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Introduction

> |solated from the roots of Echinops spinosus by Shi and Kyota in 2008
=  From 3 kg roots 2 mg of each isomers

>  Belong to the family Asteraceae
(from Greek “which looks like a hedgehog”)

> Structures unambiguously assigned as unique [3.5.5.7]
= First example of a novel 3/5/5/7-membered ring carbon framework
= Flat chair form for the 7 membered /ring-envelope shape for the 5 membered ring

= Characterization only done with HRMS and NMR (no crystal)

=  Absolute configuration in 2009: first enantioselective synthesis k
workers

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



Biosynthesis

>  Plausible Biosynthetic pathway from Guaiane skeleton
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Dong, M.; Cong, B.; Yu, S.-H.; Sauriol, F.; Huo, C.-H.; Shi, Q.-W.; Gu, Y.-C.; Zamir, L. O.; Kiyota, H. Org. Lett. 2008, 10, 701-704.



Retrosynthetic Analysis

>  Retrosynthesis for formal and total synthesis

cyclopropanation

Ox/Wittig radical cyclization
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Synthesis of Reagents for the Cycloaddition u
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> Synthesis of Cr(0) Complex:

; T
CH3CN (solvent) 1) Evaporation \ 50 mm o—::z—»
Cr(CO)e > (CH3CN)3Cr(CO), | |
reflux, 24 h S crco),
4
°9 2) (1.5 equiv.)
THF, reflux, 48 h {600 i
3) 1 equiv. more Recovery Flask

75-85%

= Warning! Tris(acetonitrile)chromium tricarbonyl is highly pyrophoric

= Degrades rapidly when exposed to oxygen (reasonably stable in THF solution).
—> green colored [Cr(111)] decomposition product

= Reaction monitored by TLC

= Total reaction time averaged ~180 hr

Rigby, J. H.; Fales, K. R. Organic Syntheses, 2000, 77, 121



Synthesis of Reagents for the Cycloaddition

> Synthesis of substituted alkyne partners
= Silylation of terminal alkyne for model study
5 mol% Zn(OTf),

TMSOTY (1.5 equiv.)
EtsN (1.5 equiv.)

TBSO TBSO
_\%H _\%TMS

CH,Cly, 23 °C, 12 h
95%

= Usually: deprotonation of terminal alkynes with organolithium, or Grignard
reagents - addition of a silyl electrophile
“:_“ Zn(OTH),

En[ﬂTﬂz R——H ]

SIR3 /
ReSI-OT ,—f “RsNH*OTF

ZnOTH

Matching the counterion of the zinc catalyst Wlth the leaving group on silicon
—>Regeneration of Zn(OTf), = Catalytic process

Rahaim, R. J.; Shaw, J. T. J. Org. Chem. 2008, 73, 2912
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Synthesis of Reagents for the Cycloaddition

> Synthesis of substitued alkynoate
= Insertion into Cyn,i-H

O
Cul (10 mol%) =
OTMS
/\/ + KJ\OMe TMSO— )=J¢)
N>

CH4CN, tt, MeO
82%

>  Mechanism

0 R 0
o u—— X b+ R——
#OMe G—=—-r - H(T[g\J]\OMe \XJ\OMe j o
, _ u Cu H MeO
N R/
0]
= Possible side product : allene (8%) Rl E
=  Without catalyst, with Rh complexes or Cu: o

Suarez, A.; Fu, G. C. Angew. Chem., Int. Ed. 2004, 43, 3580—3582
X. Zhao, Y. Zhang, J. Wang, Chem. Commun., 2012, 48, 10162-10173



Synthesis of bicyclo[4.2.1]nonane substructure
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>  Model study (Known final product)

1) hv, hexane

(2 equiv.) 82%

TBSO

1 diastereomer

PPhs, Imidazole

78%

= Not really optimized (I vs Xanthate, addition of AIBN/Bu;SnH)
= QOther starting material not complicated to do?
= Just to attribute every H or C by NMR.



Synthesis of bicyclo[4.2.1]nonane substructure
>  Photochemical cycloaddition (key step)

1) hv, hexane

ﬁTMS 2) P(OMe)3
+ TBSO >
“Cr(CO); 82% s
TB
(2 equiv.)
1 diastereomer
67+2
[om+2m] decomplexation
TBSO
TMS
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Synthesis of bicyclo[4.2.1]nonane substructure
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> Photochemical cycloaddition: methodology beyond

Aim : produce bicyclo[4.2.1]nonane carbon skeleton

—> Creation of several C-C bonds and stereocenters one pot.

Problem usually: competitive pathway, low periselectivity level

How? Irradiation (450-W Canrad-Hanovia medium pressure Hg vapor lamp,

Pyrex filter) y e,
= Use of Pyrex filter (cut off) to avoid /@H Co '3'"5,:5\ R :
H S Gas In: 358~ 6" Vigreux
H Polypropylera Tube A - an
= Result: metalfree bicyclo- [4.2.]]nonadiene adducts (g m«‘&wse:;l | B
- Orientation with Cr [

Ny . \ .
21— Q=0
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Synthesis of bicyclo[4.2.1]nonane substructure

>  Photochemical cycloaddition: mechanism
= First proposition

Qe == Qs 22 QR
S \
“Cr(CO)3 “Cr(CO), @ -

-CO CO),

+CO
- N /j oc:)gcr\'
%0)2

= Alternative pathway

Qo == Qo 22 QL
S \
“Cr(CO); “Cr(CO); @ e

(CO)s

G — e
(CO);
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Synthesis of bicyclo[4.2.1]nonane substructure

> Photochemical cycloaddition: methodology beyond

VAR /\/j
X [6n+4m] X \
—/"Cr(CO)s

= Exemple of polycycles with alkynes (3-component)

X Y /
| \ ( T hv
~ +
—/~Cr(CO)s ‘ ‘ ‘ ‘
X=NR, SO, Y=0, CH,, C(CH,),,
C(CO,Et), 36-777%

X hy IV.75% R
\\ ++ RMS==8—H _
i />\@F(@©)§ 160°C, 40%

R=TMS, H, t-Bu,n-Bu

Rigby, J. H.; Warshakoon, N. C.; Heeg, M. J. J. Am. Chem. Soc. 1996, 118, 6094—6095. (b) Rigby, J. H.; Heap, C. R.;
Warshakoon, N. C. Tetrahedron 2000, 56, 2305—-2311. (c¢) Rigby, J.H.; Mann, L. W.; Myers, B. J. Tetrahedron Lett. 2001, 42, 8773-8775
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Synthesis of bicyclo[4.2.1]nonane substructure

=  Modification on the triene

R
X \ hv R
| - + R——H >~
—/Cr(CO),
MeO,C
MeO,C
"syn”
R
X hv R
| \\ + R———H -
—/Cr(CO);
TBSO
TBSO
"anti"

Rigby, J. H.; Warshakoon, N. C.; Heeg, M. J. J. Am. Chem. Soc. 1996, 118, 6094—6095. (b) Rigby, J. H.; Heap, C. R.;
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Warshakoon, N. C. Tetrahedron 2000, 56, 2305—-2311. (c¢) Rigby, J.H.; Mann, L. W.; Myers, B. J. Tetrahedron Lett. 2001, 42, 8773-8775



Synthesis of bicyclo[4.2.1]nonane substructure
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>  Photochemical cycloaddition applied to the syntheis (key step)

TMSO

1 diastereomer
[6n+27 _
decomplexation
e

— hv, h A i
@ + TMSO— —0 v, hexane, ATpHTIing - + mixture of [6n+27+27]
“Cr(CO)3 MeO 71% OMe cycloadducts
(2 equiv.)
]

TMSO
OM

O

(OC)3Cr< El



Synthesis of [5,5,7]tricyclic core u_

>  Preparation of radical precursors

conditions A:

TBAF PPhs, Imidazole
95% conditions B:
1,1'-(thiocarbonyl)diimidazole

TMSO cat DMAP, reflux

X=1, 85%

S

_ o _ _ _ _ X= O)J\N/\\N 77%
> Radical cyclisation to afford tricycle: regioseletive 5-exo trig l—/

X=l, 41%

S
X= )J\N/\\ 61%

o)
N
\—/

Barton, D. H. R.; McCombie, S. W. J. Chem. Soc., Perkin Trans. 1, 1975, 1574—1585
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Final Part

>  Completion of the Synthesis from Magauer and coworkers (2009)

1)DMDO, acetone, rt

CH,l,, EtyZn 2) LAH, 50 °C

h

89% 90%, dr=5:1

Furukama Simmons Smith

IBX, DMSO
then NaClO,, NaH,POy, MePPh3,
2-metyl-2-butene t-BuOK
72% 62%
Pinnick OH

Echinopine A

Magauer, T.; Mulzer, J.; Tiefenbacher, K. Org. Lett. 2009, 11,5306—5309
J. Furukawa, N. Kawabata et al., Tetrahedron. Lett. 1966, 7, 3353-3354

CH5N,
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Echinopine B
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Conclusion
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Formal synthesis of Echinopine A and B in 5 steps, 26% overall yield

Efficient process : 10 steps if total synthesis compared to previous syntheses ( more than
20 steps)

Cr(0)-promoted photoinduced [6x + 27| cycloaddition as the key step

Novel intramolecular radical cyclization step involving an inactivated cyclic diene

18
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Thank you for your attention!
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Do R R R R

Na a7

A =
CufllL
=

NNHTs Rf"’"f CufiL

PR
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