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* Belongs to furanosteroid structural class
of natural products;

* Potent phosphonoinositide 3-kinase

2 9 (PI3K) inhibitor;
L7 e 17-B-hydroxywortmannin (24) displayed
o \ o increased potency against PI3Ks than (+)-

Wortmannin (1);

(+)-Halenaquinone (2)

* Two previous syntheses reported by
Shibasaki group;

» Synthesis of closely related natural
products (+)-Halenaquinone, (+)-

0.
L Xestoquinone, and (—)-Hibiscone C relied
V - on intramolecular Heck reaction;
o

* Allowed for optimization of a Pd-catalyzed
Crriicone € (4 (+)-Xestoquinone (3 cascade reaction and Friedel-Crafts
alkylation that would ultimately establish
4 of the 5 rings;

* Synthesis completed in 18 steps.
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Retrosynthesis

(+)-Wortmannin (1)
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Forward Synthesis
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17 to 9: Nickel boride 1,4-reduction _ _
8 NaBH, +4 NiCly + 18 MeOH — > 2 Ni,B + 6 B(OMe)3 + 8 NaCl + 25 H,



Forward Synthesis

oTBS
ﬁ& (a) TBHP, (-)-DIPT,
! (a) LHMDS, PhNTY, Ti(OPr),, 4 A MS _ (a) DCM:HFIP (4:1), Ph,PBF,
0" Y THF, -78 10 0 °C DCM, -40 °C, 5 h 7 -15°C, 65 h
/\®/ (b) 10, Pdy(dba)s, AsPhs (b) NaH, Mel X (b) TBAF*3H,0
BSO.  \ g NMP, 70 °C. 6 h DMF, -10 °C to rt TBSO/\Q/ t,1h
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9 to 18: Vinyl triflate formation 9 to 18: Modified Stille Cross-Coupling
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Forward Synthesis

0TBS
(a) TBHP, (-)}-DIPT,
s (a) LHMDS, PhNTf, TI(OPr),, 4 AMS MeO (a) DCM:HFIP (4:1), PhyPBF,,
07 YT THF, -78t0 0 °C DCM, -40 °C, 5 h -15°C, 65 h
/\®/ (b) 10, Pd,(dba)s, AsPhg (b) NaH, Mel X (b) TBAF-3H,0
BSO.  \ g NMP, 70 °C. 6 h DMF, -10 °C to rt TBSO/\Q/ t,1h
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18 to 8: Sharpless epoxidation
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Forward Synthesis

(a) TEMPO, Phi(OAc),

OTBS DCM, rt, 20 h
MeO (b) NaClO,, NaH,PO, 2H,0, -
: I 2-methyl-2-butene H207 urea, NBS, AIBN
HO k tBuOH:THF:H,0 (3:2:1), rt, 1.5 h TFAA, Na,COg CCly, reflux, 1.5 h
(c) CMPI, Et3N DCM, 0°C, 1,5 h then AgBF 4, Et;N
HO o DCM, rt, 12 h DMSO, rt
20
20 to 6: Alcohol oxidation AcO., | -Ohe
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20 to 6: Pinnick oxidation
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Forward Synthesis

(a) TEMPO, Phi(OAc),
DCM, rt, 20 h
(b) NaClO,, NaH,PO, 2H,0, -

2-methyl-2-butene H207 urea, NBS, AIBN
tBuOH:THF:H,0 (3:2:1), rt, 1.5 h TFAA, Na,COg CCly, reflux, 1.5 h
(c) CMPI, Et3N DCM, 0°C, 1,5 h then AgBF 4, Et;N
DCM, 1t, 12 h DMSO, rt
20 to 6: Lactone formation
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6 to 21: Epoxide formation

.-21 to 5: Allylic oxidation

AgBF,

KAgBr




Forward Synthesis

Et,NH
3HF'Et;N DMP DCM, rt, 20 min. Ac,0, pyridine
THF, 45 °C DCM,0°Ctort, 2.5h then DBN, r, 12 h

then HCI

THF, 35°C, 15 h

25 to 26: DMP oxidation
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Forward Synthesis

Et,NH
3HF'Et;N DMP DCM, rt, 20 min. Ac,0, pyridine
THF, 45 °C DCM,0°Ctort, 2.5h then DBN, r, 12 h

then HCI

THF, 35°C, 15 h

26 to 27: Epoxide opening
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