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Isolation and Properties

» |solated in 1968 from Europhobia ingens
« Activates protein kinase C

» Potent tumor promoter

 Possesses anti-HIV activity

Synthetic Challenges

« Highly strained bicyclo[4.4.1]Jundecane skeleton due
to the inside-outside stereochemical relationship of
the bridgehead.

* |solated methyl-bearing stereocentre at C11
» Densely functionalized core structure
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In-out vs. Out-out Bicyclic alkane

Funk, R. L.; Olmstead, T. A.; Parvez, M. J. Am. Chem. Soc. 1988, 110, 3298
For a review on in-out isomerism, see Alder, R.W.; East, S.P. Chem. Rev. 1996, 96, 2097
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Funk’s Approach to the Ingenane Core

1) Og; Me,S (70%) TIPS-OTf, EtzN
0T, Ety

2) CeCls, HC(OMe)s (90%)  +11, .
3) KH, (MeO),CO (55%)
4) TiCl, (84%) MeO,C 3
5) MeCu(CN)Li (86%)
331  MeO,C H
TIPSO,C Y=

Funk, R. L.; Olmstead, T. A.; Parvez, M. J. Am. Chem. Soc. 1988, 110, 3298
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Funk’s Approach to the Ingenane Core

II’I/

1) toluene, 95 °C
Yy LDA, HMPA X ) ~ MeO,C ’
= H
o~ O B | 88% (3 steps)

IIII[

1) (COCI),, cat. DMF 1) LIHMDS (90%) 1) TMS-CI, Li,S
2) EtMgBr, Cul MeO,C' H 2) DIBAL EtsN, CH5CN
3) NaOMe N 3) NaOH 2) m-CPBA

82% O g 56% (2 steps) 37% (2 steps)

Funk, R. L.; Olmstead, T. A.; Parvez, M.; Stallman, J. B. J. Org. Chem. 1993, 58, 5873
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Rigby’s Approach to the Ingenane Core

hv, pyrex

—_—

82% N N
Cr(CO) H H: =
3 out-out OXO
H =
OXO
in-out
HO’I,
Pd(OAc),, PhsP KH, 18-C-6
EtsN, toluene THF, 0 °C
reflux ) 69%
MOMO OMOM 78% MOMO OMOM MOMO OMOM
R =SEM

Rigby, J.H.; Hu, J.; Hegg, M.J. Tetrahedron Lett. 1998, 39, 2265
Rigby, J.H.; Bazin, B.; Meyer, J.H.; Mohammadi, F. Org. Lett. 2002, 4, 799
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Grainger’s Approach to the Ingenane Core

MgBr
0 / O 1)Tms-Cl O phsPCHCI
%\( 539 Z 4N T2hgo,h0 \
(@) 0 , Mo
cat H,50, O OTMS
- - ~25%
o) .
NaHMDS H
m . 0 . O
\ 70% Q
cl OTMS OTMS OTMS
0
NaHMDS 0 .
| - N — ‘<I.
TMSO 63%
Cl TMSO TMSO
Ingenol

Grainger, R. S.; Owoare, R. B. Org. Lett. 2004, 6, 2961
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Winkler’'s Total Synthesis of (+/-)-Ingenol

0 1) Li, NHg; "1,/ OTBS

crotonate —
H

2) TBSOTT, Et3N
69% (2 steps)

hv, CHsCN

acetone, 0 °C

1) K,CO3, MeOH 1) CHBr3, NaOH 27 steps
2) LiAIH, Et;N(Bn)Cl (0.19% overall)
3) DBU 2) MeLi, CuSCN :
4) TBS-Cl N Mel H
39% (4 steps) “—OTBS  72% (2 steps) “—OTBS
18 steps (3.5% overall)

Ingenol

45 steps .
(0.007% overall yield) Winkler, J. D. et al 3. Am. Chem. Soc. 2002, 124, 9726

8 1/18/2005

Corey @ Wipf Group



oy LICI DMF
H T7Ta%-2 steps

“'H Dess-Martin

(\ H (89%)
H !
—oR 20 CHO
TBAF 16 R=TBS
(98%) 17 R=H

s LICHL DMF
H 50%-3 steps

21 coHo TBOPSCI e o
24 R=R'=H
o) L 25 R=TBDPS; R'=H
(90%) 26 R=TBDPS; A'=TES
H
..... . 1) SOCI
Yom 3 RUC., NalO, PMB-DMA
H (79%-2steps) {86%)
RO g
Ijésr::l DHCH?OTBDFS B20° O | BzOH {
TESD CH,OTBDPS RO LGTEUF‘S
BzCl 27 R'=H TBAF — 30 R=TES
1825 28 R'=Ez 29 (72%) 31 A=H K,COs— 32 R=Bz
181%) 33 R=H

1) LDA o 1) Luche

CHy=CHCH-OCOCN 2) HCIf

2} Mel, K005 MaOH

3) Pd(OAC), 3) TBAF

23%-3 steps 28%-3 sleps

OTBOPS PMP=—L0O CTsLFs

Winkler, J. D. et al 3. Am. Chem. Soc. 2002, 124, 9726
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Tanino/Kuwajima’s Total Synthesis of (+/-)- Ingenol

t
OH 1) ‘BuOAc, LDA
NBS, Hzo @) Br
DMSO CI/\)_/
OMe

Br LiBr, Et,0
32%

“orEs 2) MesAl, LDA

AcO

kﬁc\o(CO)g
Co(CO); MeAl(OR),

"o ¢

e

67% (2 steps)

“OTIPS
OMe
1) Li, NHg
2) CHBr3, NaOH
BnEt;NCI MesAl 25 steps
3) Me3CulLi; then Mel ,
4) 'BUOOH, Ti(O-'Pr), “OTIPS MeO

oTIPS
21 steps (2.1% overall)

46 steps
(0.03% overall yield)

Tanino, K. et al 3. Am. Chem. Soc. 2003, 125, 1498
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Tanino/Kuwajima’s Total Synthesis of (+/-)- Ingenol

21 OTPS 22 OTIPS

g

oTes A ingenal

HGE

4 Reagents and condrtions: (a) TESOTE, 2,6-lutdme, CH:Cly; (b) TMSC),
Et;N, LDA. THEF; (c) NBS, CHCly; (d) HF, CHsCN: (¢) CHala, MeLi,
THF (39%: m 3 steps); (£) Zn, NILL), THF-H:O (91%:); {g) KOH, Ma0OH
(B%%%).

4 Baagents and conditions: (a) DMSO, (COCL),, Et:;IN, CH:CL: (93%0);.
(&) BuOde;NpCH, DMF, 100 C; () DIBAL, CHzCl;, Mel, THF (98%
in 2 steps); (d) NaBH,, EtOH (95%); (e) DIBAL, CHLClLy; (f) (CF:50;):0,
2 6-luhdime, DBU, CH2Cly (83% m 2 steps); (g} TBAF, THF {100%); (h)
FDC, CHzCL; (97%); (1) 1,3.4,6.7 B-hexahvdro-1-methyl-2H-pyrmudo[1,2-
alpyrmidine, DMF, 120 °C (86%); (j) NaBH,, CeCl;, MeOH-H:0; (k)
TESC], mudazole, DRAF (99% m 2 steps); (1) Os0y, pyndine, ether, then
MNaHS0s, H2O (59%0); (m) 1,1%-carbonyldimmidazele, toluene (37: 76%,
18: 18%); (o) d-(dimethyl-amine)pymidine, toluens, 100 °C; (27 72%,
I8 27%) (o) p-MeOCH CHIOMe),, CSA, DMF (93%); (p) S0Cl,
prrrdme:; {g) AcOH—-H0 (96% m 2 steps); (1) MaxB, WCS, tolusna (75%).

Tanino, K. et al 3. Am. Chem. Soc. 2003, 125, 1498
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Wood’'s Asymmetric Synthesis of Ingenol

BF;eOEt, KH
allyl bromide
MeO,C @ 0
O O O 6%
59%
PCys
Cl+
St
PCy3

3 mol 0/0, CH2CH2
95%

KH

allyl bromide 07
76% (—O

80 mol %, CH,CH,
45%

Tang, H.; Yusuff, N.; Wood, J.L. Org. Lett. 2001, 3, 1563
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1) HCI, THE/H,O
2) NaBH,, (77%)

25 mol %, toluene
reflux

0
( OPMB 6%

3) I,, PhsP, Imid
4) KO'Bu (94%)

1) SeO,, 'BUOOH (49%) KOtBU, O,
2) Dess-Martin (74%) P(OMe)3
94%

3) RhCls, EtOH (74%)

Nickel, A. et al 3. Am. Chem. Soc. 2004, 126, 16300
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1) DDQ (90%)
1) TMSOTT (72%) 2) MsCl (96%)

’

3) PhSH, LIiCO3 (76%)
4) (NH,)eM070,4 (97%)

2) NaBH,

3) PPTs, /Q
OMe
86% ~“ome

1) Na(Hg) (76%)
2) HCI, THF/H,0 (92%)

DBU, benzene

> Ingenol

A7% 3) Se0,/Si0,, THF (40%)

O O
)<HO SO,Ph
DBU, benzene

47%

Nickel, A. et al 3. Am. Chem. Soc. 2004, 126, 16300
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Summary

* Winkler (2002) — racemic (45 steps, 0.007% overall yield)
 Kuwajima/Tanino (2003) — racemic (46 steps, 0.03% overall yield)

* Kigoshi (2004) — Formal asymmetric synthesis (36 steps, 0.01% overall
yield based upon Winkler’s route J. Org. Chem. 2004, 69, 7802)

 Wood (2004) — Asymmetric total synthesis (37 steps, 0.002% overall yield)
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