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Progress in the Synthesis of Hydrobenzofurans from
O-Cyclohexadienone-tethered 1,6-Enynes

Li, Zhiqing” Qiu, Xiaoyang® Meng, Nan” Liu, Zhuqing™***
(“ Advanced Research Institute for Multidisciplinary Science, Qilu University of Technology, Jinan 250353)
(b Shandong Weifang Rainbow Chemical Co. Ltd., Weifang, Shandong 250101)

Abstract Hydrobenzofurans are abundant in bioactive molecules, natural products and drug molecules. Transition-metal-
catalyzed intramolecular or intermolecular C—H bond functionalization/cyclization cascade of O-linkered cyclohexadi-
enone-tethered 1,6-enynes is an economic and efficient way to construct this skeleton. The progress in the synthesis of hydro-
benzofurans from cyclohexadienone-tethered 1,6-enynes via C—H bond functionalization/cyclization cascade catalyzed by
different transition-metals is discussed. The relevant reaction modes, mechanisms and the selection of ligands for chiral control

are mainly introduced. Finally, the challenges and development prospects in this field are also prospected and discussed.
Keywords O-cyclohexadienone-tethered 1,6-enyne; cyclization reaction; C—H bond functionalization; hydrobenzofuran
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Figure 1 Reactivity of O-linkered cyclohexadienone-tethered
1,6-enynes
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Figure 2 Bioactive molecules containing hydrobenzofuran
skeletons
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A LTSRN aI 53] O-FF & IR AL 1,6-4 kR (Eq.
D). ZEDE RS, ST EamAaIFEES O, 7F
HELENEAT, B 1,6-%503 15 Michael fnpkak
# Diels-Alder < BB I:, AT LA IR R FAAH
P-ZER O AL A Y, 3B AT DL I R SR A 1
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SR IR A 4, RS 3] T T 2 2.

OH R? Q
<>_: o m PhI(OAC), QRs 0
N R2
\/ 1

R’ OH (6] R

2 SESBEMTHRS ZHEINE 1,6-F R LR
I

A R AL R IR G ER A 1,6-JA BRIRL s B 2
P S AR IR A S I 007, SR
(Pd. Cu. Rh. Mn. Au fl Ag %5) J Hodth 52 B 2 A A [+
B, IR AR RN H AT 32 A PR A (R 1 S 8L
112 (Scheme 1): (1) & EXRiG, 55 —0T
L IR VAT B & SRR, 2L B8 a M RE SR
WWRRBL JLTAT A Re AR O 8 1,6-0 i
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o R S RS BIAR B A, ()i U &R o S A
H, HRE WG 1,6-1bk B 5 KA BB, 2210
MR IR FE B Ib(#1E b), RE5H TR
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o R
la v
_ L SE
R2 TR
R’ Pz .
O\/ 5 --[M] R2
b ozl /)
R1O
Ib

B 1 O R 1,6-M A s 3 3 s 7 A%
Scheme 1 Main pathway of cyclization of cyclohexadienone-
tethered 1,6-enynes
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Scheme 2 Pd catalyzed acetoxylation/cyclization of cyclohexa-
dienone-tethered 1,6-enynes
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Hilg T — RN cis- BRI T4 ) (Scheme 3).
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1 mol% Pd(TFA),
BQ, THF, rt.

+  ArB(OH),
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Scheme 3 Pd catalyzed arylation/cyclization of cyclohexadi-
enone-tethered 1,6-enynes
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tethered 1,6-enynes
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Scheme 5 Rh catalyzed asymmetric arylation/cyclization of
cyclohexadienone-tethered 1,6-enynes
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Scheme 7 Benzamide directed arylation/cyclization of cyclo-
hexadienone-tethered 1,6-enynes
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Scheme 8 Pyrimidine directed arylation/cyclization of cyclohexadienone-tethered 1,6-enynes
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Scheme 9 Rh catalyzed reductive cyclization of cyclohexadi-
enone-tethered 1,6-enynes

2019 4E, MREGRUEBIZAPSIPL 5 mol% Rh(nbd),BF4
VEREALF, (R)-Seghpos YEFLAER, JEAR Skt & 4R
1,6- 45 R i SR s 2, B Dy M 7 A 2 R IR i 22 | 5
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LT s H kR R s 5 s R B B S R, SR
[Rh(COD)CI], F1 F M i B 14 (S)-BINAP f# {4 14 &,
DCE/MeOH (V : V=3 : 1)JREVER, ISzl T sk
RURIA O MG ERA R 1,6-M bR 5 Sim R AR BRI A /A B .
PEEREYIRINT 1Le-M BN pny, & e mp®) g 1,
FHEIE 75 Michael JIRR, PAiREr 97%HH AT 96%~
4311

http://sioc-journal.cn/



BIKE

99% ee (E1F 3] — RHIPIEIAC I SR IEIRIEATAED,
N 7 e A SR B L DX s B AN ek
4 (Scheme 10, b).

(a) Li's group

0 Si(i-Pr)3
P 5 mol% Rh(nbd),BF4 O
P 6 moto, (R)-Segphos | l H
R2 / ||| Cs,CO3, toluene X
% a 1 R
O R’
up to 88% yield
90% ~ 96% ee
Ligands:
O
PPh Pphz O PAI’2
PPh, PPh, O PAr2
S)-Binap L2 Segphos )-DTBM-Segphos

60% yleld -94% ee 72% yleld 96% ee 47% yield, -42% ee

(b) Xu's group
o) R?

r2 25mol% [Rh(COD)Cll,
. 5 mol% (S)-BINAP L
||| DCE/MeOH (V- =31) 0

N r.t.
\\/o R! o

R1
up to 97% yield
96% ~ 99% ee

pph, MeO PPh, Eggz
PPh, MeO PPh, 2

L1, (S)-Binap S)-MeO-Binap L3, (S)-DTBM-Segphos
92% yield, 99% ee 99% y|e|d 88% ee 47% yield, -42% ee

Ligands:

B 10 SEAEALIA O IREA Y 1,60 Mk AL 2R s N
Scheme 10 Rh catalyzed alkynylation/cyclization of cyclohex-
adienone-tethered 1,6-enynes

b AT R R B0V S 3 — 5 AP T AN T R AR AL
J AR &, BL[Rh(COD)CI A4 fiE 4k 51, F* 1 %
(S)-BINAP “Afti4k, 7£ Rh()AI(S)-BINAP HI/ER T, ¥k
O R 1,6-05 He R AR AR SRR B4 e N A5 31 F
PR SR RO, gl NAS 2 R R A B AT, X%
PR32 B RS ARSI AR RS R, 24 RO FH AR
i, AR T AR AA A, FRERE R RS R
B 3. T MR L i S A, e AR e e
A", i JFH RIS 21k 50 4 (Scheme 11). i,
2= AR R R B SOR % SR e T 5 0 ) A8 BB A
1k, LT Rh 4L 55 2 0GR 1,6-Jd b 310/
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A SN ) 2 1 3R B R 0 2 AL 1 AL A I R AT
AW, TSI AT T NS RN, 0 H RIS
R =P B A BT NF-«B (RCR, i BE A b iE
(Scheme 12).

X
(@] 5\\ 3 R3
[Rh] 5 insertion
_— R2
R O
steric [Rh] 3
control
0 5 mol% 3
Rh(COD),BF, Q R3 Q R
= R35mol%(S)—BINAP +
R2 DCE, 40°C 2 2
> R R R
rRlo_Z RT O RT O
1 2 3 4
[Rh] electronic
control
0 Rig o Rhl gs
[Rh] / X reduction

P R2 insertion p R2 elimination

o N
R (o] R1 O A

B 11 RO IR 1,6-0 BRAK TR AL AL S
Scheme 11 Asymmetric oxidation/cyclization of cyclohexadi-
enone-tethered 1,6-enynes

R
(0] COzH
+R\[CO2H Cp*Rh(OAC)yH,0
y DCE,60°C O : W
up to 93% vyield

Antitunor bioactivities of selected compounds:

o)
¢ Bn
=/ CoH
0 2

ICs = 26 pmol/L

O\/_< OAc

control compound
IC50 = 22 pmol/L

¢ Me

|C50 =45 ],lmOVL

ICsq = 107 pmol/L

B 12 RO AGEAR 1,6-Mblf AL/ Ak S
Scheme 12  Alkenylation/cyclization of cyclohexadienone-
tethered 1,6-enynes

2.3 CufELIAC ZIHERNE 1,6-ERIME R L
Cu & T SRR AT BB T 4, 32k 1 Ak
PR — RPN FALCA. T LR, MbR AR ARTH AL/

Chin. J. Org. Chem. 2021, 41, 4306~4319



Chinese Journal of Organic Chemistry

REVIEW

AL SN FURAR T ROR M BERE. 2013 SR AR IE 53 PR
B ARIE T Cu ALK S IRAR R 1,6-1 e AXS
PRI AU, fE Cu MIMEACIE TS, RO BRI
P E TR PR p-0r, RAEMNIAL S SAS B E) 44 D2, B
Ja AR D2 530 A BRSNS 2 S R
TR MAR PR 25 g PRI S8 2 I F R T 2E ) (Scheme 13).

10 mol% CuCl
o 12 mol% L* , Bpin

15mol% tBuONa R~ ',
2 equiv. MeOH, THF, r.t. (0]
R2 B B,pin, o
AN 1

1
oR ™~ suppress R
49% ~ 72% yields

conjugate
borylation up to 99% ee

[-Borylation

O-directing

. asymmetric conjugate
coordination 4 Jug

addition of alkenyl-Cu

R1 R2

. NS
%\\QQ borylation of alkyne Bpln)\(é)
2 ! Cu
R Bpin-Cu O RZ=AkylorH R@
o
D4 D,

B 13 Cu IO IREAL 1,6-M Bl b/ 3R S
Scheme 13 Cu catalyzed boronation/cyclization of cyclohexa-
dienone-tethered 1,6-enynes

HOCTIRE B R PR AT — e Ao B A
I, BEA R E] 1O AR R IR SN, Wi
SR HAT AR v ) X £ k. WLER A 7 2 I b PR Rk g
FAIRTH Cu BOALZSEIZIA A S R ) Bt — 20
BEAt, 45 2B SR IR B R AT A4 AT DAt — 2D Ak
il &I =MD, ZINEAIFRET Cu 1L
ORI 1,6-J A R 5 1 A H R R 1 A
A7 A 225y 5o AR S A A R R 1 R AR R, =
B 1 Cu FEMEACASO PR R S R s b (R R HT . i s bk

0 O

R' O
82% ~ 94%
endo-selectivity

5 PREZHBYH] CuCl AE AT, PhMesSi-Bpin 1EH
TR, MEALIR O IEEAAL 1,6-03 b AR R AL AL SN,
Hil#& T — RS AL I S IR IR AT A 4.

Uiy R R i R ME R, W LAY Cu T B4R A a4,
2 ML) ik s: . Glaser-Hay Bk % Eglinton {85k
J N K. Sonogashira I NS, #R T B VG AL vty T
BRI, SR 5 KA — R V4L, 2017 4 Chegondi
PR P T S OB, AR O R B 1,6-Jbk
NIEY), KA Cu(TFA), YR, TsN; FIEES 5 &N,
S RS PR A, FE B EAR SR
WA B, BEVENRAZIRG S ik B & AR BRI R
A5 B Jr B AT A AR H R AT A . RSAE — 4
1% —Fz(DABCOYE &=, Hilalfk B Jek A4 1,4-Mpk,
L BESE R MR 2] endo BUEW, WR A 82%~
94%, TM7ENaCOs 5641, Ak B 15 %4 i I (56 A%
BB, FERAE 1L4-SEHEMAL, BL 90%~96% Mt #4533
exo B4 W) (Scheme 14). JRE B AEXT BRIGBEPEAN 2
IRERAE, (HIZ M AR Cu fEALIF O IGERAL 1,6-0 &
BRAN KRR AT AR RN EEA R, 5
Chegondi J N #%42 FHABL, P ¥4 1448 20 B0 DL 5 Ak &
VIRIEE O A AL 1,6-1 i as RGBT — R 41T
REBE AT AE AT S 2R T ERR IR AL A 1. SN T I —#A
SESEI). B R AEAR A AR F R bR S E A
GG A A IR IR R R A, PRI R R 4
XA A SRR, S RS 5L, BRCT
— RHE IR B AR L &) (Scheme 15).

B~ P T Jo 2 A 03 P o - R R SR = v L R
ZEBT IR O R ER Y 1,60 bR AN R B T2 AR
PRI p- I BRI 45 45, I Kinagasa #4570 DU JC3A P B (1)

0
I‘\JTS [Cu] TsN - + R2OH [Cu] NTs
\‘\\kORz DABCO : Na,COs OR?
SN R
o l

~Cu i 1

R' O
90% ~ 96%
exo-selectivity
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1,4-addition
R?OH TsN S0 °
N=N o
l-Nz, [Cu]
2, d
1,4-addition | TS~ @ R“OH O'R1 .
N— — s
7 i DABCO <R Na,CO3 \/\r
o e} OR?2
B

BRI 14 Cu fEALIZRZER AT AL B E AR TR R AL & I & 1

Scheme 14 Cu catalyzed synthesis imide derived hydrobenzofurans
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w2 10 mol% Cul ﬁ b

+ N _1/ 1.2 equiv. ArYNa HO
o e

[ R! CO,Me MeCN, 40 °C O g

\\/O R!

COzMe dr> 20 1

ArYNa
Y=0,8, Se

B 15 Cu fELIAC IR 1,6-0 bk =20 70 B
Scheme 15 Cu catalyzed three-component reaction of cyclo-
hexadienone-tethered 1,6-enynes
TIEB8L R TR B- A B R AT AR A PR R I R IR AT A )
A E R S EESIAZI R R S 2 e il P A B
BEPRER: (DA WA S I A (3 + 2130 I R
AR ER 5 60 ) Kinagasa SN 2 18] F 56 4 (2) X ki £
PR WM [3+ 213 0 Kinugasas/Michael I % 5
Baldwin/Michael JIEZ AR 564+, 2018 £F Enders 55
LA Cu(OTH), MMM, KHFVERA LS, £ ] %
TEBRI AR, LB 95% IR AN 82% ~ 97 % ¥Is%T Bt
PRI B VY TTIR B P I Jie AT A6 A 1R S A 2 TPk s £,
AW, 15 Ca B R, PR B EARL 1,6-4 eIt &
£ Kinagasa N, 2838 [3 4210 Al s B 2 B Ta) A4 A,
Ak A gl Cu iT# Kok 7 W B AREAL P R B,
i E]) 4 B FF 20 Michael Jnscfs 210U 73 B- N BERERTAE
AR TR I AL S ) (Scheme 16).

WEFE R IAE 150 T O AR AYIDRNR R AR =10 h R AN
ARGy, U TR AN IO (B, B H Al
ML, ZETFIERMAL S WD & BTV R BIE AL 58 3
2020 4F, MREEIRBALIRE 13-/ 530 2 —ffldE
AR FIERE A T U0 Scheme 17 FITzs B3R 475 R 24 Jg
Y, 1EMEAETT] CuCl (10 mol%) & FHERAAMTER T,
BOEM Cu WAk, B 1,4- 388000 o= B P =
99% IR AL P # KT 99% HIX Wk £ AR ] T — &
HITFPEIRIMBIARAT A AG B S AR IE R AL & ) (Scheme
17).

2.4 EHth&BEKIS ZHITRE 1,6-1FRIF MR RN

Au EIEACHE IR HEAG R, AT RL S ROz, 5 5%
BRI Lewis BRYE, AHH 5 32 S8z 8 R M BE BN R 42— &
FIRFACH). K Au AL T3 C IR IR Y 1,6-#bk, H)
H Au XHRENEAER, #EAGZIRYIR A& lE AL
ARIFBRAT A B A B BT JE T, 2011 4F
FHERPREEHBZRLTR T Au AR TR 2
AT 1,6-J KR B ) 2 A R I F R 2R AL 5. i
Ak Z R S5 A 2 1Y) PPhsAuCl F AgOTS 1R AL,
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(0]
R2 20 mol% Cu(OTf),
j 22 mol% L5
+ | N R3
/%\ base MeCN

8 R®
. oN
1 up to 95% yleld
e B2% = 9T% e
Ligands: R R
| X Me Me
o) N O
| \
N
R R R
L1 (R =Ph) L3 R tPh R= 4fBuCGH4
L2 (R = Pr) Bu)

RZ
(0] N . N_R3
R1 o} '/\,(
O
_R

N

R2

B R

(0]
Ci

R1o/[ u] Q O[Cu] 3
O\/t

R2

1

o N,

5% @ o

(@]
0
R! 0 | . N-R3
A R
B 16 O SmEY 1,6-4 5 Kinagasa/Michael A% 87

Scheme 16 Kinagasa/Michael addition of cyclohexadienone-

tethered 1,6-enynes
*, @ /Rz
//%
y H
1 OJ/

up to 99% yield, mostly >99% ee

L 0 + ]
1,4-addition
R2
@ Cul* =
/\

Bz 17 Cu ARG AT S AT AL S 5 1K
Scheme 17 Cu catalyzed synthesis allene derived hydroben-
furans

TROKEAERR, ALK, ZRAMFET, B
70% ~ 92% 17 Y 6 15 B & Ak 2K I Wk Wj 1T 42 ) (Scheme
18). WFFC R, 1% BRI H IR R 5 IR, s
ST BEIREY, RS OKIRE B s, AR RIS, bk
P 0E I R A S B R 22, I A 20%~30% 75 44
TR B T R AT TR . RIS RN
B R R R0, DY SR (THF) . MeCN B 1,4- 40N
WAEEFI, N UFAEET, AE B Ek# — & bt
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g2 | 4 mol% [PhzPAuCIJ/AgOTf
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1
(=S
O~ "Ar

[3+2] dipolar

Ar
gﬁ< [Ad] @ (6)/<Ar cycloaddition
M O =
RONGERS Me’d) o
= ©
D
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E

9 H Ar 0 Ar | Ar H
: . . 2 U O‘H
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@o H transfer @O moist air @O
R 10, 3 ., Me N ., _Me M
Me" o i Me” i Me’ I
0 7 0 = 0o
H 2 |
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/ Ar = 4-Me-CgHy4
1
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(0

Br.
-
+ O
me" E i
© (0]
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ER 18 Au I O IEEAL 16-M Mk 2 i

Scheme 18 Cyclization of cyclohexadienone-tethered 1,6-enynes catalyzed by Au

(DCM)H Sz BisE, AT LARL 62%A1 78% M 45 31 H ki =
Y, MR BAE R K (DCE) R AT I, U R BE A F
90%. TEATKIIMEE T, RMBAGEET, HMCRHE
TR N T ERIK. E AufIEL TR, K1 KE
T NI, BRI RIS g X, 423, 3] FE A
[2,3ER AR AMA C, FRIEXSTBIGINER, Au JHFRS 2]
13- R B, FEZ 3+ 210 A% 2R 0 sl £5 31 o [A) 44
G, G HT¥ik s, BEHAS 2P 159 H,
HALR FHEBEILEY 2, EEE KRN R,
ARSI B L A9 2, (B RAEAKFRET] Au FI3EFE
HF, &Y 2t — BB 2 Hbsr=9. Wi R
SEWRTT LU H, R A2 T B s o2 A 3 K B2,
RUNFZER, IR Ek 92%, M4 RNFAFEER, ek
RN 70%. R2AHFERE, WAL T3 O MmEN o &
A& B AL, FRETLALL 90% L ERICRIG R H brredy. B2
M REIRIE T HAL T3 2 5l 8 o 20, BT RIET
SEaREMZRIARAE o WAUER, NGBS E] 5 —Fh
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FEMEM IR IR =Y 2a'.

WAL G IZAFAE T RIR =R 29 57 F
TEZGP) 55 FHp 5] NIR TR B 8 ] LA 5 b 58 2454 o
THEERRA AR M, AT ORAT 290 pH (E4. ik
BEAESRAT TE R I, Wt R LF I IR o- BB &2 8 R = 1)
HE k. Ag AL BB S B R B A3 T
ZIRETS, SR Ag HEAGRRAR S8 S AL IR T Joe Ak 1) e
24 TC NHIE. Chegondi PREHZH ST 94 47 i 214
L6-MEHUR ) & AR IR 7L, SRR T Ag i
b, FAFEAL, PO IR 1,6-) a4 A 3
/IR TR BE A 52 0 1] 8% 5 AR TR 251 8 1) A A 2 - K g 7
VR TTE. #E 10 mol% AgNO; Al 1.0 equiv. AL 7]
HCIOs HIEFR, JEYIR A EIR IR, N ] fE
A A, i EENR a-BRIER R R Ak, FRE—
WA eI = u B IS R B AL A Y. RONAR
A REA T 12 B, 25K4E Michael ik, F&EIA L
SR B AR, RSP S5 O = WO ) 2% AN E R
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19).

Path A
T A
R O\)J\”/Rz

0 o} o

10 mol% AgNO3 o
R2  1.0equiv. HCIO, N YA
Rio 7 OAg R" O R?

\—> o\ H R2

PathB | oo N—

0 0-LG

BX 19 O AHEAL 1,6-MbIA A e dl /AL 8
Scheme 19 Cyclopropanation/cyclization of cyclohexadienone-
tethered 1,6-enynes

BE A BT H 2t W, SRS EFEENY
JRH T8 UM, BEREN A2 W] P8R R I 7R 2, T LA
R E S RO RS et S EEE, B
A Rl B PV MR AT BV R LU SRR R, I LR AT 3
TTTZ RN H Mn 4L C—H BB RERILEAS T
BOKHIRE. B2 R IREHY Y Mn ik C—H 7%
5 Fin C—H iE RIS S5 6 H T3 2 I Y 1,6-)4
VR B, fE— BRI, N-BERE g bk 5 PR O
IR AL 1,6-0A s N, 153 T @SR ER A4k, FAE BPh;
PRI, RESFHTBEAN, REEE R THER
g P A ) A R R R AT AR 4, O SE 36 B v 1T ik
94% (Scheme 20, a). Bl J5 Ak B 5 2R @ 20 U8 AR GE 1
Mn(Df#EA, BERE T A () 55 A 530 0 A5 ER Y 1,6-0 b
PIERERIR R B, il 46 T — F 51 75 LR AL 2R vk
777 £ P)(Scheme 20, b).

Ni 1EABENEE, EEENRERNPER T
2RI, ARRAE I E SR A C—H i N H 1)
87 R AIF 72 AR R/ 191 2017 4 Ogoshi 250501 YR S
T N T AR A 1,6-Mb s 4-HEREEH
i PO AS X FRAB G/ PR 10 [ B2 (Scheme 21). BRI 3 H
AREM SONALER: B SETE Ni(O)YEAL TR, 2RO JaER 7
1,6-W5 5 5 A 1 AL IR R A5 B B AR R )ik, SRS
5 4- W R A TR 2 5[4 21 SRR R 0 i S B 75 31
AAFHEF ORISR IR ATAEY). RN AN [
BAR IR R DU SR 3 F- 1 AR AT Tk, A I E Ik
R EVURINEL 2 L*S KRB FIFHE AR
wF R, Rz S AR REERTR, S PA S5 i
LUCRAT 94%~99% ee (EIF RIS HAFHEFOMEA
AE IR FERIR B BEAT A 4. 2019 4F Tsujihara PR P Hi
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Pym O Rt

N
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Zae! 1 R2
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(b) Lin's group

/ Mn(l) cat. Cy,NH Q
DCM/TFE (V:V = 9:1)
R1 o

DG = 2- Pyrldyl up to 82%

B 20 Mn (ELIRC IR 1,6-07 bR 55 H AL AR R
Scheme 20 Mn catalyzed arylation/cyclization of cyclohexadi-
enone-tethered 1,6-enynes
& 7 Ni AL IE BRI S5 S 2 S AR T IR T A7),

[FEIREAE Bt B ACT i< ek, LAEALR) 1,6-
W bR I S R WA B T TIZ B SRVERL 2019 4R, A
I A RARIE T FeCls (IR O IR AL 1,6-
WG I MU R, Horb Fe AL BRI AR, &
BETENRIRS 5. 2K H] Fea(SO4)s*H0 fEHEAL
7, TMSCI E s, [ ik Bt Fii R B 8y, 18
e RN EAE—T78 CRHEHT, BékEm, fbrEE. ZR
FRZH S HHAE Fea(SO4)s*HoO FEMEALFH, TMSCI 1 B,
Fe BACFEY) 1 BUAZiGME, TMSCl 5H3EEREK A,
AT HeR iz BA s B ARk C, hiEik C 4
RSB AR D, (R D KRS 152 H bR
Y)(Scheme 22).
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RN F PR f P A PR R, T -SRI A 1,6-
IR AR R RSP [ B 2009 4F
Harned #82H B RHRIE, T 8L 1 B PR ATIRCR 35
W2, RMFIFARBEIZSGE. BRI 2013 FEMARE ER
BTG R T RT O3B @ EAAY 1,6-055k 1) Rh Al
Cu AR R T & AN R IR R &Y, HEE
TR SR A O R, AR I AN A B TR K
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Scheme 21 Ni catalyzed cyclization of cyclohexadienone-tethered 1,6-enynes
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Scheme 22 Fe catalyzed cyclization of cyclohexadenone-tethered 1,6-enynes
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