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ABSTRACT
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16 examples
40-82% yield

Depending on the tertiary aniline substrates, an efficient, one-pot synthesis of tetrahydrobenz[b]azepin-4-ones needs either gold catalysts or
no catalyst at all. In the reaction, the aniline nitrogen plays a unique role in relaying “0O” from m-CPBA to a tethered C—C triple bond, which

is inert to the oxidant under the mild reaction conditions.

Tetrahydrobenz[b]azepin-4-one is a biologically significant
class of benzene-fused heterocycles and has been studied as
amitochondrial benzodiazepine receptor (MBR) antagonist,*
as an AMPA receptor antagonist,®> and as oxytocin and
vasopressin antagonists (1).> Oxcarbazepine (2), a member
of dibenz[b,f]azepine drugs including carbamazepine, trimi-
pramine, and imipramine, contains a benz[b]azepin-4-one
moiety and is used to treat epilepsy and bipolar disorder.
Moreover, this structural motif is found in homocryptolepi-
none (3),* a natural product isolated from the indigenous
Ghanaian medicinal plant Cryptolepis sanguinolenta.
While various approaches have been devel oped to prepare
dibenz[b,flazepines including anionic cyclizations,® intramo-
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Figure 1. Compounds containing benz[b]azepin-4-one motif.

lecular Buchwald—Hartwig C—N cross-couplings,® and
Friedel —Crafts cyclizations,” synthetic approaches toward
tetrahydrobenz[b]azepin-4-ones are limited. Intermolecular
1,3-dipolar cycloaddition between C,N-diphenylnitrone and
allenesfollowed by in situ rearrangement offers rapid access
to these structures but suffers from limited scope, rather rigid
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product substitution patterns, and low yields.® Other less
studied approaches include intramolecular anionic cyclization
of N-aryl -lactams’® and ring expansion via the Schmidt
reaction.’® In our opinion, there is still a need for methods
that offer synthetic flexibility and efficiency and proceed
under mild reaction conditions.

Recent rapid developments in gold catalysis™ have
revealed many fascinating facets of gold chemistry. Among
them is the intramolecular oxidation of gold-activated alkynes
into a-oxogold carbenes (Scheme 1A). We and others have

Scheme 1. Intramolecular Oxidation of Au-Activated Alkynes:
Concept and Design

A) . (5%
O)—Y o o v
? ------ - ? [
(A h [Au]

B) R R
R - | h
o o —e

K W o 0

A

employed this concept in developing efficient synthetic
methods. For example, tetrahydrobenzothiepinones™®*® can
be readily prepared using appropriately tethered sulfoxide
as the oxidant, and nitrones were used as internal oxidant to
generate azomethine ylides for subsequent cycloadditions.**

We surmised that a tethered amine oxide should work
similarly as an internal oxidant and lead to the generation
of o-oxo gold carbene A, which could cyclize to the benzene
ring and thus offer an expedient synthesis of tetrahydrobenz-
[b]azepin-4-ones (Scheme 1B). Herein, we report the imple-
mentation of this design with terminal alkyne substrates in
an Au-catalyzed one-pot reaction. Surprisingly, for substrates
with an electron-withdrawing group (EWG) at the alkyne
terminus, tetrahydrobenz[b]azepin-4-ones were formed di-
rectly without any gold catalyst!

At the onset, N-(but-3-ynyl)-N-methylaniline was treated
with m-CPBA (m-chloroperbenzoic acid) to generate the
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corresponding N-oxide, which was not stable in its nonpro-
tonated form.™ Consequently, it was isolated as its hydro-
chloric salt and characterized. Treatment of the hydrochloric
salt with PngPAUNTf,™® (5 mol %), to our delight, indeed
gave the expected tetrahydrobenz[b]azepin-4-one 5 albeit in
only 30% yield. We reasoned that the N-oxide could be used
to study the reaction conditions without isolation. As shown
in Table 1, the desired reaction indeed occurred smoothly,
and azepinone 5 was formed in good overal yields with
various gold(l) and gold(I1) catalysts (entries 1—5). Notice-
ably, AgBF, aso catalyzed this reaction (entry 6) albeit with
less efficiency, and HNTf, (1 equiv) did not catalyze the
formation of 5 at all (entry 7). Not much reaction occurred
using PtCl, as catalyst (entry 8) likely due to the low reaction
temperature, as usually heating is required for PtCl./toluene
catalytic systems. Further optimization of the reaction
conditions with stable and affordable PhsPAUNTT, revealed
that this reaction performed better at alower temperature in
the presence of NaHCO; (1 equiv, entry 9), and compound
5 was isolated in 79% yield.

This two-step, one-pot efficient formation of the azepin-
4-one ring is remarkable considering general difficulties in
constructing seven-membered rings. Moreover, the aniline
nitrogen in 4 plays an interesting role of relaying “O” from
m-CPBA to the gold-activated C—C triple bond, which is
particularly noteworthy considering that alkynes are generally
inert to mCPBA oxidation under the reaction conditions (i.e.,
0 °Cin CH,Cl,).Y” Additionally, the reaction conditions were
mild, and the aniline substrate can be easily prepared.

The scope of this chemistry was probed first by varying
substitutions on the benzene ring. As shown in Table 2,
substituents with different electronic characters were tolerated
in the meta and para positions (entries 1—8), and electron-
donating groups such as MeO (entry 3) and Me (entries 5
and 7) as well as weakly electron-withdrawing groups such
as halides (entries 1 and 2) led to better yields than those of
strongly electron-withdrawing (entries 4 and 6). In most
cases, acceptable to good yields were obtained in this two-
step, one-pot transformation. In the case of substrates with
meta substituents (entries 4, 5, and 8), the regioselectivity is
low; moreover, in the case of m-NO,, the major product was
surprisingly the more hindered ortho-substitution isomer.
Noticeably, functional groups such as halides and NO, on
the benzene ring alow easy derivatization of these bicyclic
heterocycles. In addition, a benzyl group was suitable as the
aniline nitrogen substituent (entry 9), and its ready removal
would open a venue to functionalize the azepinone nitrogen.

(15) Washing the reaction mixture with agueous Na,CO; (5%) led to
mostly decomposition of the N-oxide, and no cyclized product 5 was
detected. Surprisingly, a small amount of aniline 4 was observed although
the initial m-CPBA oxidation was complete.
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The aniline substrate with an o-Br underwent m-CPBA
oxidation duggishly, presumably due to steric hindrance, and
subsequent Au catalysis with partial N-oxide formation led
to little benz[b]azepinone formation. In the case of o-Me
(i.e., compound 8), the oxidation proceeded to completion
in 1 h, but one-pot gold catalysis gave the desired product 9
in only 20% yield (eg 1). This low efficiency is likely due
to the severe A3 strains experienced by the iminium
resonance structure (i.e., B) of the likely o-complex inter-
mediate during cyclization.

m-CPBA (1 equiv) MeMe MeQ Me
NaHCOj3 (1 equiv) N N
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We anticipated that ortho-substitutions can be accom-
modated in bicyclic systems. For example, 1,2,3,4-tetrahy-
droquinoline substrate 10 underwent the reaction under
optimized reaction conditions, affording tricyclic azepin-4-
one 11 in a serviceable yield (eq 2). In the case of
2,3-indoline substrate 12, the desired product 13 was formed
in 40% yield (eq 3). Much to our surprise is the formation
of indole 14. The simultaneous aromatization and methyl
ketone formation suggests that a hydride migration to the
Au carbene (as shown in intermediate C),*® followed by
aromatization and protodeauration.

Next, we studied the reaction scope by varying the alkyne
chain. While longer alkyne chains such as pent-4-ynyl did

not yield benzene-fused larger heterocycles, substitutions
such as'Pr or phenyl at the but-3-ynyl group o to the nitrogen
adversely affected the N-oxide formation, and subsequent
Au catalysis could not be studied. Substitutions at the butyne
terminus were then studied. A phenyl group did not lead to
any desired product, but a more electron-deficient p-NO,Ph
group underwent the reaction in afair yield (eq 4). We reason
that other EWGs at the alkyne terminus should equally, if
not better, facilitate the azepin-4-one formation. Our predic-
tion was indeed correct but not without surprise! When a
methoxycarbony! group was used, tetrahydrobenz[b]azepin-
4-one 16a was formed without the addition of any gold
catalyst; moreover, the reaction was rather efficient (73%
yield). Substrates with other electron-withdrawing groups
including acetyl (15b), benzoyl (15c), and methanesulfonyl
(15d) groups al underwent this uncatalyzed reaction smoothly,
yielding tetrahydrobenz[b]azepin-4-ones with the EWG at
the 5 position in fair to good yields.

m-CPBA (1 equiv)
NaHCQ; (1 equiv)

©/ CH,Cl,, 0 °C, 30 min; o 4
then PhBPAuNTfZ (6 mol %)
30 min O
44%

ON
l\llle
m-CPBA (1 equiv) N
©/ \\ NaHCO; (1 equiv), CH,Cl, @ (5)

EWG o

15 (EWG) reaction conditions 16 (yield)

15a (MeO,C) 0°C, 30 min 16a (73%)

15b (Ac) 0°C, 30 min 16b (76%

15¢ (Bz) 0°C, 30 min 16¢ (82%)

15d (Ms) -20°C,4h 16d (63%)

A mechanism similar to the gold-catalyzed reactions is
envisioned (Scheme 2): the aniline is first oxidized by
m-CPBA to the corresponding N-oxide; then, carbene D is
formed via an intramolecular oxidation of the electron-
deficient alkyne by the aniline N-oxide; the EWG in this

Table 1. Screening Reaction Conditions

Me mCPBA (1 equiv)
! CH,Cl, or (CICHz),
0 °C, 30 min

4 reaction condtions

©/N o . *N N
then catalyst (5 mol %) @ T\ m
j\\\ S )

Me
Mo *

in situ

entry” catalyst reaction conditions yield?¢ (%)
1 Ph3;PAuNTY, (CICHy)s, 0 °C, 30 min 76
2 dichloro(2-picolinato)gold (III) (CICHy)y, 0 °C, 30 min 70
3 (2-biphenylYBuy,PAuNTf, (CICHy)3, 0°C,3 h 65
4 (p-CF3Ph);sPAuNTf, (CICHy)s, 0 °C, 30 min 66
5 Ph3;PAuCl/AgSbFg (CICHy)s, 0 °C, 30 min 55
6 AgBF, (CICHy)s, 0 °C, 30 min 38
7 HNTf; (1 equiv) (CICHy)5, 0°C, 1 h 0¢
8 PtCl, (CICHy),, 0°C, 1 h 5¢
9 Ph;PAuNTf, CH,Cl,, NaHCO3; (1 equiv), —20 °C, 30 min 84(79)

a The reactions were performed in one-pot in round-bottom flasks, and the substrate concentrations were 0.05 M. ® NMR yield using diethyl phthalate
as the internal reference. © Complete conversion. ¢ Most of the N-oxide intermediate remains. ©65% of the N-oxide left. " Isolated yields.
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Table 2. Scope Studies with Variously Aryl-Substituted
tert-Anilines

R m-CPBA (1 equiv) R
| NaHCOj; (1 equiv) N
A N CH,Cl, or (CICH,),, 0°C, Ty: RE =
R W\ then PhyPAUNTF, (5 mol %) #
X 20°C, T, 0
6 7
entry® 6 R R’ TJ/T, 7 yield (%)°
1 6a p-Br Me 30 min/30 min 7a 73
2 6b p-1 Me 30 min/30 min  7b 68
3 6¢ p-MeO Me  15min/I5min  7¢ 73
4 6d m-NO, Me 2 h/30 min 7d 58°¢
5 6e m-Me Me  30min/30 min  7e 70¢
6 6f p-EtO,C Me 30 min/30 min  7f 40
7 6g p-Me Me 30 min/30 min  7g 70
4 e ; r
8 6h " Me  30min/30 min  7h 65
Ts
9 6i H Bn 2 h/30 min 7i 68

2 The substrate concentration was 0.05 M. ® Isolated yield. ¢ Para/ortho
= 1:1.35. Y Para/ortho = 1:1. ® This is the R-Ph instead of just R group.
fParalortho = 1:1.

oxidation facilitates the initial nucleophilic 5-exo-dig cy-
clization, similar to the activation role of gold complexesin
the case of terminal akyne substrates; subsequent cyclization
to the benzene ring affords azepinone 16. Direct oxidation
of the C—C triple bond to generate carbene D via an oxirene
intermediate is highly unlikely considering its electron-
deficient nature and the inert nature of normal akynes toward
m-CPBA oxidation at 0 °C.*>'° These uncatalyzed reactions
revealed again the unique role of the aniline nitrogen in
relaying “oxygen” from m-CPBA to the C—C triple bond
inert to the oxidant under the reaction conditions (i.e., 0 °C,
CH.Cl,).
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Scheme 2. Proposed Mechanism for the Uncatalyzed Reaction
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In summary, an efficient, one-pot synthesis of tetrahy-
drobenz[ b]azepin-4-ones is developed. The ready access to
tertiary aniline substrates and the mild reaction conditions
should enhance its synthetic potential. For aniline substrates
with tethered terminal alkynes, this reaction requires gold
catalysis, for those substrates with EWGs at the alkyne
terminus, the reaction proceeds without the addition of any
gold catalyst. In either case, the aniline nitrogen plays a
unique role in relaying “O” from m-CPBA to the tethered
C—C triple bond, which is inert to the oxidant under the
mild reaction conditions.
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