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Figure 1. Structure of ribisin A–D.
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The first total synthesis of natural product ribisin A has been achieved in 11 steps from commercially
available methyl a-D-glucopyranoside with 21.6% overall yield. The highly oxygenated benzofuran skel-
eton of this natural product was constructed, taking advantages of the inherent chirality of D-glucose,
through the key reactions of Ferrier carbocyclization, Johnson iodination, Suzuki cross-coupling, and
Wacker oxidative cyclization.

� 2013 Elsevier Ltd. All rights reserved.
Phellinus ribis, a kind of fungi belonging to Phellinus gunus
(Hymenochaetaceae family), has been used for treating several dis-
eases and enhancing body immunity as a folk medicine in East
Asia.1 Recently, Fukuyama and coworker reported the isolation of
four new natural products as ribisin A–D (1–4, Fig. 1) from the
methanol extraction of the fruiting bodies of P. ribis.2 All of these
compounds have highly oxygenated benzofuran skeleton and
could stimulate neurite outgrowth in NGF-mediated PC12 cells.
The novel structure and the specific neural related biological activ-
ities attracted our interests in the total synthesis and SAR studies of
ribisin A–D. As part of our ongoing project for drug candidate prep-
aration using natural carbohydrates as chiral templates,3 we report
herein the first total synthesis of ribisn A from D-glucose derivative
applying Ferrier carbocyclization as a key transformation in the
construction of highly oxygenated core skeleton.4

The retrosynthetic analysis of ribisin A (1) is depicted in
Scheme 1. The target compound 1 could be achieved from com-
pound 5 by establishing the benzofuran core structure through Su-
zuki cross-coupling and furan formation. The cyclohexenone 5 in
turn was envisioned to be synthesized from carbohydrate interme-
diate 6 utilizing Ferrier carbocyclization and the following Johnson
iodination. Compound 6 could be synthesized from commercially
available methyl a-D-glucopyranoside (7).

Synthesis of the key intermediate 6 from 7 is presented in
Scheme 2. The known methyl 4,6-O-benzylidene-a-D-glucopyrano-
side (8) was readily obtained from the reaction of 7 with a,a-dime-
thoxytoluene and p-toluenesulfonic acid according to a literature
procedure.5 Blocking two secondary hydroxyl groups of 8 with
tert-butyldimethylsilyl chloride (TBSCl) was conducted smoothly
using 1,8-diazabicyclo[5,4,0]-undec-7-ene (DBU) as base giving
the desired product 9 in high yield. Reductive cleavage of the ben-
zylidene acetal 9 was achieved under Pd(OH)2/C catalyzed hydrog-
enolysis obtaining compound 10, which was subjected to the
regioselective iodination on primary hydroxyl group to generate
iodide derivative 11 in high yield.6 Treatment of iodide 11 with
MeI in the presence of excessive t-BuOK accomplished O-methyla-
tion on C4 and HI elimination between C5 and C6, forming the key
intermediate hexenopyranoside 6 in one pot.

With the key intermediate 6 in hand, we then turned our atten-
tion to the Ferrier carbocyclization reaction (see Scheme 3). To get
a successful rearrangement, various metal catalysts, including
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Scheme 1. Retrosynthetic analysis of ribisin A.
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Scheme 3. Reagents and conditions: (a) Hg(OAc)2, acetone/H2O (v/v, 4:1), rt, 68.5%; (b)
aqueous Na2CO3/toluene/MeOH, 65 �C, 81%; (e) mCPBA, DCM, rt; (f) PdCl2, CuCl, O2, dio
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Scheme 2. Reagents and conditions: (a) see Ref. 5, 80% (b) DBU, TBSCl, DCM, rt, 95%; (c)
THF, �30 �C to rt, 84%.
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catalytic amounts of Hg(OAc)2, HgCl2, Hg(OCOCF3)2 and PdCl2,
were screened.7 One of the major byproducts was isolated and pos-
tulated as an acyclic keto-aldehyde 19 based on NMR spectra anal-
yses (1H NMR, 2D COSY).8 This reminded us of using more amount
of catalyst, in the case of stereo-hindered substrate, to facilitate the
fast generation of vinyl alkoxide anion intermediate in the carbo-
cyclization. Indeed, the formation of compound 19 was almost
completely prevented when the reaction was proceeded in the
presence of 1.0 equiv of Hg(OAc)2 in 15 min, and the desired
b-hydroxyketone 12 was obtained as a mixture of stereoisomers
in 68.5% yield. Treatment of mixture 12 with methanesulfonyl
chloride (MsCl) and TEA at room temperature afforded a,b-unsat-
urated ketone 13, which was further converted into the a-iodoe-
none 14 quantitatively applying Johnson’s iodination protocol.9

Suzuki cross-coupling10 of 14 with 2-hydroxyphenyl boronic acid
catalyzed by Pd2(PCy3)2 gave benzofuran precursor 15 in a yield
of 81%. Preparation of the core benzofuran structure was initially
designed through epoxidation of 15 (?16), following a cascade
epoxide-opening reaction (?17) and the elimination of hydroxy
O
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MsCl, TEA, DCM, rt, 95%; (c) I2, CCl4/pyridine (v/v, 1:1), rt, 99%; (d) Pd2(PCy3)2, 1 M
xane, 50 �C, 69%; (g) TBAF, THF, rt, 98%.
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group under acid conditions (?18).11 To our surprise, mCPBA or
H2O2 promoted oxidation of 15 generated mixtures of complex
and unidentified products. Palladium(II)-catalyzed Wacker reac-
tion, a widely applied industrial process for olefin transformation
and heterocycle construction through anti oxypalladation,12 was
thus investigated. As we expected, Wacker oxidative cyclization
of 15 with PdCl2/CuCl/O2 was carried out smoothly at 50 �C in
moisture-containing dioxane affording the desired product 18 in
a yield of 69%. Global deprotection of 18 with TBAF in THF fur-
nished the target compound ribisin A (1), whose spectroscopic data
were identical to those of the natural product.13

In conclusion, we have successfully achieved the first total syn-
thesis of ribisin A from commercially available methyl a-D-gluco-
pyranoside in 11 steps and in 21.6% overall yield. Our synthetic
procedure, employing sequential Ferrier carbocyclization, Johnson
iodination, Suzuki cross coupling, and Wacker oxidative cyclization
as key steps, offers a concise and efficient synthetic route toward
highly oxygenated benzofuran compounds.
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