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(-)-17-nor-Excelsinidine
Angew. Chem. Int. Ed.  2018, just accepted

Ø Total	synthesis of	benzofuroindoline containing natural
product

Ø Development of	oxidative coupling between phenol and	
indole

Ø Total	synthesis of	indole	alkaloids

Methodological interests:
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X-ray structure of (-)-17-nor-Excelsinidine1
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(-)-17-nor-Excelsinidine

Introduction

Ø Isolated	in	2014	from	the	twigs	and	leaves	of	Alstonia scholaris1
Ø Bridged	bicyclic	ammonium	moiety
Ø Display	anti-adenovirus	and	anti-HSV1

Ø Absolute	stereochemistry	determined	by	NMR	spectroscopy	and	X-ray	crystallography
Ø No	previous	total	syntheses	reported

1Tetrahedron Lett.	2014,	55,	1815−1817	 4



Postulated	biosynthesis	of	Excelsinidines
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          (akuammilan)
R = CHO; rhazimal
R = CH2OH; rhazimol
R = CH2OAc; akuammiline
R = H; strictamine

R = CH2OH; excelsinidine
R = H; 17-nor-excelsinidine

(mavacuran)
pleiocarpamine

(corynan)
geissoschizine

N1-C16

N4-C16

C7-C16

?

?

?



Previous	studies
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Sakai - Oxidative chlorination/Nucleophilic substitution
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N
H

N

R
O

O16

4



Synthesis	of	(±)	and	(+)-16-desformyl-geissoschizine
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(3 equiv.)

CH2Cl2, rt, 15 h
then TFA, rt, 1 h

85%

1. DIBALH (2 equiv.)
PhMe, -78 °C, 0.5 h

(2.5 equiv.)
NaH, THF, rt, 0.66 h

78% (2 steps)
MeO2C

Ni(COD)2 (2 equiv.)
NEt3 (4 equiv.)
MeCN, rt, 1 h

Et3SiH (3 equiv.)
rt, 2 hP(OMe)2MeO2C

O2.

(±)-11 (±)-12 (±)-trans-9, 62%
(±)-cis-9, 35%

10 (4 steps)



Synthesis	of	(±)	and	(+)-16-desformyl-geissoschizine
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Synthesis	of	(±)	and	(+)-16-desformyl-geissoschizine
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Pd(OAc)2 (0.3 equiv.)
Et3SiH/PhMe (2:3), 80 °C, 4 h, 72%

i-BuOCOCl (1.25 equiv.), NMM (1.15 equiv.)
THF, rt, 1 h then PhSeLi (1.2 equiv.), rt, 0.5 h

Bu3SnH (4 equiv.), AIBN (0.2 equiv.)
PhH, 80 °C, 2 h, 74% (2 steps)

R = CO2Bn, (-)-18

R = CO2H, (+)-19

R = COSePh, 20

R = H, (+)-9
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(3 equiv.)

CH2Cl2,
0 °C to rt, 4 h
38% (3 steps)

K2CO3 (2 equiv.)
MeCN, 70 °C, 6 h

82% MeO2C

 Ni(COD)2 (1.5 equiv.)
NEt3 (3 equiv.)
MeCN, rt, 0.5 h

Et3SiH (2 equiv.)
rt, 2 h

dr 2:1 (cis:trans)

N.HCl

CO2Bn

MeO2C

CO2Bn
CO2Bn

H

OMe

OTBS

(2 equiv.)
I

Br R

(-)-13
(2 steps from
D-tryptophan)

(-)-15 (+)-17 (-)-cis-18, 55%



End	game

10

N
H

N

O

O

N
H

N
H

MeO2C

1. NaOH (8 equiv.)
MeOH/H2O (6:1)

rt, 15 h

2. TFAA/TFA (10:1)
rt, 2.5 h

44% (2 steps)
(53% brsm)
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LiHMDS (1.2 equiv.)
THF, 0 °C, 15 min

then TsCl (3 equiv.)
-30 °C, 1 h

dr >95:5
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Na2CO3 (10 equiv.)

MeOH/H2O (40:1)
rt, 1 h

68% (2 steps)Cl

(-)-17-nor-excelsinidine
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Direct	oxidative	cyclization	of	geissoschizine

11Liebigs Ann.	Chem.	1985,	1752-1763
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then H(CO)OMe
-78 °C to 0 °C, 5 h

73%H

KHMDS (2.2 equiv.)
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Direct	oxidative	cyclization	of	geissoschizine
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Plausible mechanism:

(-)-17-nor-excelsinidine
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NaOH (8 equiv.)
MeOH/H2O (6:1)

0 °C to rt, 2 h
73%

or:
- Heterocoupling of a N4,C16-bis-radical
- SN2 of N4 onto a 16-iodo ester



Conclusion
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Ø First	total	synthesis	of	(+)-17-nor-Excelsinidine
Ø Overall	yields:

Ø Two	oxidative	cyclization	leading	to	the	formation	of	N4-C16	bond
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(mavacuran)
N1-C16C7-C16

(akuammilan)

- Through	(+)-16-desformyl-geissoschizine:	2,7%	over	12	steps
- Through	(+)-geissoschizine:	1,2%	over	11	steps


