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Plants of the genuRabdosiaLabiatae) are well recognized
to produce structurally unusual diterpenoids which exhibit potent
cytotoxicity against HelLa, KB, and FM 3A/B cells, Ehrlich
ascites and Walker intramuscular carcinomas, and P388 lym-
phocytic leukemid. In large part, these properties are concen-
trated within a small group of 8,9-seemtkaurenes typified
by shikodomedir?, shikoccin? rabdoshikoccin A and B rab-
dolatifolin > rabdoumbrosanihandO-methylshikoccin {).” In

a number of these cases, the corresponding epoxides such as
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O-(methylepoxy)shikoccin2) co-occur as equally potent an-
titumor constituent$. The potential of these agents as biological
probes and the bridgehead olefinic naturel@nd its analogs
provided the incentive for this synthetic undertaking. We report
here the first successful entry to this compound class in the
form of 1 and 2.

J. Am. Chem. S0d.996,

118,11996-11991

Scheme 1
O/\/TMS
PMBO H\(\/L 0TS
*;le _0 o] 6
Me  mé o PhSeH, CH,Clp
5 Si0,, 4 AMS

1. LiBFy,
CH4CN, H,0

2. H202, Py
EtOCH=CH,,
CHCl,
(51% for
3 steps)

which had served so very well for the preparation3&fwas
not serviceable in more highly functionalized and more rigid
carbocyclic networks.

Accordingly, the assembly a8 was accomplished by ap-
plication of a modified Knoevenagel proceddrelhis conve-
nient three-step maneuver (Scheme 1) features condensation of
enantiopure 1,3-dionb'° with aldehyde6! under conditions

The strategy is based on the recognition that the oxygenatedwhere the 2-alkylidene adduct is intercepted with phenylselenol

bicyclo[7.2.1]dodecene subunit which is embodied within the
B/C rings of 1 can be quickly elaborated via oxy-Cope
rearrangement of a spirocyclopentenol. In the model reaction
previously reported,3 was transformed in 90% yield inté
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when heated in decalin solution. Despite the success of this
sigmatropic reaction, a concern regarding its adaptability to the

proposed syntheses arose because of the conformational flex

ibility of 3, a property which is not shared by any required trans-
fused decalin homolog. This appreciably reduced structural
mobility did indeed prove to be troublesome. In fact, early
studies quickly revealed that the spiroalkylation technology
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asin7. The selection 06 from among a host of related acetals
was predicated on the facility of the subsequent spirocyclization
and the feasibility of diastereomer separation at the stage of
9—11. Exposure of7 to LiBF4 in moist acetonitrilé? resulted

in ready ring closure. Without purification, selenoxide elimina-
tion was undertaken to provideas a 1:1 mixture of epimers

in 51% overall yield. That these two products differ in
stereochemistry uniquely at the site of the protected hydroxyl
became quite apparent from those chemical interconversions
described in Scheme 2 and ultimately by virtue of X-ray
crystallographic analysis df2. Consequently, ring closure had
necessarily to occur totally via generation of aquatorial
carbon-carbon bond, thereby guaranteeing proper absolute
configuration at the bridgehead stereogenic center subsequent
to the impending Cope rearrangement.

Since the two carbonyl groups I8 experience widely
different steric shielding, it was anticipated that chemoselectivity
would be reliably achieved during Dibal reduction. Indeed,
three alcohols were formed (Scheme 2) and these could be
obtained in individually pure condition by chromatography on
silica gel when the 2-(trimethylsilyl)ethyl protecting group was
in place. It is noteworthy that hydride delivery occurred only
from below when the C-ring oxygen was projected toward the
reaction center (se®), a consequence of steric approach control.
In contrast, thex-isomer gave rise to bothO and11. Further
experimentation revealed that, whds surprisingly resistant
to epimerization by retroaldol ring openirtf) and11 are slowly

(9) Fuchs, K.; Paquette, L. Al. Org. Chem1994 59, 528.

(10) Prepared from a WielartMischer ketone of>99% enantiomeric
purity by the following sequence: (a) ethylene glycof;.Hb) CHsl, KOt-

Bu, t-BUOH. (c) L-Selectride. (d) TMSCI, imid; Cr 3,5-Mex-pyrazole;
H3O*. (e) Li, NHs. (f) NaH, PMBCI, DMF; HO*.

(11) Prepared fromi-bromoacetaldehyde dimethyl acetal by displacement
with cyanide ion, acetal exchange wightrimethylsilyl ethanol (TsOH,
toluene, heat), and Dibal-H reduction.

(12) Lisphutz, B. H.; Harvey, D. FSynth. Commuril982 12, 267.

© 1996 American Chemical Society



Communications to the Editor J. Am. Chem. Soc., Vol. 118, No. 47, 199891

Scheme 2 Scheme 3

TMS
1. Mel, Ag,0
CaSO0, (96%)

2. CH=CHMgBr,
THF (96%)

(-Bu)oAIH
THF

™S

1. 230-240 °C, PMBO
DMF, 19 h

2. CsF, DMF
210°C, 6 h
(65%)

10 (35%) 11 (14%)

1. OZN@COOH , PMBO
Dess-Marti
DEAD, toluene .s - bl
periodinane

2. K,COg, CHyOH, THF CH2Cly, py
(74%) (95%)
14
interconverted in methanol containing®O;. On this basis, 1. ;:I'r\:/lD%IgSCI
it is difficult to assess the degree of stereoselectivity with which 2 Me ,'\J}=CH - PMBO |, o 4 Q
their ketone precursor is reduced. Application of the Mitsunobu ' D,\j,: 50 oé. ' H — H
protocol to 10 provided additionalll, such that the net 14 : . Me
proportion of9 to 11 ultimately approximated 1:1. NaOH Me e OMe
Although the ensuing documentation focuses only on the 3. Mel, ether
further use ofL1, suffice it to say tha® can also be transformed 4. KzCOq, Hz0, CH,Cl, 15
into 1 and2.23 Following the O-methylation of1, the resultant (66% overall
methoxy ketone was reacted with vinylmagnesium bromide.
This two-step process gave rise exclusivelM®(Scheme 3). 1. DDQ,
The time had now come to evaluate the oxy-Cope rearrange- CHZCl, H0 1
ment. On the basis of several exploratory experiments, the 2. A0, py
decision was made to proceed with DMF as the solvent of DMAP, CH,Cl,
choice. When heated to 23@40°C for 19 h in this medium, (88%)
12 was transformed into a single detectable isomer (TLC and
NMR analysis). At this point, cesium fluoride was introduced b b PMBO , 0 H 0)
and the DMF solution was brought back to 22 in order to ash.;a ;Ve’.m“t H _/
effect hydroxyl deprotection directly. Subsequent workup 14 ¢ °. jw' Me O H
afforded 13 in 65% yield and set the stage for oxidation to peroxidic ether Me o OMe:
diketone 14 with the Dess-Martin periodinane reagefit. (31% overall) Me H
Extensive COSY and NOE studies da¥ confirmed the 16

indicated stereochemistry.
The highly regioselective transformation b4 into its exc

I - . as above
methylene derivative was very efficiently accomplished by use _—
of the Eschenmoser saft. If the product of the Mannich (76%)

reaction is chromatographed on silica gel with ether that contains

peroxides, epoxidation occurs to deli ultimately two steps 2, respectivelyt’ That (—)-O-methylshikoccin and +)-O-
later. Although Bredt's rule is not at all violated I5, sufficient (methylepoxy)shikoccin were indeed in hand derived from
ring strain evidently resides in its bridgehead double bond to careful direct comparison éH and3C NMR data with those
endow this site with heightened reactivity. This phenomenon recorded on authentic sampleslond2.18

proved to be nicely conducive to our goal, as deprotettion In summary, we have achieved a total synthesi4 of 15
acetylation ofl5and16 afforded high-quality samples dfand steps and in 6.7% overall yield froBwia only 11. Efficiency

is further heightened whe@ is also included. The route also
allows convenient access to the epoxy derivaflve
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