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ABSTRACT

A divergent approach was developed toward the total synthesis of taiwaniaquinoids. An advanced intermediate 5a with trans A/B ring junction
was concisely assembled by employing a Bi(OTf)3-catalyzed cationic cyclization and a Wolff-type ring contraction as key steps. This common
intermediate was readily converted to racemic taiwaniaquinones A and F and taiwaniaquinols B and D, respectively.

Taiwaniaquinoids are a class of natural products posses-
sing an unusual 6,5,6-abeoabietane scaffold first isolated
fromTaiwania cryptomerioides byCheng and co-workers.1

To date, more than 20 members (e.g., 1�4, Figure 1)
from this diterpenoid family have been identified, some
ofwhichdisplayantitumor activities.1f,2 In the past decade,
taiwaniaquinoids attracted remarkable attention from
the synthetic community: a stream of total and formal
syntheses of these fascinating molecules have been ac-
complished,2c,3 during which a number of synthetically
useful reactions were developed.3b,e,f,o

Notably, intense efforts were focused on the synthesis
of taiwaniaquinoids with a cis A/B ring junction such as
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taiwaniaquinol B (3, Figure 1), as well as those containing
a C5 sp2 center such as taiwaniaquinol D (4, Figure 1).3a�o

However, only two total syntheses of taiwaniaquinone
A (1) or F (2) possessing a trans A/B ring junction have
been disclosed; both started with stereochemically ad-
vanced precursors (e.g., naturally occurring abietic acid
andmanool).3q,r,4 Herein, we report a concise and scalable
route leading to the total synthesis of racemic taiwania-
quinones A and F and taiwaniaquinols B and D (1�4,
Figure 1).
In their original isolation report, Cheng et al. proposed a

biosynthetic hypothesis of the 6,5,6-tricyclic core of taiwa-
niaquinoids involving a pinacol type rearrangement of a
6,6,6-tricyclic diol precursor. Inspired by this speculation,
we devised a ring contraction strategy for the divergent
synthesis of taiwaniaquinoids 1�4, as shown in Figure 1;
6,5,6-tricyclic aldehyde 5 with a trans A/B ring junction
was considered as a common intermediate. Taiwaniaqui-
nol D (4) bearing a C5 sp2 center should be readily
accessible by dehydrogenation, while cis-fused taiwania-
quinol B (3) could be reached through oxidative cleav-
age of the carbonyl functionality of 5 followed by C5

epimerization under thermodynamic conditions.5 For the
construction of 5, a Wolff rearrangement6 reaction was
considered as amanner of ring contraction. Thus, ketone 6
would serve as the suitable precursor for preparing the
corresponding R-diazoketone. Assembly of 6 may require
a cationic cyclization of diene 7,7 which was further
traced back to readily available alkylborane 8 and alkenyl
halide 9.8

Based on the above analysis, we first focusedour attention
to the assembly of the common intermediate 5, as shown
in Scheme 1. Aldehyde 10 was readily prepared from com-
mercially available 1,2,4-trimethoxybenzene in four steps.9

Treatment of 10 with methylenetriphenylphosphorane
furnished styrene 11 in 92% yield, which was hydroborated
with 9-BBN to afford the corresponding alkylborane.10,11

This in situ generated borane was subjected to Suzuki�
Miyaura coupling conditions [Pd(dppf)Cl2 (5%), aqNaOH,
THF, 40 �C]11 in the presence of alkenyl iodide 128 to give
homogeranyl arene 7 in 83%overall yield from 11. A variety
of Brønsted and Lewis acids were examined to effect a
cationic cyclization of 7, and Bi(OTf)3 was themost efficient
promoter. Thus, treatment of Bi(OTf)3 (10%) inMeNO2 at
80 �C provided tricyclic compound 13 in 71% yield as a
single diastereomer. The transA/B ring junctionwas secured
by the Friedel�Crafts process. Introduction of the benzylic
carbonyl functionality to 13was achieved by oxidation with
freshly prepared CrO3/3,5-dimethylpyrazole12 at �10 �C
(89% yield), while other chromic oxidants such as PCC,3c

CrO3/AcOH,2c and Jones reagent resulted inmodest to poor

Figure 1. Structures of selected taiwaniaquinoids (1�4) and
retrosynthetic analysis.

Figure 2. X-ray derived ORTEP of compound 15.
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efficiency.Ketone6was thenconverted toR-diazoketone14 in
78%yieldby treatmentof 2,4,6-triisopropylbenzenesulfonyl
azide and Bu4NOH,13 which set the stage for the devised
Wolff rearrangement. Attempts to initiate such rearrange-
ment using silver salts6,14 were fruitless, while irritation of a
solutionof14 inMeOHwithamedium-pressureHglamp6,15

rendered methyl ester 15 as a single diastereomer in 30%
yield, the structure of which was unambiguously verified by
X-ray crystallographic analysis (Figure 2, mp 139�141 �C,
EtOAc/petroleum ether 1:1). However, the efficiency of this
reaction decreased drastically on a more practical scale
(>50mg),whichhampered the subsequent progress toward
the collective synthesis of taiwaniaquinoids. To our delight,
thermal conditions (BnOH, 2,4,6-collidine, 160 �C)6,16 were
found to be superior to the above photochemical conditions
on a large scale, affording the corresponding benzyl ester 16
as a single detectable diastereomer in 56% yield. Reduction
of 16with LiAH4 followed by oxidation with Dess�Martin
periodione furnished aldehyde 5a in 75% yield over the two
steps. The above sequence scaled reliably, and 1 g of 5awas
readily prepared.
With the advanced intermediate 5a in hand, we moved

forward to investigate its conversion to taiwaniaquinones
A and F and taiwaniaquinols B and D in a divergent
manner, as shown in Scheme 2. Epimerization of aldehyde
5apromoted byK2CO3/EtOHat 80 �Cafforded 5b in 93%
yield, which established the desired C3 stereochemistry
for taiwaniaquinones A and F. Global demethylation of
5a with excess of BBr3 followed by spontaneous aerobic
oxidation furnished the former natural product in 76%
yield, while oxidation with CAN rendered the latter
natural product in 76% yield. The spectral data of the
synthetic taiwaniaquinones A and F are identical to those
reported for the natural products, respectively.1a,e In an-
other direction, treatment of 5a with TMSOTf and Et3N
gave silyl enol ether 17 (an inconsequential mixture of ca.
1.2:1 cis/trans isomers) in 92% yield, which underwent a
sequence of Saegusa�Ito oxidation,17monodemethylation,

Scheme 1. Construction of a Common Intermediate 5a Employing a Ring-Contraction Strategy

Scheme 2. Conversion of 5a to Taiwaniaquinones A and F, and
Taiwaniaquinols B and D
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and one-pot oxidation/reduction3f to afford taiwaniaquinol
D in 80% yield over the three steps.When 17was subjected
to dihydroxylation conditions [K2OsO2(OH)4, NMO], a
cleavage product 18 (79% yield) was obtained directly,
together with a small amount of the expected R-hydroxy
aldehyde.18 Notably, compound 18 could be epimerized at
the C5 position under basic conditions (DBU, toluene,
80 �C)5 to generate the corresponding cis-fused isomer
that was widely used as a late intermediate in the previous
syntheses of taiwaniaquinol B.3c,i,g To our delight, the trans-
fused intermediate18underwent the same sequenceused for
taiwaniaquinol D synthesis to render taiwaniaquinol B in
81% overall yield.3g It was detected by TLC analysis that
the epimerization at C5 occurred rapidly under the BBr3
conditions even before monodemethylation took place.19

The spectral data of the synthetic taiwaniaquinols B and
D are consistent with those of the naturally occurring
compounds, respectively.1a,b

In conclusion, we developed an efficient route for the
divergent total synthesis of taiwaniaquinones A and F and
taiwaniaquinols B and D in racemic forms. The common
intermediate 5a possessing a trans-fused 6,5,6-ring system
was synthesized on a large scale by using a Wolff type ring
contraction reaction as a key step. This intermediate was
further converted to theabovenatural products in 2�3 steps.
This work may facilitate the biological studies on taiwania-
quinoids and analogues thereof. The asymmetric version of
the synthesis is currently underway in our laboratories.
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