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Abstract: A copper-catalyzed new domino reaction
allowed the facile and direct construction of the di-
benzo-fused azepinone ring leading to an array of
novel small molecules. The co-catalyst, ligand or ad-
ditive free one-pot method afforded a unique class
of functionalized derivatives, one of which showed
encouraging PDE4 inhibition in vitro and apoptosis
in vivo.
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New synthetic methodologies that can provide access
to diversity-based uncommon nitrogen heterocycles
are of high demand whereby metal-catalyzed cascade/
domino reactions have to date occupied the center
stage. Indeed, the development of simpler but innova-
tive methodologies is a focus of current research.

The dibenzo-fused 7-membered nitrogen heterocy-
cles such as oxazepinones, diazepinones and azepi-
nones are of particular interest."! Compounds con-
taining the SH-dibenzo[b,e]azepin-6(11H)-one frame-
work have been explored as histone deacetylase
(HDAC) inhibitors,* or chemokine receptor antago-
nists®<! for the treatment of cancer and modulators
of the multidrug resistance phenotype.”!! This frame-
work attracted our attention due to the exploration of
related compounds (e.g., A, Figure 1) as CCR1 recep-
tor antagonists for the treatment of chronic inflamma-
tory diseases such as multiple sclerosis and rheuma-
toid arthritis.’’ Notably, inhibitors of PDE4 (e.g., B,
Figure 1), reported to be useful for the treatment of
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these diseases too, appeared to have structural rele-
vance with A particularly with respect to the CN sub-
stituted cycloalkyl ring (arguably essential for PDE4
inhibition in addition to the amidic NH).**! This
prompted us to explore compound C (Figure 1) as po-
tential inhibitor of PDE4. Our prediction was further
supported by docking® of a representative compound
D (Figure 1) into PDE4B in silico (Figure 2) that
showed H-bonding interaction between the NH of D
and the MET431 residue of PDE4B with a docking
score of —66.28 kcalmol ™' comparable to that of the
reference standard rolipram, —59.35 kcalmol™'. Thus
a straightforward synthetic method leading to C was
needed. While a number of syntheses of SH-diben-
zo[b,e]azepin-6(11H)-ones have been reported® only
few are known for their 11-cyano derivatives.’* Al-

essential for
PDE4 inhibition
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Figure 1. Design of C (and D) based on reported molecules
A/B.P
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Figure 2. Docking of compound D into PDE4B (PDB ID:
1XMY).

though effective for the synthesis of specific com-
pounds, these methods involve lengthy steps and ap-
peared to be not suitable for the direct synthesis of C.
Accordingly, we have developed a co-catalyst, ligand
or additive free one-pot synthesis of C (or 3,
Scheme 1) via a new and versatile Cu-catalyzed
domino reaction involving NO, as an unexpected
leaving group. The preliminary results of this study
along with a pharmacological evaluation of the newly
synthesized compounds are presented. Notably, Cu-
mediated domino reactions!”! and the use of the NO,
group!® in organic synthesis have been studied earlier.
While Cu-mediated displacement of the NO, group
by an S-nucleophile”” has been reported once but
none is known involving a C-nucleophile.

The key starting material 1 was prepared via amide
bond formation between 2-nitroaryl carboxylic acid
chloride and 2-iodoanilines (see the Supporting Infor-
mation). Then the Cu-catalyzed coupling of iodo com-
pound la with methyl cyanoacetate (2b) was exam-
ined under various conditions (Table 1). Initially, we
expected the formation and isolation of a normal Ull-
mann coupled product 4 (Scheme 2) that could be
converted to the target compound 3b via a number of
steps, for example, converting its NO, group to iodo
(via reduction followed by Sandmeyer reaction) and
then a second Ullmann type coupling in an intramo-
lecular fashion. To our surprise the coupling of 1la
with 2b afforded 3b directly as the only product. We
were delighted with this observation and continued
our study. To identify the best reaction conditions

"one-pot"

|
_{ pON Z  Cul,K,COs
& ) N - N ot < —_—
2R \_7¥ CN DMSO,85°C
1 0 2 [direct 7-membered

ring formation]

Scheme 1. Synthesis of 3 via a Cu-catalyzed domino reac-
tion.
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Table 1. Effect of conditions on domino reaction of 1a with
2b.1a
|

NH
o) e

Q cl
Cu-cat. OMe,
1a © base cal NC O
solvent O
+ B
o N
N 85°C, 2 h H o
3b
CO,Me
2b
Entry  Catalyst Base Solvent Yield® [%]
1 Cul K,CO, DMSO 94 (65, 37)@
2 Cul Cs,CO; DMSO 87
3 Cul Na,CO; DMSO 90
4 Cul K;PO, DMSO 66
5 Cul K,CO; DMF 82
6 Cul K,CO;, 1,4-dioxane 0
7 Cul K,CO,4 toluene 0
8 CuBr K,CO; DMSO 83
9 Cu(Cl K,CO; DMSO 64
10 No Cat.  K,CO;, DMSO 0

[] Reactions are carried out using la (1 mmol), 2b
(1.2 mmol), catalyst (0.1 mmol), and a base (3 mmol) in
a solvent (2.5 mL) at 85°C under open air.

) Isolated yield.

[l 0.05 and 0.02 mmol of Cul used.

NC
CO,Me
O,N several
1a Cu-cat. 2 steps
+ — 3 CI NH C . — 3b
4 O

2b  g5oc 2h

Scheme 2. Planned/expected reactions/steps leading to 3b.

a range of bases, for example, K,CO; Na,COs;,
Cs,CO; and K;PO, (entries 1-4, Table 1), solvents, for
example, DMSO, DMF, 1,4-dioxane and toluene (en-
tries 1 and 5-7, Table 1) and catalysts, for example,
Cul, CuBr and CuCl (entries 1, 8 and 9, Table 1) were
assessed. Accordingly, a combination of Cul and
K,CO; in DMSO was found to be optimal. Notably,
a decrease in product yield or no reaction was ob-
served when a decreased amount of Cul or no Cul
was used (entries 1 and 10, Table 1) indicating the key
role played by the catalyst.

The scope of the present Cu-catalyzed domino re-
action was then examined which afforded compound
3 with a variety of substitution patterns (Table 2). The
reaction proceeded well with various substituents on
1. For example, for R', R* and R’ selected from H, F,
Cl, Br or Me the corresponding product was isolated
in good yield. Similarly, the use of nitriles (2a—d) con-
taining a CO,Me, CO,Et, PO(OEt), or CN moiety
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Table 2. Cu-catalyzed synthesis of 11-cyano 5H-dibenzo[b,e]azepin-6(11H)-ones 3/ (see also Table S-1 in the Supporting In-

formation).
z R®
>—/—<_/ ON N Cul, K,CO5 rR_NC
R? NH —_— O
o )‘O DMsO,85°Cc  R? N
1 3H ©o

Entry o-lodo amide (1): R!, R% R? Nitrile (2): Z Time [h] Product (3): R', R%, R, Z Yield®™ [%]
1 1a:Cl, H, Cl 2a: CO,Et 2 3a: Cl, H, Cl, CO,Et 91
2 1a 2b: CO,Me 2 3b: Cl, H, Cl, CO,Me 94
3 1b: CLL H, F 2a 2 3c: CL, H, F, CO,Et 90
4 1c:F H, F 2a 2.5 3d: F, H, F, CO,Et 89
5 1c 2b 2 3e: F, H, F, CO,Me 92
6 1c 2¢: PO(OEY), 25 3f: F, H, F, PO(OEt), 41
7 1d: F, H, CI 2b 2 3g: F, H, Cl, CO,Me 88
8 le: Me, H, Cl 2a 2 3h: Me, H, Cl, CO,Et 93
9 le 2b 2 3i: Me, H, Cl, CO,Me 91
10 1f: Me, Me, H 2b 2 3j: Me, Me, H, CO,Me 86
11 1g: CI, H, H 2a 2 3k: Cl, H, H, CO,Et 82
12 1h: F, H, H 2a 2 3I: F, H, H, CO,FEt 79
13 1h 2b 2 3m: F, H, H, CO,Me 85
14 1li: Br, H  H 2a 2.5 3n: Br, H, H, CO,Et 76
15 1j: Me, H, H 2a 2 3o0: Me, H, H, CO,Et 94
16 1j 2b 2 3p: Me, H, H, CO,Me 87
17 1k: H, H, H 2a 2.5 3q: H, H, H, CO,Et 79
18 1k 2b 2.5 3r: H, H, H, CO,Me 77
19 11: H, Me, H 2d: CN 6 3s: H, Me, H, CN 52
20 1j 2d 6 3t: Me, H, H, CN 47
21 1i 2d 6 3u: Br, H, H, CN 45

[l All the reactions are carried out using compound 1 (1 mmol), 2 (1.2 mmol), K,CO; (3.0 mmol) and 10 mol% Cul in

DMSO (5 mL) under open air.
] Isolated yield.

was successful. All the functionalized compounds syn-
thesized were characterized by spectral ('H and
BCNMR, MS and HPLC) data (see the Supporting
Information) for example, (i) a '"H NNMR signal near
0=11.5 (D,0O exchangable) due to -NH-, and 6§=4.0
due to ester-OMe or 8= 4.42 and 1.40 due to ester-
OEt, (ii) "C NMR signals near 165 and 169 ppm due
to ester and amide C=O, respectively, confirmed the
presence of these functional groups. Furthermore,
DEPT PCNMR sepctra of a representative com-
pound 3o indicated the presence of nine quaternary
carbons and one -CH,- group.

Mechanistically, the reaction seemed to proceed via
a Cu-catalyzed Ullmann type C-C bond formation
between the iodo compound 1 and nitrile 2 to give
the C-arylated nitrile intermediate E-1 in situ
(Scheme 3). On subsequent deprotonation followed
by reaction with Cul, E-1 affords an organo-Cu spe-
cies E-2. An intramolecular interaction between the
Cu moiety and the NO, group causes polarization of
the C-NO, bond, for example, E-3 that facilitates
a nucleophilic attack on the NO, bearing aromatic
carbon by the proximate Cu-coordinated benzylic
carbanion in an intramolecular fashion. Thus the
product 3 is formed via an intramolecular displace-
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ment of NO, group (SyAr type reaction) with the re-
generation of catalyst Cul. The intermediacy of E-
1 was further supported by the isolation of compound
4a from the reaction of 11 with 2d after 45 min
(Scheme 4) which, on further continuation of reac-
tion, was converted to 3s (Table 2) in 48% yield [for
example, 4a (1.0 mmol), K,CO; (3.0 mmol) and
10 mol% Cul in DMSO (5 mL) at 85°C for 4 h under
open air]. To assess the role of the Cu catalyst in the

Ulimann-type 4
142 coupling oN K,CO4
Cul Hio
3 NH NO, co,
oz | o 0)\[?“ 7 o
pCu \® K

SNAT type

Q
CN
NC WC
reaction
NC z NH NO,
(@)

NH N02 Cul

:ﬁﬁf 0

Scheme 3. The proposed reaction mechanism.
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a control reaction was performed using the isolated
intermediate 4a in the absence of Cu catalyst [for ex-
ample, 4a (1.0 mmol) and K,CO; (2.0 mmol) in
DMSO (5mL) at 85°C for 4 h under open air]. The
isolation of the corresponding product 3s in poor
yield (11%) indicated the key role played by the Cu
catalyst in this transformation.

In an enzyme-based in vitro assay!'” two of the syn-
thesized compounds showed good inhibition of
PDE4B [for example, 30 (70%) and 3n (64% )] when
tested at 10 uM (see the Supporting Information)
with rolipram (85% inhibition at 10 uM) as a reference
standard. Compound 30 showed dose-dependent in-
hibition of PDE4B (Figure 3). The enzyme-com-
pound interaction was further supported by the dock-
ing® results of 30 (see the Supporting Information)
with PDE4B protein (docking score —66.28 kcal
mol ). The amidic NH of the central ring of 30 par-
ticipated in H-bonding with the MET431 residue of
PDEA4B. In view of the fact that the PDE4 inhibitor
rolipram induced apoptosis in B-CLL cells!'!! the com-
pound 3o was tested for its apoptotic activities in Ze-
brafish embryos!"?*® at 1, 3, 10 and 30 uM along with
a known drug methotrexate!"”! at 30 uM. The com-
pound 30 showed considerable apoptotic effects
(Figure 4 and Figure 5) with EC5y~30 uM and there-
fore is of further interest as a preliminary hit mole-
cule. Indeed, 3o is the first example of a 5H-diben-

=
.g 804
2
E 604
g
¥ 40-
(=)
o
< 20+ f
c I ] I ) I 1
0.001 0.01 0.1 1 10 100 1000
30
[Concentration (uM)]

Figure 3. Dose-dependent inhibition of PDE4B by com-
pound 3o.
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Compound 30

Figure 4. The percentage induction of apoptosis caused by
compound 3o at different concentrations along with metho-
trexate. All the statistical analysis was performed using
GraphPad Prism® software.

Control 10uM 30uM

Methotrexate 1pM

Figure 5. Representative images of the embryos treated with
methotrexate (30 uM) and compound 3o (1, 3, 10 and
30 uM) assayed for apoptosis. Only the selected parts of em-
bryos are shown.

zo[b,e]azepin-6(11H)-one-based PDE4 inhibitor/apop-
totic agent.

In conclusion, a Cu-catalyzed straightforward and
inexpensive yet innovative method has been devel-
oped for rapid access to a library of small molecules
based on the dibenzo-fused azepinone framework.
This operationally simple one-pot methodology in-
volves 7-membered ring formation via Ullmann type
C-C coupling followed by an unusual intramolecular
displacement of an NO, group. One of the synthe-
sized compounds showed encouraging PDE4 inhibi-
tion in vitro/in silico and apoptosis in vivo indicating
dibenzo-fused azepinone as a new pharmacophore for
PDE4 inhibition/apoptosis. Overall, our findings relat-
ed to dibenzo-fused azepinone are unprecedented and
could be a useful addition to the chemistry and phar-
macology of this class of nitrogen heterocycle.

© 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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Experimental Section

Typical Procedure for Preparation of Compound 3a

A mixture of 4-chloro-N-(4-chloro-2-iodophenyl)-2-nitro-
benzamide (1a) (0.24 mmol), K,CO; (0.74 mmol), methyl 2-
cyanoacetate (2b) (0.29 mmol) and Cul (0.024 mmol) in
DMSO (2 mL) was heated at 85°C under the open air for
2h. After completion of the reaction, the mixture was
cooled to room temperature, diluted with ethyl acetate
(15 mL) and passed through celite. The filtrate was collect-
ed, washed with water (3x15mL) followed by brine solu-
tion (25mL), dried over anhydrous Na,SO,, filtered and
concentrated under reduced pressure. The residue was puri-
fied by column chromatography using ethyl acetate-hexane
to give the desired product 3a.
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