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Abstract—A new synthetic method providing expedient access to a wide range of polyfunctionalized N-hydroxyindoles (IV) is reported.
These unique constructs are assembled by nucleophilic additions to in situ generated a,B-unsaturated nitrones (III) through carbon—carbon
and carbon—heteroatom bond formation. The new synthetic technology was applied to the synthesis of nocathiacin I (1) model systems (2 and
3a—c) containing the N-hydroxyindole structural motif.

© 2007 Elsevier Ltd. All rights reserved.

1. Introduction

Nocathiacin I (1, Fig. 1), a complex thiopeptide antibiotic
isolated from Nocardia sp. (ATCC-202099) and the fungus
Amicolaptosis sp., exhibits remarkably potent in vitro and
in vivo activity against Gram-positive bacteria.' One of
the most striking structural motifs within the molecular
framework of nocathiacin I (1) is the N-hydroxyindole moi-
ety that carries the oxygen ether linkage and bridges the
15-membered depsipeptide ring with the 10-membered
macrolide system of the molecule.* Challenged by the
daunting structure of nocathacin I (1) and intrigued by the
rarity of its N-hydroxyindole structural motif in nature and
the relative scarcity of methods for its assembly,> we initi-
ated a program directed toward the development of synthetic
technologies for the generation of substituted N-hydroxy-
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Scheme 1. General route for the construction of 3-substituted N-hydroxy-
indoles (IV).

2. Results and discussion
2.1. Synthetic technology development

Based on certain precedents, ¢ our general strategy for the
construction of N-hydroxyindoles, shown in Scheme 1, was
devised to take advantage of the ready availability of aro-
matic nitro compounds as starting materials and the per-
ceived propensity of o,B-unsaturated nitrones to enter into
reactions with suitable nucleophiles and give stable adducts.
Thus, it was envisioned that reduction of nitro ketoesters I
under appropriate conditions should produce hydroxyl-
amines II, which were expected to undergo facile intramo-
lecular condensation to afford the a,B-unsaturated nitrones
III, whose existence in the presence of suitable nucleophiles
should be transient, leading through 1,5-addition reactions,
to N-hydroxyindoles IV.® Having defined the general cas-
cade for the projected synthesis of N-hydroxyindoles, the
synthesis of the starting nitro ketoesters, the exploration of
conditions for their reduction, and the range of capable nu-
cleophiles to be employed in this scheme became the first
objectives of the investigation.

Scheme 2 summarizes the synthesis of nitro ketoesters 6a—g
and nitro ketoacid 7a, which were required for the present
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Scheme 2. Synthesis of nitro ketoesters 6a—g and acid 7a. Reagents and con-
ditions: (a) NaH (4.0 equiv) (CO,Me), (5.0 equiv), DMF, 0 °C, 1 h; then
25 °C, 12 h, 5a (60%), 5b (60%), 5¢ (85%), 5d (80%), 5e (75%), 5f (75%),
5g (65%); (b) NaH (1.1 equiv), THF, 0°C, 1 h; then CH,=N*Me,CIl~
(3.0 equiv), 25 °C, 12h, 6a (80%), 6b (67%), 6¢ (98%), 6d (74%), 6e
(55%), 6f (75%), 6g (50%); (c) Me;SnOH (3.0 equiv), 1,2-DCE, 80 °C,
20 min, 77%. DMF, N,N-dimethylformamide; DCE, 1,2-dichloroethane.

studies. Thus, reaction of the corresponding nitrotoluene
compound with excess dimethyl oxalate in the presence of
NaH in DMF at 0-25 °C furnished ketoesters Sa—g in yields
ranging from 60 to 85%.° Exposure of each of these com-
pounds to Eschenmoser’s salt in the presence of NaH in
THF at 0-25 °C then led to the desired o,B-unsaturated ke-
toesters 6a—g in 50-98% yield.'!" The a,B-unsaturated
ketoacid 7a was prepared from methyl ester 6a through the
action of Me3zSnOH in 1,2-dichloroethane at 70 °C (77%
yield), as standard hydrolysis methods resulted in decompo-
sition, as alluded to in a previous communication from our
laboratories.'?

The desired generation and trapping of the o,-unsaturated
nitrones was achieved under two sets of experimental condi-
tions. Scheme 3 depicts the first procedure (method A) for
this cascade sequence involving activated zinc [Zn] (pre-
pared from zinc dust, 1,2-dibromoethane and TMSCI) as
the reducing agent as demonstrated with nitro ketoester
6a."> Thus, refluxing zinc dust with 1,2-dibromoethane in
THE, followed by cooling to 25 °C (refluxing/cooling pro-
cess repeated three additional times) and subsequent addi-
tion of TMSCI, followed by a mixture of aqueous 1 N
NH,4CI and 6a resulted in the formation of N-hydroxyindo-
line 9 (56% yield) and hydroxylactam 14 (10% yield). The
structure of the latter compound was unambiguously proven
by X-ray crystallographic analysis (see ORTEP structure,
Scheme 3).'* These results can be rationalized by envision-
ing ring closure within the structure of the initially formed
hydroxylamine (8) leading to N-hydroxylamine tertiary al-
cohol 9 (path A, Scheme 3) on one hand, and 1,4-addition
of NHj to the starting material 6a followed by a lactamiza-
tion/enolization sequence within the initially formed amino-
ketoester 13 to generate compound 14 (path B, Scheme 3) on
the other. Tertiary alcohol 9 exhibited high reactivity, espe-
cially upon exposure to acidic conditions that resulted in the
loss of a molecule of water, generating a reactive species
presumed to be the o,B-unsaturated nitrone 10, whose iso-
lation proved elusive. The presence of the o,B-unsaturated
nitrone 10 was supported by its trapping with a variety of
nucleophiles. Thus, reaction of 9 with benzyl alcohol
(5.0 equiv) or benzyl mercaptan (5.0 equiv) in DME at
40 °C in the presence of pTsOH led to the formation of N-
hydroxyindoles 11 (55% yield) and 12 (90% yield), respec-
tively. These reactions are presumed to proceed either
directly from 9 by Sx2'-type displacement, or by 1,5-addi-
tion to the initially formed nitrone (10), or through both of
the potential mechanistic pathways. It is interesting to note
that the isolation of N-hydroxyindoles 11 and 12 stands in
contrast to the observations of Myers and Herzon in which
their initially formed products from 1,5-nucleophilic addi-
tions to a sterically congested o,B-unsaturated nitrone
proved too labile for isolation, rapidly reverting back to their
components instead.>

In search of a more direct and convenient access to the de-
sired N-hydroxyindoles from the same starting materials,
an alternative experimental procedure was explored and op-
timized as summarized in Scheme 4 and Table 1. According
to this method (method B), nitro ketoester 6a was treated
with SnCl, - 2H,0 (2.2 equiv) in the presence of benzyl alco-
hol (5.0 equiv) or benzyl mercaptan (5.0 equiv) and 4 A mo-
lecular sieves in DME at 40 °C for 1-1.5 h, conditions that
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