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ABSTRACT: The first and asymmetric total synthesis of
rubriflordilactone A, a bisnortriterpenoid isolated from
Schisandra rubriflora, has been accomplished in a
convergent manner. Two enantioenriched fragments
were forged together to give a functionalized cis-triene. A
6π-electrocyclization/aromatization sequence assembled
the penta-substituted arene, and a formal vinylogous
Mukaiyama aldol reaction introduced the butenolide side
chain.

In the past two decades, Schisandraceae triterpenoids have
attracted increasing attention because of their intriguing

structures and diverse biological activities.1 Considerable efforts
have been made toward the chemical synthesis of these
molecules. Recently, Yang et al. disclosed a groundbreaking
total synthesis of schindilactone A,2 which, to our knowledge,
represents the only example of the synthesis of a Schisandraceae
triterpenoid among over 100 members.3,4 In 2006, Sun et al.
reported the isolation of rubriflordilactones A and B (1 and 2,
Figure 1) from Schisandra rubriflora that has been widely used

in Chinese herbal medicine.5 It is noteworthy that the latter
compound exhibits promising anti-HIV activity.5 Distinct from
the rest of the Schisandraceae triterpenoids, 1 and 2 possess a
multisubstituted arene motif in their heptacyclic framework,
which is of particular interest for us as well as others.4a−f

Recently, we have applied a 6π-electrocyclization/aromatization
strategy in the syntheses of arene-containing polycyclic natural
products.6−9 Herein, we report the first total synthesis of
rubriflordilactone A (1) with such a strategy.
As illustrated in Scheme 1, we undertook a retrosynthetic

analysis of 1. First, the butenolide side chain is cleaved at the
C22−C23 bond, giving a key intermediate, hexacyclic dilactone
3; a vinylogous Mukaiyama aldol reaction with furan derivative
410 is envisioned to install the side chain in a forward manner.
The penta-substituted arene of 3 is then disassembled to afford

triene 5 as the precursor of a 6π-electrocyclization/aromatiza-
tion sequence. Further disconnection at the C9−C11 bond
provides two fragments 6 and 7, which could be forged
together by a Pd-catalyzed cross coupling reaction. This
disconnection eases the segment coupling step and leaves the
challenge of forming the sterically more demanding C8−C14 to
the electrocyclization step. Notably, the both fragments need to
be prepared in the enantioenriched forms to avoid the
generation of diastereomerically mismatched coupling prod-
ucts. The geometry of alkenyl iodide 6, as well as the retention
of this geometry through Pd-catalyzed cross coupling, needs to
be secured. The preparation of 7 would take advantage of
Yang’s synthesis of the racemic 5,7-bicyclic system.2

The synthesis commenced with preparing the right-hand
segment 6 (Scheme 2). Corey−Bakshi−Shibata reduction11

[oxazaborolidine 8 (5 mol %), BH3·THF] of 2-iodo-2-
cyclopentenone 9 afforded the corresponding alcohol (>99%
ee), which underwent Sonogashira coupling with TMS-
acetylene to give compound 10 with good overall efficiency.12

This alcohol was subjected to the conditions for Johnson−
Claisen rearrangement [2-nitrophenol (2 mol %), EtC(OMe)3,
100 °C]13 to furnish methyl ester 11 [90%, 7.5:1 dr at C20 (the
numbering system of 1)]. Upon treatment with aq LiOH,
saponification along with desilylation occurred to provide acid
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Figure 1. Rubriflordilactones A and B (1 and 2).

Scheme 1. Retrosynthetic Analysis of 1
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12 in 93% yield. Exposure of this compound to NIS/NaHCO3
resulted in a stereospecific iodolactonization,14 giving E-alkene
6 in 52% yield. It is noteworthy that 6 is of poor stability and
needs to be prepared freshly before use.
In Scheme 3 was depicted the construction of the left-hand

segment 7. We employed the Cu-catalyzed asymmetric Diels−
Alder reaction developed by Ishihara et al.15 to prepare the
optically active building block 13 from the known diene 14 and
dienophile 15. In the presence of Cu(OTf)2 and bis-oxazoline
ligand 16, the cycloaddition occurred smoothly to afford
compound 13 in 80% yield, albeit with moderate ee (76%).
Replacement of the oxazolidinone moiety with EtSLi, followed
by Pd-catalyzed methyl coupling with the resultant thioester
[Pd2(dba)3, S-Phos, MeZnI],16 gave ketone 17 with good
overall efficiency. 17 was subjected to a five-step sequence
developed by Yang et al. for their elegant synthesis of racemic
schindilactone A to reach bromoenone 18,2 via the
intermediacy of lactone 19. Fortunately, we were able to
recrystallize this bromide, and the crystals so obtained turned
out to be an essentially racemic mixture. Thus, the product
from the mother liquid reached an excellent level of
enantiopurity (>99% ee, 73% yield). The absolute configuration
of the enantioenriched 18 was determined by X-ray crystallo-
graphic analysis (Scheme 3). Hydrogenation (Pd/C, H2)
saturated the enone olefin and also reduced the resulting
bromide, to give the desired cycloheptanone in one pot (97%
yield), which was then converted to triflate 20 (LiHMDS,
PhNTf2) in 89% yield in a regioselective fashion. The excellent
selectivity may be attributable to the steric difference between
the α and α′ positions of the carbonyl. Swapping TES with Ac
[Ac2O, Sc(OTf)3] furnished acetate 21 (96% yield). Intra-
molecular Dieckmann condensation (LiHMDS) provided a
hemiketal intermediate (93% yield),2 and the subsequent
cationic deoxygenation (Et3SiH, BF3·OEt2)

17 provided tricycle
22 in 65% yield along with 29% of the recovered starting
material. Stannylation [Pd(PPh3)4, Me3SnSnMe3, LiCl]

18 of 22
afforded the left-hand segment 7 (75% yield), setting the stage
for the cross coupling with the right-hand segment 6.
With both fragments in hand, we entered the final stage of

the synthesis, as shown in Scheme 4. A variety of conditions for
Stille−Migita reaction were examined, and the Pd(0)/CuTC

catalytic systems19 promoted the coupling between 6 and 7
efficiently to afford triene 5 in 96% yield. The E-geometry of
the C11C12 bond was strictly retained through this mild and
rapid coupling, which is crucial to the following cyclization. It

Scheme 2. Synthesis of the Right-Hand Segmenta

aReagents and conditions: (a) 8 (5 mol %), BH3·THF (0.67 equiv),
THF, 0 °C, 30 min, 82%, > 99% ee; (b) Pd(PPh3)2Cl2 (0.5 mol %),
CuI (1 mol %), TMS-acetylene (3.0 equiv), toluene, 50 °C, 2 h, 99%;
(c) 2-nitrophenol (2 mol %), EtC(OMe)3 (1.7 equiv), 100 °C, 48 h,
90%, 7.5:1 dr at C20; (d) aq LiOH (1.0 M)/THF (1:1), 60 °C, 4 h,
93%; (e) NIS (1.0 equiv), NaHCO3 (2.0 equiv), acetonitrile, 22 °C,
1.5 h, 52%.

Scheme 3. Synthesis of the Right-Hand Side Segmenta

aReagents and conditions: (a) Cu(OTf)2 (5 mol %), 16 (5.5 mol %),
4 Å molecular sieves, CH2Cl2, 0 °C, 2 d, 80%, 76% ee; (b) EtSH (3.0
equiv), BuLi (2.5 equiv), THF, 0 °C, 30 min, 96%; (c) Pd2(dba)3 (1
mmol %), S-Phos (5 mmol %), MeZnI (5.0 equiv), NMP/THF
(1.5:1), 65 °C, 1.5 h, 80%; (d) MeMgCl (1.1 equiv), THF, −40 °C, 1
h, then −20 °C, 45 min, 83%; (e) KHMDS (1.1 equiv), THF, −78 °C,
30 min; then P(OMe)3 (1.5 equiv), O2, −78 °C, 20 min, 83%; (f)
TESOTf (1.5 equiv), 2,6-lutidine (1.5 equiv), CH2Cl2, 0 °C, 30 min,
94%; (g) CHBr3 (3.0 equiv), t-BuOK (3.0 equiv), petroleum ether,
−20 °C, 1 h; (h) AgClO4·H2O (2.0 equiv), CaCO3 (5.0 equiv),
acetone, 30 °C, 10 h, 66% (2 steps); compound 18 was recrystallized
with EtOAc/petroleum ether (1:6) to give the enantioenriched form
(73%, > 99% ee) after removal of the essentially racemic crystals; (i)
Pd/C (4 mol %), H2 (1 atm), MeOH/EtOAc (1:1), 22 °C, 1.5 h, 97%;
(j) LiHMDS (2.5 equiv), PhNTf2 (1.8 equiv), THF, −25 °C, 2 h,
89%; (k) Sc(OTf)3 (10 mol %), Ac2O (5.0 equiv), acetonitrile, 10 min,
96%; (l) LiHMDS (1.6 equiv), THF, 0 °C, 5 min, 93%; (m) Et3SiH
(25.0 equiv), BF3·OEt2 (20.0 equiv), 35 °C, 3 h, 65% (29% for the
recovered starting material); (n) Pd(PPh3)4 (10 mol %), Me3SnSnMe3
(1.5 equiv), LiCl (1.5 equiv), THF, 60 °C, 15 min, 75%.
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should be noted that the electrocyclization of multisubstituted
triene containing an enol ester moiety lacked precedents to our
knowledge; its thermal stability could be a problem. To our
delight, heating 5 in DMSO at 145 °C under an air atmosphere
effected the 6π-electrocyclization and aromatization in one pot,
giving arene 3 in 73% yield. Treatment of 3 with bulky
LiAlH(Ot-Bu)3

20 successfully differentiated the two lactone
carbonyls to furnish a mixture of the six-membered lactol and
its ring-opened aldehyde form after aqueous workup. The
attempts to directly react the mixture with siloxy furan 4
resulted in the formation of an open-chain secondary alcohol,
and the standard acetylation conditions opened the lactol
completely and generated the corresponding phenyl acetate.
This ring-opening tendency may be attributable to the internal
strain of the 6,5,6-tricyclic system and the good leaving ability
of the phenoxide. We then exposed the lactol/aldehyde mixture
to DAST and obtained fluoride 2321 (62% overall yield from 3)
as an activated “donor” for the next C-glycosylation-type
reaction. However, 23 turned out to be unreactive against siloxy
furan nucleophiles; only allyltrimethylsilane can attack it upon
the activation of BF3·OEt2. Thus, we made recourse to a
potentially more powerful “donor” 24.22−24 This stannane
reacted with 23 smoothly in the presence of BF3·OEt2, to
provide 1 in 66% yield as a single detectable diastereomer. A

model compound 25 was synthesized through a similar
protocol to confirm the stereochemical outcome of the last
step: the structure of bromo-25 was determined by X-ray
crystallographic analysis (Scheme 4).25 The spectra and
physical properties of the synthetic sample are identical with
those reported for the natural product, which also verifies the
absolute configuration of 1.
In summary, we have accomplished the first and asymmetric

total synthesis of 1. The two segments were prepared in
essentially enantiopure forms and assembled through Stille−
Migita coupling; the geometry of the triene was secured. A one-
pot 6π-electrocyclization/oxidative aromatization served as the
key step of the synthesis, and a formal vinylogous Mukaiyama
aldol reaction installed the butenolide side chain at the final
stage. The work may facilitate the biological studies on
Schisandraceae triterpenoids.
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