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Introduction

Bufospirostenin A

® First spirostanol found in animals;
® Unusual [5-7-6-5-5-6] ring system;
® 11 Stereocenters: 10 contiguous, two quaternary, one spiroketal,

® First total synthesis reported.

Li, C.-C. et al. 3. Am. Chem. Soc. 2020, 142, 12602.




Retrosynthetic Analysis of 1
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Synthesis of Compound 9
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Seyferth-Gilbert Homologation
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Seyferth, D. et al. J. Org. Chem. 1971, 36, 1379.
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Synthesis of Compound 8

Me OTBS
n-BuLi, THF
: .78 °C BnO BnO
0) H H L
: H

dr=1/2, unstable
15

[RhCI(CO)]>
PhMe, CO, 110 °C

85%, 2 steps

Y




Pauson-Khand Reaction
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Synthesis of Compound 19

...........................................................................................................................................................................................................

BF3°Et,0 Pd/C, H,
DCM, 0 °C THF, 0°C
0 then DIBAL -
81% 65%
8 16 17

MOMCI, DMAP

DIPEA, DCE
then Mn(acac), Pd/c,7lgzdgtOAc
Prha, EtOH then PDC, Ac,0
PhSIH3, 02 759
80%
18 19
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Synthesis of Compound 23

DMP, DCM
TMS-Imidazole
TBAF (cat.), THF

Mn(acac), PPhs, EtOH
PhSiH;, O,
56%

TMSCH,Li, Et,0O

p-TsOH, MeOH
86%

a. NaH, THF
MOMCI, DMAP (Et0),P(0)-CH,COOEt .

DIPEA, DCE, 50 °C
93% o

b. LDA, THF
Mel, HMPA, -78 °C
69%, 2 steps
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Peterson Olefination
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Horner-Wadsworth-Emmons Olefination
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Synthesis of Compound 24
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Pinnick Oxidation
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Synthesis of Compound 1

CO,Et

a. BHy*THF
NaOH, H202, 0°C

b. DMP, DCM, NaClO,
NaH,PO,4, TMSCHN,
50%, 2 steps

NaBH,, MeOH
THF, TBAF, 0 °C

65%
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a. SOCl,, Py., DCM, 0 °C

L

b. 26, t-BuLi, Et,0, -78 °C, HCI, MeOH
30%, 2 steps
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Summary

Bufospirostenin A

® 20 Total steps, 0.18 % overall yield
® Intramolecular Pauson—Khand reaction

® Mukaiyama hydration

Li, C.-C. et al. J. Am. Chem. Soc. 2020, 142, 12602.
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The First Paragraph

Writing Strategy
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The First Paragraph

Because of their biological importance and structural diversity, steroid
always play an important role in synthetic organic chemistry and drug
discovery. Particularly, in recent years, steroids have prompted significant
interest from the synthetic community, including the groups of Nagorny,
Heretsch, Li, Gui, Kuwahara, Du Bois, Inoue, Baran, and so on.
Bufospirostenin A, an unusual steroid with rearranged A/B rings, was
isolated by Ye and co-workers in 2017 from the toad Bufo bufo gargarizans.
The toad Bufo bufo gargarizans has long been recognized as an important
source in traditional Chinese medicine and is used as valuable anticancer

agent in China.
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The First Paragraph

With only 1.9 mg (0.004 mol) available, compound 1 has been reported
to possess a cardioative effect and promote blood circulation through
causing a 43% inhibition of Na/K ATPase (NKA) at 25 ym. However, the
relative scarcity of bufospirostenin A available from natural sources has
Impeded a more systematic evaluation of its biological activity. Structually,
bufospirostenin A (1) contains an unprecedented and sterically compact
[5-7-6-5-5-6] hexacyclic skeleton, and is the first spirostanol known to
have a rearranged A/B ring system rather than the usual decalin system. In
particular, bufospirostenin A possesses one spiroketal center in the E/F ring
system. Therefore, bufospirostenin A presents a formidable synthetic

challenge.
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The Last Paragraph

Writing Strategy
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The Last Paragraph

In summary, we have achieved the first and asymmetric total synthesis
of bufospirostenin A via a linear sequence of 20 steps from readily available
compound 10. Notably, the synthetically challenging [5-7-6-5] tetracyclic
ring system, found in 1 and other natural products, was efficiently
synthesized via a unique intramolecular Pauson—-Khand reaction. To be the
best of our knowledge, this work represents the first example of an
intramolecular Pauson—-Khand reaction of an alkoxyallene-yne in natural
product synthesis. Furthermore, the 11 stereocenters in 1, including the
contiguous 10 stereocenters, were constructed diastereoselectively. If ent-

bufospirostenin A is required, ent-10 would be needed.
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The Last Paragraph

This strategy will enable the diverse synthesis of bufospirostenin A
analogs from various analogs of 10, 11, and 12 to facilitate further biological
research, this work is currently underway in our laboratory and will be

reported in due course.
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Representative Examples

In our continuing efforts toward the synthesis of biologically active
abeo-steroid or polycyclic natural products with a 7-membered ring, we
herein describe the first and asymmetric total synthesis of
bufospirostenin, base on the intramolecular rhodium-catalyzed Pauson-
Khand reaction of an alkoxyallene-yne.(ZE& (13T ... BB T, FAl
BRINIRET ..., HET. . HIRN)

With compound 19 in hand, we proceeded to next stage of our
proposed synthesis of bufospirostenin. (Z£5Z...LAE, FHANTHFHITTI—M
Y& k)

Moving forward, we continued toward the last stage of the synthesis
via the diastereoselective installation of the spiroketalization of the
spiroketal moiety. (FJ LR AT [E M EZ BY T1F)
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