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Introduction

(-)-Calyciphylline N

Isolated from the leaves and stems
of Daphniphyllum calycinum in 2008

COzMe

HO
"”——"\OAC Isolated from leaves of Daphniphyllum teijsmannii in 2006
(+)-Daphmanidin E Exhibit moderate vasorelaxant activity on rat aorta
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Retrosynthetic analysis of (+)-Daphmanidin E
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Total synthesis of (+)-Daphmanidin E
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Total synthesis of (+)-Daphmanidin E
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Total synthesis of (+)-Daphmanidin E

Grieco's protocol
1) 9-BBN, THF, RT;
NaBO3*4H,0. 60%

1) 2-NO,-CgH4SeCN, PBus

L

2) Ac,0, pyridine, DMAP;

OBz
1B8DPSO” "

> O

2) H,0,, DCM, rt
94% (9)

1) TMS-Imidazole
CeC|3‘XH20, MeCN

2) MOMCI, 'PryNEt DMP
> HO > —_—
oxalic acid, rt, 98% 3) TBAF, THF, rt 99%
90%
\/ OBz
13a

MeNO, [Cu(OTf)]o*toluene
NH,OAc, 77% ZnMe,, L4
d.r. =5:1,90%
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Grieco’s protocol

BU3P
RCH,OH + ArSeCN ——» RCH,SeAr + HCN+ O=PBus

RCH,SeAr + H,O0, ——» R'CH=CH, + ArSeOH + H,O

ArSeCN + BusP — ArSeP*BusCN-
ArSeP'BuzCN™ + RCH,OH —> ArSe” + RCH,OP*Bu; + HCN
RCH,OP*Bu; + ArSee —> RCH,SeAr + O=PBuj

RCH,SeAr + H,O, ——= R'CH,CH,Se*Ar + H,0
|
o
R'CH,CH,Se*Ar —— R'CH=CH, + ArSeOH
|
o

Grieco, P. A. et al. J. Org. Chem. 1976, 41, 1485.



Total synthesis of (+)-Daphmanidin E

1) 9-BBN, THF, rt;
NaBO3+4H,0. 60%

L

1) 2-NO,-CgH4SeCN, PBus
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Total synthesis of (+)-Daphmanidin E

1) Zn, NH,CI, EtOH

’ o

2) Boc,O, EtOH, rt
85%

Ho._ S OBz

16

1) MsCl, Et3N, 90%

L

2) Nal, acetone, 84%

I~ OBz
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Total synthesis of (+)-Daphmanidin E
|

Alkyl-Heck coupling reaction

110 mol% 20, sunlamp, 60 °C, MeCN, 95%
Stoichiometric

SnPh3
Me

O—H
S N//L o
Me \ \ P N/
5 N Me
~~ OBz OZO
19 —

Catalytic *
25 mol% 20, 1.5 equiv 'PryNEt,
blue LED, 23 °C, MeCN, 93%
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Total synthesis of (+)-Daphmanidin E

BocHN CHO Corey's procedure

1) NaCN, AcOH, MnO,, MeOH:
2) K2CO3, MeOH,;

1) K,CO3, MeOH, 77%;
2) PCC, CH,Cl,, 92%;

3) Ac,0, 'Pr,NEt, DMAP
79%

3) BnaNH<CF3CO4oH (1:1),
50 °C, 77% after 1 cycle
Aldol condensation
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CH-CN //C—CN /C—OR
HO 0] @)

.............................................................................................................................................
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Retrosynthetic analysis of (-)-Calyciphylline N

condensation

Tamao-Kumada

(-)-Calyciphylline N oxidation Cyclopentenone
1 2 3 annulation
ﬁ IMDA OH
:> :> :> 6
ON & o
Sl : “ +
/ (‘; O.Et SiMe,Ph
2 —
5
Transannular EtO,C 7

enolate alkylation

Smith, A. B. et al. 3. Am. Chem. Soc. 2015, 137, 3510.



Total synthesis of (-)-Calyciphylline N
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(Without purification)

Smith, A. B. et al. 3. Am. Chem. Soc. 2015, 137, 3510.



Intramolecular Diels-Alder reaction

A"-3_strain

\ _o
/SI
X top face endo approach
R= COzEt
CO,Et

bottom face endo approach (-)-5
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Total synthesis of (-)-Calyciphylline N
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Total synthesis of (-)-Calyciphylline N
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Total synthesis of (-)-Calyciphylline N
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Fleming -Tamao Oxidation
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Total synthesis of (-)-Calyciphylline N

PhthN

TESCI, Imidazole 'Pr,NEt, MOMBr

’

0°C, 83% 80 °C, 88%

Corey's procedure
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Total synthesis of (-)-Calyciphylline N

PhthN
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Summary

CO,Me /

» Two consecutive Claisen rearrangements
enry condensation

> Strategy of Heck cyclization
» Intramolecular Diels-Alder reaction
o \> Unsaturated aldehyde to methyl ester

(+)-Daphmanidin E

e

HO

Carreira, E. M. et al. Angew. Chem., Int. Ed. 2011, 50, 11501.

CO,Me £ Y
» Transannular enolate alkylation

» Stille carbonylation/Nazarov cyclization
» Hydrogenation of conjugated diene ester
» Intramolecular Diels-Alder reaction

L /

Smith, A. B. et al. J. Am. Chem. Soc. 2015, 137, 3510.

HO

(-)-Calyciphylline N




The daphniphyllum alkaloids, a family of natural products numbering
more than 200 members, have attracted considerable attention due
to both their diverse biological activities and structural complexities.
For example, in the late 1980s, Heathcock and co-workers proposed
an innovative biosynthetic pathway for these alkaloids, which led to
several elegant biomimetic syntheses. More recently, impressive
total syntheses of (+)-daphmanidin E and daphenylline have been

achieved by Carreira and Li, respectively.




The first total synthesis of a calyciphylline alkaloid, (—)-calyciphylline
N (1), has been achieved with a longest linear sequence of 37 steps
from known alcohol (-)-8. Highlights of the successful synthesis
iInclude a substrate-controlled, intramolecular Diels—Alder reaction to
construct the bicyclic core and set four contiguous stereocenters; a
highly efficient one-pot Nazarov cyclization/proto-desilylation sequ-
ence, which in one flask completes ring E and activates the silicon
moiety toward Fleming—Tamao oxidation, demonstrating the use of
the 4-methoxyphenyl substituent as a readily introduced and easily
replaced aryl group for the activation of otherwise unreactive
hindered siloxanes; and finally, exploitation of a subtie structural
change permitting chemo- and diastereoselective hydrogenation of
an extremely hindered diene ester that installed the C14 and C15
stereogenic centers. In all, the strategies delineated herein should
prove useful for the future synthesis of related members of this
alkaloid class.




