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An approach to the construction of A/B ring analogue of antitumour compounds eleutherobin and
sarcodictyns is described. The key steps involve a highly diastereofaceselective Diels–Alder reaction of
a dienophile containing a furanosugar moiety with cyclopentadiene and ring opening–ring closing
metathesis of the resulting adduct.
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Eleutherobin 11 and sarcodictyns A 22 and B 3 are marine diter-
penoids that possess a common oxa-bridged tricyclic skeleton 4 as
the core structure. These compounds exhibit potent antitumour
activities against a variety of tumour cells. Interestingly these com-
pounds display cytotoxic action through a paclitaxel-like mecha-
nism.3 Because of complex molecular architecture and scarce
availability, these compounds have elicited considerable interest
in developing efficient routes for their total synthesis as well as
for synthesis of structurally simpler analogues. These efforts have
resulted in a number of elegant approaches4 towards the construc-
tion of the core structure culminating in the total synthesis of sarc-
odictyns and eleutherobin (Scheme 1) by the groups of Nicolaou5

and Danishefsky.6

A major challenge in the synthesis of these natural products is
the construction of the oxa-tricyclic core structure 4. The majority
of the approaches reported so far involve annulation of a medium-
sized carbocycle onto carvone-derived compounds followed by
oxa-bridge formation intramolecularly. We thought of developing
a conceptually new approach that offers a possibility of generating
simultaneously the A/B ring system of eleutherobin and sarcodic-
tyns. Our retrosynthetic analysis (Scheme 2) identified the fused
tricyclic nine-membered lactone 6 as the key intermediate which
could in principle be elaborated to the core structure 4 through
RCM of the divinyl compound 5.7 The tricyclic lactone 6 is expected
to be available from RO–RCM of the bicyclo[2.2.1]heptene deriva-
ll rights reserved.

x: +91 33 2473 2805.
tive 7 after modification of the carbocyclic ring to the desired
six-membered one. A Diels–Alder reaction of the dienophile 8 with
an appropriately functionalized cyclopentadiene derivative would
provide 7. Preliminary results of the investigation based on this
concept resulting in the synthesis of A/B ring analogue of eleuthe-
robin and sarcodictyns are presented here.

Two crucial steps on which success of this strategy depends are
the selectivity of the proposed Diels–Alder reaction of the enone
with a pendant sugar residue and RO–RCM of the resulting adduct.
Although RO–RCM8 of appropriately constructed bicyclo[2.2.1]-
heptenes has been investigated to construct fused- and bridged-
cyclic systems containing medium-sized carbocyclic ring, there is
no report on the synthesis of fused bicycles with nine-membered
lactone through RO–RCM. Indeed there are only few reports where
1 2, R = Me
3, R = Et

Scheme 1.
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RCM has been employed to construct nine-membered lactones.9 To
determine the stereoselectivity in the Diels–Alder reaction of the
enone 8 and the efficiency of the RO–RCM reaction of the resulting
bicyclo[2.2.1]heptene, we initially chose to employ the above-
mentioned protocol for synthesis of a fused bicycle with a nine-
membered cyclic ether. The dienophile required for this purpose
was prepared as described in Scheme 3. The hydroxyl group in
diacetone glucose 9 was converted to the allyl ether 104j on reac-
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Scheme 3. Reagents and conditions: (i) NaH, HMPA, THF, CH2:CHCH2Br, rt, 83%; (ii)
(a) 75% aq HOAc, 12 h, 78%, (b) NaIO4, CH3CN:H2O (3:1), 2 h, 70% ; (iii) (a)
CH2:CHMgBr, THF, �78 �C to rt, 5 h, 70%, (b) DMP, CH2Cl2, 1 h, 90% (iv)
cyclopentadiene, ZnCl2, CH2Cl2, �78 �C, 5 h, 95%; (v) catalyst 14 (5 mol %), CH2Cl2,
C2H4, rt, 12 h, 78%.
tion of its sodium salt with allyl bromide. Selective removal of
the 5,6-acetonide moiety and periodate cleavage of the vicinal diol
resulted in the known aldehyde 11.4j Reaction of this aldehyde
with vinyl magnesium bromide followed by oxidation of the carbi-
nol produced the enone 12 in overall excellent yield. Diels–Alder
reaction of the enone 12 with cyclopentadiene in the presence of
anhydrous ZnCl2 as catalyst was found to be highly diastereoselec-
tive producing exclusively the adduct 13 in 95% isolated yield aris-
ing through addition of the diene to the Re-face of the dienophile.
The structure of this adduct was established in analogy to the for-
mation of the adduct 19 on reaction of the analogous dienophile 18
with cyclopentadiene (Scheme 4). The adduct 13 was then sub-
jected to metathesis with Grubbs’ first generation catalyst 14 in
the presence of ethylene at rt. To our delight the fused bicycle 15
containing a nine-membered cyclic ether was obtained in 78%
yield. The structure of 15 was established from spectral data.12

The formation of Z-olefin was established from the coupling con-
stant (J = 10.5 Hz) of the C6- and C7-olefinic protons at d 5.51 (dt,
J = 4, 10.5 Hz) and 5.57 (dt, J = 2, 10.5 Hz).

With the success of the above-mentioned protocol in synthesiz-
ing fused bicycles with a nine-membered cyclic ether, we next em-
barked upon the synthesis of the bicycle with nine-membered
lactone, the projected intermediate for the synthesis of the core
structure of eleutherobin and sarcodictyns. The dienophile re-
quired for this purpose was prepared in the following way (Scheme
4). Acid-induced deprotection of the 5,6-acetonide moiety of the
known glucofuranose derivative 1610 followed by periodate cleav-
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Scheme 4. Reagents and conditions: (i) (a) 75% aq HOAc, 12 h, 80%, (b) NaIO4,
CH3CN : H2O (3:1), 2 h, 73%; (ii) (a) CH2:CHMgBr, THF, �78 �C to rt, 5 h, 68%, (b)
DMP, CH2Cl2, 1 h, 95% (iii) cyclopentadiene, ZnCl2, CH2Cl2, �78 �C, 5 h, 92%; (iv)
DDQ, CH2Cl2 : H2O (18:1), 4 h, 87%; (v) CH2:CHCOCl, Et3N, DMAP (cat.), CH2Cl2, 1 h,
85%; (vi) catalyst 14 (5 mol %), CH2Cl2, C2H4, rt, 2 h, 95%; (vii) catalyst 23 (5 mol %),
C6H6, 50 �C, 1 h, 65% (based on recovered 22).



Figure 1. ORTEP diagram of compound 20.
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age of the resulting vicinal diol afforded the aldehyde 17. Addition
of vinyl magnesium bromide to the aldehyde 17 and subsequent
oxidation of the carbinol afforded the required enone 18. Diels–Al-
der reaction of the enone 18 with cyclopentadiene in the presence
of anhydrous ZnCl2 as catalyst was found to be highly diastereose-
lective producing exclusively the adduct 19 in 92% isolated yield.
The structure of the adduct 19 was established by determination
of X-ray crystal structure (Fig. 1)11 of the hydroxy compound 20
obtained through removal of PMB protecting group. The hydroxy
compound 20 was then transformed to the ester 21 on reaction
with acryloyl chloride. Unlike metathesis of 13, metathesis of the
compound 21 with the catalyst 14 under identical condition gave
quantitatively the ring-opened product 22. However, the ring-
opened product 22 could be cyclized using the catalyst 23 to pro-
duce the fused bicycle 24 containing nine-membered lactone in
65% yield (based on recovered 22). The structure of the compound
24 was established through spectral data. The tricycle 24 contains
all necessary functional groups for transformation to the core
structure of 1–3.

In conclusion we have developed a protocol for convenient ac-
cess to nine-membered cyclic ether and nine-membered lactone
fused to a functionalized cyclopentane ring. The fused bicycle with
the nine-membered lactone is a potential intermediate to the syn-
thesis of eleutherobin and sarcodictyns.
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calcd for C23H28O6Na (M + Na)+, 423.1783; found 423.1788. Compound 24: mp
138–140 �C; ½a�25

D � 23:4 (c 1.3, CHCl3); IR mmax = 1719, 1724 cm�1, 1H NMR
(300 MHz, CDCl3) d 1.20–1.32 (1H, m), 1.42 (3H, s), 1.45 (3H, s), 1.73–1.84 (1H,
m), 1.95–2.02 (2H, m), 2.61 (1H, br s), 2.92 (1H, m), 3.16 (1H, m), 4.91–5.01
(3H, m), 5.36 (3H, m), 5.66–5.80 (1H, m), 5.98–5.99 (1H, m), 6.15 (1H, d,
J = 4.9 Hz); 13C NMR (150 MHz, CDCl3) d 26.3 (CH3), 26.9 (CH3), 37.1 (CH2), 37.9
(CH2), 43.1 (CH), 50.49 (CH), 50.52 (CH), 76.99 (CH), 83.0 (CH), 85.4 (CH), 105.6
(CH), 112.7 (C), 117.6 (CH2@), 119.2 (CH@), 136.4 (CH@), 154.9 (CH@), 164.1
(CO), 205.1 (CO); HRMS (ESI) calcd for C18H22O6Na (M+Na)+, 357.1314; found
357.1316.
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