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ABSTRACT: O-(Alkoxycarbonyl)-N-arylhydroxylamines
were efficiently converted to 2-aminophenol derivatives by
cationic cobalt catalysts at 30 °C. The results of '*O-labeling
experiments suggested that rearrangement of the alkoxycar-
bonyl group from the aniline nitrogen to the ortho position
proceeded in an unprecedented [1,3] manner.

Metal catalysts have enabled various kinds of organic
transformations to proceed under much milder
conditions with higher functional group compatibility. The
effectiveness of metal-catalyzed transformation is often due to a
change of the reaction pathway driven by suitable complexation
of the metal catalyst with the substrate. Here, we show that
such a change of the reaction mode by metal catalysts occurred
in the classical rearrangement reaction of O-acyl-N—arylhzdrox—
ylamines 1 to O-acylated 2-aminophenol 2 (Scheme 1)."* That

Scheme 1. Rearrangement of O-Acyl-N-arylhydroxylamines
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is, the focused rearrangement reaction of 1 has been extensively
investigated to proceed typically under elevated temperature
(>140 °C) or microwave irradiation in a concerted [3,3]
manner (Scheme 1a). In this paper, we report that the pathway
of the well-known rearrangement reaction was dramatically
switched to an unprecedented [1,3] manner by using cationic
cobalt catalysts, which proceeded at 30 °C, efficiently affording
a wide repertoire of the 2-aminophenol derivatives 2, which
have been frequently utilized in pharmaceutical chemistry
(Scheme 1b).?

Initially, the screening of the metal catalysts for the reaction
of 1 disclosed that the cationic metal species such as Co*',
Cu’", and Zn** afforded the desired 2-aminophenol derivative 2
(see Supporting Information). In particular, the combination of
CoCl, (10 mol %) and AgSbF, (20 mol %) exhibited an

v ACS Publications  © Xxxx American Chemical Society

R0 o R
N. )J\ . cat. cationic Co NH
O OR (e}
30 °C A,
R R O OR

[1,3]-Rearrangement of

Alkoxycarbonyloxy group up to 88%

excellent catalytic activity for the reaction of la, which has
benzoyl and benzyloxycarbonyl (Cbz) groups on the nitrogen
and oxygen atoms, respectively, in 1,2-dichloroethane (DCE) at
30 °C, affording 2a in 82% yield (eq 1).* According to previous
works,' in order to determine whether the migration of the
CbzO group groceeded in a concerted [3,3] manner (Scheme
2a, mode A)® as in a thermally induced reaction,"“ or via

Scheme 2. '*0-Labeling Experiments
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heterolytic cleavage of the N—O bond'® by the Lewis acid
(mode B),” we conducted '80-labeling experiments using
1a-'%0 with an oxygen-18 content at the hydroxylamine moiety
of 62%.%” To our surprise, the cobalt-catalyzed reaction
followed by hydrogenolysis of the migrated Cbz group afforded
the aminophenol 3a-'®0 with 'O content at the phenolic
oxygen of 64%. The complete retention of the labeled 'O
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strongly indicated that the rearrangement of the benzylox-
ycarbonyloxy group did not proceed in a [3,3] manner or
through ionic N—O bond cleavage but exclusively in an
unprecedented [1,3] manner (Scheme 2a, mode C).”"° Indeed,
the thermally induced reaction of 1a-'*0 (23% '®0) in the
absence of the cobalt catalyst in xylene at 140 °C'¢ followed by
hydrogenative deprotection afforded 3a with an *O content at
the phenolic oxygen of less than 2%, indicating that the
thermally induced reaction of la proceeded in a concerted
[3,3] manner (Scheme 2b).
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Various alkoxycarbonyloxy groups, such as CbzO (la),
methoxycarbonyloxy (1b), and AllocO (1c) groups showed
good migrating abilities (eq 1 and Table 1, entries 1 and 2),

Table 1. Substitution Effect at the Hydroxylamine Moiety”

RZ o 10 mol % CoCl,

'l“o)J\R* 20 mol % AgSbFs @Nﬁﬁ
©/ DCE, 30 °C 07 R
] 24 h 2
entry 1 R! R? time (h) 2 yieldb (%)

1 1b  OMe Bz 3 2b 75¢
2 1c O-allyl Bz 2 2c 75
3 1d Ph Bz 120 <1
4 le Me Bz 120 <1
S 1f OMe Boc 6 2f 64
6 1g OMe Alloc 4 2g 45
7 1h OMe Cbz S 2h 64
8 1i OMe CO,Me 4 2i 72¢
9 1j OMe  p-MeOCH,C(O) 2 2 60°
10 1k OMe  pF,CCH,C(O) 24 2k 61
11 11 OMe Ac 120 21 44

“The reactions of 1 (0.4 mmol) were conducted in the presence of 10
mol % CoCl, and 20 mol % of AgSbF, in DCE (1.6 mL) at 30 °C.

bIsolated yield. “’‘H NMR vyield using dibromomethane as an internal
standard.

whereas, in sharp contrast, substrates 1d and 1e, which have an
acyl group on the oxygen atom of the hydroxylamine moiety,
did not undergo the rearrangement under the present reaction
conditions and decomposed (entries 3 and 4). On the other
hand, various acyl groups, such as acetyl and benzoyl, and
alkoxycarbonyl groups, such as Boc, Alloc, and Cbz, were
tolerated as the protecting group of the nitrogen atom under
the optimized reaction conditions (entries $S—11), as
summarized in Table 1. It is noteworthy that the reaction of
1j having an electron-rich p-methoxybenzoyl group proceeded
much faster than that of 1k having an electron-deficient p-
(trifluoromethyl)benzoyl group (entries 9 and 10). The
reaction of substrates having a substituent at the ortho position,
such as methyl group, did not give the desired product.

The reaction was applicable for synthesizing a wide repertory
of multisubstituted aminophenol derivatives (2m—aa), as
summarized in Scheme 3. In particular, highly reactive
functional groups, such as bromo, iodo, and alkynyl groups,
were compatible in the present rearrangement reaction to
afford the desired products 2q, 2r, and 2s in good yields.

Scheme 3. Substrate Scope™”
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“The reactions of 1 (0.4 mmol) were conducted in the presence of 10
mol % of CoCl, and 20 mol % of AgSbF4 in DCE (1.6 mL) at 30 °C.

bIsolated yield. “'H NMR yield usmg dibromomethane as an internal
standard. See the SI for details. “Yield brsm (41% of 1v was
recovered). °Yield brsm (28% of 1v’ was recovered). Yield brsm (34%
of 1w* was recovered). *Combined yield of the two regioisomers.

Moreover, products 20, 2p, and 2t having electron-withdrawing
functional groups on the aromatic ring, which are generally less
efficiently synthesized through electrophilic substitution re-
actions, were obtained in good yields. Notably, our catalytic
conditions successfully promoted the rearrangement of 1v’ and
1w’, having a 4-(trifluoromethyl)phenyl and 3,5-difluorophenyl
group, respectively, by using a p-nitrobenzyloxycarbonyl group
in place of Cbz."""> Thus, the present method is potentially
useful for the synthesis of 2-aminophenols having highly
electron-withdrawing functional groups, which are inaccessible
by thermal [3,3]-rearrangement reactions. The reaction of
meta-substituted substrates 1x—aa afforded c.a. 1:1 mixtures of
the 5- and 3-substituted 2-aminophenols, regardless of the
character of the substituent.

In order to gain further insight into the mechanism of the
unprecedented [1,3]-rearrangement reaction, first crossover
experiments using equally reactive substrates la and 1p were
conducted. The reaction of the mixture under the standard
reaction conditions gave only products 2a and 2p derived from
the starting materials; no crossover products were observed by
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HRMS (Scheme 4). This result strongly indicates that
migration of the alkoxycarbonyloxy group takes place intra-

Scheme 4. Crossover Experiment
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molecularly. In addition, intra- and intermolecular isotope
effects were not observed, suggesting that the C—H bond
cleavage occurs after C—O bond formation at the ortho position
(see the SI). At the present stage, we speculate that cationic
cobalt catalyst functions as a Lewis acid not only to lower the
LUMO of the migrating alkoxycarbonyloxy group'” but also to
change the geometry of the transition state from [3,3] to [1,3],
allowing the rearrangement to proceed at 30 °C with high
functional group compatibility."”

In conclusion, we have discovered the unprecedented [1,3]-
rearrangement of N-(alkoxycarbonyl)-N-arylhydroxylamines by
using cationic cobalt catalysts, synthesizing useful 2-amino-
phenol derivatives in an efficient manner under mild reaction
conditions. Further mechanistic studies are currently underway
in our laboratory.
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