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Ophiobolins

Sophie Shevick

The ophiobolins are a class of sesterterpenes isolated from fungi that possess a
5-8-5 ring system. The ceroplastins are similar but are found in insects and display
different sterochemistry at the ring junctions. Fusicoccin diterpenes have the same

ring system but have a shorter side chain.

1958 - isolation from plant fungus (J. Agr. Chem. Soc. Jpn. 1958, 32, 739-744)
1965 - structural identitfication (JACS, 1965, 87, 4968-4970)
1968 - structural identification of ceroplastol | (JACS, 1968, 1092-1093)

1977 - ophiobolin A shown to be phytotoxin

1982 - ophiobolin A shown to be inhibitor of calmodulin (9um)

1989 - synthesis of (+)-ophiobolin C (Kishi)

1996 - synthesis of (-)-cotylenol (Kato)

2000s - cytotoxic to human cancer cell lines

2011 - synthesis of (+)-ophiobolin A (Nakada)

2016 - synthesis of (-)-6-epi-ophiobolin N (Maimone)

Possible biosynthesis -
JCS Perkin Trans 1, 1975, 1405-1410
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Confirmations of 8-membered rings -
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ophiobolin A
*phytotoxin
*cytotoxin

fusicoccin core
8p,9a glycol

fusicoccin core

(1) Ring strain and (2) transannular strain make medium-sized rings difficult to

Relative Rates

n=1  10°
n=2 104
n=3 100
n=4 1

ACR, 1981,14, 95-102

boat-chair crown

Strategies to synthesize these rings include

2) ring expansion
3) fragmentation

boat-boat

Recommended reviews:

Petasis, Tet, 1992, 48, 5757-5821
Singh, Chem. Rev., 1999, 99, 881-930
Yet, Chem. Rev., 2000, 100, 2963-3007
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Intramolecular C—C bond formation

1 8 1 8

*addition into Michael acceptor (ene reaction)

Synthesis of hydroxycycloaraneosene (Kato, CL, 1989, 91)

*carbonyl coupling

6 steps

—_—

Synthesis of ceroplastin nucleus (Snider, JOC, 1992, 57, 3615-3626)

McMurry
coupling

but only after failed routes... H

X=H
X =S0,Tol
X - PO(OEY),

no successful routes

disconnection for 8-
mem ring formation

i *Nazarov cyclization

Synthesis of fusicoccin core (Reddy, ACIE, 2007, 46, 915 —918)

dolabelladienone

*[4+4] cycloaddition

Synthesis of ophiobolin F core (Wender, JOC, 1997, 62, 4908-4909)

Ring Expansion

*[4+4] ring expansion
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ophiobolin F core (Paquette, JOC, 1985, 50, 201-205; JOC, 1983, 48, 1147-1149)
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Fragmentation 7
¢a

*[6+2] ring expansion
Synthesis of (+)-ceroplastol | (Paquette, JACS, 1993, 115, 1676-1683; JACS, 1991,
113, 2762-2764)

H,

Cpep Cu,y M [3.3] .
[}
cp” eI “Me 1. KOH, A ZOLA/ @
_—
2. K,COy, 3 X ®

*bicyclo[3.3.1]nonane
1 Synthesis of ceroplastol | (Boeckman, JACS, 1989, 111, 2737-2739)

MeO,C

MsO,,

7 steps
«
«

(+)-ceroplastol | Grob

*[7+1] ring expansion
Attempted ophiobolin ring system (Rigby, JOC, 1987, 52, 4634-4635;JCS Perkins
Trans. 1, 1994, 3449-3457)

model studies -

6 steps

see also Dutta, JCS, Perkin Trans 1, 1977, 1287-1295

Me — -
H H
o) Me,Si *bicyclo[4.2.0]octane (Coates, JOC, 1985, 50, 3541-3557)
CO,Me o H H Synthesis of ceroplastin/ophiobolin cores B O’Li 7

7/
%, TMSCH2N2 H,,' COQME BFsEtzo o

¢, H ’ ' H
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one-carbon
ﬂ%» homologation

not possible
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Ophiobolin C (Kishi, 1989)
7L, 1988, 29, 4909-4912

TBDPSO\\\\\‘ /
Me
(o] Si\/
( 3 t-Bu
OBn

TBSO

1.aqg. HF 3. p-TsOH
2. ICl (2 equiv.);| 4. (COCI),, DMSO,
n-BuyNFHF '\ Et;N

NHK [ CrCIy/NiCly(cat.)
reaction | DMSO/DMS(cat.)

OPv

JACS, 1989, 111, 2735-2737 o ]./
cl J\Es'\t-su
o THPO THPO THPO ( SOB,,
- O3
2. DHP, PPTS, 1) TMSCI, base NaBH,, CeCl, KN(TMS)OZ,
CH,Cl, 2) Pd"X,, BQ MeOH, -30 °C THF, -78 °C
Saegusa Luche
oxidation reduction
88% over o 341 dr Me oy
OTBDPS three steps OTBDPS OTBDPS
7 steps
1. CH5N
THPO HO,C 5 LA|'2| 2
1. A, xylenes 3. MsCl, Et;N 1. (COCl),, DMSO,
2. H oBn A.LAH o opv BN O
tandem 5. Hp, PO 2. \_
Brook and Claisen TBDPSO.__ 6. Hy, Pd(OH), TBDPSO, SiMeg
rearrangements Me 7. PvCl, Py
72% over 8. n-Bu,F, DMF g
3 steps. 6:1 dr 57%
1) TBDPSCI, 1) Me.Si. Cu Li
HO AgNOs, Py 1BDPSO 3 ,
2) Br, & TBDPSO §~SiMe3 -Buli
@ 3) EtsN Pr . $
—> —l
Br 2) TBSOTf o Br
0 ° OoTBS
3 3 1. +BuOOH/VO(acac)
TBDMSO HO 2
OH 4 TtBSCI/ 4 OPV2. 4-MeCgH,0C(S)CI/
Im/DMF o Py/DMAP
. 2. MeMgCl 3. n-BuzSnH/AIBN
R;SiO -—— R;SIO -
68% 52%
13:1 dr

(+)-ophiobolin C Hs (0]

R4SIO

73%
O 1 diastereomer
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NHK
reaction

OPv
CrCI,/NiCly(cat.)

TBDPSO

allylic transposition

1. tBuOOH/VO(acac),

2. 4-MeCgH,OC(S)Cl/

Py/DMAP

3. n-BuzSnH/AIBN R,SiO,
’

+-BuOOH/
VO(acac),

BuzSnH

Barton
deoxygenation

B —

BU3Sn ~ S

o//l\ Tol
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Synthesis of (+)-Ophiobolin A Sophie Shevick

Ophiobolin A (Nakada, 2011)
Chem Eur. J., 2013, 19, 5476-5486
ACIE, 2011, 50, 9452-9455

OL, 2006, 8, 2039-2042

t-BuLi, then Hosomi-
| OTBDPS  TMS OTBPDS rsezl::ltli?rim OTBDPS B0 OTBDPS
_/ 3 1. 9-BBN; H,0,
S 071470 (3 steps) BF5-OEt, 2. PivCl, Py, DMAP
MS A > 80°C, 121 »
MOM N 2N - . QN . _ .
17 steps OMOM OMO—_ 68% (+17% other - 4 Des;l://lartln
isomers) °
TBSO
TBDPSO,, é
—
@\B, PivO OTBDPS PivO TBDPSO 1. H,, Raney Ni TBDPSO
TBSO 9,0 TBSO, (82%, 41:1 dr)
¥ TBDPSO '/S,\’ TBDPSO N 2. MeLi (98%, 1
PhsSnH, Et3B ., MeO,CN NEt, . 3 diastereomer) >
_— ’
90% Burgess
reagent

92%

1. Comins reagent,

1. (COCI),, DMSO, KHMDS, -78 °C OH TBDPSO
BN o HO TBDPSO 4 1BX o TBDPSO 5 Pd(PPhy),, EtsN,
. 3CH, \ 2. MelLi CO (1 atm) —
3. PPTS TBDPSO, = y 3 Dess-Martin TBDPSO \}/ 3. DIBAL-H TBDPSO, ¢ RCM
%, 3 —_— v, 3 7 ﬁ‘ﬂ
4. TMSCI, Im Comins reagent:
Cl A
~ 2 H
| oTMS
X7\ - S02CFs 1. PivCl
I 2. TBAF
SOCFs 3. TBSCI, DIPEA, DMAP
4. BnBr, NaH
TBSO M, 5. DIBAL-H
Mes’N ~Mes
Ho ICI
H c’y =
6 steps l:@
- 7’ BnO
o ~——— Bno,,

47 steps

(+)-ophiobolin A

Hoyveda-Grubbs Il
BQ, 110°C

66%
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ceroplastol Il (Kato, 1988)
JCS Chem Commun, 1988, 354-356 chair TS:
J. Chem. Soc. Perkin Trans. 1, 1989, 165-174 " H
iridoid coupling strategy used for: \//[Cfl
fusicoccanes (CL, 1984, 1495-1498) Me 7=’
cycloaraneosene (CL, 1986, 1989-1992) oH o R—
o 3steps [/ W
iridoid —> T
synthon Hw C(;ORH
Demayo McMurry - 2 1
0 reaction [0} coupling Z _OH |
H hv 0 TiCly/Zn R = Lmenthol N Cr'Cl,
N\ J . 0°C,2h WY OH ™
MeO,C CO,Me COzte e
1. TMSCI
BnO
(£) 49% 2. Ry,BH; H,O
+ other isomers 68% | 3. PéC 2-2
- Cl 4. KF-Florisil,
OBn MeOH
1. Pd(OAc),
2. NaBH,, CeCl;
3. (COCl),,
DMSO, Et3;N

TiCl,/Zn Mc""‘l‘."y
95% coupling

Li, NH,

EtOH
75%

albolic acid (R = CO,H)
ceroplastol Il (R = CH,OH)




Shenvi Lab Group Meeting

3/19/18 Synthesis of (-)-Cotylenol

Sophie Shevick

*McMurry coupling in ceroplastin Il synthesis could not be applies to cotylenol route
OPv

OPv

OH

TiCly/Z
vs. IUly/Zn >
H 95% of wrong
- . diastereomer!
ceroplastin Il
H H\ OR
Kato (Tet, 1996, 52,3921-3932) Me Me
|
W H
iridoid 4 steps 144w
_> _>
synthon o " OH >
Demayo McMurry CO,R -
o reaction o) coupling o)

i hv o TiCly/Zn oy,

J 0°C,2h 65% (including
’ C-2/C-3 deoxygenated

MeO,C CO,Me product)
(0]
(%) 49% MeG
+ other isomers — - 1. 9-BBN; H,0,
" 2. TBAF
3. TBSCI
4. MsClI/Pyr
MeO
1. Na, FeCls/NH3

2. TBAF
3. TMSCI/Pyr

4. PPTS

LiIHMDS .PD
9B MoOPh PDC A ° c
diasteromer 44% 70% xylenes
desired 90%
diastereomer intramolecular
ene reaction
70% MeO MeO
_ desired NaB(OAc)3H
diastereomer
ene TS:

8a, 9B

diasteromer *

MeO
MeO

cotylenol

wrong
stereochemistry
HO
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Synthesis of (-)-6-epi-ophiobolin N

(—)-6-epi-ophiobolin N (Maimone, 2016)
Science, 2016, 352, 1078-1082

1) HG-Il (neat)

HO Me  2) THF, NaH, TBSCI
X NZ >

RuCl; (cat.
OTBS s (€at)

56% over 2 steps

+-BuOOH, Mg(OAc),

(—)-linalool
o CONMe,
Me Bu—B: j/ Me
~ 0~ ™ conme,
OH 4 EtyZn, CHyl, tBuLi;
2. 15, PPhg,Im Cul-DMS
kit
58% over 2 steps |
Me Me
| via o. ,CONMe, I
Bus g/ M M
Me” “Me o8 e e L .
~—2" 0" Yo onme
farnesol 2
r—
Me
Li-napth

%15 1. (COCl),,
DMSO, EtsN
Ny—Me (755,

2. TsOH, A
(72% BRSM)

(—)-6-epi-ophiobolin N

OTBS

~r
' Me

add to

then Cl3CCOCI

next DIBAL-H/
n-BulLi
70% (3:1 dn

EtsB, (TMS)3SiH

Ollu SH
cyclopentane/air Me><
27% Me™ g OH
ROH—ROACc = 60%
( ) Ar’ Ar
25 mol%
Mez,15
" | a_f “
e
/f\_ Me
Corey- HO,, a
Chaykovsky s C-14-53:1dr
epoxidation C-15-3.1:1dr

conformation of (+)-epi-ophiobolin G

Tet, 2004, 60, 6015-6019

Sophie Shevick
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Ar. Ar
Me. JOm SH -
>< optimize drat C-15
Me o OH /
Ar" CAr
25 mol%
» HO,,
Et;B
(TMS)5SiH

cyclopentane/air

Radical initiation:
EtsB + 02 » Et

Et + (TMS)3SiH —3» (TMS)5Si

R*SH

Cly™ Si(TMS)3 Cl c
¢l Me 5-exo-trig
—»
- CISi(TMS)4 TBSO HC') H
R R R

Polarity Reversal Catalysis
*strength of Si-H bond is strong enough that it prematurely terminates radical chain
*Thiols have a lower S-H bond strength and can donate H” and propagate radical chain

(TMS);SiH R*SH

R*S (TMS);Si ©
R” ccly
(TMS)5SiCl
R*SH
R o)
o - J\(m
<_T R
R cl
c’ ¢ 2l

Conclusion

*potential biological significance and questions makes these targets worth pursuing

*medium-sized rings display changes in reactivity based on transannular interactions, not as important in small or large ring systems
Future Directions

*synthetic potential for this class of molecules exists, particularly with new C-C bond forming reaction methods

*conformational rigidity important for stereoselective transformations



