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Cycloadditions are unmatched in their ability to generate
molecular diversity and stereochemical complexity. Hence, it is no
surprise that they are widely found in biosynthetic pathwayhile
some naturally occurring cycloadditions have been shown to require
enzyme catalysi$,many proceed spontaneously, often yielding
complex racemic products.

Racemic natural products with intricate structures have indeed
been found in certain plants of the geriRebiaceagFigure 1)3
Rubioncolin A (L) and rubioncolin B 2) were isolated froniRubia
oncotricha* The latter compound was also found in the Chinese
medical plantRubia cordifolia® An unnamed natural produc3,
was isolated from this source as well, whose relative configuration Scheme 1. Biosynthetic Hypothesis
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Figure 1. Complex natural products isolated frdRubiaceae

was not reported. Compoudshowed significant cytotoxic activity O OMe O  OMe OH OMe
both in vitro and in vivo, inhibiting the growth of sarcoma ascites m [0l o) isom. o)
in mice at low concentratiorfs. O‘ N - O‘ A~ OH OO

We now report a concise synthesis ®fresulting somewhat o o o4
serendipitously from our systematic investigations ofubiaceae 4 5 6 OH
natural products. In the course of our studies, the structur® of | |
has been fully elucidated, prompting us to name this intriguing 1[4,,2]

compound “rubicordifolin”.

Biosynthetic and retrosynthetic analysis suggests that the dimeric
natural products shown in Figure 1 ultimately stem from prenylated Scheme 2. Synthesis of Building Blocks 5, 6, and Furomollugin
naphthoquinond through a series of oxidations, electrocyclizations, GO
and cycloadditions (Scheme 1).

Naphthoquinond is a known natural product previously isolated Q‘ o

8 O

rubioncolin A (1)

O OMe

from various Rubiaceag Oxidation with concomitant allylic OH OMe G  OMe

transposition would afford the reactive vinyl quinofeas a . A OO o b O‘ o

hypothetical biosynthetic intermediate. Acid-catalyzed or photo- AN OTMS

chemical isomerization of this material would yield naphthofuran B“eS“\/XOTMS OH & L om

6.7 A [4 + 2] cycloaddition involving5 and 6 would then give 7 9 5

rubioncolin A (1).2 Similar, yet more elaborate, biosynthetic

schemes can be devised to account for the formatia® arid 3. OH OMe OH OMe OH OMe
Inspired by this biosynthetic hypothesis, we set out to synthesize _°¢ _ O‘ o} . OO o, o

vinyl quinone4 and to study its isomerization to naphthofuran A

and subsequent dimerization (Scheme 2). Conjugate addition of a o o4 o/

vinyl cuprate derived from vinyl stannarn@ to 2-carbomethoxy- 10 OH 6 OH  turomollugin (11)

naphthoquinones,® followed by tautomerization, gave vinyl aReagents and conditions: ()n-BuLi, CUCN, THF,— 8, — NH.Cl/

naphthohydroquinon@ Oxidation with aqueous cerium ammonium  NH4OH (67%); (b) CAN, MeCN, HO (99%); (c) THF, rt (23% ob; 24%
nitrate not only restored the quinone moiety but also resulted in of 11).

cleavage of the silyl ether to afforsl of rubicordifolin 3) (Scheme 3). Attempting to promote the
Upon standing at room temperature, the unstable vinyl quinone dimerization by transiently tethering the tertiary alcohol moieties

5 underwent conversion into naphthofuiand furomollugin {1). of 5 and6 with phenylboronic acid?® we isolated3 in low yield,

This reaction presumably proceeds through catidh which along with elimination product2.

undergoes either deprotonation to afférdr retro-Friedel-Crafts Mechanistically, this result can be interpreted as follows (Scheme

hydroxyalkylation to yieldl 1.1* Furomollugin (1) is a biologically 4). Phenylboronic acid-mediated cyclization5cdffords13, whose
active natural product that has been isolated from several membersntramolecular demethylation givestho-quinone methidel4.14
of the Rubiaceadamily.12 Simultaneously, dehydration of naphthofuoccurs. The resultant
With vinyl quinone5 and naphthofura® in hand, we studied electron-rich alkené2 then undergoes regioselective hetero-Diels
their dimerization to afford rubioncolin ALj. While these studies  Alder reaction with ortho-quinone methidel4, followed by
have so far not affordet] they have resulted in a concise synthesis hydrolysis, to afford the natural produdt The stereochemical
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Scheme 3. Synthesis of Rubicordifolin (3) Scheme 5. Direct Synthesis of Rubicordifolin (3) and

Furomollugin (11)
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Scheme 4. Mechanistic Interpretation

3 (45%)
Synthetic studies on these analogues, as well as rubioncolihs A (
and B @), and other naphthoquinone derivatives isolated from
Rubiaceaeare well underway in our laboratories and will be
reported in due course.
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