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Abstract—Access to a medium-sized unit of 15-seco-eleutheside analog 19 has been opened through the NiCl2/CrCl2-mediated
intramolecular condensation of iodoaldehyde 8 with excellent yields. Transformation of the phenylcyclononanol 15 into the
tetracyclic analog 19 was achieved in a four-step sequence with 65% overall yield. © 2002 Elsevier Science Ltd. All rights reserved.

Gorgonian and soft corals are a rich source of oxacyclic
diterpenes.1 Sarcodictyns 1–22,3 and eleuthesides 3–54–6

(Fig. 1) are derived from cembrane precursors by
C2�C11 bond formation and have in common the
oxatricyclic ring system of the 4,7-oxaeunicellane skele-
ton, composed of the oxacyclononane and dihydro-
furane units containing six stereogenic centers, five of
them inside the medium-sized oxacyclic moiety. It has
been shown that eleutherobin 3, similarly to sarcodic-
tyns 1–2, induces tubulin polymerization, causing
mitotic arrest.7 Both types of compound are active
against paclitaxel-resistant tumor cell lines and have
thus been included within the second generation of
microtubule-stabilizing antimitotic agents.8,9

The limited availability of these diterpenes from natural
sources means that their total synthesis is necessary to
characterize their activity profile. To date, sarcodictyns
1–2 have been successfully synthesized by Nicolaou et
al.,10 while eleutherobin 3 has been prepared by the
groups of Nicolaou11 and Danishefsky.12 Several syn-
thetic approaches have also been published concerning
alternative strategies to the above mentioned main syn-
thetic contributions.13

In the course of studies directed toward the total syn-
thesis of eleuthesides, we have undertaken a model
study of the intramolecular cyclization leading to a
10-membered ring eleutheside analog, 6, of the fused

oxacyclononane–dihydrofurane system present in all
types of these target antimitotic diterpenes (Fig. 2).

Planning to use the Nozaki–Hiyama14,15 condensation
to close the 10-membered ring, starting from the appro-
priate iodoaldehyde 8, we identified alcohol 7 as a key
intermediate. Preparation of the latter required the

Figure 1.

Figure 2.
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application of a four-step sequence to the dihydroxy
bromo ester 9, previously prepared by our group
through a stereocontrolled route starting from o-
bromo-phenethyl alcohol (Scheme 1).15

Glycol protection followed by reduction of the ester
group with diisobutylaluminum hydride in toluene at
0°C led to the bromo alcohol 11 with excellent yield.

Intermediate 11 was converted into iodoaldehyde 8 by a
four-step sequence involving a Stille coupling, followed
by desilylation, iodination and oxidation of the alcohol.

Palladium-catalyzed cross-coupling reaction of the bro-
moalcohol 11 with [(trimethylsilyl)ethynyl]tributyl
stannane16 led to the trimethysilylacetylene 12, with
93% yield under the conditions described by Stille.17

Similarly, the bromo ester 10 led to the trimethylsilyl-
acetylene 13, with 95% yield under the same condi-
tions. Other attempts to obtain either 12 or 13 by
Sonogashira–Hagihara coupling18 through treatment of
bromo derivatives 10 or 11 with trimethylsilyl acetylene
and diethylamine, under the catalytic effect of
(Et3P)2PdCl2 in the presence of copper(I) iodide, led to
the recovery of the starting materials.

Substitution of the trimethylsilyl group of 12 with
iodine was accomplished by the action of AgNO3 and

N-iodosuccinimide. Flash chromatography of the reac-
tion product led to the isolation of 7, with 75% yield.19

Alternative transformation of 12 into 7 by removal of
the TMS substituent by treatment of 12 with AgNO3

and KCN, followed by treatment of the acetylene inter-
mediate with iodine and morpholine in benzene at
room temperature, afforded the iodoacetylene 7, but
with lower yields (58%).20 Finally, Dess–Martin oxida-
tion of the iodoalcohol 7 led to the precursor iodoalde-
hyde 8, with excellent yield. Similarly, conversion of
trimethylsilylacetylene ester 13 into iodoaldehyde 8 was
achieved by iodination followed by diisobutylalu-
minumhydride reduction of 14 in toluene at −78°C,
with 54% overall yield.

The crucial step in our strategy, the cyclization of
iodoaldehyde 8 mediated by CrCl2 and NiCl2 (Nozaki–
Hiyama21 coupling), proceeded smoothly, affording the
10-membered acetylene alcohol 15 with 85% yield
(Scheme 2).

Transformation of the alkynol 15 into the �,�-unsatu-
rated ketone 16 was accomplished by hydrogenation
with Pd on BaSO4 and quinolein followed by Dess–
Martin oxidation with 88% overall yield. The use of
hydrogen with palladium on CaCO3 either with lead or
quinolein led to the recovery of the starting material,
while oxidation of the intermediate allylic alcohol with

Scheme 1. Reagents and conditions : (i) 2,2-dimethoxypropane, pTsOH, CH2Cl2, 98%; (ii) dibaH, toluene, 0°C, 90%; (iii)
Bu3SnCC/TMS, Pd(PPh3)4, toluene, reflux, 12 (93%), 13 (95%); (iv) NIS, AgNO3, DMF, 75%; (v) Dess Martin, 98%; (vi) NIS,
AgNO3, DMF, 72%; (vii) dibaH, toluene, −78°C, 75%.

Scheme 2. Reagents and conditions : (i) CrCl2, NiCl2, THF, 85%; (ii) (a) Pd/BaSO4, quinolein, 90%; (b) Dess Martin, 98%; (iii)
PPTS, MeOH, reflux, 75%; (iv) 18, Et3N, DMAP, 85%.
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manganese dioxide afforded the unsaturated ketone 16,
with somewhat lower yields (60%).

Access to the oxatricyclic ring system was enabled by
treatment of 16 with pyridinium p-toluenesulfonate in
refluxing methanol. Complete spectroscopic analysis of
the reaction product revealed the presence of a single
product: namely, the thermodynamically controlled
cyclization product 17.11

Structural assignment of the macrocyclic carbinol 17
was based on mechanistic reasoning and NOE correla-
tions, whose results are represented by double arrows in
Fig. 3. Thus, sizeable NOE effects (4% each) at the
methyl group (� : 1.52 ppm) and at the benzyl �-proton
(� : 2.86 ppm) were seen upon irradiation at the proton
geminal to the hydroxy function (� : 3.65 ppm). How-
ever, by irradiation at the methyl group (� : 1.52 ppm)
an increase in intensity corresponding to the signal at
the proton geminal to the hydroxy function (� : 3.65
ppm) was remarkable (6%) but no NOE effect was
observed at the methoxy group. By irradiation at the
methoxy function (� : 3.05 ppm) we observed NOE
effects (2% each) at both olefinic protons � and �
positions (� : 5.37 and 5.71 ppm) to the tetra-
hydrofurane moiety. The spatial proximity of the pro-
ton geminal to the hydroxy function (� : 3.65 ppm), the
methyl (� : 1.52 ppm) and the methoxy groups (� : 3.05
ppm) lying at the tetrahydrofurane unit was demon-
strated by a Rotating frame NOESY experiment (mix-
ing time: 350 ms).

Acylation of 17 with the rather unstable mixed anhy-
dride 1810c,11 in the presence of triethylamine and
dimethylaminopyridine led to the eleutheside analog 19
(6, R=H) with 85% yield.22

Conclusion. Intramolecular condensation of iodoalde-
hyde 8 mediated by NiCl2 and CrCl2 opened the access
to the medium-sized bicyclic system present in the
phenylcyclononyne carbinol 15, with excellent yields.
The easy transformation of 15 into the oxatricyclic
analog 19 confirms the viability of our synthetic strat-
egy to access the eleutheside functionality present in
our synthetic model (6, R=H). Transformation of 9
into 19 was accomplished by application of a 10-step
sequence with 28% overall yield.
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