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Wortmannin

% Antifungal and anti-inflammatory antibiotics

*,

53

*

Phosphoinositide 3-kinases (PI3Ks) inhibitor with 1C5, = 5nM

% Isolated from culture filtrates of Penicillium and Myrothecium

species in 1972
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Most recent total synthesis by Luo

Shibasaki completed in 2017

the first total synthesis
in 1996




Wortmannin

Hydrocortisone

S
/ AT (+)-Wortmannin
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Sato, S.; Nakada, M.; Shibasaki, M. Tetrahedron Lett. 1996, 37, 6141-6144.



Synthesis by Shibasaki




Synthesis by Shibasaki

(0] (0]
mCPBA 1. TMSOTHf, iPr,NEt, CH,Cl, -78° C
mOH 1. NaBH,, CH,Cl,, -10° C CH,Cl,, -20° C 2. mCPBA, KHCO3, CH,Cl,, -30° C
2. NalQy, TsOH, CgHg, reflux 80% 3. citric acid MeOH, 0° C

90% (2 steps) (o) 55% (3 steps)

I
N

~Z

0 s¢”

1. NalOy4, MeOH-H,0, 0° C 1. nitrophenyl selenocyanate

1. 15, NaHCO3
2. CH2N2, CH3C|, rt HO BU3P, THF, 0°C CHzclz
3.LTBA, THF, -78° C MeO,C__~ 2.30% H,0,,THF 0° C 99%.
60% (3 steps) 76% (2 steps)

tBu.
2O tBu
OA0 @
Bu H Li
LTBA

CSA, dihydroquinone

1. NaOMe, MeOH, 0° C CeHe, reflux

2.LTBA, THF,0° C

>

3. BzCl, pyr, 0° C 56%

85% (3 steps)

Sato, S.; Nakada, M.; Shibasaki, M. Tetrahedron Lett. 1996, 37, 6141-6144.



Synthesis by Shibasaki

2. 2N HCI, THF, rt

61% (2 steps)

68% (2 steps)

1. Ag,0, Mel, CH;CI, 0° C 1. 0sQ,4, DABCO, THF, -40° C
2. MSC', Et3N, CH2C|2, rt

2. PPTS, DMP, CH,Cl,, rt

87% (2 steps) 43% (2 steps)

oB OBz
z 1. DBU, Me4NCH(OMe),-CH(NMe;)s MeO— O:
100° C

2. 2N HCI, THF, r

Y

1. Et,NH, CH,Cl, rt

y

3. PCC, CHyCly, rt o
11% (3 steps) o

Sato, S.; Nakada, M.; Shibasaki, M. Tetrahedron Lett. 1996, 37, 6141-6144.
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Synthesis by Shibasaki

2. DBN, CH,Cly, rt

v

3. 1N HCI, THF, rt
36% (3 steps)

OH
HO,
1 Et,NH, CH,Cl, it~ MeO—
2. K,CO3, MeOH, rt

(o)

3.1 N HCI, THF, rt (o}
64% (3 steps)

O Illt

1.Ac,0, py, -20° C

>
2. PCC, CH,Cly, 1t

36% (2 steps)

(+)-Wortmannin

Sato, S.; Nakada, M.; Shibasaki, M. Tetrahedron Lett. 1996, 37, 6141-6144.



Synthesis by Luo

(+)-Wortmannin

Oxidation

Oxidation/
Lactonization
HO

_\=( OTBS
SnBuj

epoxidation

o}

Friedel-Crafts
S
TBSO -0

Alkylation

/\@/ cross-

TBSO \ o coupling
Alkylation
OTBS “
AN
Bs0” (Y X

©0o Ii-l \ (o)

Fragment A

Guo, Y.; Quan, T.; Luo, T. J. Am. Chem. Soc. 2017, 139, 6815-6818



Synthesis of Fragment A

OH TBSCI, imidazole OTBS  ngy1i HmPA OH TBSCI, imidazole
(\§ CH,Cl,,0°Ctort _ (\é' THF, -78° C to rt _ \ CH,Cl,, 0° C tort .
> > | D>-1Bs >
(0)

o 93% 0 85% 93%

Y

OTBS "BuLi, THF, -78° C OTBS LiAIH,, THF OTBS
DMF, -78° C to 0° C 0°Ctort
E)QTBS O~ o TBS HO o

57% 100%

CBr4, PPh3
CH,Cly, rt
OTBS
4£::f:§ OTBS
o . s
| d—1Bs
+ B
o NaH. DMSO ~"o
rt A

16%

24% impure

Guo, Y.; Quan, T.; Luo, T. J. Am. Chem. Soc. 2017, 139, 6815-6818



Synthesis by Luo

Mg_

o OTBS MeO o’
J/i;tg 1. NaBH,, EtOH, 0° C _ Qt& DMF, 130° C

o (o)

2. TBSCI, imidazole, DMF, rt

85%
69% (2 step)
(+)-Hajos parrish
Ketone
OTBS 1. TBSCI

+ > (0] Y

O/I/i:b 2. NiCl,.6H,0, NaBH,4 H

MeOH, -90 to -60° C /\G,/

69% 1BS0 N0
32% 42%

OTBS
1. TBHP, Ti(O'Pr),

(-)-DIPT, CH,Cl, -40° C MeO

Y

1. CH,Cl,/HFIP
Ph,PBF,, -15° C
2. TBAF, rt

OH

7~ ~0c0,Bu
HO

oTBS OH

Pd,(dba)s, dppf

\

CO,H iPr,NEt, PhCI, 130° C

OTBS
1. LHMDS, PhNTf,
THF, -78° C

Y

2 HO

SnBu3

Pdy(dba)s, AsPhs
NMP, 70° C

68% (2 steps)

62% (2 steps)

/\@/ 2. NaH, Mel, DMF, -10° C /\G,/
18500 Y0 180 Y0

Guo, Y.; Quan, T.; Luo, T. J. Am. Chem. Soc. 2017, 139, 6815-6818

47% (2 steps)

Y




Synthesis by Luo

1. TEMPO, Phl(OAc),
CH,Cly, rt

2. NaClO,, NaH,PO,4
2-methyl-2-butene

Urea.H,0,
tBuOH/THF/H,0

CH,Cl,, TFAA, 0° C

L
v

Y

3. CMPI, NEt, CH,Cl,

69%
70% (3 steps)

X
l®_
o l:l Cl
OTBS I Me
NBS, AIBN, CCly, reflux 1. 3HF.NEt;, THF, 45° C Eto;NH, CH,Cly, rt CMPI
then AgBFy, NEt;, DMSO 2. DMP, CH,Cl,, 0° C to rt DBN, CH,Clp, 35°C
> > HCI, THF, 35°C
65% 85% g
54%
(o)

MeO_HO,,

Ac,0, pyr, rt

v

H
(o] 65%

+(-) Wortmannin

Guo, Y.; Quan, T.; Luo, T. J. Am. Chem. Soc. 2017, 139, 6815-6818



Retrosynthesis of Viridin

oP

OoP

Anderson, E. A.; Alexanian, E. J.; Sorenson, E. J. Angew.Chem.Int.Ed. 2004, 43,1998-2001



Synthesis of Viridin

1. "BuLi, THF,-40° C; DMF OTBS OTBS

OTBS 2. 2-bromobut-3yne, Zn, HgCl, Me 1. [RhCI(PPhg3)3] 1. (COCly),, DMSO

° EtOH, 80° C CH,CIl, -78°C

THF, 60° C : 2~
4 % > 4 % S > >
0, H o
TMS 3. K,CO43, MeOH, rt OH > 88% 2. "BuLi, THF, -78°C
OH ——O
85% (3 steps) | N
TMS

OTBS
1. TESCI, imidazole, OTBS _
oH DMAP, DMF Br
— 2. iPryNEt, xylenes,140° C Me ' CsF, DMF Mesitylene, 165° C
Lo S _ .
T™MS 78% (2 steps) 7 \ o OTES 67% 91%
TMS
OoTBS OTBS

1. DMP, CH.Cl, 1t

1. Ru(ll).CHCl 2. NaBH,, EtOH, 0° C
. 4 )

2. Se0,, dioxane,
100° C

3. 0sOy4, TMEDA,
CH,Cl,-78° C

ST%(2 steps) 72% (3 steps)
(o)

Anderson, E. A.; Alexanian, E. J.; Sorenson, E. J. Angew.Chem.Int.Ed. 2004, 43,1998-2001



Synthesis of Viridin

oTBS oTBS
1. triphosgene, pyr, CH,Cl, ,rt 1.LiOH, THF/H,0, pyr, CHyCl,
2. PPTS, ethyl vinyl ether 2. TBSOTf, 2,6-lutidine
CH,Cly, rt CH,Cl, -78° C
> >
87% (2 steps) 3.NaHMDS, toluene, -78° C
MeOTf
70% (3 steps)
OTBS
1. nBugNF, THF, rt
2. DMP,CH,Cl,, rt
o

3. PPTS, MeOH, rt
82% (3 steps)

PRER/ iridin

Anderson, E. A.; Alexanian, E. J.; Sorenson, E. J. Angew.Chem.Int.Ed. 2004, 43,1998-2001



17 steps J/i;tg
= 0

(+)-Hajos Parrish
ketone
Hydrocortisone
(+)-Wortmannin

OTBS 21 steps

N\
Z4

T™MS

BERRERH/ iridin

Guo, Y.; Quan, T.; Luo, T. J. Am. Chem. Soc. 2017, 139, 6815-6818

Sato, S.; Nakada, M.; Shibasaki, M. Tetrahedron Lett. 1996, 37, 6141-6144.
Anderson, E. A.; Alexanian, E. J.; Sorenson, E. J. Angew.Chem.Int.Ed. 2004, 43,1998—-2001



