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Introduction of Ophiobolins

« Aunique 5-8-5-5 tetracyclic ring system, including a

tetrahydrofuran ring and eight stereocenters

 Isolated from a culture broth of the pathogenic plant fungus

Ophiobulus miyabeanus in 1958

* Induces cell-death in the L1210 cell-line, inhibits calmodulin-
ophiobolin A (8) activated cyclic nucleotide phosphodiesterase, and also shows

cytotoxicity to cancer cell-lines A-549, Mel-20, and P-335



ophiobolin A R =B-H
6-epi-ophiobolin A R = a-H

ophiobolin A lactone R'=R? = p-H
ophiobolin L R'= OH R? = p-H
6-epi-ophiobolin L R' = OH R? = a-H

ophiobolin H R=0OH
5-O-methylophiobolin H R = OCH,

ophiobolin B R'=B-H R2= OH

ophiobolin C ~ R'=B-HR2=H | ophiobolin D ophiobolin F

6-epi-ophiobolin C R'=a-HR?=H

3-anhydroophiobolin A R = B-H ophiobolin G R"=p-H,R*=H
3-anhydro-6-epi-ophiobolin A R=oa-H 6-epi-ophiobolin G R'=a-H R?=H
3-anhydro-6-hydroxyophiobolin A R = 3-OH 3-anhydro-6-epi-ophiobolin B R' = a-H, R? = OH

ophiobolin | R'=p-H, R? = CH,4 ophiobolin J R' = B-OH, R? = OH
6-epi-ophiobolin | R'=a-H, R? = CH4 8-deoxyophiobolin J R' = a-H, R? = OH
25-hydroxyophiobolin | R" = g-H, R? = CH,OH 8-epi-Ophiobolin J R = a-OH, R? = OH



ophiobolin K R'=B-H, R?= CHO
6-epi-ophiobolin K R'=a-H, R?2= CHO ophiobolin B lactone
21-deoxyophiobolin K R'=p-H, R?>= CHj

ophiobolin M R = B-H

6-epi-ophiobolin M R = o-H 18,19-dihydroophiobolin C

5 a,6 a-ophiobolin H R =0OH
5 o,6 a-5-O-methylophiobolin H R = OCHj

halorsenllinic acid 6-epi-ophiobolin N

(6a)-18,19,21,21-O-tetrahydro
-18,19-dihydroxyophiobolin G~ R' = CH,OH, R? = OH
ophiobolin R R'=CHO, R? = OCH;,4

6a,21-deoxyophiobolin G R =CH;
60,21,21-dihydroophiobolin G R = CH,OH

ophiobolin O R = a-OCH;4
21-epi-ophiobolin O R = 3-OCHj



ophiobolin P R' = a-OH, R? = a-H

! ! ) N ophiobolin Q
ophiobolin X R'"=p-OH, R?= B-H

ophiobolin T

OCH;

OH

., H
‘OH

-
=
=

ophiobolin U 60,16,17-dihydro-21-deoxyophiobolin G ophiobolin V ophiobolin W

‘0,

H
OH

ophiobolin Z R = B-OCHj3
21-epi-ophiobolin Z R = a-OCHj;

ophiobolin Y



Introduction of Ophiobolins

1,5-H-shift

>

all ophiobolins

ophiobolin F

Proposed biosynthetic pathway of ophiobolins

H. Oikawa et al, Org. Lett. 2013, 15, 594-597



Total synthesis of (+)-Ophiobolin C by Kishi

TBS THPO
THPO CI\H/K/\/OBn y
< B
10 steps z\H 0 3 230°C, then HCI OBn
g —> : ) » TBDPSO .
r —— TBDPSO TBS
72%
0 8% \7%) KHMDS o OBn ’
OH TBDPSO
o}
9 10 TBSO \§—TMS 1 12
THPO 0
THPO Li 1. HF OPiv
9 steps Y OPiv OTBS  TBDPSO_H OPiv 2. ICI, then TBAF TBDPSO_ H
—_— >/ ' >
—_— "'H _ 3. p-TsOH
0 OHC'™ then PivCl, Et3N 4. Swern oxidation
57% 85% 469,
OTBSOH o o
13 14 15
OPiv OPiv
1. t-BuOOH, VO(acac), 6 steps
CrCI2, N|C|2 2, 4-MeC6H40(S)C|, py -
—— >TBDPSO »TBDPSO —>
73% 3. A|BN, BU3SI’]H 31%
52%
16 17 (+)-ophiobolin C (18)

Y. Kishi et al, J. Am. Chem. Soc. 1989, 111, 2735



Total synthesis of (+)-Ophiobolin A by Nakada

TBSO
goz,_ 6 steps TBDPSO, } i-Pr,, 3 steps
—_— ™\ [\ —_—
OH — o N\n/o — o o, ~OTBDPS
| 30% r 5 4 56% 0
19 20 21 22
15 steps o~ /!
><\/\Ph PLE ><\/\Ph — TMS\/\>‘\\\/
. > —_—
MeOOC” “COOMe potassium phosphate  MeOOC” “COOH OMOM
buffer ( pH=8) 60%

89% ee to 96% ee
23 24 25



Total synthesis of (+)-Ophiobolin A by Nakada

TMS
t-BuLi OTBDPS  gF..Et,0
22 + 25 — >
84% . Et,O, toluene o
MOMO—" 68% MOMO—"

26

PhsSnH, Et;B Burgess reagent

20 + 28 o
90% 92% TBDPSO,,,
OTBDPS
17 steps 6 steps OHC
—_— —_— H
— > BnO,, : —> O
21% 33%
31 32 (+)-ophiobolin A (8)

M. Nakada et al, Angew. Chem. Int. Ed. 2011, 50, 9452 M. Nakada et al, Chem. Eur. J. 2013, 19, 5476



Total synthesis of (-)-6-epi-Ophiobolin N by Maimone

0.1% HG-II cat.
1.0% RuCls, t-BuOOH

Me HO Me [solvent -free] OTBS o OTBS
Me then add THF Me Mg(OAc), Me
NaH, TBSCI
(-)-linalool (33) 34 35 (56% over two-steps)

EtZZn, CH2|2, 37
Me Me then |, PPh; Me Me t-BuLi , Cul-DMS
?

y
MeM/\OH Me)\/\/ld/\l then add 35

then add CI;COCI

67%(2 steps)

60% (3:1 dr)
geraniol (36) O~ wCONMe; 38 39
Bu—B\
O™ “MCoNMe,

37



Total synthesis of (-)-6-epi-Ophiobolin N by Maimone

DIBAL-H, n-BuLi, 70%

I O

> HO,,
TMS3SiH, 3,5-(CF3),PhSH
Et;B, air, 74%

.

DIBAL-H, n-BuLi, 70%

y
HO,,,
Ir(ppy)s, EtsN, DMSO, hv, 57%

+ HO,,,

39 42 41 (10%) 43 (15%)



Total synthesis of (-)-6-epi-Ophiobolin N by Maimone

Me
X AcO Q :
OH 1. EtZZn, CH2|2, 37 5. (TMS)38|H ®)

2. 1,,PPh3, 58% for 2 steps Et;B, air, 56% H

| > > ACO/,'
3. 3-component coupling, 60% (3:1 dr) TBSO™ thiol catalyst

Me | 4. DIBAL-H, n-BuLi then Ac,0, 80%
Me Me

farnesol (44)

6. Me3SI, n-BuLi
» AcO,,

60%

45

7. Li-naphthalenide
y

8. (COCl),, DMSO, Et;N, 78%

y
9. TsOH, A, 72%(brsm)

(-)-6-epi-ophiobolin N (49)

then H*, 77%

>

\_

Ar
Me_ O

Me O
Ar

Ar

SH
OH

Ar

e

thiol catalyst

T. J. Maimone et al, Science, 2016, 352, 1078




Total synthesis of (-)-6-epi-Ophiobolin A by Maimone

0= : “OTBS

35 @)

1. t-BuLi, Cul-DMS, 35 =z

> _
then HMPA, 51, 57% TBSO“;VI
e

50 I 52

3. CuBr, DTBP 4. NaBH,4, MeOH/THF, 70%

>

>
DMF, 70°C, 55%

5. Et3N, DMAP, Ac,0,
then DMP, 70%

2. PhMe,SiLi, Cul, DIBAL-H

HMPA, MeLi, then Cl,CCOCI
61% TBSO"

>

MeH

53

6. O,, methylene blue
y
DCM, -78° C, 56%




Total synthesis of (-)-6-epi-Ophiobolin A by Maimone

OAc
8. BF3*Et,0, DCM, -78°C

r
(Me\@ Ine MgBr
Me /4

7.Rh(CO),(acac)/L
\'OH CO:H, = 1:1

y ACO/,,H,'
then Et;N, DMAP, Ac,0

44%

9. Me3Sl, n-BuLi, THF, 62%

10. Li-Naph, THF, -78°C, 54%
>

12. (COCI),, DMSO
T
Et;N, DCM, 85%

11. TBAF,0°C, 96%

59 (-)-6-epi-ophiobolin (60)

T. J. Maimone et al, Angew.Chem. Int. Ed. 2020, 59, 1532



Et.B-Mediated Reformatsky type reaction

PhsSnBr O
O
J\/Br % - . \
R
Ph3SnH | Ph3Sn*
Et;B
Et-
Et,B OBEt2 R’ CHO OH
R R R1

K. Oshima et al, Tetrahedron Lett, 1988, 29, 1041



CuCl/bpy mediated intermolecular ATRA reactions

ul)  Cu(ll) O Cu(ll) Cu(l) O

O Cu(
R&CI \/ )H/CI R)H@Fv ~N S R)H&Fv
I N ' _HY

Cl Cl

X. D. Hu et al, Tetrahedron, 2015, 71, 2313



Radical cyclization initiated by visible light photoredox catalysis

Et;N 0
EtsN R ) _
Ru(l) Br O
\ Z
Ru(lly* _ - | R
J Single Electron “.
\/ﬁu{n} Reduction (};:,
Visible - -
Light @ l
HYNEtE 3 _
O h? 0
“J)Q A “53
@ [ |
_NEt, : _
Me

C. R. J. Stephenson, Chem. Commun., 2010, 46, 4985



Mulliken-type electronegativity

El' + H-Nuc — EIH
Nuc® + H-El —— Nuc-H
El'" + H-EI? —— EI'-H

Nucl” + H-Nuc2 —= Nuc!-H + Nuc?”

+ Muc’
+ElI'
+EI*

Mulliken-type electronegativity

yx = (IEx + EAY)/2

IE : ionisation energy
EA : electron affinity

} FAVOURED

}DISFAV{]UEED

Radical (X))  DykImol™  [E®eV  EA4%eV eV 5x
NCCH, | 359° 10.0¢ 1.54* 577
MeC(O)CH,  385¢ B.E* 1867 533

Me' 4397 9.84¢ 0.08° 496

PhCH, 3689 7.20°¢ 0.90° 405

EU 421/ 8.38 -0.39 4.00
HOCH, 393° 7.56° —038"  3.59

Pr 4117 7.57 -0.48 355 » 25
e-CeH, ' 400° 7210 —0480 337
e-CyHy 400° 7.21¢ —048/ 337

Bu" 4027 6.93 -0.30 3.32
Bu'OCH, 359 694"  —038™ 328
MeOCH, iget 6947 —038™ 328
O[CH,);CH  385* ~ 328"
F.C 46° 925 1.8 5.53 0.0
ClLC 401* 5.78 1.90 5.34 0.7
Cl,5i" 3g2* 7.92 2.50 5.21

Me,Sn’ 3109 7.10¢ 0.97" 404

Bu,Sn’ e 7.107 097" 4.04 22
Me,Si’ IRE 6.81" 097"  3.89

Et,Si" EEER 681" 097"  3.89

H,N' 4494 11.40 0.74 6.07 0.5
HO" 4999 13.17 1.83 7.50

Bu'Cy¥ 440" 1.9 1.91° 6.91

MeO’ 440" 11.9¢ 162 6.76 0.6
PhO" 356" B.85 2.35 5.60

PhS’ 3430 8.63 2.47 555 )

Fr 5704 17.42 140 1041

cr 43179 13.01 162 8.32 0.0
Br 3669 11.84 3.36 7.60 '
H' 4367 13.59 0.74 717

B. P. Roberts, Chem. Soc. Rev., 1999, 28, 25
B. P. Roberts et al, J. Chem. Soc., Perkin Trans. 2, 1994, 2155



