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ABSTRACT

N-Benzoylated quinone imine ketals undergo smooth cycloadditions in a [4 + 2] sense to yield the expected cycloadducts. The crude
cycloadducts, when subjected to a short series of simple transformations, produce synthetically useful quantities of 5-methoxyindoles in
excellent overall yields.

Recently we reported that quinone mono ketals (QMK)1
and quinone imine ketals (QIK)2 undergo smooth cycload-
dition at 13 kbar with 1,3-butadienes to yield the expected
endo cycloadducts3 and4 in excellent yields with extremely
high regiochemical and diastereofacial control (Scheme 1).1

The source of the regiocontrol is the ketal moiety since it
both sterically biases the dienophilic double bond and
removes a carbonyl from conjugation with it. A steric model
for this selectivity has been proposed by us previously.1b

Although isolable and stable, the adducts undergo facile acid-
catalyzed aromatization to produce the corresponding di-
hydronaphthalenes5 and6. We have applied this chemistry

to the synthesis of the seco-ergoline skeleton.2 Although
QMK’s have received some attention as dienophiles in the
Diels-Alder reaction,3 we are aware of only one report other
than ours of similar chemistry involving QIK’s.4 The
preparation and rich chemistry of QIK’s has been explored
by Swenton and co-workers.5

Our interest in the synthesis and reactivity of the indole
moiety, stemming from its position at the forefront of
medicinal and alkaloid chemistry,6 is ongoing. A strategy
occurred to us, which envisioned 5-methoxyindoles being
expeditiously accessible via the Diels-Alder reaction of
QIK’s. Scheme 2 illustrates such a strategy. Dihydronaph-

Scheme 1. The Diels-Alder Reactions of Quinoid Mono
Ketals

Scheme 2. Strategy for the Formation of 5-Methoxyindoles
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thalenes7 (available via the reaction sequence shown in
Scheme 1) are subjected to oxidative cleavage of the olefinic
moiety producing dicarbonyl compound8, which when

treated with acid would produce indole9.7 Judicious choice
of the reactants allows access to a wide variety of 5-meth-
oxyindoles. Herein we report our success in this regard and
the development of an indole synthesis that complements
the methods which exist for the formation of the benzopyrrole
system.8

Table 1 shows the results of the high-pressure9 Diels-
Alder reactions of several QIK’s (10-12) with a variety of
dienes10 and subsequent conversion to indoles by the strategy
outlined in Scheme 2. QIK’s11 and12 were chosen simply
to illustrate the tolerability of substitution at the 2 and 3
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Table 1. The Synthesis of 5-Methoxyindoles from Quinone Imine Ketals
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positions of the dienophile. We have been unsuccessful in
promoting these reactions using ambient pressure conditions;
however, on the basis of literature precedent with quinone
mono ketals, the use of Lewis acids appears to hold some
promise3a and work is in progress to explore this method of
cycloaddition. Treatment of the crude isolated adduct in THF
with a drop of concentrated HCl results in the rapid (<5
min) and quantitative conversion to the dihydronaphthalenes
shown in Table 1. Previously1b we had used catalytic
p-toluenesulfonic acid in toluene to effect the aromatization
with yields of only 50-60%; the use of HCl in THF was a
simple but exceedingly important modification of our
protocol. Purification of the dihydronaphthalene is usually
accomplished by simple trituration with hexanes. Although
acid labile, the adducts (prior to aromatization) are otherwise
stable and can be chromatographically purified and stored
for extended periods of time in the freezer. It should be
emphasized that a single regioisomer of the Diels-Alder
adduct was formed in all cases.

With the adducts in hand, the oxidative cleavage of the
olefin could be effected. While a variety of methods were
investigated (ozonolysis, Johnson-Lemieux oxidation), di-
hydroxylation with catalytic OsO4 in the presence of NMO11

proved to be the method of choice. The diol was typically
not isolated in pure form, the crude product being subjected

to scission with NaIO4 supported on silica gel.12 The crude
dicarbonyl compound was treated with acid (p-TsOH/
toluene) to form the indoles shown in Table 1 in excellent
overall yields (32-71% over the five steps).13

As expected, the tetrasubstituted olefin in14was the most
difficult to cleave oxidatively. In the other cases this
transformation proceeded in yields typical of previous
literature examples. It should be noted that NaIO4 supported
on silica was key to the clean cleavage of the diol.

The dienes and dienophiles were selected to illustrate the
generality of this method for the formation of 5-methoxy-
indoles with virtually any substitution pattern. Compound
28, in fact, is a hexasubstituted indole. It is evident that by
employing the appropriate dienes and dienophiles a wide
variety of indoles may be prepared. Note that23 and 25
represent the seco-ergoline system with the formyl group as
a handle for elaboration into the side chain present in the
ergot alkaloids.

In summary, we have reported a simple and high-yielding
preparation of densely substituted 5-methoxyindoles. The key
steps are the hyperbaric Diels-Alder reaction of the quinone
imine ketal and the subsequent oxidative cleavage of the
dihydronaphthalene. The overall synthesis of the indoles
requires only two purifications, one of which is a final
purification of the indole by flash column chromatography.
Efforts are underway to examine more electron withdrawing
nitrogen substituents as well as Lewis acids in order to make
this an ambient pressure and truly scalable process.
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