Tetrahedron Letters,Vol.23,No.27,pp 2745-2748,1982 0040-4039/82/272745-04$03.00/0
Printed 1n Great Braitain ©1982 Pergamon Press Ltd.

GENERATION AND CYCLOADDITION REACTIONS OF INDOLE-2,3-QUINODIMETHANES

Edmund R. Marinella
Department of Chemistry, State University of New York
Stony Brook, New York 11794 USA

ABSTRACT: N-methyl and N-teri-butoxycarbonylindole-2,3-quinodimethanes (2 and 3) have been
generated and observed to undergo intermolecular cycloaddition reactions with dienophiles.

The utilization of orthoquinodimethane intermediates, e.g. 1, for the annulation of aro-
matics 1s now of practical importance and has been applied to efficient syntheses of alkaloids,
steroids, and terpenes.! Extension of this method to heteroaromatic systems would be signifi-
cant. For example, many polycyclic organic compounds containing the indole nucleus possess
important pharmacological properties and have been target compounds for synthetic chemists.2
Development of the orthoquinodimethane method for the synthesis of polycyclic indoles would
provide a new approach to this class of compounds.

A survey of the literature reveals that due to the types of reactions employed, few of the
routes leading to precursors of 1 will be applicable to the synthesis of their heteroaromatic
analogs 3

Magnus has recently reported the intramolecular cycloadditions of indole-2,3-quinodimeth-
anes which he has utilized in an efficient and elegant approach to Aspidospermidine.* This
report has prompted us to disclose our preliminary results concerning the generation and
intermolecular cycloadditions of the indole-2,3-quinodimethanes 2 and 3. We were intrigued

with the possibility of generating indole-2,3-quinodimethane intermediates 2 and 3 via fluoride
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1on induced 1,4 elimination from the ammonium salts 4d and 5¢ (eq. 1).5 The salt 4d was pre-~
pared beginning with the Mannich reaction of 1,2-dimethylindole (AcOH, NH(CH3) 5, CHp0),® which
gave 4a 1n 65% yield, b.p. 108-118°C (0 04-0.07 mm Hg) Lithiation (BulLi/Et,0, 10-20°C, 15
min) gave the colorless precipitate Qg which was quenched (1.1 equiv C1s1(CH3)3, -78°C, 3h,
then Hy0) to give 4¢ 1n 92% yield (97% purity by GLC and gy NMR). Quaternization7 of 4c (11

equiv CH3I in EtOH, 0°C, 10 min followed by r.t., 1 h) gave the salt &g in 89% yield. The
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salt contained impurities and attempted purification by recrystallization resulted in its
decomposition, TFor the following studies QQ was used without further purificatiom.
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Studies using the ammonium salt 5¢ were motivated by two considerations® 1) any important
synthesis of indoles requires a removable N-substituent; 2) an electron withdrawing N-substi-
tuent should stabilize both the salt 5¢ (relative to 4d) and the intermediate 3. 1In view of
our earlier work with N-protected indoles and pyrroles,® we decided to use the N-tert-butoxy-
carbonyl group in the present studies,

The salt 5d was prepared as follows. The Mannich reaction of 2-methylindole (AcOH,
HN(CH3)2, CH0),® gave, after recrystallization (Etp0/Hexanes), a 75% yield of 2-methylgrammine
as a pale green solid, m.p. 115-120°C [1it.5 116-117°C], which was pure by lH NMR and TLC.
Acylation using 1.1 equiv of sodium dimsylate in DMSO followed by t-BOC azide in ether gave,
after purification by silica gel chromatography, a 71% yield of 5a as an oil Lithiation of
5a at the methyl group (1.02 equiv of LTMP/THF,® -78°C, 37 min) gave a red-orange solution
which was quenched (1.1 equiv of C1Si(CHj3)3/Et,0, inverse addition, -78°C, 4 h) yielding 73%
of 5b after silica gel chromatography. Quaternization’ (1.1 equiv CH3I/EtOH, 0°C, 30 min;

r.t. 5 h) proceeded smoothly affording 82% of the salt 5¢.

Preliminary experimentation with 4d was undertaken and proved only moderately encouraging.
Treatment of an acetonitrile solution of 4d and N-phenylmaleimide with TBAF (1.0 equiv, slow
addn., r.t. 3 h) resulted in a 35% yield of the 9-methyltetrahydrocarbazole 6 (m.p. 134°C)
after laborious purification by thick-layer chromatography and recrystallization (Et,0/Pentane).
A similar reaction of 4d with 40 equiv of methylacrylate gave a mixture of at least two pro-
ducts (by TLC) in low yield. Examination of the deep red crude by 1§ ¥MR revealed the presence
of two carbomethoxy groups with resonances at 3.46 & and 3.64 6.

The results with the Zert-butoxycarbonyl derivative 3¢ were more encouraging. Treatment
of an acetonitrile solution of 5¢ and 1 equiv of N-phenylmaleimide gave, after silica gel
chromatography and recrystallization (Et,0/Pentane), a 57% yield of tetrahydrocarbazole 7 as
colorless crystals (m p., 113-114°C). A similar reaction with 1 equiv of methylacrylate gave
a single compound whose structure we have tentatively assigned as 8 (35%, m p. 168-170°C)

The enamide structure was verified by removal of the protecting groups to give indolenine 11
while the regiochemistry of the reaction 1s assumed to be as shown due to the regiochemistry
of the subsequent reaction with excess methylacrylate 9  That the dimer 8 is indeed derived
from the reaction of the putative intermediate 3 with itself was shown by treatment of an
acetonitrile solution of 5¢ with TBAF (r.t. 3 h) TLC analysis showed that the reaction was
complete after the addition of TBAF ( 5 min) attesting to the high reactivity of the proposed
intermediate 3. The spectral data for the product obtained (80% yield) were i1dentical to that

A

found for the previously isolated 8 The use of 40 equiv of methylacrylate resulted 1n the
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isolation of a 3:1 mixture of 25 and 9b as a clear oil in 637 yield after silica gel chroma-
tography (8 was isolated in 16Z yield). The mixture 9 was homogeneous using CH2C12 /Hexaunes
or EtOAc/Hexanes as solvents for TLC analysis but 13¢ NMR revealed the presence of two regio-
isomers with ester carbonyl resonances for 9a and 9b in the above mentioned ratio. Removal of
the tert-butoxycarbonyl group (CH3ONa/CH30H in THF, 0-7°C, 3 h) gave a gum which was a 3:1
mixture of 10a and 10b (13C NMR) in 82% yield. Recrystallization (Et,0/Hexanes) afforded a 50%
yield of 10a, m.p. 110-112°C [1lit.12@ 111-114°C]. The residue from the mother liquors was a
1:1 mixture of 10a and 10b by 13c NMR. This allowed the assignment of 93 as the major isomer
of 9. That the mixture 10 was composed only of 10a and 10b was established as follows. The
compound 10b was obtained by an independent synthesis.l?b The 13¢ NMR of a mixture of pure
10a and pure 10b gave only the resonances displayed by the 13¢ NMR spectra of both the reaction

mixture of 10a and 10b prior to recrystallization and the residue from the previously mentioned

recrystallization.l3
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In summary, we have demonstrated the generation, reactivity patterns and the utilization
of 1ndole-2,3-quinodimethane intermediates to give substituted tetrahydrocarbazoles. Other

heteroaromatic orthoquinodimethane intermediates will be the subject of future studies.

The author wishes to acknowledge Professors F. W, Fowler, P, M, Helquist, F, Johnson and

A. B. Levy for fruitful discussions. The author is grateful to the Department of Chemistry of
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