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Polyquinane Natural Products

- Terpenes composed entirely of fused 5-membered rings
— Up to four fused 5-membered rings

*  More than 250 natural products encountered among plant, marine
and microbial sources

- First structure elucidated in 1966 (hirsutic acid-C)

- Polyquinane synthesis significant area of research during last three
decades
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Triguinane Natural Products

linear triquinane
hirsutene capnellene hypnophylin

angular triquinane
iIsocomene pentalenic acid
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Triguinane Natural Products
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propellane triquinane

modhephene 13-OAc-modhephene modhephene epoxide

- Modhephene isolated in 1978 from Rayless goldenrod (/socoma
wrightii) plant

Zalkow, L. H. et al. J. Chem. Soc., Chem. Commun. 1978, 420.

Bohlmann, F.; Zdero, C.; Bohlmann, R.; King, R. M.; Robinson, H.
Phytochemistry 1980, 19, 579.

* Modhephene synthesized >10 times

known until 2004
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Other Propellane Natural Products

* Propellane taxanes isolated from Canadian yew ( 7Taxus
canadensis) needles

Shi, Q.-W. et al. Chem. Commun. 2004, 544.

Shi, Q.-W. et al. Chem. Commun. 2007, 48, 2721.

Shi, Q.-W. et al. Eur. J. Org. Chem. 2008, 5414.
etc.
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Smith’s Synthesis of Modhephene

Smith, A. B. lll; Jerris, P. J. J. Am. Chem. Soc. 1981, 103, 194—195.

Smith, A. B. lll; Jerris, P. J. J. Org. Chem. 1982, 47, 1845—-1855.
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Smith’s Synthesis of Modhephene
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Smith’s Synthesis of Modhephene
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Oppolzer’s Synthesis of Modhephene

Oppolzer, W.; Marazza, F. Helv. Chim. Acta 1981, 64, 1575—-1578.
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] Me Toluene &
250 C
» ~— =
single diasteromer — - ;b
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Oppolzer’s Synthesis of Modhephene
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Wender’s Synthesis of Modhephene

Wender, P. A.; Dreyer, G. B. J. Am. Chem. Soc. 1982, 104, 5805-5807.

Vinyl acetate [ ]
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ACO/\’ AcO major product
_ 21% vyield
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2) BaI\/InO4
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Wender’s Synthesis of Modhephene
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Wender's Synthesis of Modhephene
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1,7-addition 1,5-addition modhephene
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Mundy’s Synthesis of Modhephene

Wilkening, D.; Mundy, B. P. Tet. Lett. 1984, 25, 4619-4622.
Wilkening, D.; Mundy, B. P. J. Org. Chem. 1985, 50, 5727-5731.
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Mundy’s Synthesis of Modhephene
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Curran’s Synthesis of Modhephene

Jasperse, C. P.; Curran, D. P. J. Am. Chem. Soc. 1990, 5601-56009.

LDA B
Br Me cat. AIBN
Me
COZMe COzMe
Me Me
N 1) NaOH =
2) Oxalyl chloride
-« D
3) TMS———2ZnClI
Pd(PPhg), CO,Me
@) % 4) KF, DMF
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Curran’s Synthesis of Modhephene

Bus;SnH Me
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O O
1) MelLi
2) Jones
Me Me @) @) Me
1) Wittig Me,>CuNLis
> 2) pTSA > BF3 >
- -
Me™ Ve Me” §te Me
modhephene
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Rawal’s Synthesis of Modhephene

Dworak, C. A.; Rawal, V. H. Chem. Commun. 1997, 2381-2382.

) LDA
4 Br-1- butene
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1) LDBB
EtgAl
2) PDC
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Rawal’s Synthesis of Modhephene

Murdyk, B.; Cohen, T. J. Org. Chem. 1991, 56, 5760.
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Rawal’s Synthesis of Modhephene

) LDA
4 Br-1- butene

/4
MeS CH2L|

1) LDBB
EtsAl
2) PDC
1) Me,CuCNLi ) LDA
Me Me BF, PhSeCI Q H
2) Wittig 2) Et3B, O,
-
:> 3) TsOH >
Me™ e Me X
modhephene 6.1 d.r.
% 0,
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Lee’s Synthesis of Modhephene

Lee, H.-Y.; Moon, D. K.; Bahn, J. S. Tet. Lett. 2005, 46, 1455—1458.

7 N
1) 4-Br-1-butene
CO,Me K,COsq 1) MeMgBr HO
2) Wittig OHC 2) CrO5-pyridine Me
O - -
3) LAH 3) TMS———=
4) Swern then TBAF MgBr

SiO,
Me

10:1 ratio of epimers
at RQCHMG
Me OH

0
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Lee’s Synthesis of Modhephene

Bu38n

\
\ SnBu,
HO
Me Bu38n 6 endo

b) 5-exo

SnBu3

o~

Stork, G.; Mook, R. J. Tet. Lett. 1986, 38, 4529-4532.
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Lee’s Synthesis of Modhephene

1) Et,AICN
Me Me 2) ethylene glycol
1) OsO, o) TsOH
2) NalO, 3) DIBAL-H
GO >
3) MsCl 4) LiAI(OtBuU) 3H
EtsN 5) NaH CS,, Mel
Me" oH Me 6) BugSnH, AIBN me e
1) TMSOTH
EtsN
2) Og, HIO,
3) TMSCHN,
1) NaBH, 4) LAH
CeCl3 Me 1) swern
Me Me X 2) NaH, Cs, 3 Reoh o
:> Mel :> piperidine
- -
3) BU3nH
e AIBN; HO
Me TsOH Me Me I\/Ie Me
modhephene
2.5:1 ratio Gb
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Conclusion

- Favorite synthesis?

» Questions?
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