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Abstract- Under free radical conditions the cyclic tryptophan tautomer (1)
suffers oxidation at the benzylic position (C-3a) giving, with NBS, the 3a-
bromo derivative and, with CAN, the 3a-hydroxy and 3a-nitrato derivatives. In
contrast, under electrophilic conditions, aromatic bromination with NBS occurs

cleanly at C-5.

In continuation of our studies on the chemistry, and use in asymmetric synthesis, of cyclic tautomers of
tryptohan! we now report an interesting dichotomy in the oxidation of the hexahydropyrroloindole (1) that
considerably extends the synthetic scope of this readily available chiral substrate.2.3

Hino reported in 1983, that the N-8 acetamido analogue (2) of 1 undergoes clean bromination, with N-bromo-
succinimide (NBS) in acetic acid, and nitration with HNO3/H;S0; at C-5.45 In full agreement with Hino we
find that 1, on reaction with NBS in acetic acid provides the 5-bromo derivative (3) cleanly and in 90 % yield.
The regiochemistry of this reaction was confirmed by n.Q.e. difference spectroscopy which revealed the

proximity of H-3a and H-3endo to the meta-doublet assigned as H-4.
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In contrast, heating 1 to reflux in tetrachloromethane with NBS results in clean benzylic bromination and
isolation of 4 in 72 % yield at approximately 92 % conversion.5 The reaction is best stopped at this stage as any
attempt to drive the reaction to completion results in further reaction at C-2 and ultimately in lower yields. The
bromide (4) is an off white crystalline solid, stable in air for many months at room temperature. Most
importantly, it shows no tendency to undergo elimination to the dehydro product (5). This stability is to be
contrasted with the instability of 6, formed by treatment of N-acetyltryptophan methyl ester with NBS, that

undergoes very rapid elimination of HBr with formation of 7 as reported by Witkop.”
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Reaction of 1 with ceric ammonium nitrate (CAN) in aqueous acetonitrile at room temperature similarly resulted
in benzylic oxidation with the clean formation of mixtures of the alcohol (8) and the nitrate ester (9),8 in
approximately 65 % combined isolated yield, with the exact composition of the product mixture depending on the
ratic of HzO/MeCN/CAN employed.? As with the bromination, the CAN oxidation was best stopped before
completion to ensure thle absence of over oxidation products. The nitrate ester (9) could be cleanly reduced to the

 alcohol (8) by tributyltin hydride in benzene at reflux.10
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Like the bromide (4), both 8 and 9 are air stable compounds showing no tendency to undergo elimination to the
indole (5). Indeed, the stability of 4 and 9 is such that in typical 70 eV EI mass spectra they exhibit molecular
ions of relative intensities 6 and 5 % respectively and the principal mode of fragmentation of their molecular ions
does not involve loss of the heteroatom from C-3a. The reluctance of 4, 8 and 9 to undergo elimination,

coupled to the evident stability of the molecular ions of 4 and 9, is suggestive of a relatively high energy for the
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cation (10) which might derive from its inability to achieve planarity and so optimum overlap with the aromatic
ring and/or the strongly electron withdrawing effect of the sulfonyl group. At this stage we note that Hino
recorded the formation of 12 in 21 % yield as a byproduct on treatment of 11 with N-chlorosuccinimide (NCS)
in acetic acid but, in the absence of any revealing substituent at C-2, considered that this product was formed by
ring opening of 11 to the tryptamine tantomer followed by attack of NCS at the indole 3-position and reclosure
onto the so-formed indolenium ion.? It is evident that such a mechanism is not operative in the present case as 4

was isolated free from contamination by its diastereoisomer (13).
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Whatever the reason for the stability of 4, 8 and 9, it is clear that 1 suffers attack by electrophiles at C-5 in the
aromatic ring whereas under radical conditions it is the benzylic position (C-3a) that is functionalized. The ready
formation of these C-3a functionalized derivatives, as single enantiomers and diastereoisomers, opens up the
attractive possibility of the asymmetric synthesis of a number of hexahydropyrrolo[2,3-b]indole alkaloids!! and

oxidative metabolites!2 of tryptophan. Progress in this direction will be reported in due course.
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