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A protecting-group-free route to (—)-taiwaniaquinone F based on a ring contraction and subsequent aromatic oxidation of a sugiol derivative is
reported. In addition, the first synthesis of (+)-taiwaniaquinol A is reported via short time exposure of (—)-taiwaniaquinone F to sunlight triggering
a remote C—H functionalization. The hypothesis that the biogenesis of some methylenedioxy bridged natural products could proceed via similar

nonenzymatic mechanisms is presented.

Natural products remain a strong inspiration for
chemistry due to their structural diversity combined with
intriguing transformations in their biosynthesis." In parti-
cular, terpenes display a vast array of different structural
types resulting from simple isoprenoid precursors. This is
due to the plasticity of their enzyme-mediated biosynthe-
sis? combined with subsequent chemical transformations.
In particular, terpenoid rearrangements have long puzzled
chemists due to the often unexpected structural outcomes
of such transformations, either in their biogenesis or during
isolation and degradation studies.’ Taiwaniaquinoids are
interesting diterpenoids that feature an unusual 6—5—6
ring system.* They have attracted considerable interest
from both isolation chemists and synthesis groups alike,
and several syntheses of members of this family have been
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reported.’ As the biogenesis of taiwaniaquinoids has not
been investigated in detail, general hypotheses for the
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biogenesis of the unusual 6—5—6 ring system have been
proposed by us>*P and others>™> based on the structural
features of isolated C,( diterpenoids.

Taiwaniaquinone F (1)"* and taiwaniaquinol A (2)° are
two prominent members of this family, characterized
by the presence of a 1,4-quinone and a methylene-bridged
catechol, respectively (Figure 1).” Preliminary studies
showed that many taiwaniaquinoids possess intriguing
biological activities, and 1 and 2 showed potent cytotoxi-
city against the epidermoid carcinoma (KB) cancer cell
line.”®

In this communication, we report on the preparation
of taiwaniaquinone F (1) from abietic acid via a carbene
mediated ring contraction followed by aromatic oxidation
reactions. In addition, taiwaniaquinol A (2) was obtained
for the first time in synthetic form via an unusual
rearrangement.
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Figure 1. Structures of (—)-taiwaniaquinone F and (+)-taiwa-
niaquinol A.

The synthesis of taiwaniaquinone F (1) started from
the natural product sugiol methyl ether (4), which was
prepared from commercially available abietic acid (3) in
36% yield over nine steps interconnecting eight natural
intermediates in multigram scale following known syn-
thetic procedures with some experimental modifications®
(Scheme 1).

The establishment of the characteristic 6—5—6 ring sys-
tem through ring contraction of the B ring of sugiol methyl
ether (4) was addressed next. Diazotization of ketone 4
using p-acetamidobenzenesulfonyl azide (p-ABSA) and
DBU afforded diazoketone 5 in 65% yield together
with a smaller amount of remaining starting material 4
(30%). When diazoketone 5 was subjected to irradiation
of a medium pressure Hg lamp in a dilute solution of
dry MeOH, it underwent a smooth Wolff rearrangement
yielding the ring contracted product 6 with excellent
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diastereoselectivity (20:1). Interestingly, this rearrangement
could also be performed under bright sunlight giving
identical results. The relative configuration of the major
diastereoisomer 6 was established as (65) by NMR analysis
(8.3 Hz coupling constant between H5 and H6) and was
confirmed by subsequent X-ray crystal structure analysis
(see Scheme 1). A possible explanation for the formation
of the kinetic cis product would be a protonation from the
sterically less hindered face of the enolate double bond
(denoted HA in red, Scheme 1, 9).° A subsequent epimer-
ization of the C6 stereogenic center was achieved using
NaOMe in MeOH giving the (6R)-ester 7 in a quantitative
yield and a dr of 33:1 (as determined by NMR analysis).

When the same substrate 6 was subjected to aqueous
KOH, the (6R)-carboxylic acid 8 was obtained in 88%
yield and a dr of 8.3:1. The configuration at C6 was
established by NMR analysis (11.6 Hz coupling constant
between HS and H6) and confirmed by subsequent X-ray
crystal structure analysis. The same (6R)-ester 7 required
for the next steps was obtained quantitatively by methyla-
tion of 8 using TMSCHN,. Subsequently, LiAlH4 reduc-
tion of the (6 R)-ester 7 afforded the corresponding alcohol
10 in quantitative yield.

With the alcohol 10 in hand, the oxidation of the
aromatic ring system was addressed next (Scheme 2).
The crude alcohol 10 was brominated (Br, in CH,Cl,)
to give 11 in good yields. Initially, a one pot lithiation—
boronation—oxidation reaction using n-BuLi, TMEDA,
B(OMe);, and H,O, was attempted to convert 11 to phenol
12. However, traces of product could already be detected
by TLC after the lithiation step, which led us to the
conclusion that O, (dissolved in the solvent) could operate
as the oxidant in this reaction. To our great satisfaction, a
simplified procedure using a one pot lithiation/oxygenation
protocol with n-BuLi, TMEDA, and dioxygen'® afforded
the phenol 12 in 58 % yield from 11. Oxidation of phenol 12
to the corresponding p-quinone 13 was accomplished using
Co(salen)'! with dioxygen in CH;CN in quantitative yield.
It is noteworthy that this reaction and the purification of
the product were carried out under exclusion from light
to avoid decomposition of this sensitive compound. Final
oxidation of alcohol 13 was accomplished by treatment
with Dess—Martin periodinane (DMP) in CH,Cl, in the
dark, to produce (—)-taiwaniaquinone F (1) in quantitative
yield. All spectroscopic data of this synthetic compound
were in agreement with those reported for the authentic
natural product.®

To avoid decomposition of the natural product
(—)-taiwaniaquinone F (1), it was also essential in this
step to perform the workup and purification under strict
exclusion from light. To our great surprise, if such pre-
cautions were not taken, minor amounts of impurities
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Scheme 1. Preparation of Ring Contracted Intermediate 10
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Scheme 2. Completion of the Synthesis of (—)-Taiwaniaquinone F

studies to rationalize this transformation are currently
ongoing in our group; however, several possible hypoth-
eses have been postulated for related quinone photolysis

_ \ reactions that account for a 1,5-hydrogen abstraction.'?
TMEDA, n-BuLi Ho O 3
5 hexane, -10 °C, 0.5 h In our case the alkoxy radical would abstract a proton
Do then Oz, -10°C-it, 2h of the OMe group which is sterically forced to occupy a
10 0°Crt 4h —’580/ ] favorable position for 1,5-H abstraction.'? Such photolysis
82% ) H &H,0H of a similar quinone moiety was achieved in 1978 by
12 Edwards et al. but has received only little attention
ga(sgklen), 02| g90s afterward.'* With the recent emergence of remote C—H
4h functionalization methods on complex unprotected sub-
\ strates,'” this interesting transformation might add novel
SN DMP aspects.of strategic disconnections in natural product
CH.Cl, synthesis.
! 0°C-t, 3h
H GHo

(-)-taiwaniaquinone F (1)

Scheme 3. Synthesis of (+)-Taiwaniaquinol A

o A oo
sunlight
corresponding to (+)-taiwaniaquinol A were detected _ B0
by "H NMR analysis. Consequently, a diluted solution L m, ;8;:“" L/ “oH
of (—)-taiwaniaquinone F (1) was exposed to sunlight to H &Ho H &Ho

produce (+)-taiwaniaquinol A (2) in 30% yield with all
spectroscopic data of synthetic 2 in agreement with those
of the authentic natural product (Scheme 3).”* Mechanistic

(12) Review: (a) Bach, T.; Hehn, J. P. Angew. Chem., Int. Ed. 2011,
50, 1000. Selected examples: (b) Bruce, J. M. Q. Rev. Chem. Soc. 1967,
21, 405. (c) Bruce, J. M.; Creed, D.; Dawes, K. J. Chem. Soc. C 1971, 0,
2244. (d) Kozuka, T. Bull. Chem. Soc. Jpn. 1982, 55, 2415. (e) Farid, S.
J. Chem. Soc. D 1971, 0, 73. (f) Maruyama, K.; Kotuka, T. Chem. Lett.
1980, 341. (g) Ferreira, M. A.; King, T. J.; Ali, S.; Thomson, R. H.
J. Chem. Soc., Perkin Trans. 1 1980, 249. (h) Majetich, G.; Yu, J. Org.
Lett. 2008, 10, 89.

1392

{-)-taiwaniaquinone F (1) (+)-taiwaniaquinol A (2)

The ease of this transformation by simply exposing
the quinone to sunlight leading to product conversion
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suggests that this transformation could be part of the
biosynthetic pathway in Taiwania cryptomoides. Interest-
ingly, taiwaniaquinone F (1) was isolated from the bark
of T. cryptomerioides, whereas taiwaniaquinol A (2) was
isolated from the leaves of the same tree’ lending further
support to this biosynthetic hypothesis. It might be possi-
ble that the transformation observed in our synthetic
studies is also occurring in the leaves of T. cryptomerioides
that are exposed to sunlight.

While the previously proposed mechanisms for the bio-
genesis of methylenedioxy bridged natural products in-
voked the participation of enzymes,'® the absence of any
enzymes in our synthetic route suggests that this non-
enzymatic pathway could present a viable biogenetic option
to other methylenedioxy bridged catechols. For example,
cyclocoulterone!” could be generated (either synthetically
or in the biosynthesis) from coulterone through a very
similar mechanism. Given the prevalence of these com-
pounds in nature,'® we propose that other members of this
class could be formed formed by similar nonenzymatic
mechanisms.

In summary, a new protecting-group-free route to
(—)-taiwaniaquinone F (1) and the first synthesis of
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Ono, E.; Nakai, M.; Fukui, Y.; Tomomori, N.; Fukuchi-Mizutami, M.;
Saito, M.; Satake, H.; Tanaka, T.; Katzuka, M.; Umezawa, T.; Tanaka,
Y. Proc. Natl. Acad. Sci. U.S.A. 2006, 103, 10116. (c) Ikezawa, N.;
Iwasa, K.; Sato, F. FEBS J. 2007, 274, 1019.
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(18) Review: Kerr, R. G.; Miranda, N. F. J. Nat. Prod. 1995, 58,
1618.

Org. Lett, Vol. 15, No. 6, 2013

(+)-taiwaniaquinol A (2) was developed starting from
commercially available abietic acid. Salient features of this
synthesis include (1) the Wolff ring contraction of the diazo
derivative of sugiol methyl ether 4; (2) the aromatic oxida-
tions of the ring contracted product 10 by molecular
oxygen; and (3) an unanticipated formation of a methylene-
catechol moiety via the photolysis of (—)-taiwaniaquinone F
(1) to (+)-taiwaniaquinol A (2) via a remote C—H functio-
nalization. A hypothesis for the biogenesis of the frequently
encountered methylenedioxy motif in natural products was
proposed, and bioactive compounds such as ecteinascidin
743 will be studied in more detail in our laboratory and may
provide further insight to the biogenesis of this interesting
class of natural products.
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