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1: R = H (echinopine A)

2: R = Me (echinopine B) nng-conhacnon

Enticing structures: The formal syntheses of 1 and 2 were accomplished by using a
cascade strategy involving an enyne cycloisomerization reaction and an intramolecular
Diels—Alder reaction starting from 3. The resulting 4 underwent a late-stage ring
contraction to enable the preparation of a reported advanced intermediate, thereby
constituting a formal synthesis of the structurally intriguing title compounds.

Abstract | PDF(404K) | References | Supporting Information

Peixoto, P. A.; Severin, R.; Tseng, C.-C.; Chen, D. Y. -K.

Angew. Chem. Int. Ed. 2011, Early view.

Page 1 of 14 2/28/2011



Echinopines A and B: Sesquiterpenoids Possessing an Unprecedented Skeleton

R = H, Echinopinoic acid = Echinopine A
R = CHg, Echinopine B

* unique 3,5,5,7-framework
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Echinops spinosus
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« structure elucidated by spectroscopic analysis

+ 7-membered ring adopts a (flat) chair form

(@) Dong, M.; Cong, B.;Yu, -H.S.; Sauriol F; Huo, C.—H.; Shi, Q. -W,; Gu,Y.-C.; Zamir, L.O,; Kiyota, H. Org. Lett. 2008, /0, 701.
(b) http://www.metafro.be/prelude/view_plant?pi=05205.
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Part 1: How Does Nature Make Echinopines A and B?
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(@) A.A. Newman, Chemistry of Terpens and Terpenoids, Academic Press, London and New York, 1970. (b) Rohdich, F;
Kis, K.; Bacher, A.; Eisenreich,W. Curr. Opin. Chem. Biol. 2001, 5, 535. (c) Kraker, J.; Franssen, M.C.; Dalm, M. C,; Groot, A ;
Bouwmeester, H.J. Plant Physiol. 2001, |25, 1930. (d) drew, D. P; Krichau, N.; Reichwald, K.; Simonsen, H.T. Phytochem Rev

2009, 8, 581.
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Part 2: How Does Nature Make Echinopines A and B?

O, NADPH + H*  NADP*, H,0 Known natural products

oS

4,5-epoxidation

Germacratrienoic acid

Costunolide Parthenolide
To be investigated ... unknown
pathway
H+
e /\oy _— 13_H
hydration —1®  C7 (11 —13)
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HO,C HO,C COH ?
Hs,C OH O
Guaia-trien-oic acid l elimination
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B: H+

R = H, Echinopinoic acid = Echinopine A
R = CHg, Echinopine B

(@) A.A. Newman, Chemistry of Terpens and Terpenoids, Academic Press, London and New York, 1970. (b) Rohdich, F;
Kis, K.; Bacher, A.; Eisenreich, W. Curr. Opin. Chem. Biol. 2001, 5, 535. (c) Kraker, J.; Franssen, M.C.; Dalm, M. C.; Groot,A;

Bouwmeester, H.J. Plant Physiol. 2001, |25, 1930. (d) drew, D. P; Krichau, N.; Reichwald, K.; Simonsen, H.T. Phytochem Rev
2009, 8, 581.
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Previous Work in the Field of Echinopines’ Synthesis

Letter © rrev. | Article © Prev
Total Syntheses of (+)-Echinopine A and B: Determination of Absolute | Total Synthesis of Echinopines A and B
Stereochemlstry K. C. Nicolaou*, Hanfeng Ding, Jean-Alexandre Richard

and David Y.-K. Chen* Abstract Supporting Info
Thomas Magauer*®, Johann Mulzer and Konrad Chemical Synthesis Laboratory@Biopolis, Institute of -t Figures
Tiefenbacher* Abstract Supporting Info Chemical and Engineering Sciences (ICES), Agency for | Full Text HTML
University of Vienna, Institute of Organic Chemistry, Wa — Figures Science, Tech_nology and Researc_h (A*STAR), 11 Biopolis m Hi-Res PDF (3% k&) Citing Articles
hringerstrasse 38, 1090 Vienna, Austria @] Full Text HTML Way, The Helios Block, #03-08, Singapore 138667

Citing Articl i
Org. Lett., 2009, 11 (22), pp 5306-5309 ) Hi-Res PDF 614 k8] ng Articles J. Am. Chem. Soc., 2010, 132 (11), pp 3815-3818 T8 PoF w/ Links (230 ke
DOI: 10.1021/01902263k DOI: 10.1021/j29093988
m PDF w/ Links [251 k8] Publication Date (Web): February 25, 2010

Publication Date (Web): October 13, 2009
Copyright ® 2009 American Chemical Society

thomas.magauer®univie.ac.at; konrad.tiefenbacher@univie.ac.at

Copyright ® 2010 American Chemical Society
ken@scripps.edu; david_chen®@ices.a-star.edu.sg

Abstract
Abstract strac
Intramolecular
Sml,-mediated rhodium-catalyzed
—_ ring closure cyclopropanation
—
1 mol ~ $6 o OR = H: echinopine A
(+)-Echinopine A (1): R=H = Me: echinopine B
(+)-Echinopine B (2): R =Me
The first total syntheses of the novel 3,5,5,7-sesquiterpenoids (+)-Echinopine A (1) and B (2)
were achieved. Thereby the proposed structures were confirmed. and the absolute Echinopines A and B [(+)-1 and (+)-2], two naturally occurring compounds characterized with
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The Magauer-Tiefenbacher Sytnhesis of (+)-Echinopine A and B

Musco-Santi's protocol

Triflate formation (Comin's reagent) - H-
Musco-Santi's chain extension N
Furukawa-Simmons-Smith cyclopropanation / oTt
17 cH
MeO” ~0-Si-py. | PA(PPha)s
i "CHs | LiOAc
CHy THF, reflux
/
R = H, Echinopinoic acid = Echinopine A DMDO epoxydation ‘
R = CHs, Echinopine B LAH regioselective epoxide opening
IBX oxidation
Wittig reaction
0O~ OMe

Diastereoselective allylation

Myers'
RCM (Grubbs II) R =H (RCM: 84%) [3,3]-rearrangement
or Me (no RCM)

e H
ArOZS\ . N N

‘H  PPhg, DEAD AR
THF, -40°C to rt

(a) Magauer, T.; Mulzer, J.; Teifenbacher, K. Org. Lett. 2009, | [, 5306. (b) for Furukawa’s conditions, see: Furukawa, J.; Kawabata
N,; Nishimura, J. Tetrahedron Lett. 1966, 7, 3353. ; Simmons, H.E., Jr.; Smith, R.D. . Am. Chem, Soc. 1958, 80, 5323. (c) for

Musco-Santi’s conditions, see: Carfagna, C.; Musco, A ; Sallese, G.; Santi, R.; Fiorani, T. J. Org. Chem. 1991, 56, 261. (d) for Myer’s
rearrangement, see: Myers,A.G.; Zheng, B. Tetrahedron Lett. 1996, 37,4841.
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The Nicolaou-Chen Synthesis of Echinopines A and B

Smly-assisted pinacol coupling

Tebbe reagent Rh-catalyzed
cyclopropanation
& H O ) TBSO'“
H
— o — Y —>
OR O

OTBS

R = H, Echinopinoic acid = Echinopine A
R = CHj, Echinopine B Smi,, HMPA Il

(2) Nicolaou, K.C.; Ding, H.; Richard, J.-A.; Chen, D.Y.-K. J. Am. Chem. Soc. 2010, /32, 3815. (b) for samarium diiodide reaction, see:
Edmonds, D..; Johnston, D.; Procter, D.J. Chem. Rev. 2004, 104, 337|. ; Molander, G.A.; Harris, C.R. Chem. Rev. 1996, 96, 307.
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Chen’s Formal Aymmetric Synthesis of Echinopine A and B: Retrosynthesis

Triflate formation (Comin's reagent)
Musco-Santi's chain extension

Furukawa-Simmons-Smith cyclopropanation - d-catalyzed

cycloisomerisation

Magauer-Tiefenbacher 6 OTBS
Synthesis ) l H =

O

OR
R = H, Echinopinoic acid = Echinopine A DMDO epoxydation
R = CHj, Echinopine B LAH regioselective epoxide opening

{/E\sl')t(t'OXIdatltqn syntheSM Intramolecular
ittig reaction i Note similari DFIKeelz-cﬁ\il(()jr?r
1 structures

C13-C15 . C13-C4
izati cyclization
o. 13 cyclization Q yclizati
I_om
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0] CO.H
B:')
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Peixoto, PA,; Severin, R.; Tseng, C.—C., Chen, D.Y.-K. Angew. Chem. Int. Ed. 201 I, Early view
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Chen’s Synthesis of Echinopines: Construction of the
Acyclic Cycloisomerisation/DA Cascade precursor

Cuprate conjugate addition

Lindlar catalyst

n-BuLi, THF, -78 to -15 °C CHO quinoline 10
H\\/ then Cul (1.1 equiv.), -15 °C, 1 h H; (1 atm) OHC OTBS
SX__0TBS -~ U
~ then CHO N toluene, rt, 5 h s
i “X_0TBS 99%
then TMSI, -78 °C to rt
48%
Wittig reaction B L .
PhsP-CH, -
n-BuLi, THF, -78 °C 1 + s
PhsPCHg™I — > PhgP—~E-TMS
¥ then TMSCH,I (1.2 equiv.) I <TMS 3
10N PhsP=CH
TR n-BuLi, THF
0°C,1h
- - then
T™S
6 12 //
5 ™S OHC’\S/
1 | 3 -78°Ctort,2h
2 4\\
T™S

(2) Peixoto, PA.; Severin, R.; Tseng, C.—C., Chen, D.Y.-K. Angew. Chem. Int. Ed. 201 I, Early view; (b) Imamura, K.-1.;
Yoshikawa, E.; Gevorgyan,V.;Yamamoto,Y. J. Am. Chem. Soc. 1998, 120, 5339.
2/28/2011
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Chen’s Synthesis of Echinopines: Construction of the
Acyclic Cycloisomerisation/DA Cascade precursor

6

H
4
=

10

1
) 1 5 \ 1
2 6
TMS

OTBS

(a) Peixoto, PA,; Severin, R.; Tseng, C.—C., Chen, D.Y.-K. Angew. Chem. Int. Ed. 201 I, Early view; (b) For Hosomi-Sakurai reaction, see:

Coupling Red and Blue: Sakurai reaction

TiCl,
—_—
CH,Cl,
-78°C,1h
75%

dr ca. 3:1

T™MS

Hosomi,A.; Endo, M.; Sakurai, H. Chem. Lett. 1976, 941.; Fleming, |. Org. React. 1989, 37, 57.
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Cascade Cyclization/Intramolecular Diels-Alder Reaction

TBSO
HS

1. EtgN, TBSOTf, CHyClp, 92% 1,
2. p-TsOH, CH,Cl,/MeOH, 95%

1. Pinnick oxidation, 95%

>

3. K,CO3, MeOH, 98%

2. Mel, KHCOg3, 99%
4. DMP, NaHCOS, CH20|2

Pd(OAc),, PPhg, toluene, 80 °C, 2 h
then
160 °C, 6 h, 75%

(a) Peixoto, PA,; Severin, R.; Tseng, C.—C., Chen, D.Y.-K. Angew. Chem. Int. Ed. 201 I, Early view; (b) For Pd-Catalyzed
Cycloisomerizations, see: Michelet,V.; Toullec, PY.; Genet, |. —P. Angew. Chem. Int. Ed. 2008, 47, 4268.
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Finishing the Formal Synthesis of Echinopines
(?TBS

OTBS
: Stereoselective reduction H

1. Dibal-H, -78 °C

1. MSC', EtSN, CH20|2
then Nal, acetone, 60 °C, 86%

2. PtO,, Hy, EtOAC 2. DBU, THF, rt, 76%

H 3. .0s0, NMO
OH  then Pb(OAc),, CH,Cly, 0 °C, 91%

CO,CH; quantitative

diastereomers separated
at this stage

1. LDA, THF,

PhSeBr, -78 °C

then HQOQ, CH2C|2, 51%
2. NaOH, Hy0,, MeOH, 85%

"""""""""""""""" ' OTBS
OTBS retro-Aldol :
i reaction H

1
0
|
[09)
(02}

|

T

Montmorillionite K10

NaOH benzene, 80 °C
EtZOO Ring contraction
71% and C-extrusion

(+ 23% TBS-deprotected alcohol)

Martin's sulfurane Triflate formation (Comin's reagent)
EtsN, CH,Cl, Musco-Santi's chain extension
60% Furukawa-Simmons-Smith cyclopropanation

OR

(' Echinopines

DMDO epoxydation

LAH regioselective epoxide opening
IBX oxidation

Wittig reaction

(a) Peixoto, PA; Severin, R.; Tseng, C.—C., Chen, D.Y.-K. Angew. Chem. Int. Ed. 201 I, Early view; (b) for rearrangement — ring contraction
See: Elings, J.; Lempers, H.; Sheldon, R. Eur. J. Org. Chem. 2000, |905.
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Echinopine A and B: An Asymmetric Approach by Aldol Chemistry

OTBS
M desired stereochemistry
COOH
) M s S o H = , OTBS
Iy z I . .
s~ NH s N TiCly (1 equiv.), CHxCl,
“{  DCC, CHCl, — || iPreNEL 7810-30 °C
Bn 56% Bn 81%
TMS . .
Asymmetric Aldol Reaction
imidazole
O OH OTBS DMAP
: P MeOH
o,
asymmetric - MeO™ ™ 87%
cycloisomerization B
precursor

+ optically active form
* single diastereomer

Peixoto, PA,; Severin, R.; Tseng, C.—C., Chen, D.Y.-K. Angew. Chem. Int. Ed. 201 I, Early view
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+ Asymmetric formal synthesis of (+)-Echinopine A and B has been accomplished through

Conclusions

cycloisomerization/intramolecular Diels-Alder reaction

Pd-catalyzed
cycloisomerisation
OTBS

|+

Intramolecular/'
Diels-Alder
Reaction

Intramolecular
Diels-Alder
Reaction

benzene, 80 °C

Montmorillionite K10

Ring contraction
and C-extrusion

Pd-catalyzed
cycloisomerisation

OTBS 7 retro-Aldol oTBS
: reaction :

NaOH

Et,0
71%

« Asymmetric version through Aldol Chemistry has been demonstrated
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