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(—)-Dendrobine 1), the major alkaloid constituent of the
Chinese ornamental orchidendrobium nobilg exhibits interest-
ing antipyretic and hypotensive activitiéSince the elucidation
of its structure in 1964, dendrobine 1) has attracted much

attention as a challenging synthetic target. The first total syntheses

of 1 were completed in the 1970%but efficient and stereo-
selective routes to this molecule were only reported in the 1990's,
all involving new synthetic methods, culminating in two forfiéll
and one tot&F enantioselective syntheses.

Our synthetic strategy to—()-dendrobine 1) is based on the

early introduction of the three stereogenic centers at C(4), C(5),
and C(6), thus resolving all the stereochemical problems for the

final compound (Scheme 1). The amino alcoB@lould therefore

constitute an attractive intermediate, since the amino group at
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Scheme 1.Retrosynthetic Analysis of-)-Dendrobine
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Scheme 2.Synthesis of the Intermediate Amino Alcoh®l
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C(4) could serve as a template for the stereoselective construction

of the azatricyclo[6.2.1/3"Jundecane ring system by a Pauson
Khand reaction — 2),%” whereas the hydroxy group at C(5)

addition of a tributylstannyl radical to the oxygen of the benzoate
would induce cleavage of the weak-XD bond, and formation

would control the stereochemistry of the bridged lactone, after of the desired radica. Conversion of {)-trans-verbenol 6),1*

introduction of a carboxylate equivalent at C(2)+¢ 1). As part

into 7 was accomplished by carbonyl imidazolide formation,

as our general interest in new radical processes, we have recentlyreatment witiN-methyl hydroxylamine, and subsequent benzoyl-

developped nitrogen-centered radical cyclizatibpspviding a
novel access to various heterocycl@$As an application of this
new methodology, we presumed that key intermedsateould
be obtained from-{)-transverbenol 6), after a radical cascade
involving cyclization—-fragmentation of a carbamyl radical to
give oxazolidinonet with the desired stereochemistry.

The O-benzoyIN-hydroxyurethan& was chosen as a suitable
precursor for the crucial carbamyl radical cyclization, since the
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ation to afford7 in 49% overall yield without isolation of the in-
termediates (Scheme 2). As expected, slow addition @EBH
and AIBN to a refluxing solution of in toluene produced the
desired oxazolidinond in 71% yield. Hydrolysis of4 afforded
the amino alcohaB in 68% yield!? This represents an interesting
example of a successful cyclization of a carbamyl raditéland
opens the way to the synthesis of cyclic cis vicinal amino
alcohols!®

Next, we investigated the construction of the tricyclic core of
dendrobine, involving the formation of the central C{Q(11)
bond. After unsuccessful attempts to form the hydroindole
skeleton via cyclization of a carbamoylmethyl radical onto the
C(11)-C(8) bond within3,** we turned to a different strategy,
involving Pausor-Khand reactiofiof the N-propargyl derivative
8, readily obtained fron8 by treatment with propargyl bromide,
and subsequent acetylation of the hydroxy group (88% yield).
Treatment of the alkyneCo(CO) complex derived fron8 with
N-methylmorpholine oxide hydrafein the usual solvents (G
Cl, or THF/CHCI,) resulted in a slow conversion into the desired
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hydrogen abstraction on C(4) took place. These unwanted, but nevertheless
interesting, reactions will be detailed in the full paper.
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Scheme 3. Synthesis of the Cyanoketoris
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cyclopentenon@, along with an unexpected ring-opened prod-
uctl® This problem was overcome by using acetonitrile as the
solvent!” and2 was then exclusively obtained (Scheme 3). This
somewhat unstable cyclopentendheas directly hydrogenated
(Pd/C, H) to afford the tricyclic keton® as a single diastereo-
isomer (51% fromB).

Having achieved the construction of the azatricyclo[6.2:1]0
undecane ring system of dendrobine, we then proceeded to
construct the final bridged lactone ring, which required function-
alization at C(7). Treatment & with iodotrimethylsilane and
HMDS in CH,Cl, at —20 °C*® afforded exclusively the more
substituted enol silyl ethéf. Reaction with phenylselenenyl
bromide gave thex-seleno ketone (72% yield fror@), which
was directly oxidized td.0 (60% yield). Direct construction of
the lactone ring from the hydroxy group at C(5) was first
envisioned. Thus, a nucleophilic alkoxycarbonyl radical derived
from selenocarbonat&2 would have readily cyclized onto the
electron-deficient double borf.Unfortunately, all attempts to
form 12 from 11 remained unsuccessfdl.On the other hand,
treatment ofl0 with diethylaluminum cyanide in toluene at 70
°C afforded the cyanoketonk3 as a single diastereoisomer in
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N-oxides, see: (a) Shambayati, S.; Crowe, W. E.; Schreiber, Bettahedron
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L.; Yoo, S.-E.Synlett1991 204—-206.
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one can speculate that the presence of the bggi@trogen within an
intermediate complex may inducefeelimination to givel9 after protonation.
Analogous observations have been made with zirconium-mediated?[2-

1] cycloadditions of related benzylamines: ref 5d and Barluenga, J.; Sanz,
R.; Fananas, FChem—Eur. J. 1997 3, 1324-1336. We are not aware of
any previous report of such ring-opened products in the Patisband
reaction of propargylic amines, but similar observations were made when allyl
propargyl ethers were subjected to Pauskhand conditions in the absence
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Scheme 4. Synthesis of {)-Dendrobinel
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77% vyield. Delivery of the nitrile took place from the least
hindered-face with the cyano group ending up in an axial
disposition.

Epimerisation at C(7) was delayed to the last step of the
synthesis to avoid problems associated with the presence of the
ketone at C(9¥2 Reduction of keton&3with sodium borohydride,
followed by treatment with phenyl chlorothionoformate provided
the corresponding thiocarbonate in 60% overall yield. Subsequent
Barton—McCombie deoxygenatié afforded 14 in 83% yield
(Scheme 4). As expected, exposureldfto sodium methoxide
in methanol at 100°C for 24 h (sealed tube) caused partial
epimerisation at C(7) and hydrolysis of the acetate group to give
a 1:1 mixture of the two epimeric hydroxy nitrilddaand15b.
Finally, the mixture of epimers was directly treated with
toluenesulfonic acid in aqueous 1,4-dioxane at reflux to furnish
(—)-dendrobine 1), along with unreacted hydroxy nitritE5b. It
is noteworthy thafl.5b was fully recovered from this last reaction,
in accord with a prior cyclization of hydroxy-nitrild5a to
iminolactone 16,>* which then undergoes hydrolysis te-)-
dendrobine 1) (75% from 14 based on recoveretbh).?

In summary, a concise, enantioselective synthesis-9f (
dendrobine 1) has been achieved in 13 steps, starting fre (
trans-verbenol ). A cascade involving a carbamyl radical,
allowed the efficient formation of amino alcoh8lfrom 6, with
the creation of the three principal stereogenic centers. The
application of the PauserKhand reaction§ — 2) to construct
the crucial quaternary center at C(11) and the curious solvent
effect, which remains to be clarified, are other interesting features

©Of this synthesis.
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