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Applications of ortho-Quinone Methides in the Synthesis of
Natural Products

Ai, Wenying”

Liao, Daohong”

Lei, Xiaoguang™®”

(“ School of Pharmaceutical Science and Technology, Tianjin University, Tianjin 300072)

(® Department of Chemical Biology, College of Chemistry and Molecular Engineering, Peking University, Beijing 100871)

Abstract ortho-Methylene cyclohexadienones, which are collectivelly referred to as ortho-quinone methides (0-QMs), were
first suggested by Fries in 1907. 0-QMs are a kind of short-lived and highly reactive versatile intermediates in organic synthe-
sis. The unstability nature of 0-QMs is due to their propensity to undergo rapid rearomatisation either by Michael addition of
nucleophiles or, often more usefully, by cycloaddition with 2r partners or via oxa-6m-electrocyclisation to give benzopyrans.
ortho-Quinone methides were always used in the synthesis of natural products through Michael addition and cycloaddition. As
a new member of the family of inherently reactive species, ortho-quinone methides are similar with radicals, carbocations,

carbenes, efc. And now using 0-QMs to form skeletons of natural products has become a very useful stratergy. This review

contains the major application in the synthesis of natural products during 2009 to 2014.

Keywords ortho-quinone methide; natural products; organic synthesis

RIS C WG, Rgtarda Ny 6-HIrE-H -
2,4- —J#i i (6-methylene-cyclohexa-2,4-dienone), %454
WG A ortho-Quinone methides (0-QMs), 454N
1 (Scheme 1). 1907 4F Fries i A4INE IR H T 0-QMs
XA, JFE T IS AR T SRR A TR
ANZZR PP R SR ERAR AT R IR PR O 47 i v 1] 44X
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%, FEEZIRFIKR A Michael Addition N 55—, Fl

Project supported by the National Natural Science Foundation of China (Nos. 21472010, 91313303, 21222209).

K SRRl FE 4 (Nos. 21472010, 91313303, 21222209) % BT H .

Chin. J. Org. Chem. 2015, 35, 1615~1626

A ©2015 Chinese Chemical Society & SIOC, CAS

http://sioc-journal.cn/ 1615



BIHE

21 K RJEY R A Hetero-Diels-Alder reaction; 3f =, H
B 25 S 2k -6m- B K15 31 2 I IR 45 449 (Scheme 1),
W [F]A 2 PR A AR YOI 358 2 WSl R 2 25 75 05 /b, 15
fﬁiﬁ%ﬁ"]%ﬁﬁqﬂ, JEHREFRIFEIL . RIFMLmg S

SRR A B, R 0-QMs SR RIR =)
BN T AT A B 1 F SR

R' RS
R2
Michael addition Nu
—
R® OH
R4
R' R® R' R
R2 = Hetero-Diels-Alder R2 RS
| _|reaction
R® o] R3 o Y
1R4 R4 H
1 P2 R3 R4 = : R
R, R, R R" = anything oxa-6n-electro- R2
_ cyclisation A
R® = CH=CH, R3 0
R4

B 1 AR R O Y o ) 4 B 05 A AR
Scheme 1 The rearomatisation of 0-QMs

11 BRSPS ZHER AR E R RIS
%

< Y PR M B A Dy — AN B B A L R
[k, FIH B R BOEE FSE tE  ARsAL,
H5ITEAIRZ. 40 Scheme 2 TR, 0-QMs A LA A [H]
El’ﬁg' A AAE A 6] (1) 26 A AR 3, 3 DL PR DY P A e

e BB Bh, TEMHAGKAE T EEIC, B0 B B

ﬁﬁXﬂ“FjE@ﬁﬁﬁiiﬁ%Hﬁﬁu A LR LR R LR Ao

ca bm\

L o
I /ii//R;:o =

PR 5 4 JF A5l Retro-Michael addition i3 72 5
RAE R 0-QMs; 55—, BYe IR AI AR 21, Bl
Tk a, b, ¢ TR RIHTAR, R4S 5 fE ISR T &0
H HEIERRE] 0-QMs, H A 2K H ATk 5T 7R 75 I FAF0 6
HE S AR TR T T DUPRG AR s AT FE I 2R O 0 i v ] 4
S5 R, WIRLAE R SR R oI N SEAZ R R a2 e ok
23, mEd d, e, f, g kIR RIATA 5 B B
o-QMs Hi &, TERM B FEHEFBMIMEH &
Retro-Michael Addition & 1% A] DATRIE A A H bk A R 44
SEV0FD, B Wittig Methylation™ . 54468 &
Aldol i &/l K S S -4 3, in B Sk b, 4, j R
A2 FEAATT LR AFR 0o-QMs FIATE FIRAN [
A T PRI A 2 o 22 B ) AT R I BB O 0 i e (]
&, GRMTER — RBAR R, TR A & SR — B s
SE RS B A H bR B 42,

1.2 SRR EIRCS G E AT LA Z MR
igykl_l_gl;%.ﬂjm

TERIRF=NIA B, A R O 0 e ) 44
22 AN R 5 K R A BRI BB 6m- FREAM
KA H AR T B 48, Scheme 3 &% WHI LA H 0-QMs
H R R S i ZE 2RI Blnd ] 1 BT, B
2,4- )l -6- 3R bt B S &0t 6n- IR T3 2 1)
2H-ZRFEMLIESE R, B AR 2. AR 3 o i 4l
TEHEIR O I EAE A, BTG S o M R
YERZERGAR, 2423 Hetero-Diels-Alder reaction FT 532
HIZR IR HR 250, UM AME IR B S A e, R
A Ty R NN, BT A A IR N AR R E 9
S UL A IR 75 21 1R o = AN I 7E — 2 1 FR 45 4 (W 72

Nt

PhPCHR

R ©/OH /Yh \ N OH
T I
A RCHO  Ag:0 ol A\ R r
v
OH R __ o
N X
R @K R N0 =
T O I}

B2 i o-QM 77k
Scheme 2 Methods of forming an 0-QM
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B 3 A0 IR O s i o R4 RS [ 2
Scheme 3 The skeleton formed by 0-QMs

4 FroR); B 940 SRR O A i H ) A 1 L 1
P, A5 B A S A R I S S A 43 = AU )
1), a2 50442 6 DL RE 7 B, i Odmdk
Zﬁ@% LF K R B TR LR AR R AU AR I

HH 2 I S R 40T Hetero-Diels-Alder reaction
P332 I R 45 R AT FR I A 2 R P TR A Y e v
P A B AE 4 " R R R ) S R A N I [ R 2 1T
AT, Bl FE 8 AT, ABE LW A o8 S
IR, A L4 3T Hetero-Diels-Alder reaction 15 %7K
FIRGER. B T B FR, 1R 2 APt aT LLFIAR
RO B2 O 0 B R (A0 R A IO, 45 30 A [R] BB 2
¥, fESEATE——%%. muknl 0L, fERAR=IHEILE
FSCHR, N AR HE T A O 0 e AR A H b 48
GER R — PRI I SRR, X AR AL & A AR B 1 45
M ZFEAL, AR IULE I Sk, 1R 2 5 A5/ #mT AR
FIX— R —8A A 2 30 SR OB, RN A4 2 A3
ShR, X0 TSRSk L TR E N R TAs T A
HERKEX
1.3 PERELEERSZHEPEEERATIERTH
BHRNMHA

1971 4£, Chapman ¥ I7E Carpanone (5)1)1/54E

G R TE K 0-QMs M T H WG, Bk, 6T
0-QMs 1EH HLE B B2 (181 i 48 (Scheme 4). Car-
panone 7& M Carpano 4 FIR 5 o 20 B9tk i), BA BA
AKFRF AL, AN ER, XN TERE
PG RE R 7 AR BkAR. E1X A~ TAEH, Chapman &
HFEFE R mESER 2 SRS aEeE 3,
RIEWAEY 3 L EABRRBAIE T 0-QM (A4 4,
IRGEIGEAETS, Ik 4 B 5 KA, &
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LA 46%I 77 A3 3] T RIR W) Carpanone (5). 1X i
SO0 4R ) 32 TR R 7 ) SR 45 VF 2 LG A 2 5K
KT TR, TR 2 1K R IR MK F SR LA S g
25 3t 408 R 7 R B O 0 R e ] A ok v R SR SR 1 T
424 T AF. Danishefsky!'*!, Baldwin'", Snider!' %575 #1
2B, (IR — U A T 1 RO DT k.

_KOBu-t Pd2*
“Dbmso
OH

Carpanone (5)

B 4 KIRF=Y) Carpanone [E %

Scheme 4 Synthesis of carpanone by chapman

2 0-QMs EXRARWIE AR HI R 26

U], KT 0-QMs B FIHRIE R 2 E HA T .
PLR, FATEM 2009 G5 2014 4 (8] B4R i 1) SL 5l 3E 4T
TEAH UL,

2.1 o-QMs 7£ Berkelic acid £ & B IR

2006 4, Stierle B 2H AL V5 7E 52 [E Berkeley Pit 14

FERYE. SRS R B 0 5 W L S

B 7 — PS5 A VY PR 2K I bk AR 08 A B 481K R SR TR )
Berkelic acid (6b). 50 & I 1% KIRF=H%F N 00 Hi
ML & OVCAR-3 HIRLFHIEMIETE, Glso 1N 91
nmol/L, MLAMEX MG 54 FiF——H: 0 & )8 & A
MMP-3 FIRZ BRI 2R A 1 dA — & A0l
TN BYl, Berkeley Pit HIZEHIBIE N 6a (Scheme
5)"8. 2009 4F, De Brabander ifARZH MR IE T IX AN KR
FEVD A . ABATTR A0 R I 382 O A e ) 44 7
Fiodm ik 8 AWML ANMIEHNT, &
Hetero-Diels-Alder reaction F4% % KIRF=WHE 242, Ik
HEER) T BT N 6b ( Scheme 6), P J7EE ik 8 /2 HHARL
BEBE 11a NATIERTS RN, XSG OGRS R ERE T
Berkelic acid ()45 1E 2 KRR Spicifernin (9a)Fl
Pulvilloric acid (10)#J41 4, W. Scheme 5. M HFATH]
PLE H H bR \?EPQI@*Dﬁ@*B““%‘Jﬁ?@Tﬁ%Fg
Y1 9a F1 10 12514,
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BUKLE
o Oy-0_ OH o Os OH
o)
MeOOC /[ = Me°°E>/JijI;/A\
: = spicifernin 122 19 :

B 5 De Brabander & [f] berkelic acid )4 % 5k 1
Scheme 5 The synthetic strategy of berkelic acid suggested by
De Brabander

1EE W TAEH (Scheme 6), flAITE 52 B & B T 4
FEBERTAR 11ay 11b FIARFHEEREA O AR A AT & 12, 48
JETEMEA AN BRI IIER T, WA 11a f1 11b J5
RIS AT B T e IR SN B Ik P A A, RIS &4
12 7R JE AL R AR S A 25 O S N AR R AR I SR 3 2
TRERE R AR, 2 5, X P R AR AR AR
£ F —4& &4 Hetero-Diels-Alder reaction £0id i J¥ 4%
13 73 %) Berkelic acid FHERALATAEY) 14, Forh 4R F AL A3
O B2 U AR, MEBEmE S SR UG R, 2R )a, BLHOR
HNIRBEER], 1E(BusSn),0 FI1EH R, Berkelic acid Hfig
A 14 AT IR FEVER R4, A LA 35%1) =%
1237 Hbn KR Berkelic acid. 4%, De Brabander
A 6 R AT 138 A 1 T B 22 467 F 144 R (1) Berkelic acid
AR B X e S ) 4, I X B T R B B, EsE T
Berkelic acid 4% #4)B4K 6b. fEIX/NTAEH, De Bra-
bander PRI ST T AIE AR TR 2
S A A, — R R A =D BN, R U A R
T BRI E AL XA R IX — 57 8 S W (1) B
HH, R T — T Y 25 40 ) 410 FFE I JE 3 ) A5 i A 1)
i, XTSRRI & A A HE TR T B L
2.2 0-QMs 7£ Guajadial B9/ & B B R

T A AR AL PN E I 5 A AL S i) IR 18] 259k
S, W R s R e I Hs S5 90 B A AR 4 (197 2. 2007
A, X TR 2 POV 3 M A T BR BGE R A5

1618 http://sioc-journal.cn/

© 2015 Chinese Chemical Society & SIOC, CAS

AgSbFg

MeOOC
\\//o
\ . cycloaddition
O/ Pig - =
- 13

(Bu3Sn)20
—_—
Tol., 35 %

HY
14 CsH14

Berkelic acid (6b)

B 6 De Brabander % ik berkelic acid [ #4k
Scheme 6 Synthesis of berkelic acid by De Brabander

BT FAME I, Guajadial, BRI RIR=H) 20, E&—M
W25, 2010 £E, Baldwin A )[R 2541127 Guajadial
()7 A B s rp i e S A AR R 4T FR T R A O A P v 1]
PRI —4 =50 6 R, PRoEME T B bR B %8
(Scheme 7).

PE 73 B SCHR R, X075 T 20 O [F) AT T A i —
M 20 [RAEDE U AT T HEN, ATV AR
2 AT 19 F1 0-QM 18 43 Hetero-Diels-Alder
cycloaddtion 73 #f¥)(Scheme 7). Baldwin ftifl 1) & B 5K
W2 T AR B ) RO, ABATTA 9 AR IR S il 2 A
TRERAH SEARAE S SR AT LA TS 19 IR RER
. HaE, HARR s N &R W, i, BiKAH
HAER, VAAIEG RSS2 A n-fH AR, BT
PA 43, Baldwin S [FJSATHE 1 AH B G R
i, R H B 15 7 =405 16 2 8] 1) Knoevenagel
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OH ? OH OH (l)
(e}
J . surfactant Ph
o]
Ph HO OH 100°C, 15 h HO OH
NS NS
15 16 © 17 ©°
Ph OH O
H
NS
-H,0 4+2
2 || \»/\L [4+2]
> 2 (o] OH
A -
o
18

\
Guajadial: 6% O

B3R 7 Baldwin WE X} guajadial )&k TAE
Scheme 7 Synthesis of guajadial by Baldwin and co-workers

condensation 4 & 4R H VLA L R A [R) 44 18, 4k
7E 45 Al Caryophyllene (19)Z05d — =214 Hh 1k I
N7 3K 56 RO AR I A AR B . e K R I AR A
1, AR IAE R B HON 5% PTS 7K H i 1
b, B 16 S21g R N E] 15 119 PRAWE, 7100 C
A TR 15 h, BTELLL 6% 7 3= 245 2 H AR K2R
PR A B Guajadial (20). A, fATER KL 2
EHEFIA RN Z iR 3 —25 C, 53] T Guajadial
B, P HE T HEN. XAERES, kT
ZKHIE 15 F1=M} 16 28] Knoevenagel condensation
AR FOV P O G Ak 18 51T 19 Z Al
Hetero-Diels-Alder reaction PL— = 205 5 1) 77 2045 2]
T HERG T XA ZH 5 FREE AN B R ) A
TEIXAS TAEZ BT, 2006 4F: Bharate £ Singh?/$3# () K%
7 Robustadials A A1 B (054 & Bt B ] 13X — 5K
W&, 7ELLELA TR,
2.3 0-QMs 7E(=*)Schefflone #1 Tocopherol trimers Y
FEERFTHIRA
A0 P B3 O 0 T 76 R 28 77 W0 6 1 b B S
PEHIAE (£ )Schefflone! ! F1 Tocopherol trimers®Y {45 4
AR X TAERERCIREA I 2011 FRE
1 Organic Letters I, X% (£)-Schefflone [ 5 X fii 4
& W ARIE. (£)-Schefflone F1 Tocopherol trimers & H &
BR DR IR MR A = R AR R AR R, SR A AR
Js bR, IXELTIR AT LA F I A O 4 i o
R R4t Hetero-Diels-Aler 53 Bk BifF 2], £ Fifk
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i 126 R e S LRI S B, 0-QM IR 21 7R AR AL
WAERT, DIRONER, Z6 &M 16 h, oIS H]
0-QMs A K 22, R JE — W RO OR AT IK
Hetero-Diels-Aler cycloaddtion LA 72% [~ 2643 2| KR =
¥ Schefflone (25) (Scheme 8). ItAb, fibfilidid i H 2.4
Bk R E R SERUGARIEE] T 0-QM Hlal {4 22, 1ESE
T 0-QM HEAE 22 HIFEAE.

MeO
DO 2
OMe trapping
experiment
24
MeO MeO
Agzo
_—
OH Benzene o
OMe OMe
21 0-QM 22
MeO
OMe  60°C
. o) benzene-dg
—_—
OMe O - 77
OMe

dimer 23

(£)-Schefflone (25)

B8 EHmIR AN schefflone 1A LA

Scheme 8
co-workers

N1 PR RO, AT T — RSN
FLEEBF SRS, 7E LC-MS B IR ARAT T & 30 B B2 Hip
15 min A ZIRAK 23 7748, BE/RREAE =R 1A 25 M2,
23 1 25 12 Sk R b 0 BN BT R A2 AR Ak, BLEI 22 h
J& EEBIA AL, I Hal i 2 A5 K IAE 60 CI
RO EE R, FEARR T 23 TTLAEAL A 25, (HUZ 25 FE[H)
FESAE R EIASRE AN 23, XS8R IG 25 AR 1
(A4 22 (OAEAE, VLR 23 R 22 Z [l b AR (H 2
RAAE 23 F1 22 2 [8] 25 X (1[4 +2]-Hetero-Diels-Alder
cycloaddtion e AN, [P 4 = 2R 4K 25 & F- 2™
¥)(Scheme 8).

732l Schefflone (25)2 )5, & BEGIRLA I — P H
FIX—%H%, LA Tocopherol (28)fE 4R H IS 2 — 4
Fe /iy A, FESA AR EAAE R T — 815 3 7 (—)-To-

Synthesis of schefflone by Xiaoguang Lei and
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copherol trimer (26)#1(—)-Tocopherol trimer (27)H /=
AR, H77 2515 36%AH1 37% (Scheme 9).

Me

Ag,O/benzene
rt, 16 h

then 110 °C, 20 h
(in sealed tube)

(+)-Tocopherol trimer (27) 37%

R= \j/\/\/\/\/\)\

B9 HHOGIREXS tocopherol trimer f & K LA
Scheme 9 Synthesis of tocopherol trimer by Xiaoguang Lei and
co-workers

2.4 0-QMs 7 Tocopherol & SRR B

b —S2 ] R R AR A4 Tocopherol (28)F)A it AT
DU FH AR O B30 O I B E A ) S el R 420 6n H
MEAFE]. 2012 4 Wulff FA ) [ S 20408 7 —Fh R
o B-ANHIFN Fischer -~ TE 58 52540 RN ok R 2 Tk ) 4 4 it
W25 R R B B LG T V2, FERIR X R 75150 &
&% I Tocopherol (28) (Scheme 10).

e, of-NHIFN Fischer < FE85 5 A4 29 FlBL IR &
TESEBEOVE S i, 60 CHRMTN, KL 24 h, &
HERFFIMEAF R A 31, BJSiEH% TBSOH, 15
SIS L FLIA O @A T (A 32, dRm, Ak 32 &
i 6m FIMELL 85%H #1455 Tocopherol HifA 33.
HIAR 33 S A & A0 S OB AN — Sl AL — FR il &
AR EE WL T A3 2] T B AR ) Tocopherol
(28). MIEATAE AT AT LR ILAR HE HE 30 & 0
FRfEL I on-S8 A EIME I R BT MfL s 4, B2
I IE B 5 A PR I I 2544 R R SR P ).

2.5 0-QMs 7E Hyperguinone B B9 & A A

George IEZHPI7E 2010 45 FIAE R FH AR B L34 O
ZIREE 6n FIME [ NE T RIR ) Hyperguinone B.
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R
00)C :22/ Z CH,Cl,, 60 °C, 24 h
50T + I >
OMe = OTBS benzannulation
29 30

SO -TBSOH

| - .
MeO // S R o-quinone methide
(OC)sCr OTBS formation

31

oxa-6m-
electrocyclization
—_—

Me
HO
— R
Me (o
Me
28
Tocopherol

33
NP GO
B 10 Tocopherol & ik
Scheme 10 Synthesis of tocopherol

Hyperguinone B /& H Sticher ¥4 *7E 2000 4 M B A
IV HT L I P A% 45 24 64 B2 AT 0 4 22 Bk 1) 5 R 43 B 45
B, WHE 2 40 B H R IR T AR B BB I,
WEAE 28 PRAT B . R I I BR A R B K . S5 |
Kiit, Hyperguinone B HAT X4 #y, Hf0 5 —4>2,2-
TR 2 H-ME R R

1E4 A% Hyperguinone B [1Jid #2H1(Scheme 11), ¥4t
George M H A5 DLIE]) 2K =W (34) N 46 5Ok 43 ) 425
Friedel-Crafts Acylation™(83%). /R F=ALEY(39%) 1
C-FIEAR(78%) & 1 1 B v 1A A 3 AR (R =y 35a,
K=y 35a & MEATER PR, fFEERT, ZLL
35a M1 35b PN HAS AL IS 3 1 1 HILLBIR S AFTERT.
AR E O R 2 k2t &4 35a, &
X-ray W€ 7 HAF4M. )5, 35a /£ TEMPO/
PhI(OAc), fEH F & kM ANIS RIS WS O =
A7 o (8] 1 36, Bl J5 36 2043 TN 6m HIFF L SR B %
PL 73% )7 245 8] 7 H A5 KRR 774 Hyperguinone B
(37). 3K FH AT FH I 2 R P R AT 6m-SE 2%
P A s S ) S 2 R L 25 A4 1) S — sl PRIk, 75 DA
JE A TR R, T35 2R I Abk e 25 440 1) R AR =) 3
AT LA RS 3K — SRS SR A 40 1B 2.
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OH

% three steps
B —
_—
HO OH

PhI(OAC),
TEMPO

THF, -78 °C ~ r.t.

35a 35b

67 electrocyclic
reaction

73%

B 11 Hyperguinone B &%
Scheme 11  Synthesis of hyperguinone B

2.6 0-QMs 7£ Heliespirones A #1 C B9& AL AR

BE 98 R I 43 B T e H 2R 1 R UK ) R AR 72 )
Heliespirones A 1 C BEA M 8HHMHIEH, XK M
Heliespirones A FI1 C 7 # JT- & 7 AR I AR 245 1 i 1511,
M&ER) &, Heliespirones A f1 C BB 1430 WHE SR
BRFR GG, XL PEER KI5 B A2 B AL iR
P A= 5 A RAHEDN, Heliespirones A Al C J2& 4371 B % H AH
X L PR 2R T I B S A TE IR 20 B ) R, 2o+ N
(¥ 1,4-JLHE PR S i A5 B B2 TR 7E e S ik
Pettus PREZHPHEH T PRI & BT (Scheme 12), H
KE A A 41 R PT 75 SR IR AR S K 39, R IFIR
IR 41 NAT DL pE AR B SR PR O 0 R P (R0 43 RI3R SN
1% 42 241 Hetero-Diels-Alder reaction 753

T2, Pettus MRS UL 45 H 5K (Scheme 13), &
I Friedel-Crafts Acylation, 1,4-Michael addition 1 Boc
TRy = DA R T AR I O G AT 46, SA)5 46
76 R RAGEE A4 BN AR B4R O R 3R O = 0 1 1)
1 47, FEIE 54MGE 48 K4 Hetero-Diels-Alder re-
action, LA 81%M1)7= 2459 21| H F5 B 1 AR I IREL 49.
49 B WP AL 75 AT LLAS 2 AR 2L 2R IR A EE 50,
BE )5, 50 05 & EAMRMEIAER R3] 5 51,
TERRBRE /RS AE T 2R 51 LA 45% 172 R A 2 T
HAr RIRFEY ent-heliespirone A (52). 7EX— A,
Hetero-Diels-Alder reaction B8 R @ A1EN—ANHr[a] D%
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oxidation to
para quinone;

S

Heliespirone A (3
Heliespirone C (38b)

geol

1 ,4-conjugate
addition

Z4
hydride additon | O acid
p—
O/
+ OoX
40

B 12  Pettus HAZH$2 H 1 heliespirones A Fl C )& 3 5<%
Scheme 12 The synthetic strategy of heliespirones A and C
suggested by Pettus

PR T R AR IR FRIR IR 251 49, (HEX TR Z & F K
TSR 25 1) () RAR =W, 3K — MG AN Ry —Ffr v 2K
A R B0 7E H T AT 1K De Brabander A 1) [H]
HrRiER =T Berkelic acid BI& M TAE, &4 Pettus
AP IRIE 25T Paecilospirone 14 & B TEH

Fjﬂ%TiZ*”*E%%%ZE’J*’JLTiﬁﬁﬁ%*/‘\ﬁﬁ’ﬁﬁ#
WRARIR £ ). X TAR AR A BA AR UG ) & il A
?i'ﬁ:il[:”’v.

2.7 0-QMs £ Variecolortides A #1 B f9& & BRI
B

Trauner B2 7E AR B V38 2R O 0k R 2 [a) 44 1 2
F 5 Tt R AR T A TTER. 2011 4F, fhArIBHRiE
T RIRT=H) Variecolortides A F1 B {425 Ji. Variecolor-
tides A il B J& 2007 4 pH 2 1 W SR AR ZH O I AR ¢ 27
(Aspergillus variecolor)I¥iit &5 W #k H 73 B 15 B, H 45
M A, AT AT 9,10- R B 25 — S0t i A 34 &5
¥, ZWUH Rkt — P& 7 Z KRR, ;AR R R
N,O-4 451, BLAMEH — AR5 i IR B8 AH .
TEAPNENE b, XERRRIE T & S04
PE.
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cycloaddition
o
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o fon
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Ee)
2

ent-Heliespirone A
52

B3 13 Heliespirones A Al C HI& R
Scheme 13  Synthesis of heliespirones A and C

% R AR AW Variecolortides A Al B 45 ¥4 73 41 il
PLR I, Variecolortides A 1 B 52 H1 B 4NN RAR = WH4
J%H: Hydroxyviocristin 53(43 &5 T R i 5 Aspergillus
cristatus)?" 1 Isoechinulins 55a, 55b( 7> & T 7% #h %
Aspergillus ruber)P®. - J& Trauner & L [F FA 14 H AT LA
FIH Hydroxyviocristin (53)J5 47 42 % 0-QM  H [a] {4 Al
Isoechinulins 55a, 55b Zid & BkA/j 4 Hetero-Diels-Alder
reaction FEEA R ML G H bR R IR =0 73 JLUEEA
N,O- 4k &5 4412,

A id o (Scheme 14), K & 7= )
Hydroxyviocristin (53)7F 48 & F n#e &4 1,5-HiE
&, MITI1SEIAR F I JE 3R 2 Il B 4 54, 85 ]
A& 54 JRALAN 55a 8L 55b K ‘E Hetero-Diels-Alder re-
action 13 24 LI 4544724 56a A1 56b. ff)5, 56a Al
56b 7EA A N A B A A AR BORUE, 733 H ARy
“F Variecolortides A (57a)F1 B (57b), H =35 Hl2 48%
1 32%. FEXATAEH, Trauner A H [ 3 DL —FRAL &)
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DRI AR IR 8 (0 5 9245 21 1 408 I 2 34 0 i
A, DBATHRAE T 22 A &0 M 24 L — A AR i
PREERY, FIRTTH R BI R0 EAL . o 26— R —
I (10 1) 46 400 FF I R A O 0 TRV U v ) A ) 2%

0-DCB, air
_—
180°C,0.5~1h
o _
R NH R
o HN
7 x H

R = prenyl (56a
Isoechinulins R= E (5gb§ ) o —
R = prenyl (55a)

R = H (55b)

R = prenyl; Variecolortide A (57a) 48%
R = H; Variecolortide B (57b) 32%

BR 14 R Variecolortides A Al B {1 &%
Scheme 14 Synthesis of variecolortides A and B

2.8 0-QMs 7 Heliananes Kk KR =44 R TIEHRY
~

2011 4F Pettus PR PHRIE T K IR 774 Heliananes
FIEHI A T AE, Crews R0 H HH IX — SR AR =4
193 [B] AR YR FTAA & K AR = W) S-(+)-Curcuphenol. T /&
S-(+)-Curcuphenol 62 )& il LAEX ¥4 Heliananes 5
ERIRF=IN G R AT O E 2L

XA TAE &, Pettus A1 Al (1) [ =5 411 F A
Hetero-Diels-Alder reaction Fll Wittig reaction £ i, 1 KR
FE¥) S-(+)-Curcuphenol (Scheme 15). B %6, ACin Rk}
2-F2Hk-4- F LR I 58 7E i & 1) Y L IR B A kTR
TRUT B RAE B R AR RRCAR I R PR O A R R (A AR 59,
Z PRI G 2L 60 FTimigk, £id Hetero-Diels-
Alder reaction 4% | R FF ML Z5 44 61. 61 F 41 4 /K
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AN Wittig reaction 53] Heliananes Z i At A YR AT AR R
SRF=W) S-(+)-Curcuphenol 62. X A& — MR FFNL
WEEE R, Rk 745 on- MR AR 31X
—&54b, FIH Hetero-Diels-Alder reaction [l 2] LA
R ARG 2 —, o B B 20 F I B 2R O A T i
A BT AN

/©\)L b) Boc,0, -40 °C
h Hetero-Diels-Alder
reaction
_—

a) MeMgBr, Et,0
60, -40 °C

¢
O

o-QM 59 60
)@51 .
O OR* _— = 7
61 OH

62
S-(+)-Curcuphenol

supposed
biosynthesis

(+)-Helianane 63

B 15 K= S-(+)-Curcuphenol 4K
Scheme 15  Synthesis of S-(+)-curcuphenol

2.9 0-QMs 7£ Dependensin B4 B T 1E~ A0S

TEARZ R E BIRFIRR =W, &AW SRt
W 22 IR B S5 1 AR 2 RAR =W 8 B A AR i B A= 0 i
P, G TR 2, AR BA RO m4i
BT A W R PR 25 s IR e i
FRIRTFAINHAT A A N T AR 2 A5 SR ) R
2. 2011 4F Schaus WAL SRS 7 — R R F 2k AL 75 (i
A 2 H-2 FF I A EECHE R I s A 106 SN B AL ok
T, HAHXMERTE—MmBRE T RA~Y
Dependensin.

TG KR, MATHRE] T BRI KE
SR, RETEIX— T, ARG E 64 K AT R
JSA9 3] Z AT H T HE PR O I (] 4 65, 65 S IH
A A E AR H PR IR O ) R R (Al 66, X A
SRR FR AR B, B S FE R AEAER) 64 K
£ Hetero-Diels-Alder reaction 75 % K %k 7= ¥
Dependensin, =% & 62% (Scheme 16).
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FeCly6H,0 (15 mol%)
DCM, r.t.

CU

62%

Hetero-Diels-Alder
reaction

Dependensin (67)

B 16 K74 Dependensin 4 ik
Scheme 16 Synthesis of dependensin

FEIX A TAE b BT s S 3] i) &% YL FE 34 © ) i o
(A 65 72 FH AR IFALIE 64 FFIRAF R, T E [T [ P 21
) Hyperguinone B £l Tocopherol [ i 7 4 H1 4% FF IV 3
RO A o [RAA 2250 6m- FR I SR AL S R R L IR 45 14,
PRIHEAE X — 2R R AR W rh 99 28 W] LA B 95 G .

2.10 0-QMs 7£ Spirooliganones A 1 B By & m T1E
B Rz A

TR B E U R NS, Biln 2009 4 p
PR HINT/09 &R IZET- NBOE L T 17700
N PR HTE 25 250 1 R IRAE N SR AR TE TR AT 1 b 22
2013 4, JRA m%mM¢%AEMWﬁ¢hW%%ﬁ

BT NSRBI R IR =4 Spirooliganones A 1 B
(68a F11 68b). Z&ick A=W 14 I i R I PR AN AR P2
AR TZrPumEsE . mHAD 2\ e E R
(B 2 I TI697 IR SC T 28, 2014 4F, B SR JEGIR

U Z R T Spirooliganones A Al B HIANXT FR 4 & BR.
Wi & Ao i R (Scheme 17), 1 56K A Hetero-Diels-
Alder reaction H Diene 71 F Dienophile 72 K4 #EIZE A
SikATAR 70, XA AT BL— B H AR R IR )
Spirooliganones A 1 B H [) BCDE PUM¥R. % 69 | HH
70 23 Sharpless asymmetric dihydroxylation 15 2. /5
69 Lt Ry SEAAEMM S R A 3, 152 R
RIRF=H).
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Scheme 17 The synthetic strategy of spirooliganones A and B
suggested by Rongbiao Dong and co-workers.

e, AL 2,6- IR IR 73 skl it PY 5
AEET@C.A% 74, ZJEWED) 74 EL)L(—) Sabinene ﬂj
AR R EIR(Z 160 C) 1 h, B R A Al
Eﬁﬂa#ﬁ%@ﬂﬂplﬁlﬁﬁﬂ( )—SabmeneJ:E’Jffﬁl‘ﬂ'ﬁ%ﬁ
£ Hetero-Diels-Alder reaction, FxZ& LA 79%M 77 455
TR ZERY 70, — PR T BCDE IUANHE, Hr 70 2
—XTAEX LR AR R G, Hodr HZ 10 1. B, 70
TR T TL A0 25 /A& A A0 3 A0 A8 vT 45 2 B A5 KA =)

Spirooliganones A 1 B (Scheme 18).

3 RESRE

MULESLB R ANHER HY, 48 A3 O ) X A
T AW e R AT L B TR AE AR P ) 6 o B 22
i 7 EELLE, RN T T m R AL
RN, JUHRAE S A URIA . AR I 55 S5 48 1) R AR 7
Poyeh, I FE A0 PRI SR AR O s M Sk R T F ) 2 B SR 45 4
HRAKAN—FRE

It 5 S SR BRI 2 R (s, AR ISR L
Ko TR I A RO R SR MR 22 e ik, B T SO T 21
FRIFIABE 2-FR R0, 2-FR Rk FOREL I H IR 2 1
B AT A AT BLAE IE 24 260 T 45 2148 H LR )
TR AR, HRANEA IR 2245 BN AR 1 VA tAE
ABIEEHRR, RgER, R 2
ks el BRI, BARKIAR TR NAR
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OH X
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73 74 Claisen Rearrangement
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o~ Methide
OAc Formation
=
A (6]
H
— )Sablnene
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OAc
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Ty
Hetero-Diels-Alder
Cycloaddition

Spirooliganone A 68a

Spirooliganone B 68b

B 18 KIAF=¥ Spirooliganones A Fl B 14 %,
Scheme 18 Synthesis of spirooliganones A and B

P FLATAR e, X AEHT I T A R G RS A i
ﬁﬁJﬂ FEJ B, A0 R PR O 0 i 3 22l = Fh i

A R PR M 57 K4k — 2l i Hetero-Diels-Alder
reaction HE, XAEIR 2 & A BRIR M) 1) R AR 1) Hh 4R
A R, ) w5 T A 48 2 ) Berkelic acid v (£ )-
Schefflone. Tocopherol trimers. Heliespirones A £l C.
Variecolortides A 1 B i Spirooliganones A il B &5k
B IE AR ORI 6n- LML 7V R O f 4L,
AL A AR I LI S5 I R R = b 2 R, a0 i
12 2] 1 Huperguinone B F Tocopherol #B /& £ i 1% —i&
FIREIN; 2B = 2% Michael addition 372 75 #1k,
XA EEH Hufﬁw‘r&%/\i&*fh)ﬂh"\ WANZ hnzs
BB, TEX R LFR R RATEZEN A T AR A
75 T B A AE A BT ) S, At 4ot DR
REOOE I DA K s IR P, R AR A W g I, 451
WIFEAL 22 AR ) 2 A, BT RO — P R A )
TEA R ™Y SR Z A ] B R R AR T — Bl 2%
M7, R T — S A2 i) .
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ANBT R BLRE IR T A, AT A AR C A TR %
Uik, FECUEHIBETE T, KT EAAR U N 2
AHERIIF R, F, BATHIE E B AE AR
KA 2 BIMEH, MRS 2 [t 1) .
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