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N-Benzoylated quinone imine ketals undergo smooth cycloadditions in

32-71% overall

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)
and quinone imine ketals (QIK) undergo smooth cycload-
dition at 13 kbar with 1,3-butadienes to yield the expected
endo cycloadductd and4 in excellent yields with extremely
high regiochemical and diastereofacial control (Schenle 1).

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

Although isolable and stable, the adducts undergo facile acid-

catalyzed aromatization to produce the corresponding di-
hydronaphthalenesand6. We have applied this chemistry
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to the synthesis of the seco-ergoline skeleétagkthough
QMK'’s have received some attention as dienophiles in the
Diels—Alder reactior? we are aware of only one report other
than ours of similar chemistry involving QIK%.The
preparation and rich chemistry of QIK’s has been explored
by Swenton and co-workefs.

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

Scheme 2. Strategy for the Formation of 5-Methoxyindoles
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Table 1. The Synthesis of 5-Methoxyindoles from Quinone Imine Ketals
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thalenes7 (available via the reaction sequence shown in treated with acid would produce indd’ Judicious choice

Scheme 1) are subjected to oxidative cleavage of the olefinicof the reactants allows access to a wide variety of 5-meth-
moiety producing dicarbonyl compoung which when oxyindoles. Herein we report our success in this regard and
the development of an indole synthesis that complements

(1) (@) Kerr, M. A, Jarvo, E. R.; Boothroyd, S. Bynlett1996 897- the methods which exist for the formation of the benzopyrrole
899. (b) Kerr, M. A.Synlett1995 1165-1167. -

(2) Banfield, S. C.; Kerr, M. ASynlett2001, 436-438. systent.

(3) (&) Breuning, M.; Corey, E. Drg. Lett. 2001 1559-1562. (b) Table 1 shows the results of the high-pres$ueels—

Gerstenberger, |.; Hansen, M.; Mauvais, A.; Wartchow, R.; Winterfeldt, E. . , . .
Eur. J. Org. Chem1998 643-650. (c) Russel, R. A.; Evans, D. A. C.;  Alder reactions of several QIK’sl0—12) with a variety of

\éVa[renEr, E. NAusj. JL C(::hegmwglél SE, %:Gh99—1;07- (ds) Cajr)rgé& l\gég_- ; diened® and subsequent conversion to indoles by the strategy
arim, ., Ruano, J. L. C.; Puebla, U. em. Res., Syno : H ’ H

289. (¢) Carréa, M. C.. Fariia, F.: Galan, A.. Ruano, J. L. Q. Chem. outllmed in Scheme 2. QI.K §1 and12'we're chosen simply
Res., Synopl979 296-297. to illustrate the tolerability of substitution at the 2 and 3

3326 Org. Lett., Vol. 3, No. 21, 2001



positions of the dienophile. We have been unsuccessful into scission with Nal@supported on silica géf. The crude
promoting these reactions using ambient pressure conditionsdicarbonyl compound was treated with acig-TsOH/
however, on the basis of literature precedent with quinone toluene) to form the indoles shown in Table 1 in excellent
mono ketals, the use of Lewis acids appears to hold someoverall yields (32-71% over the five stepsy.
promisé* and work is in progress to explore this method of s expected, the tetrasubstituted olefirL#was the most
cycloaddition. Treatment of the crude isolated adduct in THF gifficult to cleave oxidatively. In the other cases this
with a drop of concentrated HCI results in the rapii5(  transformation proceeded in yields typical of previous
min) and quantitative conversion to the dihydronaphthalenes jierature examples. It should be noted that NasGpported
shown in Table 1. Previously we had used catalytic p gjlica was key to the clean cleavage of the diol.
p-toluenesulfonic acid in toluene to effect the aromatization . . . .

I ) . The dienes and dienophiles were selected to illustrate the
with yields of only 56-60%; the use of HCl in THF was a . . i

. . . . generality of this method for the formation of 5-methoxy-
simple but exceedingly important modification of our : o _—

o . . indoles with virtually any substitution pattern. Compound

protocol. Purification of the dihydronaphthalene is usually : . . . . .

i X ) " . 28, in fact, is a hexasubstituted indole. It is evident that by
accomplished by simple trituration with hexanes. Although employing the appropriate dienes and dienophiles a wide
acid labile, the adducts (prior to aromatization) are otherwise ~ .

(P ) variety of indoles may be prepared. Note ti2& and 25

stable and can be chromatographically purified and stored : .
represent the seco-ergoline system with the formyl group as

for extended periods of time in the freezer. It should be handle for elaboration i he side chai in th
emphasized that a single regioisomer of the Didiider a handie for ela oration into the side chain present in the
ergot alkaloids.

adduct was formed in all cases.
With the adducts in hand, the oxidative cleavage of the In summary, we have reported a simple and high-yielding
olefin could be effected. While a variety of methods were Preparation of densely substituted 5-methoxyindoles. The key
investigated (ozonolysis, Johnsehemieux oxidation), di- ~ Steps are the hyperbaric Diellder reaction of the quinone
hydroxylation with catalytic Os@n the presence of NM® imine ketal and the subsequent oxidative cleavage of the
proved to be the method of choice. The diol was typically dihydronaphthalene. The overall synthesis of the indoles

not isolated in pure form, the crude product being subjected requires only two purifications, one of which is a final
purification of the indole by flash column chromatography.
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