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Abstract

Treatment of hydroindole 17 with PhI(OAc)2/I2 leads to oxidative fragmentation of the b-hydroxy azide
moiety and results in the exclusive formation of keto nitrile 18 via radical cleavage of the lateral ring C±C
bond. # 2000 Elsevier Science Ltd. All rights reserved.
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The synthesis of medium-sized rings may be accomplished by the oxidative cleavage of alkoxy
radicals attached to fused bicyclic systems.1,2 Recently, we developed new methodology for the
ring expansion of 4-hydroxyhydroindoles such as 1 to azononanes in an approach toward the
total synthesis of tuberostemonone 6 (Scheme 1, 1±5).3 Presumably, this conversion proceeds
through a nitrogen-stabilized radical intermediate 3. Evidence suggests that fragmentations of this
type are reversible processes and that ®nal product formation is in¯uenced by both the stability of
the radical intermediates and their relative rates of trapping.2

As part of our e�orts to synthesize several of the biologically interesting and structurally
challenging Stemona and Croomia alkaloids4 from hydroindole 7,5 we envisioned directing the
oxidative cleavage to a�ord products arising from C(3a)±C(4) bond fragmentation (Scheme 2).
Such a cleavage a�ords an alkyl substituted pyrrolidinone that may be useful for the preparation
of alkaloids such as croomine6,7 and parvistemonine.8 However, careful examination of the
reaction mixture from oxidative fragmentation of 1 and related compounds3 revealed no evidence
of C(3a)±C(4) bond cleavage. Even after the addition of a radical stabilizing vinyl substituent at
C(4) in substrate 10, only complex product mixtures were obtained (Fig. 1). Increasing the steric
bulk about the ring nitrogen (11) or protonating at this position (12) to reduce the stability of a
radical analogous to 3 was similarly unsuccessful in yielding C(3a)±C(4) scission products.
Recent studies by SuaÂ rez have shown that a radical a to an azide group is trapped by the

release of nitrogen and nitrile formation.9 From these results, we hypothesized that an azide
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appropriately placed within a hydroindole framework may direct ®nal product formation to arise
from C(3a)±C(4) cleavage. b-Hydroxy azides suitable for probing this alternative fragmentation
strategy were obtained from the conjugate addition of sodium azide to hydroindole 7 which is
readily available from l-tyrosine via an oxidative cyclization process (Scheme 3).5a After ®ve
days, a separable mixture of isomers 13 and 14 as well as a signi®cant amount of recovered
starting material were obtained.10 Attempts to optimize this conversion via Lewis acid mediated
conjugate additions with diethylaluminum azide under anhydrous conditions failed to deliver any
desired product.11,12 Upon exposure to oxidative fragmentation conditions, both ketoazides 13
and 14 failed to a�ord any fragmentation product and were instead converted back to enone 7
along with decomposition products. As the presence of the carbonyl appeared to allow for facile
elimination, the major isomer 13 was reduced under Luche conditions and protected as the silyl
ether 17.13

The oxidative fragmentation of 17 was attempted under a variety of conditions (Eq. (1)) and
Table 1).14 Treatment of 17 with iodobenzene diacetate and iodine a�orded the desired ketonitrile
18 with no evidence for the formation of the transannular fragmented product 19 (entry 1). In the

Scheme 2.

Figure 1.

Scheme 1.
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absence of iodine, starting material was recovered quantitatively (entry 2). Performing the reaction
at 5�C (entry 3) signi®cantly retarded the formation of 18. The use of iodobenzene bis(tri¯uoro-
acetate) did not e�ect the desired reaction and instead desilylated the starting material in almost
quantitative fashion (entry 4). Lead tetraacetate also failed to yield any desired 18 (entry 5).

�1�

The formation of 18 may be explained by an oxidative fragmentation as proposed by SuaÂ rez
(Scheme 4).9 Transannular and lateral C±C bond cleavage intermediates 21 and 22 may both be
accessible from alkoxy radical 20. Rapid and irreversible oxidation of 22 to 23 followed by elim-
ination of N2 provides ketonitrile 18. An alternative, ionic mechanism involving oxidation of
azide prior to C±C bond cleavage cannot be excluded, however.

Scheme 3.

Table 1

Oxidative fragmentation of hydroxy azide 17
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In summary, we have been able to reverse the high selectivity for ring expansion previously
observed in the oxidative fragmentation of hydroindoles 1 by incorporating an azide substituent
at C(4) and taking advantage of the irreversible nitrogen elimination of a-azido radicals. We
expect that this strategy will be generally useful in directing radical-based fragmentation processes
and that the selective access toward azanonanes 5 and pyrrolidinones 18 from hydroxy indoles
will further enhance the use of tyrosine oxidation products as sca�olds for natural product
synthesis.
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