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Abstract: The asymmetric synthesis of the diene unit of methyl
sartortuoate is described. A temperature-sensitive intramolecular
Horner–Wadsworth–Emmons reaction was employed for the con-
struction of the 14-membered ring. A Payne rearrangement of an
2,3-epoxy alcohol was utilized for the installation of the hydroxyl
group at the C14 position of the diene unit.
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Methyl sartortuoate (1) and methyl isosartortuoate (2),
two representative members of the structurally novel class
of biscembranoids, were isolated from the marine Sarco-
phyton tortuosum tixierduriant by Su et al. (Figure 1).1,2

The relative configurations of 1 and 2 were elucidated by
extensive NMR studies and their absolute stereochemistry
was supported by X-ray analysis.1 A preliminary bioassay
proved that both of them displayed inhibitory effects
against mice S180 and cytotoxic activities towards KB
cells.1 Biogenetically, 1 and 2 are proposed to be formed
by a biosynthetic Diels–Alder reaction of two cem-
brenanes as the precursors. Although none of such precur-
sors of 1 and 2 have been isolated, the hypothesis is
supported by the isolation of methyl sarcoate (4),2b a di-
enophile unit of methyl sarcophytoate (3).2a While the po-
tential bioactivity and the intriguing structural features as
well as the interesting biogenetic possibility have aroused
some synthetic interest, the total synthesis of these bis-
cembranoids has not been reported to date. Nakata et al.
has reported the elegant asymmetric synthesis of both the
diene unit and the dienophile unit (i.e. 4) of 3.3 Previously,
we reported the asymmetric synthesis of the dienophile
unit of 1 and 2, and in this communication we describe the
asymmetric synthesis of the diene unit (i.e. 5) of 1.4

Our initial retrosynthetic analysis of 5 is outlined in
Scheme 1. We envisaged that the triene moiety of 5 could
be derived from a triol 6, which, in turn, would be
achieved by opening of a 2,3-epoxy alcohol 7. An in-
tramolecular HWE reaction of an aldehyde phosphono-
acetate 9 would be employed for the crucial cyclization to
secure the 14-membered ring of 8. Finally, 9 could be
derived from a functionalized tetrahydropyran 10.

Figure 1 Selected biscembranoids 1–3 and methyl sarcoate (4)
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The synthesis of the required precursor for the HWE reac-
tion commenced with compound 10, which has been pre-
pared previously in our laboratory (Scheme 2).4d Thus,
selective tosylation of the primary hydroxyl group of 10,
followed by treatment with KCN and protection of the
tertiary alcohol with MOMCl provide the ether 11.

Scheme 2 Reagents and conditions: (a) TsCl, Et3N, r.t., 95%; (b)
KCN, EtOH–H2O, 70 °C, 91%; (c) MOMCl, DIPEA, KI, CH2Cl2,
96%; (d) DIBAL-H, toluene, –78 °C, then HCl (1 M), 0 °C; (e)
NaBH4, MeOH, 0 °C, 73% for two steps; (f) Ac2O, Et3N, CH2Cl2, r.t.,
96%; (g) TBAF, THF, r.t., 95%; (h) triphosgene, Et3N, CH2Cl2, 0 °C;
(i) EtO2CCH2PO(OEt)2, NaH, DMSO, 0 °C to r.t.; (j) K2CO3, EtOH,
r.t., 82% for three steps; (k) Dess–Martin periodiane, CH2Cl2, r.t.,
92%.

Reduction of 11 with DIBAL-H, hydrolysis with 1 N HCl
and further reduction with NaBH4 afforded alcohol 12.
Acylation of the primary alcohol of 12 with Ac2O and
subsequent removal of the TBDPS group yielded the
allylic alcohol 13. Conversion of the hydroxyl group of 13
to the corresponding chloride followed by nucleophilic
displacement with EtO2CCH2PO(OEt)2 afforded 14.
Saponification of the acetyl group of 14 and oxidation of
the resulting alcohol by Dess–Martin periodinane5 afford-
ed the desired aldehyde 9.

With precursor 9 in hand, we then constructed the 14-
membered ring using a HWE reaction.6 We examined
different reaction conditions and found that several typi-
cal conditions such as K2CO3–18-crown-6–toluene,7

NaHMDS–THF8 and LiHMDS–THF8 gave a very com-
plicated product mixture. When we tried the reaction
using DBU–LiCl–MeCN,9 9 was transformed into an un-
desirable side product 1510 in 50% yield. The elimination
of MOMO group under basic conditions produced
MOMOH, which served as a carbon atom source for the
intermolecular HWE reaction. Finally, the macrocycliza-
tion was successfully realized when we treated 9 with
NaH and 18-crown-6 in DME. To optimize the macro-

cyclization conditions, we investigated the temperature
effect. The results in Table 1 demonstrate that the reaction
was temperature dependent. When the reaction was per-
formed at 0 °C (entry 1), the desired product 811 and the
side product 15 were obtained in 1:1 ratio with moderate
yield, whereas at 8–24 °C (entries 2–5), 8 became the
major product and was obtained as a single E-isomer12 at
C1–C14. Surprisingly, when the reaction was performed
at 30 °C, only the side product 15 was formed in this reac-
tion (entry 6).

Upon successful macrocyclization, we focused on the in-
troducing the hydroxyl group at C14 and constructing the
conjugated triene moiety (Scheme 3). Allylic alcohol 16,
which was obtained from the reduction of ester 8 with
DIBAL-H, was epoxidized using Sharpless asymmetric
epoxidation to get the epoxy alcohol 7.13 Initial attempts
to open the epoxide of 7 to introduce 14-OH group utiliz-
ing Sharpless method14 only afforded unreacted starting
material. On the other hand, Payne rearrangement15 of 7
followed by the in situ opening of the equilibrating 1,2-ep-
oxide 17 with 0.5 M of NaOH in t-BuOH at 75 °C smooth-
ly gave the triol 6 as a single isomer in 80% yield. Then,
acylation of 6 with Ac2O in pyridine, followed by elimi-
nation of tertiary alcohol using SOCl2

16 provided a con-
jugated diene 2017 in 78% yield. X-ray analysis of this
product confirmed the configurations of all stereocenters
(Figure 2). To the best of our knowledge, this is the first
example utilizing Payne rearrangement to introduce the
hydroxyl group at 14-position of cembranoids. The elim-
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Table 1 Optimization of the Intramolecular HWE Reactiona

Entry Temp (°C) Yield (%) 
of 15b

Yield (%) 
of 8b

15/8

1 0 22 22 1:1

2 8 20 25 1:1.3

3 16 15 33 1:2.2

4 20 tracec 46 0:1

5 24 10 37 1:3.7

6 30 50 0 1:0

a Reactions were carried out in DME (0.003 M of 9) using NaH (3.0 
equiv) and 18-crown-6 (5 equiv) for 8 h.
b Isolated yield.
c Monitored by TLC.
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ination of the tertiary alcohol of 19 gave 20 and unconju-
gated diene 20a in a 5:1 ratio. Compounds 20 and 20a
could be separated by standard chromatographic methods.
The acetyl group of 20 was then removed with K2CO3 in
EtOH at 0 °C and the resulting alcohol was oxidized with
Dess–Martin oxidation to afford aldehyde 21. Treatment
of 21 with MeMgBr, followed by oxidation yielded ke-
tone 22.18 Due to the poor reactivity of the unsaturated ke-
tone, methylenation of 22 failed under several conditions,
such as Lombardo’s conditions,19 Takai’s conditions20

and Petasis’s conditions.21 Fortunately, treatment of 22
with MeMgBr, followed by dehydration using MsCl and
Et3N smoothly afforded the desired triene unit 5.22

Scheme 3 Reagents and conditions: (a) DIBAL-H, Et2O, –78 °C,
95%; (b) tert-butyl hydroperoxide (TBHP), D-(–)-DIPT, CH2Cl2,
–20 °C, 77%; (c) 0.5 M NaOH, t-BuOH, H2O, r.t. to 75 °C, 63%;
(d) Ac2O, pyridine, r.t., 90%; (e) SOCl2, pyridine, CH2Cl2, 0 °C, 78%;
(f) K2CO3, EtOH, 0 °C, 66%; (g) Dess–Martin periodiane, CH2Cl2,
r.t., 53%; (h) MeMgBr, THF, –78 °C; (i) Dess–Martin periodiane,
NaHCO3, CH2Cl2, r.t., 36% for two steps; (j) MeMgBr, THF, –20 °C;
(k) MsCl, Et3N, CH2Cl2, 0 °C to r.t., 33% for two steps.

Figure 2 X-ray crystal structure of 20

In summary, the asymmetric synthesis of the diene unit of
1 has been successfully achieved. Key steps were the tem-
perature-sensitive intramolecular HWE reaction for the
construction of the 14-membered ring and Payne rear-
rangement of 2,3-epoxyl alcohol for the installation of the
hydroxyl group at the 14-position of the diene unit. Efforts
towards the total synthesis of 1 by a Diels–Alder reaction
are still in progress.
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