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Synthesis of (*)-Ingenol

1. Li, NHg -78 °C
then B, THF
+-BuOH (0.8 equiv)

0 CO,Me —781t0—-25°C

2. TBSOTY, EtzN, CHoCl,
+ %

69%
Michael addition

A B

1. CHBr3, BnEt3NCI, ag NaOH, H,O
2. MeLi, CuSCN, HMPA
Et,O, -15 °C
then Mel

72%

H Corey—Posner—

oTBS Whitesides—House reaction

1. OsO4 (20 mol%), NMO
THF-t-BuOH-H,0 (2:1:1)

2. TBDPSCI, imidazole
DMAP (cat.), CHxCly, 0 °C to r.t.

3. TESOTf, 2,6-lutidine, CH,Cl»

4. 0sOy, py, 0°Ctor.t.

5. BzCl, DMAP (19 mol%), EtsN
CH.Cl,, 0 °C tor.t.

8 steps j 26%

37%
Upjohn dihydroxylation

1. K2C03
MeOH-THF (4:1) .,

2. DMP, NaHCO,
CHzclg, 0°Ctor.t.

78%
Dess—Martin BzO O
oxidation PMP

1. LDA, Et,0, =78 °C
then NCCOLAIl

,,,,,, 2. Mel, K,COg, acetone

3. Pd(OACc), (64 mol%)
MeCN, 80 °C

23%

/.

o

PMP™ 18DPSO
M

Cl

Z 1. v, 0°C, MeCN—
’X( acetone (9:1)
2. K2003, MeOH
O

De Mayo
reaction

3 steps
-—
20% over 5 steps
dr=4:1

1. SOC|2, py, CHQC'Q

2. RuClg-Hp0, NalO;
CC|4—H20—MGCN
(1:1:1)

s2)
79% 8d & T—€°
TESO

TBDPSO
J

1. DBU, PhMe, A
2. HQSO4
H,O-MeCN-THF

34%

1. CeCI3~7H20, NaBH,4
MeOH, 0 °C
2. HCI
Et,0-MeOH (11:1)
3. TBAF, THF

28%
Luche reduction

(¥)-Ingenol

Significance: Winkler and co-workers report the
first total synthesis of ()-ingenol, a structurally
complex and polyoxygenated diterpenoid. Ingenol
and its derivatives represent a vital class of natural
products which found application in myriads of
therapeutic areas inter alia oncology and immunol-

ogy.
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Comment: Synthetic endeavors started from
enone A and methyl crotonate. The tricyclic core
was rapidly assembled in a De Mayo reaction to
yield the challenging trans-intrabridgehead stereo-
chemistry. A series of oxidations furnished the de-
sired natural product.
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