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PREPARATION AND DIENOPHILICITY OF 3-METHYL-4,5-BENZOFURANDIONE
Junning Lee, Jin Tang, and John K. Snyder*

Department of Chemistry, Boston University
590 Commonwealth Ave., Boston, MA 02215

Summary: The o-quinone 3-methyl-4,5-benzofurandione, 1, was prepared in 94% overall yield from
p-benzoquinone and 1-morpholino-propene. The cycloaddition chemistry of 1 with several dienes
was examined and found to proceed in good to excellent yields.

The furano-o-benzoquinone and biogenically related functionalities are common features of
the active principles of the Chinese traditional medicine, Dan-shen, Salvia miltiorrihza Bunge,
used to treat heart disease,l viral hepatitis,2 tuberculosis3 and leprosy.? While the syntheses
of several of these abietanoid pigments, such as tanshinone I and IIA, have been reported,d a
more efficient route to these and other natural products could be provided via a Diels-Alder
cycloaddition with the hitherto unknown furanc-o-quinone 1 and appropriate dienes, Scheme 1.
The cycloaddition chemistry of o-quinones, however, is very diverse. The carbocyclic double
bonds® as well as the carbonyl double bond’” have been reported to act as dienophiles in formal
[4+2] -cycloadditions. Moreover, with dienophiles, either the cyclohexadiene® or the a,pf-
dicarbonyl? functionalities may react as diemes in [4+2]-cycloadditions. We now report the

synthesis of 1 and our preliminary studies of its dienophilic reactivity.
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o-Quinone 1 was prepared by two routes, Scheme 2. Method A, proceeding through the enamine

Tanshinone | Tanshinone A

condensation with p-benzoquinone in three steps, yielded 1 in 94% overall yield from simple
starting materials. While both Fremy’s saltl0 and benzeneseleninic anhydridell could be used to
oxidize the phenol 3 to 1, the former reagent is more economical. In the second route, a
mixture of the & and Z-silylenol ethers formed from propanal underwent a photoinduced [2+2]-
cycloaddition with 2—methoxy-phbenzoquinone.12 The cyclobutane adduct, 4, rearranged under acid
catalysis, with subsequent dehydration to form the 3-methylbenzofuran, 5§, in 66% overall yield.
Periodate oxidation of 5§ gave 1 in quantitative yield.13 Method A was thus our preferred route
to 1, proceeding in higher overall yield which could be readily scaled up, beginning with 5.0 g

of p-benzoquinone and an equimolar amount of enamine, with no reduction in overall yield.
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(a) 0°C, benzene, 94%; (b) 5N HC1/THF, 99+%; (c) Fremy’s salt, 99+%; (d) hv, benzene, 66%;
(e) p-TsOB, benzene (reflux), 99+%; (f) NaIly, 99+%.

0-Quinone 1 is a red solid, mp 92-93°C, stable at room temperature either in the solid
state or in ether or benzene solution.14 In halogenated hydrocarbons (CHgClg, CHCl3) or at
elevated temperatures (100°C), decomposition slowly occurs overnight, though 1 was stable at
80°C (refluxing benzene) for 16 hrs. Protic acids also induced decomposition. Table 1 lists the
results obtained in the cycloadditions with various dienes.

While reactive dienes (entries 1 - 3) gave good to excellent yields of cycloadducts, less
reactive dienes gave only poor yields wunder various conditions, and the product mixtures were
somewhat messy to work up.15 In all reaction mixtures, tetra- and/or dihydro intermediates
could be detected by NMR. Most of these intermediates slowly aromatized under ambient
conditions or upon chromatography (Silp) and were not isolated. Adduct 8, however, could be
isolated by recrystallization from ether/pet ether (bp 35 - 60°C), and subsequently
tautomerized to the corresponding catechol diacetate in refluxing acetic anhydride.6e

Vinylcyclohexene dienes (items 5 and 6) are of special interest since their cycloadducts
lead directly to abietanoid pigments. Using a polar solvent, methanol, (in comparison to ben-
zene) led to a dramatic increase in yield.l6 A weak donor group on the diene, as in the
silylvinylcyclohexene, also slightly promoted the cycloaddition in benzene, but not in
methanol.17 Given the instability of 1 in the presence of protic acids, and the known
instability of o-quinones to most Lewis acids,1® we hesitated to try Lewis acid catalysis in
the cycloadditions. Using the relatively "soft™ Lewis acid, Eu(fod)3,18 the cycloaddition of
vinylcyclohexene and 1 was promoted with improved regioselectivity (10:1). Decomposition of 1,
however, was significant and cycloadducts were isolated in only 20 - 30% yield. Using less
reactive dienes, entries 5 and 6, the best yields were obtained with high pressure (160,000
psi, 11.0 kBar). Under such conditions, the addition of the donor silyl group had no effect on
the yield or regioselectivity (within experimental error).19 The best yields of cycloadducts

with 1 are therefore obtained using activated dienes or high pressure.
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Table 1. Cycloadditions of 1 with Various Dienes®
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Entry Diene Conditions Product(s)b Yield (%)€
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1. reflux, benzene, 12 hr
2. reflux, MeOH, 4 hr
3. 11 kBar, MeOH, 2 hr, rt

1.110° C, benzene, 12 hr,
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2. reflux, MeOH, 16 hr
3. 11 kBar, MeOH, 2 hr, rt
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5. Eu(fod); 0.08 eq, MeOH

(o]
o
() o]
2 Me,Si 2
0
(o]
o (o}

10 11
~ ~

1.18% (3.5:1)
2. 28% (3:2)
3. 61% (3.5:1)

1. <10%
2. 40% (2.5:1)
3.67% (6:1)

4.31% (10:1)
5. 20% (10:1)

a)
b)

<)

All reactions were run with 100 mg (0.62 mmol) of 1 and a 3-fold excess of diene.
The structures of all cycloadducts were

NMR, HRMS, FTIR, and UV spectra.

Reductive

established by spectroscopic analysis: 1H- and 13C-
acetylation (Zn, NaDAc, Acy0) to the diacetates

which were likewise analyzed supported the assigned structures. Assignment of 8 as the endo
adduct derives from the observed NOE’s between the methylene bridge and the methines at the

fusion centers derived from the o-quinone.
experiments, (3-bond
protons to carbons in the o-quinone
(enhancements observed upon saturation of the 5-acetyl methyl resonance).
All yields are isolated yields of

by selective INEPT

average of duplicate experiments.

Regioisomers

ring),

cycloadducts

(items 5 and 6) were distinguished
13C,1H polarization transfer from the aromatic
and by NOE analyses of the reduced diacetates

after aromatization (except 8) and are the
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