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Isolation

* |solated from genus Echinops
(Compositae) ~100 species
worldwide.

e Used as medicinal herbs worldwide.

 Two novel sesquiterpenoids were
isolated in 2008 from E. spinosus-
Morocco.

* From 3 Kg of root: 2 mg of

SO L R 1. echinopine A
Echmoplne A, 1.6 mg of echinopine R~ Mo aetime 2

Dong, M.; Cong, B.; Yu, S.-H.; Sauriol, F.; Huo, C.-H.; Shi, Q.-W.; Gu, Y.-C.; Zamir, L.; Kiyota, H.
OL 2008, 10, 701-704.
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Structure Elucidation

R = H; echinopine A
R = Me; echinopine B

* Contains unprecedented [3.5.5.7]-membered ring carbon framework.

e Structure determined by 1D-, 2D-NMR, MS, no crystal structure from
original isolation.

* No biological data obtained from limited sample collected.
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Proposed Biosynthetic Pathway

" H;0" Rearrangement
H
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O
HO

Hz
guaia-4,10,11-trien-12-oic
acid

Cyclization .. Cyclization
—_—
o o
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O
H OH OH

echinop-10-en-12-oic
acid

Dong, M.; Cong, B.; Yu, S.-H.; Sauriol, F.; Huo, C.-H.; Shi, Q.-W.; Gu, Y.-C.; Zamir, L.; Kiyota, H.
OL 2008, 10, 701-704.
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Tiefenbacher Retrosynthesis

Dynamic ring
closing metathesis

1,5-cyclooctadiene

Magauer, T.; Mulzer, J.; Tiefenbacher, K. OL 2009, 11, 5306-5309.
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Tiefenbacher Synthesis

steps*™

DIBAL-H, DCM, 98%

*Starting material synthesis:

. 'Hb

-

Perard-Viret, J.; Rassat, A. Tet. Asymm. 1994, 5, 1-4.

Zhong, Y.-W.; Lei, X.-S.; Ling, G.-Q. Tet. Asymm. 2002, 13, 2251-2255.

(Me)3SiCH2C02MC,
LDA, THF, -78 °C

95%, E:Z=1.5:1

\

1. NBSH, PPh;,
DEAD, THF

2. PPTS, (CH;),0/H,0

Y

66%, dr = 3.5:1

NBSH
o-Nitrobenzenefulfonylhydrazide

O,

S__ _NH,
N
@ H
NO,

Lemke, K.; Ballschuh, S.; Kunath, A.; Theilm, F. Tet. Aysmm. 1997, 8, 2051-2055.
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Myers [3,3]-Sigmatropic Rearrangement

o N
o H N SOAr
:@zi . CO,‘ NG
- O —_— \H
H. N. @Zﬂ
N “SO,Ar
H
0 H O, \ N
Desired [/ N LS Undesired
0
OH\ H

Meyers, A. G.; Zheng, B. Tet. Lett. 1996, 37, 4841-4844.
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Tiefenbacher Synthesis

H 1. KHMDS, HMPA
‘. allyliodide, THF Y/
% 7 S0 4
‘H 2. Grubbs, DCM,

DBU, toluene
Dyanamic ring closing metathesis
1. KHMDS, HMPA

allyliodide, THF
2. DBU, toluene

Grubbs II (5 mol%), DCM, reflux

84%

89%, dr =2.3:1

CH,N,, Et,0

99%
COZMC

CO,H

Echinopine A Echinopine B
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Summary:

*15 steps from known ketone
in 7% overall yield.

*Meyers [3,3]-sigmatropic
rearrangement.

*X-ray crystal structure.

*No biological data reported.
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Title Paper-Retrosynthesis

Intramolecular
Sml,-mediated rhodium-catalyzed
ring closure cyclopropanation

R = H; echinopine A
R = Me; echinopine B
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Title Paper Synthesis

Br

O 1. Bry, DCM then EtzN HO,, 1. nBuLi, Et,0, 80% TBSO%@
W\ij 2. R-a,a-diphenylprolinol cat. ZDI\TL]ilS)CIISgﬁN,
B(OMe);, THF ’
then BH3-N,N-diethylaniline

88%, (2 steps)

1. piperidine, AcOH,

0
O3, then PPh; TBSO,, | 0 benzene ‘ TBSO,,
~ 2. NaBH,, MeOH \ / “on

84%, (4 steps)

CO,H o .
H H H .
1. CH;C(OE)s, . , / \ﬁ
o-nitrophenol cat. . TBSO... CDI, MgCl -~ TBSO,,, -+ yﬁ
2. LiOH, THF/MeOH MeO,C.__COK COMe “«1& &W
86% (2 steps) 1.5:1, anti:syn 78% 2.7:1, anti:syn N
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Alternative Synthesis of Acid

OH

H,
TBSO,,

7:1, anti:syn
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NaH, nBu;SnCH,I nBu; Sn/\o
THF/HMPA TBSO,, i |
80%
CO,H
4 steps H,
—_—— TB SO/, .
—_—

single diastereomer
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nBuLi, THF

[2,3] Wittig
rearrangement
49%

Y
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Synthesis of Tricyclic Allylic Alcohol

1. p-ABSA, Et;N, O 5 steps
CH;CN, 97% «
2. Rhy(OAc), cat. TBSO:.. .

COzMe

benzene, 70%

1. Pd(PPhs),, EtsN
MeOH/DMF, CO, 85%
2. DIBAL-H, DCM, 100%

or
Pd(PPhy),, LiCl,
nBu;SnCH,OH, THF
82%
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Synthesis of Tetracycle

PtOZ-Hzo, Hz + steps DMP, NaHCO3
benzene, 69% — DCM, 81% _
i —_—
Sml,, HMPA
THF, 50%
> — >
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Echinopine End Game

1. DMP, NaHCO;,
DCM

2. Ac,0, Et;N, DMAP
DCM, 81%, (2 steps)
3. Smly, THF/MeOH

1. TsOH, MeOH/DCM

o
Y

2. Tebbe reagent,
OTBS pyridine, THF, 87% (2 steps)

92%
TMSCHN,-Et,0
4 steps benzene/MeOH
- >
92%
CO,H CO,Me
Echinopine A Echinopine B
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Summary

 Asymmetric total synthesis of unique [3.5.5.7]
ring system.

* Sml, mediated pinacol coupling to form 7
membered ring.

* Intramolecular rhodium catalyzed
cyclpropanation.

* No biological activity reported to date.
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