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Astellatol (1) and other structurally related isopropyl #rans-hydrindane sesterterpenoids.
Zhao, Nan. et al. Angew. Chem. Int. Ed. . 2018, 130, 3444-3448.

Prasanth Nyalapatla @ Wipf Group Page 2 of 24 6/23/2018



 Isolated from fungus Aspergillus variecolor (syn. A.
stellatus) in 1989

* Pentacyclic rare sesterterpenoid

* Unique bicyclo[4.1.1]octane motif, ten stereocenters

* C(Cyclobutane that contains two quaternary centers, an €xo-
methylene group

* Sterically encumbered 1sopropyl trans-hydrindane motif

Zhao, Nan. et al. Angew. Chem. Int. Ed. . 2018, 130, 3444-3448. 3
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Biosynthetic pathway of astellatol

H
C
+
- r~ — astellatol

Simpson, T. J. J. Chem. Soc. Perkin Trans. 1 1994, 3055-3056.
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Progress toward the synthesis of astellatol

Retrosynthesis of astellatol based on a biomimetic cacade

Me biomimetic
cationic
cascade

OH C—)

astellatol
diastereoselective
methvlation
\ Me regio-and diastereo
\\_' H Me Me selective hydroboration

— [ T )= oTBs > mTOTBS
Et;Si0O™
S ‘ H 3> diastereoselective
> 1.4-addition
diastereoselective
reduction

Hog. T. D. et al. Chem. Eur. J. . 2015, 21, 13646-13665.
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Retrosynthesis of macrocycle involving a RCM

B-alkyl
Suzuld s OtBu \_ S me OB Me OtBu
' HO,

Hog. T. D. et al. Chem. Eur. J. . 2015, 21, 13646-13665. 6
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Second-generation retrosynthetic analysis of astellatol:
diene as precursor for the biomimetic cationic cascade

astellatol

3+2 cycloaddition
Myers reductive ring

Alkylation opening
> oTf

Y = HL
OH NaH o) NaH o)
Me o 2 PhNTf — PhNTf,
OH g OTf
(6%) (94%)
Hog. T. D. et al. Chem. Eur. J. . 2015, 21, 13646-13665. 7
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Third-generation retrosynthesis: Convergent access to
tetracycle as precursor for astellatol and nitidasin

nitidasin astellatol
oxidation biomimetic
cationic
RCM & Me cascade
hydrogenation

s H| HO..,, wOSEM )

Hog. T. D. et al. Chem. Eur. J. . 2015, 21, 13646-13665.
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Model studies

mCPBA

CH,Cl, 0°Cc Me
to RT, 3.75 h

(64%)

Grubbs I

benzene
85°C,2h

(98%)

Hog. T. D. et al. Chem. Eur. J. . 2015, 21, 13646-13665. S
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Total synthesis of (—)-nitidasin

1) mCPBA
2) Grubbs Il

(72%, three
steps)

d.r. = 251

1) Pd/C, Ha
2) TPAP, NMO

(77%, two
steps)

Hog. T. D. et al. Chem. Eur. J. . 2015, 21, 13646-13665. 10
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Deoxygenation of epoxide and proposed pathway for the
investigated biomimetic cationic cascade toward astellatol

ionization

biomimetic
cationic
cascade

astellatol

11
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Concise synthesis of astellatol core skeleton”

Key strategic design

Astellatol, 1

reductive
radical cyclization

1) Ph3sPBrCHs, t-BuOK, 87%

o
_—

2) B,Pin,, KOAC, Oin —
PdCl,(dppf), 80 °C, 88% 2

(o) 1) NaH, allyl-Br, CO,Me

HMPA, THF, 1, 75% N\ _J o~
OMe >
2) KHMDS, PhNTf;, 91% OTf

Zhao, N. et al. Chem. Eur. J. . 2016, 22, 12634-12636. 12
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Synthesis of the tricyclic motif of astellatol

OMe

0. 'B OMe
O
Grubbs 2"
+ PdCl,(dppf), 3N NaOH gen., 91%
g MGOzc\ -z

Dioxane, 100 °C, 86%
COzMe

v
OTf

OMe MeOH, quant. OMe

Pd(OH),, H,
MeO,C > MeO,C

Zhao, N. et al. Chem. Eur. J. . 2016, 22, 12634-12636. 13
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DIBAL-H

-

OMe  CHCl, quant. OMe

Astellatol, 1

Na, NH,, -78 °C
then t-BuOH, -45 °C

DMP, NaHCO,

OMe CHzclz, 0o°C

1M HCI

OMe Dioxane, rt
34% over 3 steps

i

(exclusively Cqy epimer) (X-ray)
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Sml,, MeOH, HMPA

THF, -78 °C, 41%
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Total synthesis of astellatol

Key inspirations for the synthesis of astellatol

TBSO
\ Cox(CO)s, NMO,
; PhMe, 90 °C, 66%
. o
= TBSO—
T85O~ [

Intramolecular Pauson-Khand reaction

Smi;, MeOH, HMPA
THF, =78 °C, 41%

Samarium(ll)-mediated
O reductive radical 1,4-addition O
Zhao, N. et al. Angew. Chem. Int. Ed. 2018, 130, 3444-3448. 15
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Retrosynthetic analysis of astellatol

Directed hydrogenation

astellatol (1)

Samanum(ll)-mediated

reductive radical 1,6-addition u

Mercury(ll)-catalyzed

o Intramolecular 3
‘-.':H":)H(:l[d reacuon

FPauson-Khand reaction

Ring-closing
MeO-C \/_ metathesis CO.Me

\v'

O 0]
OTMS ) .
5 6, Readily available from
(R)-(+)-pulegone in 2 steps

Zhao, N. et al. Angew. Chem. Int. Ed. 2018, 130, 3444-3448.
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Synthesis of the PKR precursor 4 0 /J\

a. 7, Cs,CO,4, HMPA

CO,Me 1.4-dioxane, 80 °C, 70% CO,Me
- "’*m/j]/
O -

. 7 O s
/U\/\l b. 9, n-Buli,
> 4 THF, -78 °C
i h C. TMSOTf, Et3N,
9 CH2C|2‘ then 1M HC',
Ol 72% for 2 steps

\ ) v

d. Grubbs-lI-Catalyst
MeO,C 0 PhMe, 90 °C, 91%
-~

. o e PdiC, Hy 730 psi

OTMS MeOH, rt, 98%

Zhao, N. et al. Angew. Chem. Int. Ed. 2018, 130, 3444-34438. 17
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Synthesis of the PKR precursor 4 cont’d

|. TBAF
MGOzC
| THF, 84%

0
OTMS
5
f. 10% HCI,
THF, RT (==11) MeO,C
g. Sml,, THF
-78 °C
11
MEOzc MGOzc
* i. LDA, methallyl
H O "4 O  bromide, THF,
-78 °C, 83%
13a, 35% 13, 41%
| h. NaOMe, PhMe, RT }
0,
60% after 3 recycles MeO,C ......>=
H O 14

j.- Mg, HgCl; (cat.),
3-bromopropyne, THF, RT

k. PdC|2(PPh3)2’ Cul,
EtsN, 2-bromopropene,
4, multigram scale THF, RT, 67% over 2 steps
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Synthesis of diketone 2

a. Coy(CO)g PhMe,
70 °C, 68% for desired
epimer,dr=4:1@ C7

/ -
\

Q3%

o 15

s
¢©
c. DBU, HMPA, RT;

then Et;O* BF,
DIPEA, CH,Cl, RT
88%

d. DIBAL-H, CH,CIl, 0°C
e. TPAP, NMO, CH,Cl, RT
74% for 2 steps

‘O

Zhao, N. et al. Angew. Chem. Int. Ed. 2018, 130, 3444-3448.
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Synthesis of diketone 2 cont’d

1 f. Sml, MeOH,

HMPA, THF, =78 °C

18b, 42%

h. PA/C, H,
EtOAc, RT,
83%

i. TPAP, NMO,
CH,Cl, RT, 98%

20
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Total synthesis of 1

a. NaHMDS, THF,
-78 °C, then Davis
0 oxaziridine, 99%

Astellatol, 1

b. NaBH4, CeClz*7H,0,
RT, 91%

o|-| c. Crabtree's catalyst, OH
Hz 500 psi, ¥
.o CH2Cla, RT, 79% ‘Q —OH
-

21

Prasanth Nyalapatla @ Wipf Group Page 21 of 24 6/23/2018



Total synthesis of 1 cont’d

Astellatol, 1

d. (Im),C=S, PhMe, 110 °C
e. P(OMe); 110 °C
74% over 2 steps

f. MeLi, THF, 50 °C, 88%
g. Py, SOCI,,

CH,Cly, 0 °C, 71% " “"OH

-

h. BHaMe,S,
THF, RT, then H202'
NaOH, 0 °C, 56%

Astellatol, 1

Zhao, N. et al. Angew. Chem. Int. Ed. 2018, 130, 3444-3448. 22
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Conclusion

First enantioselective total synthesis of astellatol

* In 25 steps, 0.63% overall yield

* Introduction of silyl protecting group
* Intramolecular PKR, provided right-side carbon scaffold

 Sml,- mediated reductive radical 1,6-addition

 Strategic 1ntroduction of hydroxy group for trans-
hydrindane synthesis
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Thank you
Prof. Peter Wipf

Thanks to Prof. Wipf Research Group
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