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Cyclooctane — The Challenges

= Molecular mechanics calculated 8-
membered carbocycles to have
relatively high strain energy
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Cyclooctanoids — The Challenges

» Cyclooctanoid natural products typically consist of fused/bridged skeletons
» hard to predict which methods will give what regio/stereo/chemo-selective
control

(+)-pleuromutilin (3) (+)-asteriscanolide (4)

Li, C-C. et al. Chem. Rev. 2020, 120, 5910-5953



Cyclooctanoids — The Appeal

» Cyclooctanoid natural products do exhibit important bioactivities and thus are
interesting targets for total synthesis
= Many strategies have been developed to construct the 8-membered ring systems

Ph

(-)-taxol (1) (-)-vinigrol (2)
anti-cancer anti-hypertension

(+)-pleuromutilin (3) (+)-asteriscanolide (4)
anti-bacterial

Li, C-C. et al. Chem. Rev. 2020, 120, 5910-5953
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Different Strategies

“ n fragmentation

(ring opening)
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Fragmentation
Vinigrol (Baran, 2009)

OTBS (o) OMgCl
: Me IMDA
+ MeO > —_——
Me then TBAF
TBSO
Me

Maimone, T. J.; Shi, J.; Ashida, S.; Baran, P. S. J. Am. Chem. Soc. 2009, 131, 17066—-17067



Fragmentation
Vinigrol (Baran, 2009)
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Fragmentation
Vinigrol (Baran, 2009)
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Different Strategies

“ n fragmentation

(ring opening)
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Different Strategies
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cycloaddition
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Intramolecular Cycloaddition

b) Shea's type |l Diels-Alder cycloaddition

heat
2 or

/ \ Lewis acids [bicyclo [n.3.1]J
4 o

1 bridged system
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Intramolecular Cycloaddition
Taxanes (Baran, 2012)

Me

Me EtO Me acrolein, Gd(OTf);
N — 7
e
I Me 1:10:4 H,O:EtOH:PhMe;
e ]
5 Me TMSO then Jones' reagent

Mendoza, A.; Ishihara, Y.; Baran, P. S. Nat. Chem. 2012, 4, 21-25
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Intramolecular Cycloaddition
Taxanes (Baran, 2012)
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e ! Me 1:10:4 H,O:EtOH:PhMe;

e M '
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B
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Mendoza, A.; Ishihara, Y.; Baran, P. S. Nat. Chem. 2012, 4, 21-25
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Intramolecular Cycloaddition

b) Shea's type Il Diels-Alder cycloaddition
heat

2 or
/ \ Lewis acids bicyclo [n.3.1]
. 1 - bridged system

c) Li's type Il [5+2] cycloaddition

bicyclo [n.4.1]
bridged system

Li, C-C. et al. Chem. Rev. 2020, 120, 5910-5953



Intramolecular Cycloaddition

Me\-/Me
\CI : _
—_— o)
% /
Y (0]
: v o)
Me z OCH2CF3
Me

Min, L.; Lin, X.; Li, C-C. J. Am. Chem. Soc. 2019, 141, 15773-15778

Vinigrol (Li, 2019)

hydroquinidine

PhCN, 170°C
40%

type Il [5+2]

r




Intramolecular Cycloaddition
Vinigrol (Li, 2019)

Me\-/Me Me\_/Me
\CI — :
o hydroquinidine
o PhCN, 170°C
: v o 40%
Me z 0CH2CF3
Me
type Il [5+2]

Other examples: Nicolaou’s CP-molecules (1999)
Fukuyama’s synthesis of (-)-CP-263,114 (2000)
Shair’s synthesis of longithorone A (2002)

(

H

)-vinigrol (2)

Min, L.; Lin, X.; Li, C-C. J. Am. Chem. Soc. 2019, 141, 15773-15778



Different Strategies
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cycloaddition
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Different Strategies

C / radical
cyclization
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Radical-Mediated Cyclization

Sml, — Pleuromutilin (Reisman, 2018)

M

vomo  \_ MOMO %

,’/0 Sm|2, Hzo _ = osm'
_>
Me — THF, 0°C Me
o — Me then TMSCI Vo

Me 93%, 23:1 dr

o | Smlllo _]

Reisman, S. et al. J. Am. Chem. Soc. 2018, 140, 1267-1270



Radical-Mediated Cyclization

Sml, — Pleuromutilin (Reisman, 2018)

Me Me
MOMO Va MOMO % MOMO Y
c 0 Sml,, H,O _ ¢ _osm" - on
m—— y
Me —_— THF, 0°C Me
o — Me then TMSCI Vo Me
Me 93%, 23:1 dr Me
o — sm''o ~
o)

Other examples: Mukaiyama’s synthesis of taxol (1999)
Molander’s synthesis of iso-schizandrin (2003)
Procter’s synthesis of pleuromutilin (2013)

pleuromutilin

Reisman, S. et al. J. Am. Chem. Soc. 2018, 140, 1267-1270



Radical-Mediated Cyclization
McMurry Coupling — 1-Hydroxytaxinine (Inoue, 2019)

[Ti]O O[Ti]

R R* _
>=0 + O=< [Ti] R1HR4 H,0
R? R3

R2 RS

Imamura, Y.; Yoshioka, S.; Nagatomo, M.; Inoue, M. Angew. Chem., Int. Ed. 2019, 58, 12159-12163




Radical-Mediated Cyclization
McMurry Coupling — 1-Hydroxytaxinine (Inoue, 2019)

Me |
Me TiCly, Zn, pyridine
Me .
O\)O THF, 50°C
McMurry coupling

Imamura, Y.; Yoshioka, S.; Nagatomo, M.; Inoue, M. Angew. Chem., Int. Ed. 2019, 58, 12159-12163



Radical-Mediated Cyclization
McMurry Coupling — 1-Hydroxytaxinine (Inoue, 2019)

Me |
Me TiCly, Zn, pyridine
Me .
O\)O THF, 50°C
McMurry coupling

Other examples: Nature. 1994, 367, 630-634
(Nicolaou’s taxol)

(+)-1-hydroxytaxinine

Imamura, Y.; Yoshioka, S.; Nagatomo, M.; Inoue, M. Angew. Chem., Int. Ed. 2019, 58, 12159-12163



Radical-Mediated Cyclization
Radical cascade —6-epi-Ophiobolin N (Maimone, 2016)

Me OH
S A, Et;3B, (TM$)3SiH
cyclopentane/air, -10°C
- >
| —_— > 56%
Me |
Me Me Me

farnesol

Brill, Z. G.; Grover, H. K.; Maimone, T. J. Science. 2016, 352, 1078-1082
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Radical-Mediated Cyclization
Radical cascade —6-epi-Ophiobolin N (Maimone, 2016)

Me OH
S A, Et;3B, (TM$)3SiH
cyclopentane/air, -10°C
>
| 56%
Me
I
Me Me

farnesol

(-)-6-epi-ophiobolin N

Brill, Z. G.; Grover, H. K.; Maimone, T. J. Science. 2016, 352, 1078-1082



Different Strategies

C / radical
cyclization
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Different Strategies
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Transannular Reactions
Vinigrol (Luo, 2019)

Me v ot

Me

Yu, X.; Xiao, L.; Wang, Z.; Luo, T. J. Am. Chem. Soc. 2019, 141, 3440-3443
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Yu, X.; Xiao, L.; Wang, Z.; Luo, T. J. Am. Chem. Soc. 2019, 141, 3440-3443

Transannular Reactions
Vinigrol (Luo, 2019)

o-DCB, MW

200°C
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transannular
Diels-Alder/decarboxylation
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Transannular Reactions
Vinigrol (Luo, 2019)

H
Me
o-DCB, MW
Me > - MeO,C
y - 200°C Me
e 52% oy
transannular Me

Diels-Alder/decarboxylation

(x)-vinigrol (2)

Yu, X.; Xiao, L.; Wang, Z.; Luo, T. J. Am. Chem. Soc. 2019, 141, 3440-3443



Transannular Reactions
Aquatolide (Takao, 2019)

BF3'OEt2, MeOH
.+OMe

r
74%

(-)-asteriscunolide D

Takao, K.-i.; Kai, H.; Yamada, A.; Fukushima, Y.; Komatsu, D.; Ogura, A.; Yoshida, K. Angew. Chem., Int. Ed. 2019, 58, 9851-9855



Transannular Reactions
Aquatolide (Takao, 2019)

BF3’OEt2, MeOH
.+OMe

r
74%

(-)-asteriscunolide D

hv
high-pressure transannular
Hg lamp [2+2]
37%

.wMe

“*OMe

Takao, K.-i.; Kai, H.; Yamada, A.; Fukushima, Y.; Komatsu, D.; Ogura, A.; Yoshida, K. Angew. Chem., Int. Ed. 2019, 58, 9851-9855



Transannular Reactions
Aquatolide (Takao, 2019)

BF3'OEt2, MeOH

> .+OMe
E 740/0
OPMB
-)- i lide D
(-)-asteriscunolide hy
high-pressure transannular
Hg lamp [2+2]
37%
wMe BF;°OEt,, DCM Me
- R
o
64A) ":OMe

Other examples: (+)-FR182877 (Sorensen, 2002) (+)-aquatolide
(-)-FR182877 (Evans, 2002)

Takao, K.-i.; Kai, H.; Yamada, A.; Fukushima, Y.; Komatsu, D.; Ogura, A.; Yoshida, K. Angew. Chem., Int. Ed. 2019, 58, 9851-9855



Different Strategies

D @
| | -
transannular

reaction

Li, C-C. et al. Chem. Rev. 2020, 120, 5910-5953



Li, C-C. et al. Chem. Rev. 2020, 120, 5910-5953

Different Strategies



Ring Closing Metathesis
Poitediol (Vanderwal, 2010)

—
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|
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Dowling, M.S.; Vanderwal, C. D. J. Org. Chem. 2010, 75, 6908-6922



Ring Closing Metathesis
Poitediol (Vanderwal, 2010)

° 0 Me In®, DMF §
_— Me Grubbs Il
N e e i
| DCM, reflux
Me 55%

then TMSCI

55% ring-closing

metathesis

Dowling, M.S.; Vanderwal, C. D. J. Org. Chem. 2010, 75, 6908-6922



Dowling, M.S.; Vanderwal, C. D. J. Org. Chem. 2010, 75, 6908-6922

Me
Me

Ring Closing Metathesis
Poitediol (Vanderwal, 2010)

In®, DMF
TMSO.,,
I

then TMSCI
55%

Grubbs Il

>
DCM, reflux
55%

ring-closing
metathesis

1. mCPBA, NaHCO,
DCM, 0°C
2. TBAF, THF
46%

poitediol



Ring Closing Metathesis
Nitidasin (Trauner, 2014)

—_—-
—_—
A
Me
Z
S N
Me I 1. tBuli, then A
| —> _ 2. mCPBA

(-)-citronellene

Trauner, D. et al. Angew. Chem. Int. Ed. 2014, 53, 8513-8517



| —

Me Me

(-)-citronellene

Trauner, D. et al. Angew. Chem. Int. Ed. 2014, 53, 8513-8517

Ring Closing Metathesis
Nitidasin (Trauner, 2014)

Me | 1. tBuLi, then A
— 2. mCPBA
0
Me 1%

Grubbs 1l
benzene, reflux
86%

RCM




Ring Closing Metathesis
Nitidasin (Trauner, 2014)

M
\ | H
: — |/ OsEW , ‘OSEM
a Me y .
Me
Me (o) Me
Me
= Grubbs Il
benzene, reflux
86%
| - 1. tBuli, then A ’
2. MCPBA RCM
Me Me 71% '

(-)-citronellene

nitidasin

Trauner, D. et al. Angew. Chem. Int. Ed. 2014, 53, 8513-8517
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Different Strategies
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Transition Metal-Catalyzed Carbocyclization
Asteriscanolide (Yu, 2011)

o) 0
H TBSO_‘ / [Rh(CO),Cl], H
D — . Me > 7 CO (0.2 atm) Me
— > Me
Me AN M
Me N N, (0.8 atm) e
70% 1850 H

[5+2+1]-cycloaddition

Yu, Z-X. et al. Chem. An Asian J. 2012, 7, 593-604



Transition Metal-Catalyzed Carbocyclization
Asteriscanolide (Yu, 2011)

o) O
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— . Me o 7 CO (0.2 atm) Me
I >— > Me y o
Me AN M
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[5+2+1]-cycloaddition

(+)-asteriscanolide
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Transition Metal-Catalyzed Carbocyclization
Pleuromutilin (Herzon, 2017)

Me
(@) .: (o) Me

— Me

Me .=— —_— <\O “ W

+ :
| )\/OPMB —_— ==

N o o

H

Herzon, S. B. et al. Science. 2017, 356, 956-959



Transition Metal-Catalyzed Carbocyclization
Pleuromutilin (Herzon, 2017)

M
Me

Me e o
O 5 Me Ni(cod),, IPr, Et3SiH (
Me .— Me, [&(b/ teode i <\0 Me.| [£. P
= —_— <\0 .. = >
+ ;

|\)\/0PMB —_— o =% then TBAF o 1
: H
H

THF, 0°C OH
60%, >20:1 dr, >20:1 rr

exo-reductive cyclization

Herzon, S. B. et al. Science. 2017, 356, 956-959



Transition Metal-Catalyzed Carbocyclization
Pleuromutilin (Herzon, 2017)

Me
o A4 o Me Ni(cod),, IPr, Et3SiH
Me .=— — oMe., — o
+ I 3 OPMB — — then TBAF
\)\/ (o) \0
H

THF, 0°C
60%, >20:1 dr, >20:1 rr

exo-reductive cyclization

(+)-pleuromutilin

Herzon, S. B. et al. Science. 2017, 356, 956-959



Different Strategies

(+)-pleuromutilin (3) (+)-asteriscanolide (4)

Li, C-C. et al. Chem. Rev. 2020, 120, 5910-5953



