 7= AR Jot ik
H 3L, ke B REE A R, BSR4 ipso
b2 95 A SR, % S B T S T A R A R, 5
HARLFIEETTIRZE 0.1 mol%. 4445i% 44k 2 8 T 43
T AR FE BRI 2-1R-1,3- R FR YN, R ILAE
T I — 5 L KA AR A Va7, % Rt AT LA
FIHEAT(Scheme 37b)%. 2021 4E, AlAI 109 K38 T 25401
ZMER 2-3-1,3- FRIEA S I AT AL 25 95 M A I B
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reaction of 2-bromo-1,3-dicarbonyl compounds and alkynes

2022 4F, T P RREDHRIE 7 —4 2- RN
PR — HH i 5 3 3 b S 1) 431 TR) LA 2 B A A 25 5 A A
J N (Scheme 38). 1% 772K F I8k (CpaFe)E N HL{
I, 2 PR A C—H B RRESE Nk 0 B
BHIE AT, BEG T St e JE ) A AR 2R
BRI B H, TERAN S T A B E AR 2] T —
RYEIR MR A,

MeO,C CO,Me
21 H i_“—h MeO,C] >
CO,Me RvVC Pt

m CpsFe (5 mol%) R
. _CPerebmolA) |

1 undivided cell
constant current
V4

Z = OR, halogen up to 88% yield

B 38 Bl 2- R TR T R A F AL 2 0T A AR IR
R

Scheme 38 Electrochemical dearomatizing spirocyclization of
alkynes with dimethyl 2-benzylmalonates

3 BETRESSNEFHURN

FHEL -5l PR AR R, DL BT A AR
RE B TFHRER LB THEER S, RO BIESE
BUR TRV, PITEIR AN AE T SLBLS BRI 25 05 Mk
M. 2018 4F, Shibata BREIZHPORE R T —Fh bR A 4
REE A A, 3 b 2 0 R A AR RRIE (4,51 %% e -3- T
RTAEYIRIJ7 12 (Scheme 39). [N AT BENLEE 2&: 4145
S P A T I &R R A, ARG
FIF5 I8 ipso B HISEZIEBUAE IRAEIA p B P24 B, Bl 5 42
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i WA B A, R 2 A R .

Ts s, O
N IPrAuCl (10 mol%) N
N quinoline (10 mol%) R
R quinoline N-oxide (2.0 equiv.)
DCE/H,0 (V:V = 1:4), 80 °C
OMe 0

up to 98% yield
Ts R s, 0
N N
\"/gAuL AuL
O - - R
A B

OMe ®OMe

-

BK 39 & R ERAN T 0257 AIRIAME 8
Scheme 39 Dearomative spirocyclization via gold carbene in-
termediates

2021 4, MR AL THRE 7 —AhoR T R
T2 L T A B J B 8 A AN o R 25 57 44 4 [ 8% (Scheme
40). X FPEE S 8 HE AL 1T VE AR AN SR T m ot &
JRARIA CUA B R SR it 1 SE M HR 7 2Btk i
BRIRE, RNV EA RIFISAE S R F A
Xf WA R [ I A 2 o B R T S — D IR R
Bronsted M A0 PR 0 5 20 e £ PR AR YR AR it 1
UEH.

R1|_
. PG
P N BA1 (2.5 mol%)
! 2 == 7,
S Et,0, -20 °C
OH
up to 99% yield
up to 98% ee
N R!
Ay PG
= 0 ,
N BA2 (10.0 mol%) N
HO N™" ~ DCE/toluene (V:V = 1:20) R2
R2 25°C
up to 99% yield
up to 98% ee
R
),

B 40 T Bronsted FRAHE IR IR A0 PR 25 55 # 4k S
Scheme 40 Asymmetric dearomatization reactions of aryl phe-
nols catalyzed by chiral Brensted acid
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2022 4, g U 2H SR FH 1 el R A Ak 3k —
WRIE T —20r T N R EEZE My (PRI AL 2 0 M4k I B
(Scheme 41). 48] L5 IR, SNATEIR C
IR =, A A ST e R R I, SRR O
i = v BRI B U 2 R AR ZIE SRR — 4y F N IE
RN, 152 FAMSEIA =Y. FET ST XS Bronsted FR{H
A FR 5 M4 S SEAR 72, VR PR T AT BB SN
WLFE: Brensted FRAHETL 7B il A o i T R I . e H [
& A, SRIGSZEIZEME ipso Tk 7>+ NI, SIEIRMK
LA BN R L=, [RIBEA AN R R B R
IR Z 3.

R
PG\N/

) TH,NH (5 mol%)

n

N n=1or2 MeCN, 30 °C
o
by
OH
BA3 (2.5 mol%)
Et,0, 30 °C
_ R —
via
PG, @/]\H
g o R
RSN H
o I
up to 65% yield Y =2,4,6-(Pr)3CeH> c A
up to 85% ee BA3 B OH B

Bz 41  Bronsted FRAIEALHIZEIZ 70T N £ I5 AL M

Scheme 41 Intramolecular dearomatization of naphthols cata-
lyzed by Brensted acid

4 HipERE

T B ANy RAT DD BRI 2 DLRIRIA 2
Wi BRSO EENE, A0 T RBR L TR
RS E TR R Y SRAT AR £ 0T AL AL
WRIR O R B R AT A O O i R R AT T R S
LRk, XL N A AT H R SRR R
HEACTIFES AL . AL . (b2 LRI 2 P e
AT AL, B AR R TR, R
SUR LB 7B 2 kR, E R AR RS
], FEARBLAE LT JLITH: (DPEREYE R TR
PR, 2R IR T sk B bR Al e R B RE AL, T
WS TR TR B ()51 R G A
BR, 0T LBl M 1) [ R 2 BN R S A B AT
SRITTURD B)Y K7 SN BN AR TR RN, T AL A
XEPRRYEEFR O IR IR AT A T S AR B D BATA
NI JEHT I T3 A 218 0 fif vk LT BR S (1R,
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