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ABSTRACT

The efficient construction of an ingenol intermediate exhibiting “inside—outside” intrabridgehead stereochemistry is reported. The sequence
features the net conversion of a cis-intrabridgehead compound into a highly strained trans-species via palladium-mediated isomerization of
an allylic epoxide followed by a low-temperature alkoxide-accelerated 1,5-hydrogen migration.

The ingenane diterpenes continue to attract the attention of We have previously reported that this challenging stereo-
synthetic chemists worldwide as a result of their potent chemical feature of ingenol can be established by what is,
biological activity and novel structural featuregenol (), in essence, an isomerization from the relatively unstrained
the parent compound in this series, has yet to succumb toand readily accessible out,out-bicyclo[4.4.1] undecane sys-
total synthesig.One of the principal challenges facing any tem, displaying am-H substituent at C-8, into a compound
synthetic entry into these compounds is the construction of possessing the correspondifigH (Scheme 1).

the highly strainedtrans-intrabridgehead stereochemical
relationship at the bicyclo[4.4.1]Jundecanone BC ring sub-
structure?
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via what is presumably a suprafacial process with a
substantial thermodynamic driving force (Schemé 2).

Scheme 2
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We now wish to disclose a much improved method for
achieving this overall transformation, which exploits an
intriguing Pd-promoted isomerization of an allylic epoxide
into the dienol function required for sigmatropic rearrange-
ment®P

Initial studies, performed on a bicyclic model system, were
predicated on the notion promulgated by Takacs, Andersson
and others that stereospecifinti-elimination of a LnPd-
(X)-H fragment from am-allyl-Pd intermediate could be
effected in the presence of basEarly experiments from
our laboratory revealed that catalytic Pd(OAdh the
presence of a mild base g&f) could indeed effect the desired
isomerization to afford diend’ with reasonable efficiency
(Scheme 3).
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When this set of conditions was applied to structurally
more elaborate tricyclic substrates, a number of interesting

75 following a simple sequence of steps: dihydroxylation,
epoxidation, followed by a Corey-Winter olefination (Scheme
4)8
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When compounddla,b,d® were exposed to the pal-
ladium-mediated isomerization conditions, the desired dienols
12a,b,d were obtained in quite good yields (Schemé 5).

Scheme 5
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and relevant observations were made. It should be noted at

this juncture that these investigations were prompted by the
need to achieve an epoxide opening reaction chemoselec
tively at an allylic epoxide in the presence of an isolated
oxirane located elsewhere in the tricycle. Epoxitlé,

required for this study, was prepared, starting from diene
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No products derived from reaction at the other epoxide were
observed. Quite surprisingly, compoufdc failed to react
even in the presence of stoichiometric Pd(CGAg)der more
forcing conditions. This lack of reactivity is attributed to
C-ring conformational changes induced by the bulky and
quite congested TBS group located at C-9. In contrast, the
reaction has been successfully performed Withon scales

(8) Corey, E. J.; Winter, R. A. E]. Am. Chem. S0d.963,85, 2677.
(9) The reaction offb was conducted in THF rather than toluene with
no deleterious effects.
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up to 1.4 g, and the product2a’ has been smoothly
converted into the requisitgans-intrabridgehead system Scheme 7
134’ using our previously reported conditiohs.

In a noteworthy observation, compoufdd, which pos-
sesses a carbonyl group at C-9, gave a product that appears
to stem from an entirely different reaction channel than the
one followed by the other compounds in this study. Indeed,
compoundl5’ was produced to the complete exclusion of
the expected product6. In this case, it appears that the
H-elimination has occurred at the alkoxide center (C-11) to

60%
HO.
Same condtions O + b
60%
initially provide the corresponding enolate, which gave the 20 25:1 21
ketone after protonation. Alkene conjugation completed the

process. Products of this r)ature have been obser'ved previ- _Same condions_
ously by Noyort®and Radinov? but not normally in the a7 Z

Pd(OAc)2(0.2eq.)
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presence of a base. We did not observe this type of product 23 OH
in any other situation during our study and attribute it to
conformational and ring strain changes in going from sp
hybridization at C-9 inlla,b,dto the corresponding 3p
hybridized carbon in compounti4.

The intriguing result depicted in Scheme 6 prompted a
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EtaN, PPh;
- b“maa'eo/”“x in the same are®2 Once again, these differences can be

traced to the presence of base, a reagent absent from the
Noyori reactions. The production of phenol and cyclohep-
tadienone in these reactions as minor side products is
presumably due to a small amount of air oxidation of the

further investigation into the course of these reactions in corresponding dienols, a reaction known to be facilitated by
simpler systems that lack the geometrical constraints presen}he presence of Pd(OACY

in the bicyclic and tricyclic systems. The results are presented
in Scheme 7! It is noteworthy that in each case the standard
isomerization conditions afforded the expected dienol prod-
ucts rather than the alternative ketone products, so it would
appear that the observations made with compoudd
represent an exceptional pathway in the presence of base.
The results with substraté3 and19, in particular, contrast Acknowledgment. The authors thank the National Insti-
sharply with observations made by Noyori in his earlier work tes of Health (grant CA-36543) for financial support of

these investigations.

In summary, Pd-mediated isomerization of allylic epoxides
to dienols can be effected in the presence of mild bases such
as EgN and can provide for an efficient and chemoselective
method for accessing the highly straintans-intrabridge-
head stereochemical relationship in the ingenane diterpenes.
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