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ABSTRACT: A novel approach toward the synthesis of
sterically hindered o-aminophenols has been achieved by a
formal aryne insertion into hydroxyindolinones. This trans-
formation offers a rapid and eflicient entry to diverse o-
aminophenol scaffolds under mild transition-metal-free con-
ditions. The reaction involves the addition of hydroxyindoli-
nones to arynes followed by a chemo- and regioselective [1,3]-
rearrangement. Furthermore, the reactions of N-hydroxyin-
doles and arynes were found to provide the C3-aryl indole
products via an alternative [3,3]-rearrangement pathway.
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o-Aminophenols represent a valuable structural motif found in a
wide range of natural products, materials, and ligands (Figure
1)." Traditional preparation of o-aminophenols includes the
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Figure 1. Examples of sterically hindered o-aminophenols in natural
products and dyes.

SNAr reaction of 1-fluoro-2-nitroarenes” or the nitration of
phenols’ followed by reduction of the nitro group. These
methods often suffer from either low efficiencies or multiple-
step syntheses.” Effective construction of this scaffold has been
achieved by transition-metal-catalyzed transformations, such as
Ullman, Buchwald—Hartwig, and Chan—Lam couplings,5 as
well as direct ortho-aryl C—H functionalization of either
phenols to form C—N bond or anilines to form C—O bonds,
respectively.” However, these metal-catalyzed coupling reac-
tions often need elevated temperatures and prolonged time,
especially for the synthesis of sterically hindered o-amino-
phenols. A rapid access to o-aminophenols under mild
conditions by a transition-metal-free approach’ would be
desired, especially for sterically hindered o-aminophenols
(e.g., arundavine, donasine, arundanine,® and fluorescent dye9
shown in Figure 1).

Herein, we report the development of a metal-free formal
aryne insertion approach to access o-aminophenols from
hydroxymdohnones Along with our ongomg interest in aryne
chemistry'® and electrophilic amination,'' we envisioned that
the sterically hindered N-(o-hydroxylaryl)aniline motif could be
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attained via the addition of N-hydroxylanilines to an aryne
intermediate followed by [1,3]-rearrangement (Scheme 1).

Scheme 1. Rearrangements of N-Arylhydroxylamines
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This strategy is appealing as the simultaneous difunctionaliza-
tion of an aryne is extremely useful for the synthesis of complex
and sterically hindered arene derivatives.”” However, the
control of the chemo- and regioselectivity in this proposed
transformation is challenging. For example, N-arylhydroxyl-
ammes are known to undergo [3,3]-rearrangement (Scheme
1)."* Additionally, the aminophenol product could react further
with a second aryne, which needs to be minimized in the
desired transformation.'* Thus, several N-hydroxylamines were
tested for reactivity with benzyne precursor to examine the
chemo- and regioselectivity."> Encouragingly, the reaction of

Received: October 30, 2015
Published: December 8, 2015

DOI: 10.1021/acs.orglett.5b03147
Org. Lett. 2015, 17, 6130—-6133



Organic Letters

cyclic N-hydroxylamide 3a led to the desired o-aminophenol
product Sa with excellent chemo- and regioselectivity (Table
1). The observed [1,3]-rearrangement, as a formal intra-

Table 1. Optimization for the Formal Hydroxyindolinone—
Benzyne Insertion via Nucleophilic Addition/[1,3]-
Rearrangement Sequence”

e
\~‘ 3 EM@ . Y ™S 4 S-GEOi\r{r?-g (E'lqtgl 'Zﬁum A\ £
N=0 X or DME, t, 12 h N
OH 62% yield HO A~
3a 4a "standard conditions” S
entry variations from standard conditions yield® (%)
1 MeCN instead of DME 54
2 CH,Cl, instead of DME 0
3 toluene instead of DME <S
4 without 18-crown-6 <5
N CsF instead of KF/18-crown-6 45
6 4a 1.5 equiv instead of 1.0 equiv 56
7 40 °C instead of rt 60°
8 add Cu(OAc), (0.1 equiv) S1
9 add AgOAc (0.1 equiv) 17
10 add PhCOOH (0.1 equiv) 56

“Reactions run on 0.1 mmol scale. “Yields determined by 'H NMR
with CH,Br, as an internal standard. No other rearrangements
observed. “Isolation yield. Reaction completed in 4 h.

molecular electrophilic amination, was possibly facilitated by
the introduction of the amide functionality to enhance the
electrophilic nature of nitrogen, in comparison to hydroxy-
amines. Furthermore, the structural rigidity of cyclic amides
might impede the 7— stacking conformation required for the
transition state of a [3,3]-rearrangement, thus favoring the
desired [1,3]-rearrangement product.

Upon further optimization of this formal insertion of
hydroxyindolinone 3a with benzyne precursor 4a, the desired
1-(2-hydroxyphenyl)indolinone Sa was obtained in 62% yield
in the presence of KF/18-crown-6 in DME at room
temperature (Table 1, standard conditions). The use of other
solvents such as MeCN, toluene, and CH,Cl, diminished the
yields of 5a (Table 1, entries 1—3). In the absence of 18-crown-
6 or with the replacement of KF/18-crown-6 by CsF, the
reaction became sluggish (Table 1, entries 4 and 5), suggesting
the rate of benzyne formation strongly influences the efficiency
of this transformation. However, increasing the equivalence of
benzyne precursor 4a did not improve efficiency of the reaction
(Table 1, entry 6). Elevated temperature accelerated the
reaction, but it did not result in a higher yield of Sa (Table 1,
entry 7). Lewis acids and Bronsted acids were also examined for
their potential to activate arynes or facilitate the rearrangement,
yet little effect was observed with either Cu(OAc), or PhCO,H,
while AgOAc dramatically decreased the reaction efficiency
(Table 1, entries 8—10). Thus, entry 7 was chosen as the
optimal reaction conditions.

With established conditions, the generality and efficiency of
different hydroxyindolinones 3 were examined for this
transformation (Scheme 2). Overall, the desired products
were formed in all the reactions of benzyne precursor 4a in
moderate to good yields with different hydroxyindolinones. A
range of functional groups was well tolerated in this
transformation, including phenols, ethers, and alkenes.
Interestingly, the C3- substituent of hydroxyindolinone 3 was
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Scheme 2. Scope of Hydroxyindolinones for the Formal
Insertion Reaction with Benzyne”
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“Reaction conditions: 3 (0.5 mmol, 1.0 equlv), 4 (1.1 equiv), DME (3
mL), 6—12 h. Isolation yields shown. "NMR vyield determined with
CHzBrZ as an internal standard. “Run in DME/MeCN (4 mL, 3:1).

9dr = diastereomeric ratio, determined by 'H NMR. “Structure
confirmed by X-ray analysis.

found to influence the efficiency of the reactions. For example,
indolinones with two substituents at the C3-position (Sa and
5d—5i), especially Sh bearing a tetrahydropyran ring, were
formed in higher yields than indolinones with one or no
substituent at the C3-position (Sb and Sc). It is worth noting
that the diastereomeric outcome of product Si was likely
influenced b}r the configuration of the remote stereocenter at
C3-position. ° Finally, six-membered dihydroquinolinone 5j
was readily formed in this transformation in an even higher
yield than the analogous five-membered indolinone Sc.

Different aryne precursors were also examined in this
transformation (Scheme 3). The results indicate that both
electron-donating and electron-withdrawing groups on arynes
were well tolerated in this transformation and also affected the
efficiency and regioselectivity of this reaction. For example,
indolinones bearing electron-donating dimethoxy groups (i.e.,
5k, 5n and 5q) were formed in much higher yields than
difluorinated product Sl In addition, Sm, derived from aryne
containing a p-methyl group, was formed in a 3:2
regioselectivity while So and Sr, derived from naphthyl arynes,
were obtained in higher regioselectivity. Additionally, the
reactions between a hydroxyindolinone and an indolyne were
viable and provided bisindoles Sp and Ss in good yields with a
7:1 regioselectivity. The observed regioselectivity in our studies
is consistent with the outcome of nucleophilic addition
reactions of arynes.'’ Among these results, particularly
attractive is the framework of Sp and Ss, which resembles the
core structure of many indole alkaloids (e.g., donasine and
arundanineare in Figure 1).° This suggests the potential of this
method for the synthesis of indole-containing complex natural
products and derivatives.
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Scheme 3. Scope of Arynes for the Formal Insertion
Reaction with Hydroxyindolinones”
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“Reaction conditions: 3 (0.5 mmol, 1.0 equiv), 4 (1.1 equiv), DME (3
mL), 6—12 h. Isolation yield shown. bMajor product shown. Isolation
yields include both isomers. rs = regioselectivity, ratio determined by
'"H NMR. “Run in DME/MeCN (4 mL, 3:1).

We next examined N-hydroxyindoles 3’, which have subtle
structural and electronic difference from hydroxyindolinones 3,
as substrates for this transformation (Scheme 4). Indeed, the

Scheme 4. Hydroxyindole—Aryne Addition and the [3,3]-
Rearrangement
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C3-aryl indole was formed as the major product, presumably
via a [3,3]-rearrangement, instead of the expected ortho-
aminophenol products.'® We found that the use of CsF in
MeCN favored the alternative [3,3]-rearrangement and also
explored this reaction on several indole substrates. Albeit with
moderate yields, the successful formation of 6a—c suggests that
this reaction allows for a rapid entry to C3-aryl indole skeletons
embodied in many indole alkaloids as well as a good functional
group tolerance. Especially interesting is the reactivity switching
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between [1,3]- and [3,3]-rearrangements in the formation of N-
arylation and C-arylation products.'”

Finally, N-hydroxyphthalimide, as another type of hydrox-
yamide substrate, was examined in the reaction with aryne
precursors 4 (Scheme S). Interestingly, these reactions led to

Scheme 5. Construction of Hydroxylactams by Addition of
N-Hydroxyphthalimide to Arynes/Cyclization Sequence
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the formation of 7a,b.”" In this case, 1-hydroxy-2-phthalimide
intermediates, generated upon the addition to arynes, possess a
more electrophilic carbonyl group and thus were prone to
undergo the nucleophilic cyclization onto the carbonyl, rather
than a [1,3]- or [3,3]-rearrangement.

In summary, we have developed a novel and efficient
synthesis of o-aminophenols via the addition of hydroxyindo-
linones to arynes followed by a chemo- and regioselective [1,3]-
rearrangement. It offers a mild transition-metal-free approach to
rapidly construct o-aminophenol scaffolds, presenting useful
applications in the synthesis of sterically hindered amino-
phenol-containing natural products, materials, and ligands.
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