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The presentation will not focus on the bioactivity of ryanodol.



INTRODUCTION

Among the most highly oxidized & synthetically

challenging diterpenoid reported to date.

Sterically congested pentacyclic core with

eleven contiguous stereocenters

(+)-ryanodol

5 free hydroxyl group in the same face of the molecule.

Unstable hemiketal, three methyl groups & one isopropyl group.
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ISOLATION AND STRUCTURE DETERMINATION

In 1943 collaborators from Merck and the Department of Entomology at
Rutgers University found that extract from the stem and root of

Ryania Speciosa Vahl were very active as potent insecticides.

The crude extract was crystallized from ether until a pure product was obtained: Ryanodine.
M.p. 219-220°C; [a]p +26° in methanol. ~ 700 times more active than the stem wood of Ryania speciose Vahl.

What about the structure?
Presence of a pyrrole-like ring system.
Neutral to litmus and form no precipitates with other common alkaloids.
Determination of formula: C25H33NO9 or C26H37NO9 with 6 or 7 active hydrogens.



ISOLATION AND STRUCTURE DETERMINATION

1951- K. Wiesner contribution
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ISOLATION AND STRUCTURE DETERMINATION

e 1951- K. Wiesner contribution

* In 1960 cleavage of oxoanhydroryanodol into several fragments
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ISOLATION AND STRUCTURE DETERMINATION

e 1951- K. Wiesner contribution

* In 1960 cleavage of oxoanhydroryanodol into several fragments

* In 1962 he solved the structure of anhydroryanodol.
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ISOLATION AND STRUCTURE DETERMINATION

1951- K. Wiesner contribution

In 1960 cleavage of oxoanhydroryanodol into several fragments

In 1962 he solved the structure of anhydroryanodol.

In 1967 he solved the structure of ryanodine
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STORY LINE

24 years from
isolation to
Structure determination

N
-m- 1967 --m-mﬂ 2019 ?
P /

1979. Prof. Pierre Deslongchamps

First total synthesis of Ryanodol.
12 years after structure
determination.



SYNTHESIS BASED ON PREVIOUS OBSERVATION
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DESLONGCHAMPS SYNTHESIS
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DESLONGCHAMPS SYNTHESIS

PhH + NaOH
—_ —_—
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B: R'=0; R=H,

Use as crude

(+)-ryanodol

Intra Aldol
_—

HO

\"
H\

anhydroryanodol

12



DESLONGCHAMPS SYNTHESIS

—_— (+)-ryanodol anhydroryanodol

Aﬁ> No information

1. AcOH, H,0 2. NaOH, THF, rt

—_— ~

epimerization
HO HO H
HO Intra aldol H

H H _Intra aldol _
oGehi——, oG i— X, \?<rHMe o)
OH\“ Me

l\/o . Diels Alder reaction

. 2 deprotections
. 2 sequence of epimerization/ intra aldol.
Use as crude HO
4 Generation of 4 new c-c bonds (in orange).
0=
Formation of the tetracyclic scafold
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DESLONGCHAMPS SYNTHESIS
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DESLONGCHAMPS SYNTHESIS
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SUMMARY DESLONGCHAMPS SYNTHESIS

Key Diels-Alder cycloaddition & elegantly designed intramolecular aldol reactions to generate the ABCD
framework.

Relay synthesis using the degradation product to reach Ryanodol in two-step sequence.

Construction of the key hemiacetal at the end of the synthesis.

37 steps for the longest linear sequence.

Many protecting groups & many functional groups manipulation

16



STORY LINE

24 years from
isolation to

Structure determination m

1979. Prof. Pierre Deslongchamps
First total synthesis of Ryanodol.
12 years after structure

determination.

201 4. Prof. Masayuki Inoue
Second total synthesis of Ryanodol.
The only group to succeed after

Deslongchamps 35 years ago.

— =) 2019 ?
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INOUE RETRO-SYNTHESIS
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INOUE SYNTHESIS
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Hl-Cl)o o dimethoxypropane
PPTS
H >

—

HO

65 % (over 4 steps)

R

HO ——

H

o]
H,0, 80 °C; py, Et;N, 0 °C
Pt(+)-Pt(-), 0.8 A
r
o’ \

64%

Dess-Martin

Ho\ko o
,k:; oﬁ H
H
(o]

C2-symmetric

o
Me;S(0)I, NaH
’
THF 0

OTMS

OH
28% NH; a
o 3aq - HO NHz
dioxane, 120 °C
NH,

NaNO,, AcOH
H,0, 0°C

1. TMSOTf, Et3N
2. DMDO

TfOH TMSO
- (o) -
MeOH (o)

%S

27% (over 3 steps)

LDA, TBSOTf 9 m-CPBA _
-
oTBS
85 % 84 %

19



INOUE SYNTHESIS

(+)-ryanodol
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INOUE SYNTHESIS
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SUMMARY INOUE SYNTHESIS

Reduce the use of protecting groups & redox process (In comparision with Deslongchamps).

Key hemiacetal was formed in the middle of the synthesis.

Synthesis highlighted the utility of radical chemistry in the total synthesis of complex natural product.

35 steps for the longest linear sequence
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STORY LINE

2014. Prof. Masayuki Inoue
Second total synthesis of Ryanodol.
The only group to succeed after
Deslongchamps 35 years ago.

Structure determination m

24 years from

isolation to

1979. Prof. Pierre Deslongchamps 2016. Prof. Sarah E. Reisman
First total synthesis of Ryanodol. Third total synthesis of Ryanodol. |4
12 years after structure The last one reported to date.

determination.



REISMAN RETRO-SYNTHESIS
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REISMAN SYNTHESIS
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SUMMARY REISMAN SYNTHESIS

15 steps from the commercially available (S)-pulegone.

Pauson-Khand reaction to build the carbon framework and SeQO:2 - oxidation to
install three oxygen atoms in a single step.

Minimum of protecting groups & redox adjustments.
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SUMMARY

2014. Prof. Masayuki Inoue
Second total synthesis of Ryanodol.
The only group to succeed after
Deslongchamps 35 years ago.

Structure determination m

24 years from

isolation to

1979. Prof. Pierre Deslongchamps 2016. Prof. Sarah E. Reisman
First total synthesis of Ryanodol. Third total synthesis of Ryanodol. |4
12 years after structure The last one reported to date.

determination.
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