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A room temperature copper-catalyzed annulative amination of ortho-alkynylphenols with electrophilic amination reagents, O-acylated

hydroxylamines, proceeds efficiently to provide the corresponding 3-aminobenzofurans of biological and pharmaceutical interest.

Aminobenzofuran and its derivatives may constitute an
important class of heteroarylamines, which are of current
interest in biological and pharmaceutical sciences.' Recent
advances in the palladium-catalyzed cross-coupling reac-
tion of aryl halides and amines, that is the Buchwald—
Hartwig amination,” provide a powerful synthetic tool for
the construction of this type of compound.

Meanwhile, we have recently introduced chloroamines
as new, effective electrophilic amination reagents for hetero-
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aromatic C—H bonds and succeeded in the copper-catalyzed
rapid and concise synthesis of the corresponding heteroaryl-
amines even at room temperature.>* In this context, we may
envisage that the electrophilic, umpolung amination strategy
could be applicable to the efficient synthesis of 3-aminobenzo-
furan derivatives. Thus, our blueprint consists of (i) initial
annulative cupration of ortho-alkynylphenols® and (ii) an
electrophilic C—N bond forming reaction (Scheme 1). If the
process were feasible, it would enable an orthogonal and
complementary access to aminobenzofuran structures. In-
deed, we have found that the process can be realized by
employing O-acylated hydroxylamines as the amination
reagents, while chloroamines are ineffective.
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Table 1. Optimization Studies for Annulative Coupling of
2-(Phenylethynyl)phenol (1a) with O-Benzoyl-N,N-diethylhy-
droxylamine (2a)“

Et
Ph “N-Et
= Et 10 mol % Cu/ligand
, 2.0 equiv base @7
+ BzO-N Ph
OH ‘Et solvent, i, 4 h 0
1a 2a 3aa
3aa,
entry Cwligand base solvent yield (%)°

1 Cu(acac)o/dtbpy LiO-¢t-Bu DMSO 14
2 Cu(acac)y/dtbpy LiO-t-Bu DMF 18
3 Cu(acac)y/dtbpy LiO-t-Bu NMP 39
4 Cu(acac)o/dtbpy LiO-¢-Bu toluene 0
5 Cu(acac)y/dtbpy LiO-t-Bu THF 0
6 Cu(acac)s/phen LiO-¢-Bu NMP 20
7 Cu(acac)s/bpy LiO-t-Bu NMP 38
8 Cu(acac)y/2PPhg LiO-t-Bu NMP 20
9 Cu(acac)y/dppe LiO-t-Bu NMP 0
10 Cu(acac)y LiO-¢t-Bu NMP 47
11 CuCl, LiO-t-Bu NMP 9
12 CuCN LiO-t-Bu NMP 11
13 Cu(OAc), LiO-t-Bu NMP 63
14 Cu(OTo), LiO-t-Bu NMP 92 (61)°
15 Cu(OTf)e NaO-t-Bu NMP 11
16 Cu(OTf), KO-¢-Bu NMP trace
17 Cu(OTD) Cs,CO3 NMP 0
18 none LiO-¢-Bu NMP 0

“ A mixture of Cu salt (0.050 mmol), base (1.0 mmol), 1a (0.50 mmol),
and 2a (0.60 mmol) in solvent (3.0 mL) was stirred at room temperature for
4 h under N,. Yield determined by GC. Yield of isolated product in
parentheses. “ The lower isolated yield is due to the partial decomposition of
3aa during chromatographic purification, while the compound is stable after
isolation. See Supporting Information for details.

We initially selected 2-(phenylethynyl)phenol (1a) and
O-benzoyl-N,N-diethylhydroxylamine (2a) as model sub-
strates. In an early examination, treatment of 1a with 2a in
the presence of Cu(acac),/dtbpy (dtbpy = 4.,4'-di(zert-butyl)-
2,2'-bipyridine) and LiO-z-Bu as catalyst and base, respec-
tively, in DMSO provided 3-(N,N-diethylamino)benzofuran
(3aa) in 14% yield (GC) (Table 1, entry 1).° The choice of
solvent was critical: aprotic polar solvents were effective, with
NMP proving to be optimal, while the formation of 3aa was
not detected in less polar toluene or THF (entries 1—5). Al-
though other nitrogen- and phosphorus-based ligands were
investigated, Cu(acac), itself afforded a better yield (entries
6—10). Among the various copper salts tested, the best result
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Scheme 2. Copper-Catalyzed Annulative Coupling of ortho-Alky-
nylphenols 1 with O-Benzoyl-N, N-diethylhydroxylamine (2a)
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was obtained with Cu(OTY), (entries 10—14). Alternative
bases including NaO-z-Bu, KO-#-Bu, and Cs,CO5 were detri-
mental (entries 15—17). Without any copper catalyst, the
reaction did not occur (entry 18). Thus, the reaction pro-
ceeded very smoothly in the presence of Cu(OTf), and LiO-z-
Bu in NMP even at room temperature and completed within
4 h (entry 14), the conditions being remarkably milder than
those for the precedent similar types of reaction of 1a.
With the optimized conditions in hand, the oxyamina-
tion of a variety of ortho-alkynylphenols 1 was carried out
(Scheme 2). The substrate with an electron-donating methoxy
group showed comparable reactivity (3ba), while electron-
withdrawing trifluoromethyl and chloro substituents resulted
in a somewhat lower efficiency (3ca—da). In addition to the
benzene ring, the heteroaryl function, thiophene was tolerant
toward the reaction (3ea). Moreover, the conjugated enyne
system 1f (R! = H, R? = 1-cyclohexenyl) could be converted
to 3fa with the olefin moiety left intact. It is noteworthy that
the copper catalysis accommodated alkyl substitutions at the
alkyne terminus: primary, secondary, and tertiary alkyl-sub-
stituted ortho-alkynylphenols reacted with 2a without any
difficulties (3ga—ia). The 4,6-disubstituted pattern on phenol
was also available for use (3ja—ka), and especially, 3ja could
enjoy further manipulation of the remaining C—Cl functions.
We then performed the reaction of 1g with an array of
O-benzoylhydroxylamines 2 (Table 2). Acyclic allyl- and
benzylamines 2b and 2¢ formed the corresponding
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Table 2. Copper-Catalyzed Annulative Coupling of ortho-
Alkynylphenol 1g with O-Benzoylhydroxylamines 2¢

R1
\N—RZ
A g1 10 mol % Cu(OTh),
+ BzO-N 2.0 equiv LiO-#Bu N\
OH ‘Rz NMP.rt.4h o
1g 2 3
entry 2 3, yield (%)’
7
1 BzO-N 2b 3gh, 76
A\
Me
2 BZO‘N\_Q 2 3ge,37
3 BzO-N 2d 3gd, 79
4 BzO-N O 2e 3ge, 41
20—
h (N
BzO-N
5 z 2f 3gf, 48

“A mixture of Cu(OTf), (0.050 mmol), LiO-z-Bu (1.0 mmol),
1g (0.50 mmol), and 2 (1.0 mmol) in NMP (3.0 mL) was stirred at room
temperature for 4 h under N». ? Yield of isolated product.

3-aminobenzofurans 3gh and 3gc, respectively, the additional
derivatization of which could be easily operative after the
appropriate deprotection (entries 1 and 2).” Cyclic systems
were also compatible toward the reaction (entries 3—5).
Thus, piperidine-, morpholine-, and tetrahydroisoquino-
line-substituted benzofurans 3gd—gf were obtained with
substantial yields.

To demonstrate the synthetic utility of the present pro-
cess, a two-step synthesis of the benzofuro[3,2-b]azepine
core, which is found in potent inhibitors of bone resorption,®
was carried out (Scheme 3). When ortho-(3-methyl-3-buten-
1-yn-1-yl)phenol (1l) was subjected to our oxyamination
with N-allyl-O-benzoyl-N-methylhydroxylamine (2g), the
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corresponding 3-aminobenzofuran 3lg was produced, leav-
ing the two terminal olefin moieties untouched. Subsequent
ruthenium-catalyzed cycloisomerization® afforded the de-
sired tricyclic framework 4 in 77% yield.

Although the exact mechanism remains unclear at this
stage, some observations are to be noted: the control
experiment of 2-(4-methoxyphenyl)benzofuran with 2a un-
der identical conditions resulted in no formation of 3ba (vs
Scheme 2); Cu(OTf), of a more m-acidic nature worked
much better than CuCl,, Cu(acac),, and CuCN (Table 1);
Lewis basic ligands (to the copper center) such as diamines
and phosphines gave negative effects on yield (Table 1).
These phenomena support that the reaction would be
triggered by the nucleophilic oxymetalation of alkyne acti-
vated through the s-coordination to Cu(II),'® which is
consistent with our initial working hypothesis. Further
efforts on elucidation of the detailed mechanism involving
the C—N bond-forming step'" are ongoing.'?

In conclusion, we have developed an effective copper-
catalyzed annulative amination of ortho-alkynylphenols
with O-acylated hydroxylamines. The reaction system may
compensate for the precedents'® and provide a new, facile
route to the 3-aminobenzofuran skeletons of biological
and pharmaceutical interest. Further efforts seek to apply
the methodology to alkene analogues and the synthesis of
other heteroarylamines.
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