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The first member of lindenane sesquiterpenoid [4+2] dimer family, shizukaol A
isolated in 1990

Shizukaol D can activate AMP-activated protein kinase, increase ACC
phosphorylation in HepG2 cells, and repress the growth of human liver cancer cells.
Sarcandrolide J shares the same molecular architecture as shizukaol D, although
they were isolated from Sarcandra glabra and Chloranthus serratus, respectively.
The first total synthesis of lindenane sesquiterpenoid [4+2] dimers

Liu, B. Angew. Chem. Int. Ed. 2017, 56, 637. https://doi.org/10.1002/anie.201610484

Pyrolysis of shizukaol A
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sealed tube +
250 °C, 15 min H
36.22

Shizukaol A

(11 mg) chloranthalactone A

(2.4 mg)

spectroscopic data did not match
Kawabata, J. Agric. Biol. Chem. 1979, 43, 885. https://doi.org/10.1271/bbb1961.43.885
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Retrosynthetic analysis
CO,Me

o]

Rs oxidation/

esterification

Shizukaol D, Sarcandrolide J

Diels-Alder

OPG

(+)-Verbenone

BF5-OEty, Ac,0

SeO,, tBuOOH i. TSNHNH,, MeOH

CH(OMe)3, pTsOH

0

\@f vinyl MgBr, cat. Cul - A

. —_— > "

o o o lycol, 0 °C to rt DCM, rt, 75% ii. NaOMe, MeOH;

THE. 78 °C. 78% o C.To% OAc T o o\> Pd,(dba)s, DMF, 40 °C
(+)-Verbenone 94%
Liu, B. J. Am. Chem. Soc. 2013, 135, 9291. https://doi.org/10.1021/ja4040335
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Synthesis of the dienophile
°/> a) TBDPSCI, imidazole © ©
o BH;-THF, THF (0] a) Swern oxidation 81% vyield for 4 steps

LDA, ZnCl,, THF

P

b) NaOMe, MeOH

P

then NaOH, H,0,

Ty

d b) pTSOH, 83% I 0
89% ¢) NaBH,, MeOH N N N on SO
OH OTBDPS Et0,C” “CO,Et OTBDPS
A 42% (64% brsm)
0 0
Ac,0, pTsOH DBU, LiBr, THF +DBU, +LiBr - LIOEt
20, p _ | CO,Et - | . CO,Et
0, < - -] <~ - - Py 0,
90% § i COEt  TB1060°C § 3 DBU HBr 66%
N OAC N CO,E N
OTBDPS OTBDPS OTBDPS OTBDPS
o 0
a) HF, MeCN, 84% o CO,Et  DBU, without LiBr L CO,Et
§ 3 b)MOMCI, P,NEt & 3 R CO,E N
T  IPry SR 2 N CO,Et
N COEt  DCM, 0°C, 92% N CO,E \ OAc oTBDPS
OTBDPS OMOM OTBDPS
Synthesis of the diene surrogate
OH OMOM
a) pTsOH, (0] (6} H 0 B 0
acetone, H,0 a) LDA, TMSCI, THF a) TBSOTF, EtN MOMCI, iPr,NEt
b) pTSOH, " b) Pd(OAC),, MeCN b) mCPBA, NaHCO, TBAI, DCM, 75%
THF, 35 °C 65% for 2 steps 71% over 2 steps
80% for 2 steps
B -9
OMOM OMOM o OMOM OMOM OMOM
DBU, LiBr O pyridine, I, O [Pd(PPhs),], KsPO, o K,0s0,(OH),, NMO SEPSTRS 0
—_— —_— - > —_— |
PhMe, 150 °C DCM, 55 °C 1,4-dioxane/H ,0, 50 °C acetone/THF/H,0 /
51% (65% brsm) 81% I quant. 70% ((175? 1brsm) oH
I3

unstable
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Diels-Alder reaction

HO Diene Yield [%]
] surrogate Dienophile =~ PhCO,H  t[h] B
OH CO,Et PhCOLH
MOMO toluer12e CO,Et 1 equiv 25equiv 5 equiv 6 trace -
* 3.8 equiv 1 equiv 10 equiv 3 51 9
sealed tube, 170 °C . . .
5 equiv 1 equiv 10 equiv 3 83 14

Mechanistic rationale
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OH o °
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9 = ) »
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{ “He0” OH {
endo-type
Diels-Alder

exo-type
Diels-Alder
(e} (0]

OMOM

OMOM
head to head -

head to head -
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End-game

Shizukaol D (Liu, 2017)

The
SLAH
Group

TMSBr, DCM

-60 to -45 °C
70%

Kornblum-DeLaMare
rearrangement

LiEt;BH
—_— >
-35°C
89%

TMSCHN,

Sarcandrolide J

TPP, iPryNEt, O,
DCM, hv, -78 °C;

f

Ac,0, imidazole
—_—

H 31% (49% brsm)

’ o

then TMSCHN,, MeOH
47%

Shizukaol D
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