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ABSTRACT: The first base-promoted formal [4 + 3] annula- Rr1; \ Q £BUOK NS

tion between 2-fluorophenylacetylenes and ketones has been (_/~—— * R2l\ — > Rt N Ra\
disclosed. The reaction proceeds through a tandem a-vinylation = .OR DMSO O
of ketones followed by an intramolecular nucleophilic aromatic e 43 examples 7
substitution (SyAr) reaction of the in situ generated Sy up to 50% yield

unsaturated ketone intermediates, providing a straightforward
access to a wide range of functionalized benzoxepines in moderate to high yields. The transition-metal-free methodology featured a
wide substrate scope, the use of easily available starting materials, and a high functional group tolerance.

B INTRODUCTION As part of our continuing interest in the development of
efficient methods for the synthesis of oxygen and/or nitrogen
containing heterocyclic compounds,9 herein, we wish to report
a convenient method for the synthesis of benzoxepines via a
base-promoted [4 + 3] cyclization of readily available ketones
and 2-fluorophenylacetylenes (Figure 2c).

Benzoxepines are an important class of seven-membered
oxygen-containing heterocycles widely distributed in a variety
of natural products and biolo%i)cally active compounds, such as
pterulinic acid,"* ptaeroxylin, * and artoristilbene' (Figure 1).
Interestingly, some of the benzoxepine derivatives isolated
from sunflower can serve as natural herbicides.” Therefore,
the development of facile and efficient strategies for the

B RESULTS AND DISCUSSION

straightforward construction of these important ring systems Our initial efforts focused on the reaction of 2-fluorophenyl-
with simple and readily available Starting materials is of great acetylene (la) and acetophenone (Za) under various reaction
significance. conditions, and the results are summarized in Table 1. To our

In the past decades, many elegant transition-metal-catalyzed delight, when the reaction was performed in the presence of
intramolecular cyclization reactions have been developed for 1 equiv of t-BuOK in DMSO at 120 °C for 12 h, the desired
the synthesis of functionalized benzoxepines,'™* such as product 3aa, 2-phenylbenzo[b]oxepine, was obtained in 92%
osmium-catalyzed 7-endo heterocyclization of aromatic alky- yield (entry 1). Further screening of bases showed that
nols,** Rh-catalyzed intramolecular olefin hydroacylation,* and CH;0Na, KOH, and DBU were also capable of promoting
gold-catalyzed tandem intramolecular cyclization of 2-(prop-2- the reaction to give the desired product in good yields while
ynyloxy)benzaldehydes.* On the other hand, transition-metal- replacement of t-BuOK by other organic or inorganic bases
catalyzed intermolecular [m + n] cyclization has also proven to such as K,CO,, E;N, or t-BuOLi led to low yields (entries 2—8).
be a powerful tool for the assembly of these ring structures.’ Decreasing the loading of t-BuOK to 0.5 equiv decreased the
For example, Lu and co-workers reported cationic palladium- yield to 45% (entry 9). It should be pointed out that the reaction
catalyzed [S + 2] annulations of 2-aroylmethoxyarylboronic required a nitrogen atmosphere to proceed; if the reaction was
acids with alkynes or allenoates.>™® Zhang et al. developed conducted in air, the product was obtained only in 9% yield
a copper-catalyzed tandem [4 + 3] cyclization reaction of along with a large amount of unidentified products (entry 10).
trifluoromethyl-containing  ortho-halo-f-chlorostyrenes with It was also found that the solvent have a great influence on the
ketones for the synthesis of a variety of 4-trifluoromethyl- yield of 3aa. DMSO proved to be the most suitable media for the
benzoxepines (Figure 2a).>! Most recently, Mascarefi and reaction while other solvents such as DMF, MeCN, 1,4-dioxane,
Gulias reported a rhodium-catalyzed formal [5 + 2] or toluene retarded the formation of 3aa (entries 11—14). Fur-
cycloaddition of o-vinylphenols with alkynes, Dgiving rise to ther optimization revealed that decreasing the reaction tempera-
the corresponding benzoxepines (Figure 2b).” In contrast, ture from 120 to 100 °C led to an obvious decrease in the yield
transition-metal-free synthetic strategies for preparing these of the product (entry 15).

With the optimized reaction conditions in hand, the base-

seven-membered heterocyclic compounds have been less
promoted methodology was first applied for the reactions of

explored.” Thus, the development of general methods for
constructing benzoxepine derivatives with a wide sub-

strate scope under transition-metal-free conditions is highly Received: October 28, 2015
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Figure 1. Representative natural products containing the benzoxepine skeleton.
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Figure 2. Synthetic strategies to benzoxepines.

Table 1. Optimization of the Reaction Conditions®

o base =
O=" o - CQ2
solvent (o)

F Ph
1a 2a 3aa
entry base solvent temp (°C) yield (%)b
1 t-BuOK DMSO 120 92 (86)

2 CH;0ONa DMSO 120 81
3 C,H;ONa DMSO 120 43
4 K,CO;, DMSO 120 68
S KOH DMSO 120 88
6 DBU DMSO 120 75
7 Et;N DMSO 120 30
8 t-BuOLi DMSO 120 25
9° t-BuOK DMSO 120 45
107 +BuOK DMSO 120 9
11 t-BuOK DMF 120 18
12 t-BuOK MeCN 120 trace
13 t-BuOK 1,4-dioxane 120 15
14 t-BuOK toluene 120 trace
15 t-BuOK DMSO 100 79

“Reaction conditions: 1a (0.25 mmol), 2a (0.25 mmol), and base
(0.25 mmol) in solvent (1 mL), under a N, atmosphere for 12 h. *GC
yield with dodecane as internal standard. Number in parentheses is the
yield of isolated product. “With 0.5 equiv of +-BuOK. “The reaction
was conducted in air.

2-fluorophenylacetylene (la) with various ketones. As can be
seen from Table 2, the cyclization is efficient for a wide range
of alkyl aromatic, alkyl heteroaromatic, aliphatic, and cyclo-
aliphatic ketones. A variety of acetophenones worked well with
la to give the corresponding products in good yields. Both
electron-donating and -withdrawing groups such as the methyl,
trifluoromethyl, dimethylamino, and morpholino group were

913

tolerated (3ab—3ac) without any difficulty under the reaction
conditions. In addition to monosubstituted acetophenones, bis-
substituted acetophenone 2e provided the desired product 3ae
in high yield as well. Remarkably, methyl ketones containing a
naphthyl, furan, or thiophene moiety are all suitable substrates
for this transformation (3af—3ag). As expected, other aromatic
ketones such as propiophenones and deoxybenzoins with dif-
ferent substitution patterns reacted well with 1a to form the
corresponding benzoxepines 3ah and 3ai in good yields. It
should be pointed out that 1,4-diacetylbenzene failed to react
with 2-fluorophenylacetylene to yield the desired product under
the standard reaction conditions, and a large amount of starting
material was recovered, although the reason is unclear.

Pleasingly, a range of alkyl benzyl ketones underwent the
cyclization smoothly to afford the desired products in moderate
to high yields (3aj—3ao0). The results show that the electronic
nature of the substituents on the benzene ring affects the yields
of the desired products slightly. However, steric hindrance has
a great impact on the reaction. For instance, only 54% yield
was obtained when (2-methoxyphenyl)acetone reacted with 1a
while its 4- and 3-substituted analogues gave higher yields (83%
and 72%, respectively). (2-Furyl)acetone and (2-pyridyl)-
acetone successfully entered into the reaction to furnish the
corresponding products (3ap and 3aq) in satisfactory yields.
Note that the S-aryl-substituted aliphatic ketone, 4-phenyl-
butan-2-one (2r), could afford the product 3ar in good yield
with excellent regioselectivity (13:1). Both 3-pentanone and
1-cyclopropylethanone were capable of taking part in the
process, although the latter gave the desired product in a lower
yield (54%). Encouraged by these results, we further examined
the scope of our new protocol with a series of cycloaliphatic
ketones. To our delight, all three substrates examined, ie.,
cyclohexanone, cycloheptanone, and cyclooctanone, underwent
a smooth reaction with 1a, affording the corresponding tri-
cyclic products (3au—3aw) in good yields. To our surprise, the
reaction of 2-tetralone led to an unexpected outcome. A
tetracyclic compound, 12,13-dihydrobenzo[b]naphtho[1,2-f]-
oxepine (3ax), was isolated in 82% yield, instead of the
expected product 3ax’ (Scheme 1). It seems that 3ax was
formed through the aromatization of intermediate 3ax’, which
might be attributed to the higher thermodynamical stability of
3ax than that of 3ax’. The structures of the products 3ai; and
3ax were confirmed unambiguously by X-ray crystallography
(Figure Sl).10

Subsequently, the scope of 2-fluorophenylacetylenes was
examined (Table 3). To our delight, a variety of electron-
donating and -withdrawing substituents in the benzene ring of
the 2-fluorophenylacetylenes, including halide (Cl, Br), CN,
and methyl, are tolerated in this transformation, and the corre-
sponding products (3ba—3fa and 3bj,—3dj,) are obtained in
high to excellent yields. Moreover, 3-ethynyl-2-fluoropyridine
(1g) could undergo the annulation reaction with acetophenone
(2a) to give rise to the corresponding product 2-phenyl-
oxepino[2,3-b]pyridine (3ga) in a moderate yield.

DOI: 10.1021/acs.joc.5b02487
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Table 2. Substrate Scope of Ketones™”

3aby, R = Me, 84%
3ab,, R= CF, 64%

3ag4, X =0, 68%
3ag,, X =S, 60%

3aj;, R=F, 76%
3aj,, R = Cl, 85%
3aj;, R = Br, 65%
3aj,, R = Me, 76%
3ajs, R = OMe, 83%

CR0 00

3am, 80% 3an, 81%
- N=
VAR,
O
3aq, 74% 3ar, 66% (13:1)

3ah,, R=H, 73%
3ah,, R= OMe, 76%

OO0

3ak, 72%

O / O /
© ; o)
3ao, 69% l 3ap, 69%

1 equiv -BuOK —
R! — . / R?
;. Re DMSO, 120 °C o<,
N 12 h, N, R
2 3

3ae, 88%

3aiy, R=H, 80%
3ai,, R=F, 78%
3ais, R = Cl, 81%
3aiy, R = OMe, 72%

OMe MeO

OO

3al, 54%

/
(o) { o
3as, 68% 3at, 54%

3au, 78% 3av, 71%

3aw, 72% 3ax, 82%

“Reaction conditions: 2- ﬂuorophenylacetylene (1a, 0.25 mmol), ketone 2 (0.25 mmol), and +-BuOK (0.25 mmol), in DMSO (1 mL) at 120 °C

under a N, atmosphere for 12 h. “Isolated yields.

Scheme 1. Formation of 3ax through the Aromatization of 3ax’

standard

O CorE R | O
e

3ax'

aromatization
—_—

S@aY

3ax

In order to further demonstrate the practicability and
reliability of the developed protocol, we also performed the
reaction on a larger scale. Pleasingly, benzoxepine product 3aa
could be obtained in a satisfactory yield (75%) when the
reaction was conducted on a 5 mmol scale (Scheme 2).

To obtain more insights into the mechanism of this trans-
formation, we attempted to identify the reaction intermediates.
Fortunately, when the reaction of 2-fluorophenylacetylene (1a)

914

and 1-(furan-2-yl)ethanone (2g;) was interrupted after 1 h, a
P,y-unsaturated ketone product 4ag; was observed in 48% yield
by means of GC-MS analysis (eq 1). After purification and
subsequent treatment with +-BuOK under standard conditions,
4ag, was able to give the product 3ag, in a 78% yield (eq 2),
indicating that 4ag, might be the key intermediate for
the formation of 3ag; and that the C—C bond formation
would occur prior to the formation of C—O bond during the

DOI: 10.1021/acs.joc.5b02487
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Table 3. Substrate Scope of 2-Fluorophenylacetylenes"'b

o
= t-BuOK XY

X + 2 — R1 R3,

R R = // .

AN IR DMSO, 120 °C 0 \

12h, N, R?_.~
1b-g 2a and 2j, 3ba-3ga, 3bj,-3dj,
/ L)) /
(}.O BoQ AL,
3ba, 90% 3bj,, 88% 3ca, 89%
— —
= Cl
() DOAY,
O / O R e 0 NC o
c O
3cjz, 82% 3da, 86% 3dj,, 83%
/ P
(o} N™ “o
3ea, 80% 3fa, 82% 3ga, 58%

Reactlon conditions: alkyne 1 (0.25 mmol), ketone 2 (0.25 mmol), and -BuOK (0.25 mmol), in DMSO (1 mL) at 120 °C under a N, atmosphere
for 12 h. “Isolated yields.

Scheme 2. Synthesis of 3aa on a Larger Scale

C{ i ﬂ t-BuOK (1 equiv)

3)

o tBuOK(1 equiv)
(:[ Co’)\ DMSO, 120 °C

Ny, 12h

DMSO (10 mL) 120 °C 3ag4
Ny, 12 h
1a, 5 mmol 2a, 5 mmol 3aa, 75% isolated yield Scheme 3 Proposed Reaction Mechanism
R3
o) = o} 2
é 1“ . RZK base i SN R
+ R'T T
o = F R3 Vinylation Z F o
\
F (0] 4
1 2
1a 29,4

t-BuOK (1 equiv)

) ¥
= N
—_— LS 3 R'G R3 X R?
DMSO, 120 °C R{;OQR S % R1m
Ny, 1 h R2 NAT R Z o
3agq, 40% 4ag,, 48% 3 7
o
« 9 +BUOK (1 equiv) @ take place in the presence of a base, giving rise to intermediate
—_— >
I DMSO. 120 °C 4."" The keto—enol tautomerism of 4 then occurred to yield an
F Nz, 12h intermediate 6, which was in equilibrium with its (Z)-isomer 7.

4ag, 3ag,, 78% Finally, intramolecular nucleophilic aromatic substitution
(SwAr) of 7 would afford the target product 3."”

cyclization process. Moreover, when 2-chlorophenylacetylene

(5a) was employed to react with 2g, under standard con-

Bl CONCLUSION

ditions, only a complex mixture was observed without In summary, we have successfully developed a facile and effici-
the formation of the desired product (eq 3), suggesting that ent protocol for the straightforward assembly of a wide range of
the presence of a fluorine atom in the position ortho to the functionalized benzoxepines via a base-promoted formal [4 +
acetylenic group in molecules 1 is crucial to the success of the 3] annulation between 2-fluorophenylacetylenes and ketones.
transformation. The reaction was proposed to proceed through a tandem
On the basis of the above results and previous literature,' "' a-vinylation of ketones followed by an intramolecular nucleo-

a plausible mechanism is illustrated in Scheme 3. Initially, vinyl- philic aromatic substitution (SyAr) reaction. The transition-
ation of ketone 2 with ortho-fluorophenylacetylene 1 would metal-free methodology featured a wide substrate scope, the
915 DOI: 10.1021/acs.joc.5b02487
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use of easily available starting materials, and a high functional
group tolerance. Further investigations into the mechanism and
application of the method for constructing more complex mole-
cules are ongoing in our laboratory.

B EXPERIMENTAL SECTION

General Methods. 'H and *C NMR spectra were recorded by
using a 400 MHz NMR spectrometer. The chemical shifts are
referenced to signals at 7.26 and 77.0 ppm, respectively, and CDCI; is
used as a solvent with TMS as the internal standard. Mass spectra were
recorded on a gas chromatograph—mass spectrometer. The data of
HRMS were collected using a high-resolution mass spectrometer
(LCMS-IT-TOF). IR spectra were obtained using either potassium
bromide plates or liquid films between two potassium bromide plates
with an infrared spectrometer. Melting points were determined with a
digital melting point measuring instrument. Compounds 1b—g were
synthesized according to the literature procedures.”” Other substrates
were commercially purchased and used without further purification.

General Procedure for the Preparation of Benzoxepines (3).
To a 25 mL dried Schlenk tube was added the mixture of
o-fluorophenylacetylene 1 (0.25 mmol), ketone 2 (0.25 mmol), and
potassium tert-butoxide (0.25 mmol) in DMSO (1.0 mL) successively.
The mixture was stirred at 120 °C for 12 h under a N, atmosphere.
After the reaction was completed, the mixture was cooled to room
temperature and diluted with H,0 (15 mL), neutralized with NH,C],
and extracted with EtOAc (10 mL X 3). The organic extract was
washed with H,O (10 mL X 3) and dried over anhydrous Mg,SO,.
After removal of the EtOAc in vacuum, the crude product thus
obtained was purified by column chromatography on silica gel with
hexanes or petroleum ether/ethyl acetate (2:1 to S0:1) to give the
desired products 3.

2-Phenylbenzo[bjoxepine (3aa).”* Yellow solid (47.3 mg, 86%),
mp: 59—60 °C. "H NMR (400 MHz, CDCl;) 6 7.84 (d, ] = 8.0 Hg,
2 H), 741 (t, ] = 7.5 Hz, 2 H), 7.37-7.28 (m, 2 H), 7.19 (d, ] =
74 Hz, 1 H), 7.12 (dd, ] = 14.8, 7.6 Hz, 2 H), 6.80 (d, J = 10.0 Hz,
1 H), 6.32—6.28 (m, 2 H). *C NMR (100 MHz, CDCL,) § 155.2,
154.9, 134.8, 132.1, 131.5, 130.3, 128.8, 128.6, 128.5, 127.5, 1254,
124.8, 121.3, 110.1. IR (KBr): 3060, 3024, 2923, 2851, 1589, 1486,
1447, 1202, 1170, 752, 717, 687 cm™'. HRMS-ESI (m/z): calcd for
Cy6H|;NaO [M + Na]*: 243.0780; found: 243.0775.

2-(p-Tolyl)benzo[bjoxepine (3ab,). Yellow solid (49.1 mg, 84%),
mp: 81—82 °C. '"H NMR (400 MHz, CDCl;) 6 7.75 (d, ] = 7.6 Hg,
2H),7.31(t, J=7.6Hz,1H),7.24-7.19 (m,3 H), 7.13 (dd, J = 15.2,
7.6 Hz, 2 H), 6.79 (d, ] = 10.8 Hz, 1 H), 6.34—6.29 (m, 1 H), 6.25 (d,
J = 6.0 Hz, 1 H), 2.40 (s, 3 H). ®C NMR (100 MHz, CDCl;) § 155.1,
155.0, 138.6, 132.1(4), 132.1(0), 131.0, 130.2, 129.2, 128.7, 127.6,
1254, 124.7, 121.3, 109.2, 21.2. IR (KBr): 3062, 3025, 2920, 2856,
1633, 1588, 1484, 1449, 1264, 1203, 1171, 1047, 776, 754 cm™.
HRMS-ESI (m/z): calcd for C;;H;,NaO [M + Na]*: 257.0937; found:
257.0938.

2-(4-(Trifluoromethyl)phenyl)benzo[bJoxepine (3ab,). Yellow
solid (46.1 mg, 64%), mp: 126—128 °C. 'H NMR (400 MHz,
CDClL,) 6 7.92 (d, ] = 8.1 Hz, 2 H), 7.66 (d, ] = 8.1 Hz, 2 H), 7.33 (4,
J=7.5Hz, 1 H),7.21-7.13 (m, 2 H), 7.08 (d, ] = 8.1 Hz, 1 H), 6.85
(d, ] = 10.8 Hz, 1 H), 6.36—7.28 (m, 2 H). *C NMR (100 MHz,
CDCL,) & 155.1, 1532, 138.1, 132.6, 131.8, 130.6, 1302 (q, J =
32.0 Hz), 129.0, 127.0, 125.5, 1254 (q, J = 3.0 Hz), 125.0, 122.7,
121.1, 112.1. IR (KBr): 3056, 2987, 1613, 1487, 1329, 1265, 1111,
827, 764 cm™'. HRMS-ESI (m/z): caled for C,H,,F;0 [M + H]*:
289.0835, found: 289.0831.

4-(Benzo[b]oxepin-2-yl)-N,N-dimethylaniline (3ac). Yellow solid
(59.2 mg, 91%), mp: 120—121 °C. 'H NMR (400 MHz, CDCL;) &
7.77 (d, ] = 8.5 Hz, 2 H), 7.31 (t, ] = 7.8 Hz, 1 H), 7.21 (d, ] = 7.3 Hg,
1 H), 7.13 (dd, ] = 12.4, 7.6 Hz, 2 H), 6.80—6.72 (m, 3 H), 6.33 (dd,
J =109, 63 Hz, 1 H), 6.14 (d, ] = 6.2 Hz, 1 H), 3.04 (s, 6 H). '*C
NMR (100 MHz, CDCL,) & 155.6, 154.8, 150.5, 132.4, 129.8, 129.4,
128.4, 128.0, 126.7, 124.5, 122.9, 121.3, 111.8, 106.3, 40.2. IR (KBr):
3023, 2925, 2805, 1610, 1521, 1445, 1362, 1199, 1165, 1048, 944, 816,
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758 cm™!. HRMS-ESI (m/z): caled for C,gH;;NaNO [M + Na]*:
286.1202; found: 286.1208.

4-(4-(Benzo[bJoxepin-2-yl)phenyl)morpholine (3ad). Black solid
(64.0 mg, 84%), mp: 83—84 °C. '"H NMR (400 MHz, CDCL;) § 7.71
(d,J =86 Hz, 2 H), 723 (d, ] = 8.5 Hz, 1 H), 7.13 (d, ] = 7.2 Hg,
1H),7.08 (d,J=72Hz, 1H),7.03(d,J=80Hz 1H),691(d,] =
7.4 Hz, 2 H), 6.70 (d, ] = 11.0 Hz, 1 H), 6.25 (dd, J = 10.9, 6.2 Hz, 1
H), 6.11 (d, ] = 6.2 Hz, 1 H), 3.84 (s, 4 H), 3.18 (s, 4 H). °C NMR
(100 MHz, CDCl;) § 154.8, 132.2, 130.4, 130.3, 130.0, 129.0, 128.6,
127.7, 126.6, 124.6, 121.2, 115.1, 107.9, 99.8, 66.5, 48.8. IR (KBr):
3024, 2964, 2955, 1596, 1450, 1231, 1189, 1117, 823, 758 cm™.
HRMS-ESI (m/z): caled for C,0H,oNO, [M + H]*: 306.1489; found:
306.1487.

2-(3,4-Dimethylphenyl)benzo[bJoxepine (3ae). Yellow oil (53.3 mg,
86%). '"H NMR (400 MHz, CDCl;) 6 7.55 (d, ] = 10.0 Hz, 2 H), 7.25
(t, J=7.6 Hz, 1 H), 7.13 (d, J = 5.2 Hz, 2 H), 7.07 (dd, ] = 12.4,
8.0 Hz, 2 H), 6.73 (d, ] = 10.8 Hz, 1 H), 6.26 (dd, ] = 10.8, 6.4 Hz,
1 H), 619 (d,] = 6.0 Hz, 1 H), 227 (d, ] = 9.2 Hz, 6 H). *C NMR
(100 MHz, CDCl;) § 155.1(4), 155.0(6), 137.5, 136.7, 132.6, 132.3,
131.0, 130.2, 129.9, 128.7, 127.7, 126.7, 124.7, 123.1, 121.4, 109.2,
20.0, 19.7. IR (KBr): 3024, 2969, 2917, 2855, 1634, 1589, 1482, 1448,
1266, 1204, 1020, 820, 754 cm™'. HRMS-ESI (m/z): caled for
CysH;sNaO [M + Na]*: 271.1093; found: 271.1100.

2-(Naphthalen-2-yl)benzo[bjoxepine (3af). Yellow oil (59.4 mg,
88%). '"H NMR (400 MHz, CDCl;) 6 8.39—8.32 (m, 1 H), 7.83 (t, ] =
7.2 Hz, 2 H), 7.63 (d, ] = 6.8 Hz, 1 H), 7.50—7.44 (m, 2 H), 7.39 (4,
J=7.6Hz, 1 H),7.16 (t, ] = 6.8 Hz, 2 H), 7.08 (t, ] = 7.2 Hz, 1 H),
679 (d,J=11.2Hz, 1 H),6.72 (d,] = 7.6 Hz, 1 H), 6.26 (dd, ] = 11.2,
6.0 Hz, 1 H), 5.95 (d, ] = 5.6 Hz, 1 H). *C NMR (100 MHz, CDCl,)
5 156.0, 155.7, 134.3, 133.9, 132.0, 131.6, 131.4, 130.3, 129.5, 128.9,
128.4, 127.4, 127.3, 126.7, 126.4, 126.1, 125.1, 124.9, 121.9, 115.6. IR
(KBr): 3054, 2924, 1639, 1483, 1447, 1265, 1202, 1101, 951,
749 cm™'. HRMS-ESI (m/z): caled for C,0H,NaO [M + Nal*:
293.0937; found: 293.0937.

2-(Furan-2-yl)benzo[b]oxepine (3ag). Black oil (35.7 mg, 68%).
"H NMR (400 MHz, CDCl;) § 7.37 (s, 1 H), 7.31 (t, ] = 7.6 Hz, 1 H),
7.17—=7.11 (m, 2 H), 7.03 (d, ] = 8.0 Hz, 1 H), 6.81 (d, ] = 2.8 Hz,
1 H), 6.73 (d, ] = 112 Hz, 1 H), 647 (s, 1 H), 627 (dd, J = 10.8,
6.4 Hz, 1 H), 6.15 (d, ] = 6.2 Hz, 1 H). ®*C NMR (100 MHz, CDCl,)
5 155.1, 150.1, 146.6, 143.0, 131.9, 131.2, 130.3, 129.0, 127.1, 125.0,
121.1, 111.6, 108.6, 108.5. HRMS-ESI (m/z): calcd for C;,H;(NaO,
[M + Na]*: 233.0573; found: 233.0565.

2-(Thiophen-2-yl)benzo[bjoxepine (3ag,). Yellow oil (33.9 mg,
60%). 'H NMR (400 MHz, CDCL,) § 7.41 (d, ] = 3.6 Hz, 1 H), 7.30
(t J=7.6 Hz, 1 H), 7.24 (d, ] = 4.8 Hz, 1 H), 7.16—7.10 (m, 3 H),
7.03 (t,J=3.6 Hz, 1 H), 6.73 (d, ] = 11.2 Hz, 1 H), 6.22 (dd, ] = 11.2,
6.0 Hz, 1 H), 6.10 (d, ] = 6.4 Hz, 1 H). 3*C NMR (100 MHz, CDCl,)
5 154.9, 150.0, 139.9, 131.8, 131.2, 130.4, 128.9, 127.8, 127.0, 125.8,
125.0, 124.7, 121.3, 108.8. IR (KBr): 3071, 3025, 2922, 2850, 1628,
1516, 1483, 1254, 1196, 822, 750, 697 cm™'. HRMS-ESI (m/z): calcd
for C;4H;(NaOS [M + Na]*: 249.0345; found: 249.0341.

3-Methyl-2-phenylbenzo[bJoxepine (3ah,). Yellow oil (42.7 mg,
73%). 'H NMR (400 MHz, CDCL,) § 7.61 (d, ] = 7.6 Hz, 2 H), 7.38
(t,J=72Hz, 2 H),7.34-7.29 (m, 1 H), 7.21 (t, ] = 6.8 Hz, 2 H), 7.10
(tt J=72Hz, 1 H), 685 (d, ] =84 Hz 1 H), 680 (d, J = 11.2 Hz,
1 H), 627 (d, ] = 10.8 Hz, 1 H), 1.93 (s, 3 H). *C NMR (100 MHz,
CDCl;) & 155.5, 149.1, 136.0, 133.2, 131.5, 130.0, 129.9, 129.1,
128.1(5), 128.1(3), 127.8, 124.4, 121.0, 120.9, 18.8. IR (KBr): 3057,
3018, 2919, 2852, 1641, 1483, 1447, 1264, 1170, 957, 758 cm™.
HRMS-ESI (m/z): caled for C;;H ,NaO [M + Na]*: 257.0937; found:
257.0935.

2-(4-Methoxyphenyl)-3-methylbenzo[b]oxepine (3ah,). Yellow
oil (50.2 mg, 76%). '"H NMR (400 MHz, CDCl;) § 7.57 (d, ] =
8.4 Hz, 2 H), 7.20 (t, ] = 7.6 Hz, 2 H), 7.08 (t, ] = 7.2 Hz, 1 H), 6.90
(d,J=84Hz 2H), 684 (d, ] =80 Hz, 1 H), 677 (d, ] = 11.2 Hz,
1 H), 625(d, J =112 Hz, 1 H), 3.82 (s, 3 H), 1.93 (s, 3 H). C
NMR (100 MHz, CDCl;) § 159.3, 155.2, 148.7, 133.4, 131.6, 130.5,
129.9, 129.3, 128.6, 128.1, 124.3, 121.0, 119.7, 1132, 552, 18.9.
IR (KBr): 3055, 2987, 2916, 2836, 1605, 1509, 1263, 1170, 837,
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737 ecm™'. HRMS-ESI (m/z): caled for C;gH,(NaO, [M + Na]*:
287.1043; found: 287.1036.

2,3-Diphenylbenzo[bjoxepine (3ai;).° Yellow oil (59.2 mg, 80%).
'"H NMR (400 MHz, CDCl;) § 7.44 (d,J =32 Hz,2 H), 7.32 (d, ] =
7.2 Hz, 1 H), 7.24—7.15 (m, 10 H), 6.98 (d, ] = 10.8 Hz, 1 H), 6.91
(d,J=7.6Hz, 1 H), 643 (d, ] = 10.8 Hz, 1 H). *C NMR (100 MHz,
CDCly) 6 154.7, 148.2, 139.2, 135.4, 132.2, 131.4, 130.7, 130.3, 130.1,
129.8, 128.3, 128.1, 127.5, 127.3(2), 127.2(6), 124.6, 121.0. IR (KBr):
3064, 3026, 2925, 2851, 1668, 1595, 1511, 1451, 1383, 1208, 1174,
947, 760 cm™'. HRMS-ESI (m/z): calcd for C,,H;(NaO [M + Na]*:
319.1093; found: 319.1087.

2-(4-Fluorophenyl)-3-phenylbenzo[b]oxepine (3ai,). Yellow solid
(61.2 mg, 78%), mp: 79—80 °C. '"H NMR (400 MHz, CDCL,) § 7.37
(t, J= 6.8 Hz, 2 H), 7.30 (d, ] = 7.2 Hz, 1 H), 7.24—7.20 (m, 4 H),
7.16—7.12 (m, 3 H), 6.95 (d, J = 11.2 Hz, 1 H), 6.86—6.80 (m, 3 H),
6.38 (d, ] = 11.2 Hz, 1 H). 3C NMR (100 MHz, CDCl;) 6 162.2 (d,
] = 248.0 Hz), 154.6, 147.2, 139.0, 132.1, 131.8 (d, ] = 8.0 Hz), 131.7
(d, J = 3.0 Hz), 131.4, 130.7, 1304, 130.1, 128.4(4), 128.3(9), 127.4,
127.2, 124.7, 121.0, 114.6 (d, J = 22.0 Hz). IR (KBr): 3057, 3023,
2922, 2851, 1598, 1503, 1446, 1269, 1231, 1174, 841, 758, 700 cm ™.
HRMS-ESI (m/z): caled for C,,H;;FNaO [M + Nal': 337.0999;
found: 337.0993.

2-(4-Chlorophenyl)-3-phenylbenzo[bjoxepine (3ais). Yellow solid
(66.8 mg, 81%), mp: 119—120 °C. 'H NMR (400 MHz, CDClL,;) §
7.32=7.29 (m, 3 H), 7.24-7.21 (m, 4 H), 7.15-7.09 (m, S H), 6.95
(d,J=112Hz, 1 H), 6.85 (d, ] = 84 Hz, 1 H), 6.37 (d, ] = 11.2 Hz,
1 H). 3C NMR (100 MHz, CDCl;) § 154.6, 146.8, 138.8, 133.9(2),
133.8(9), 132.1, 131.3, 131.1, 131.0, 130.5, 130.0, 128.5, 128.4, 127.9,
127.8, 127.5, 124.8, 120.9. IR (KBr): 3058, 3023, 2958, 2922, 1594,
1484, 1446, 1384, 1208, 1173, 1118, 835, 760, 700 cm™'. HRMS-ESI
(m/z): caled for C,H;sCINaO [M + Nal]™: 353.0704; found:
353.0701.

2-(4-Methoxyphenyl)-3-phenylbenzo[bJoxepine (3aiy,). Yellow oil
(58.7 mg, 72%). "H NMR (400 MHz, CDCl;) 6 7.37 (d, ] = 8.4 Hg,
2 H), 7.31 (d, ] = 7.6 Hz, 1 H), 7.24—7.12 (m, 7 H), 694 (d, ] =
11.2 Hz, 1 H), 6.89 (d, ] = 8.0 Hz, 1 H), 6.69 (d, ] = 8.4 Hz, 2 H), 6.40
(d,J = 112 Hz, 1 H), 3.75 (s, 3 H). 3C NMR (100 MHz, CDCL,) §
159.3, 154.5, 148.0, 139.6, 132.4, 131.5, 131.4, 130.2(4), 130.1(5),
130.0, 128.3, 128.2, 128.0, 127.1, 125.9, 124.5, 121.1, 112.9, 55.1. IR
(KBr): 3056, 3022, 2959, 2925, 2823, 1603, 1507, 1251, 1172, 1109,
1032, 836, 759, 701 cm™'. HRMS-ESI (m/z): calcd for Cp3H,NaO,
[M + Na]*: 349.1199; found: 349.1198.

3-(4-Fluorophenyl)-2-methylbenzo[bJoxepine (3aj;). Yellow oil
(47.9 mg, 76%). '"H NMR (400 MHz, CDCL,) 6 7.34 (t, ] = 7.2 Hg,
1 H), 723 (d, ] = 72 Hz, 1 H), 7.17-7.15 (m, 3 H), 7.02 (, ] =
8.0 Hz, 3 H), 6.77 (d, ] = 11.2 Hz, 1 H), 6.20 (d, ] = 11.2 Hz, 1 H),
2.05 (s, 3 H). '*C NMR (100 MHz, CDCL;) § 161.9 (d, ] = 245.0 Hz),
155.0, 151.8, 135.0 (d, J = 3.0 Hz), 131.4, 131.3, 130.9 (d, ] = 8.0 Hz),
130.0, 129.5, 128.5, 124.8, 124.7, 121.1, 115.1 (d, J = 21.0 Hz), 18.8.
IR (KBr): 3070, 2959, 2924, 2852, 1598, 1510, 1482, 1221, 1172, 958,
837, 759 cm™'. HRMS-ESI (m/z): calcd for C;;H;FNaO [M + Na]*:
275.0843; found: 275.0843.

3-(4-Chlorophenyl)-2-methylbenzo[bJoxepine (3aj,). Yellow oil
(56.9 mg, 85%). '"H NMR (400 MHz, CDCL;) § 7.35—7.28 (m, 3 H),
723 (d,J=7.6 Hz,1H),7.18 (d,]=7.6 Hz, 1 H), 7.13 (d, ] = 7.6 Hz,
2H),7.02(d,J=8.0Hz 1 H), 678 (d,]= 10.8 Hz, 1 H), 6.18 (d, ] =
11.2 Hz, 1 H), 2.05 (s, 3 H). *C NMR (100 MHz, CDCl;) § 155.0,
152.0, 137.6, 133.0, 131.3, 131.1, 130.6, 130.0, 129.7, 128.5, 128.4,
124.8, 124.6, 121.1, 18.9. IR (KBr): 3026, 2959, 2924, 2852, 1594,
1486, 1374, 1173, 1090, 760 cm™'. HRMS-ESI (m/z): caled for
C,;H;CINaO [M + Na]*: 291.0547; found: 291.0553.

3-(4-Bromophenyl)-2-methylbenzo[bJoxepine (3aj3). Yellow oil
(50.7 mg, 65%). '"H NMR (400 MHz, CDCl,;)  7.46 (d, ] = 8.0 Hz,
2H),734(t,J=7.6Hz, 1H),723(d,J=76Hz, 1 H),7.17 (d,] =
7.2 Hz, 1 H), 7.07 (d, ] = 8.0 Hz, 2 H), 7.02 (d, ] = 8.0 Hz, 1 H), 6.77
(d,J =112 Hz, 1 H), 6.17 (d, ] = 11.2 Hz, 1 H), 2.05 (s, 3 H). *C
NMR (100 MHz, CDCl;) § 1550, 152.0, 138.1, 131.4, 131.3,
131.0(1), 130.9(9), 129.8, 128.6, 124.8, 124.7, 121.1, 18.93. IR (KBr):
3059, 3023, 2923, 2851, 1642, 1592, 1484, 1384, 1172, 956, 759 cm ™.
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HRMS-ESI (m/z): caled for C;;H;;BrNaO [M + Na]*: 335.0042;
found: 335.0033.

2-Methyl-3-(p-tolyl)benzo[b]oxepine (3aj,). Yellow oil (47.1 mg,
76%). '"H NMR (400 MHz, CDCL,) 6 7.31 (t, J = 7.2 Hz, 1 H), 7.22
(d, J = 84 Hz, 1 H), 7.16—7.12 (m, 3 H), 7.08 (d, ] = 8.0 Hz, 2 H),
7.01 (d,J =80 Hz 1 H), 675 (d, ] = 112 Hz, 1 H), 622 (d, ] =
11.2 Hz, 1 H), 2.33 (s, 3 H), 2.06 (s, 3 H). *C NMR (100 MHz,
CDCl,) 6 155.1, 151.4, 136.7, 136.2, 131.9, 131.5, 129.8, 129.2, 129.1,
1289, 128.5, 125.4, 124.6, 121.1, 21.1, 18.9. IR (KBr): 3055, 3022,
2917, 2853, 1641, 1595, 1514, 1483, 1264, 1170, 957, 758 cm™.
HRMS-ESI (m/z): calcd for C;gH;(NaO [M + Na]*: 271.1093; found:
271.1087.

3-(4-Methoxyphenyl)-2-methylbenzo[bjoxepine (3ajs). Yellow oil
(54.8 mg, 83%). '"H NMR (400 MHz, CDCly) 6 7.31 (t, ] = 7.6 Hg,
1H),722(d,J=80Hz, 1 H),7.15(d, J=72Hz, 1 H),7.11 (d,] =
7.6 Hz, 2 H), 7.02 (d, ] = 8.0 Hz, 1 H), 6.85 (d, ] = 8.0 Hz, 2 H), 6.75
(d,J=112Hz 1 H), 621 (d, ] = 10.8 Hz, 1 H), 3.79 (s, 3 H), 2.06 (s,
3 H). BC NMR (100 MHz, CDCL) § 158.6, 155.0, 151.2, 131.9,
131.5, 131.4, 130.4, 129.8, 129.1, 128.5, 125.1, 124.6, 121.1, 113.6,
552, 18.8. IR (KBr): 3057, 2929, 2836, 1604, 1511, 1244, 1169,
736 cm™'. HRMS-ESI (m/z): caled for C;gH;sNaO, [M + Na]*:
287.1043, found: 287.1038.

3-(3-Methoxyphenyl)-2-methylbenzo[b]oxepine (3ak). Yellow oil
(47.5 mg, 72%). '"H NMR (400 MHz, CDCl,) 6 7.32 (t, ] = 7.2 Hg,
1 H), 7.25-721 (m, 2 H), 7.16 (t, ] = 72 Hz, 1 H), 7.02 (d, ] =
7.8 Hz, 1 H), 6.81—6.73 (m, 4 H), 6.23 (d, ] = 11.2 Hz, 1 H), 3.78 (s,
3 H), 2.06 (s, 3 H). °C NMR (100 MHz, CDCl;) § 159.4, 155.1,
151.9, 140.6, 131.5, 131.4, 129.9, 129.3, 129.2, 128.5, 125.5, 124.7,
121.7, 121.1, 114.8, 112.7, 55.3, 19.0. IR (KBr): 3063, 2941, 2908,
2836, 1600, 1485, 1451, 1290, 1214, 1172, 967, 758, 736 cm™.
HRMS-ESI (m/z): caled for C,gH;,0, [M + H]": 265.1223, found:
265.1225.

3-(2-Methoxyphenyl)-2-methylbenzo[bJoxepine (3al). Yellow
solid (35.6 mg, 54%), mp: 87—89 °C. 'H NMR (400 MHz, CDCl;)
5730 (t,J=7.8 Hz, 1H), 7.24 (d, ] = 7.0 Hz, 1H), 7.19 (d, ] = 7.3 Hz,
1H), 7.13 (t, ] = 7.2 Hz, 1H), 7.02 (dd, J = 13.9, 7.8 Hz, 2H), 6.90 (t,
J = 6.5 Hz, 2H), 6.67 (d, ] = 11.1 Hz, 1H), 6.17 (d, ] = 11.1 Hz, 1H),
3.77 (s, 3H), 191 (s, 3H). '3C NMR (100 MHz, CDCl,) § 156.8,
155.3, 152.9, 131.9, 131.7, 131.2, 129.5, 128.7, 128.4, 128.3, 127.7,
124.5, 121.6, 121.1, 120.4, 111.2, 55.5, 18.9. IR (KBr): 3068, 3023,
2909, 2834, 1598, 1488, 1456, 1260, 1172, 956, 756 cm™'. HRMS-ESI
(m/z): caled for C;gH (NaO, [M + Na]*: 287.1043; found: 287.1037.

2-Isopropyl-3-phenylbenzo[bJoxepine (3am). Yellow solid (52.4
mg, 80%), mp: 115—117 °C. 'H NMR (400 MHz, CDCL;) § 7.34 (t,
J=7.2Hz,2H),729-7.26 (m,2 H), 7.20 (d, ] = 7.2 Hz, 2 H), 7.13—
7.09 (m, 3 H), 6.59 (d, ] = 11.2 Hz, 1 H), 6.12 (d, ] = 11.2 Hz, 1 H),
2.71-2.64 (m, 1 H), 1.20 (d, J = 6.8 Hz, 6 H). *C NMR (100 MHz,
CDClLy) 6 162.0, 157.8, 139.7, 132.3, 131.9, 129.5, 128.9, 128.8, 128.6,
128.4, 126.9, 124.5, 123.9, 121.7, 31.8, 20.7. IR (KBr): 3024, 2966,
2928, 2868, 2637, 1599, 1488, 1446, 1264, 1209, 1046, 958, 761,
700 cm™'. HRMS-ESI (m/z): caled for C,gH;iNaO [M + Nal*:
285.1250; found: 285.1244.

2-Butyl-3-phenylbenzo[bJoxepine (3an). Yellow oil (552 mg,
80%). '"H NMR (400 MHz, CDCl;) § 7.33—7.23 (m, 4 H), 7.16—7.10
(m, 4 H),7.02 (d,]=80Hz 1H), 668 (d,] = 11.2 Hz, 1 H), 6.18 (d,
J =10.8 Hz, 1 H), 2.27 (t, ] = 7.6 Hz, 2 H), 1.74—1.67 (m, 2 H),
1.35—1.25 (m, 2 H), 0.85 (t, ] = 7.2 Hz, 3 H). 3C NMR (100 MHz,
CDCl,) § 156.5, 156.0, 139.3, 132.0, 131.6, 129.7, 129.0(4), 129.0(1),
128.5, 1282, 126.9, 125.6, 124.6, 121.2, 32.3, 29.6, 22.5, 13.8. IR
(KBr): 3059, 3024, 2959, 2925, 2858, 1598, 1487, 1205, 1168, 958,
760, 701 cm™'. HRMS-ESI (m/z): caled for CyoH,NaO [M + Na]*:
299.1406; found: 299.1412.

2-Benzyl-3-phenylbenzo[bJoxepine (3ao). Yellow solid (53.5 mg,
69%), mp: 103—104 °C. '"H NMR (400 MHz, CDCL,) § 7.40—7.27
(m, 10 H), 7.21-7.10 (m, 3 H), 6.77 (d,J = 11.2 Hz, 1 H), 6.51 (d, ] =
7.6 Hz, 1 H), 628 (d, J = 11.2 Hz, 1 H), 3.70 (s, 2 H). 3C NMR
(100 MHz, CDCl;) § 156.0, 154.0, 139.1, 138.3, 131.6, 131.4, 129.8,
129.7, 129.2, 129.1, 128.5, 128.4, 127.3, 126.8, 126.4, 124.6, 121.4,
38.7. IR (KBr): 3056, 3025, 2923, 2851, 1596, 1488, 1264, 960, 738,
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701 cm™", HRMS-ESI (m/z): caled for C,3H,,0 [M + H]*: 311.1430;
found: 311.1430.

3-(Furan-2-yl)-2-methylbenzo[bJoxepine (3ap). Black oil (38.6 mg,
69%). "H NMR (400 MHz, CDCl,) 6 7.40 (s, 1 H), 7.32 (t, ] = 7.6 Hz,
1H),722(d,J=72Hz 1 H),715(t, ] =72 Hz, 1 H), 703 (d, ] =
8.0 Hz, 1 H), 6.84 (d, ] = 11.2 Hz, 1 H), 6.46—6.34 (m, 2 H), 6.24 (s, 1
H), 2.34 (s, 3 H). *C NMR (100 MHz, CDCl,) § 155.1, 153.6, 151.5,
141.6, 131.2, 130.2, 129.9, 128.7, 128.5, 124.9, 121.0, 116.4, 110.9, 108.6,
19.64. IR (KBr): 2998, 2923, 2852, 1670, 1598, 1485, 1449, 1383, 1212,
1177, 1032, 966, 731 cm™'. HRMS-ESI (m/z): caled for C;H;;0,
[M + H]*: 225.0910; found: 225.0910.

2-(2-Methylbenzo[b]oxepin-3-yl)pyridine (3aq). Black oil (43.5 mg,
74%). 'H NMR (400 MHz, CDCL,) 6 8.64 (s, 1 H), 7.70 (t, ] = 7.2 Hz,
1 H), 7.33—7.26 (m, 2 H), 7.22—7.20 (m, 2 H), 7.15 (t, ] = 84 Hz, 1 H),
7.01 (d,J=80Hz 1 H), 6.84 (d,] = 11.2 Hz, 1 H), 640 (d, ] = 11.2 Hz,
1 H), 2.17 (s, 3 H). *C NMR (100 MHz, CDCL,) § 157.2, 155.1, 155.0,
1489, 136.8, 131.3, 130.1(4), 130.0(9), 129.9, 128.6, 124.9(4), 124.8(5),
124.6, 1219, 121.1, 19.27. IR (KBr): 2998, 2922, 2851, 1588, 1484, 1212,
1173, 964, 765 cm™". HRMS-ESI (m/z): caled for C,¢H,;,NO [M + H]*:
236.1070; found: 236.1070.

3-Benzyl-2-methylbenzo[bJoxepine (3ar). Yellow oil (40.9 mg,
66%). "H NMR (400 MHz, CDCl,) § 7.31-7.22 (m, 3 H), 7.20—7.08
(m, 5H), 6.99 (d,] = 8.0 Hz, 1 H), 6.64 (d,] = 11.2 Hz, 1 H), 6.03 (d,
J =112 Hz, 1 H), 3.43 (s, 2 H), 2.14 (s, 3 H). *C NMR (100 MHz,
CDCL) & 155.3, 151.8, 139.4, 131.8, 131.6, 129.6, 129.4, 1284,
128.3(2), 128.2(7), 126.1, 124.5, 121.1, 120.9, 37.1, 17.8. IR (KBr):
3055, 2986, 2924, 1639, 1485, 1265, 892, 742 cm™'. HRMS-ESI
(m/z): caled for C;gH;(NaO [M + Na]*: 271.1093; found: 271.1095.

2-Ethyl-3-methylbenzo[bJoxepine (3as). Yellow oil (31.6 mg,
68%). "H NMR (400 MHz, CDCl,) § 7.23—7.22 (m, 1 H), 7.10—7.05
(m,2H), 698 (d,]=8.0Hz,1H),6.61 (d,]=11.1 Hz, 1 H), 6.05 (d,
J=111Hz, 1 H),237(q,J=74Hz, 2 H), 1.72 (s, 3H), 1.22 (t, ] =
7.5 Hz, 3 H). ®C NMR (100 MHz, CDCly) § 156.2, 155.6, 133.0,
131.7, 129.5, 128.7, 1282, 124.3, 121.1, 116.9, 25.4, 16.8, 11.9. IR
(KBr): 3066, 2925, 2854, 1715, 1589, 1484, 1449, 1268, 1206, 1102,
756 cm™'. HRMS-ESI (m/z): caled for C;3H;,NaO [M + Nal":
209.0937; found: 209.0934.

2-Cyclopropylbenzo[bJoxepine (3at). Yellow oil (24.8 mg, 54%).
'"H NMR (400 MHz, CDCl;) § 7.23 (t, ] = 7.3 Hz, 1 H), 7.09-7.02
(m, 2 H), 6.83 (d, ] = 8.1 Hz, 1 H), 6.52 (d, ] = 11.1 Hz, 1 H), 6.00
(dd, J = 11.0, 6.1 Hz, 1 H), 545 (d, J = 6.0 Hz, 1 H), 1.65—1.57 (m,
1 H), 098 (d, ] = 2.9 Hz, 2 H), 0.73 (d, ] = 6.6 Hz, 2 H). 3C NMR
(100 MHz, CDCl;) § 160.7, 156.1, 132.0, 129.6, 129.5, 128.8, 127.5,
124.6, 121.1, 108.4, 15.0, 5.0. IR (KBr): 3021, 2925, 2852, 1648, 1486,
1383, 1204, 1168, 1046, 943, 754 cm™'. HRMS-ESI (m/z): calcd for
C13H;30 [M + H]*: 185.0961; found: 185.0971.

1,2,3,4-Tetrahydrodibenzo[b,f Joxepine (3au). Yellow oil (38.6 mg,
78%). '"H NMR (400 MHz, CDCL;) 6 7.21-7.16 (m, 1 H), 7.07—6.99
(m,2 H), 685 (d,] = 8.0 Hz, 1 H), 6.54 (d, ] = 11.1 Hz, 1 H), 5.92 (d,
J = 11.1 Hz, 1 H), 228 (s, 2 H), 2.03 (s, 2 H), 1.63—1.59 (m, 2 H),
1.54—1.50 (m, 2 H). ®C NMR (100 MHz, CDCl;) § 1554, 153.1,
131.8, 129.6, 1289, 128.5, 124.3, 121.1, 119.6, 28.4, 28.2, 22.8, 22.3. IR
(KBr): 3022, 2959, 2922, 2849, 1657, 1486, 1449, 1210, 1106, 773
cm™. HRMS-ESI (m/z): caled for C4,H;,NaO [M + Na]*: 221.0937;
found: 221.093S.

7,8,9,10-Tetrahydro-6H-benzo[b]cycloheptalf Joxepine (3av).
Yellow oil (37.6 mg, 71%). '"H NMR (400 MHz, CDCL;) § 7.27—
7.25 (m, 1 H), 7.14=7.07 (m, 2 H), 6.96 (d, ] = 8.0 Hz, 1 H), 6.60 (d,
J=10.9 Hz, 1 H), 6.08 (d, J = 11.0 Hz, 1 H), 2.59 (d, ] = 8.0 Hz, 2 H),
2.17 (d, ] = 8.6 Hz, 2 H), 1.70—1.57 (m, 6 H). *C NMR (100 MHz,
CDCl,) 6 156.8, 155.5, 133.5, 131.5, 129.5, 128.2(1), 128.1(5), 125.1,
124.3, 120.7, 34.6, 31.1, 31.0, 26.4, 25.3. IR (KBr): 2927, 1668, 1568,
1461, 1392, 1227, 1159, 1023, 758 cm™'. HRMS-ESI (m/z): caled for
CsH ¢NaO [M + Na]*: 235.1093, found: 235.1095.

(2)-6,7,8,9,10,11-Hexahydrobenzo[b]cyclooctalf Joxepine (3aw).
Yellow oil (40.7 mg, 72%). '"H NMR (400 MHz, CDCL,) & 7.24 (4,
J=7.4Hz 1 H),7.11-7.05 (m, 2 H), 6.98 (d, ] = 8.0 Hz, 1 H), 6.64
(d,J=11.1 Hz, 1 H), 6.05 (d, J = 11.1 Hz, 1 H), 2.48 (d, ] = 6.0 Hz,
2 H), 2.17 (d, ] = 6.0 Hz, 2 H), 1.70—1.67 (m, 2 H), 1.57—1.51 (m,
2 H), 1.41 (t, ] = 9.0 Hz, 4 H). *C NMR (100 MHz, CDCl;) § 156.1,
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154.2, 131.9, 131.4, 129.5, 129.3, 128.2, 124.2, 122.1, 120.9, 32.2, 30.4,
29.6, 29.1, 26.4, 26.0. IR (KBr): 3016, 2923, 2851, 1598, 1485, 1449,
1206, 1110, 969, 762 cm™'. HRMS-ESI (m/z): caled for C,4H;sNaO
[M + Nal*: 249.1250; found: 249.1251.
12,13-Dihydrobenzo[b]naphtho[1,2-f Joxepine (3ax). Yellow solid
(50.4 mg, 82%), mp: 97—98 °C. 'H NMR (400 MHz, CDCl;) 6 7.93
(d,J =84 Hz, 1 H), 7.78 (d, ] = 8.0 Hz, 1 H), 7.67 (d, ] = 8.8 Hg,
1H),7.50 (t,J=72Hz, 1 H),7.39 (t,] = 7.6 Hz, 2 H), 7.14—7.24 (m,
3 H), 7.06 (t, ] = 7.2 Hz, 1 H), 3.50—3.47 (m, 2 H), 3.32—3.29 (m,
2 H). 3C NMR (100 MHz, CDCL;) § 158.1, 154.4, 133.5, 133.3,
130.7, 129.5, 128.5, 127.9, 127.3, 126.4, 124.4(2), 124.3(7), 123.5,
123.0, 122.0, 120.6, 29.8, 27.4. IR (KBr): 2959, 2925, 2825, 1636,
1460, 1380, 1266, 1080, 760 cm™'. HRMS-ESI (m/z): caled for
CysH,sO [M + H]*: 247.1117, found: 247.1117.
8-Chloro-2-phenylbenzo[bJoxepine (3ba). Yellow solid (57.1 mg,
90%), mp: 75—76 °C. 'H NMR (400 MHz, CDCl;) § 7.80 (d, J =
7.3 Hz, 2 H), 7.43 (t, ] = 7.3 Hz, 2 H), 7.39—7.33 (m, 1 H), 7.15-7.06
(m, 3 H), 6.73 (d, ] = 10.1 Hz, 1 H), 6.32—6.27 (m, 2 H). *C NMR
(100 MHz, CDCl,) § 155.2, 154.6, 135.3, 134.3, 130.7, 130.4, 129.3,
128.8, 128.6, 127.7, 125.3, 125.1, 121.7, 110.2. IR (KBr): 3027, 2923,
2851, 1588, 1482, 1270, 1078, 1043, 824, 765, 721 cm™'. HRMS-ESI
(m/z): caled for C,¢H;;CINaO [M + Na]™: 277.0391; found:
277.0393.
8-Chloro-3-(4-chlorophenyl)-2-methylbenzo[b]Joxepine (3bj,).
Yellow solid (66.4 mg, 88%), mp: 91-93 °C. 'H NMR (400 MHzg,
CDCl;) 6 7.31 (d, ] = 8.2 Hz, 2H), 7.18—7.10 (m, 4 H), 7.05 (s, 1 H),
6.72 (d,] = 11.1 Hz, 1 H), 6.18 (d, ] = 11.1 Hz, 1 H), 2.0S (s, 3 H).
BC NMR (100 MHz, CDClLy) § 155.1, 151.9, 137.1, 135.1, 133.1,
131.4, 130.5, 129.8, 129.1, 128.7, 128.5, 125.1, 124.8, 121.6, 18.8. IR
(KBr): 3028, 2911, 1591, 1483, 1174, 1085, 964, 834 cm™'. HRMS-
ESI (m/z): caled for C;;H;,CLNaO [M + Na]*: 325.0157, found:
325.0159.
8-Bromo-2-phenylbenzo[bJoxepine (3ca). Yellow solid (66.3 mg,
89%), mp: 87—88 °C. 'H NMR (400 MHz, CDCL) 6 7.77 (4, ] =
7.4 Hz, 2 H), 741-7.32 (m, 3 H), 7.24-7.22 (m, 2 H), 7.00 (d, ] =
7.9 Hz, 1 H), 6.69 (d, ] = 10.7 Hz, 1 H), 6.31-6.23 (m, 2 H). °C
NMR (100 MHz, CDCl,) § 155.2, 154.7, 134.3, 131.1, 130.5, 129.6,
128.9, 128.6, 128.0, 127.9, 125.4, 124.6, 123.1, 110.2. IR (KBr): 3026,
2922, 2853, 1583, 1480, 1269, 1040, 920, 821, 764 cm™'. HRMS-ESI
(m/z): caled for C,¢H;;BrNaO [M + Na]*: 320.988S; found:
320.9885.
8-Bromo-3-(4-chlorophenyl)-2-methylbenzo[b]Joxepine (3cj,).
Yellow solid (72.8 mg, 82%), mp: 97.2—98.7 °C. '"H NMR (400 MHz,
CDCl,) 6 7.31 (d, ] = 8.3 Hz, 3 H), 7.20 (s, 1 H), 7.13—7.07 (m, 3 H),
6.70 (d, ] = 11.1 Hz, 1 H), 6.19 (d, ] = 11.1 Hz, 1 H), 2.04 (s, 3 H). °C
NMR (100 MHz, CDCL) § 1552, 152.0, 137.1, 133.1, 131.5, 130.5,
130.3, 1294, 128.7, 128.5, 128.0, 124.8, 124.5, 122.9, 18.8. IR (KBr):
3033, 2930, 2858, 1582, 1478, 1167, 1088, 957, 801 cm™'. HRMS-ESI
(m/z): caled for C;;H;,BrNaClO [M + Na]*: 368.9652, found: 368.9653.
2-Phenylbenzo[b]oxepine-8-carbonitrile (3da). Yellow solid (52.7
mg, 86%), mp: 113—114 °C. 'H NMR (400 MHz, CDCl,) 5 7.82 (d,
J =71 Hz 2 H), 7.48—7.40 (m, 4 H), 737 (s, 1 H), 728 (d, ] =
3.5Hz, 1 H), 6.79 (d, ] = 11.0 Hz, 1 H), 6.46 (dd, ] = 11.0, 6.3 Hz,
1 H), 6.34 (d, ] = 6.3 Hz, 1 H). *C NMR (100 MHz, CDCl,)  155.6,
154.5, 137.0, 133.9, 130.6, 129.9, 129.4, 128.7, 128.5, 125.5, 125.2,
118.1, 113.1, 110.0. IR (KBr): 3027, 2920, 1600, 1489, 1226, 887,
834 cm™'. HRMS-ESI (m/z): caled for C;;H;;NNaO [M + Na]*:
268.0733, found: 268.0735.
3-(4-Chlorophenyl)-2-methylbenzo[b]oxepine-8-carbonitrile
(3dj,). Yellow solid (60.8 mg, 83%), mp: 160—162 °C. 'H NMR
(400 MHz, CDCl,) 6 7.44 (d, ] = 7.8 Hz, 1 H), 7.32—7.26 (m, 4 H),
711 (d, J =82 Hz, 2 H), 673 (d, ] =112 Hz, 1 H), 630 (d, ] =
11.2 Hz, 1 H), 2.05 (s, 3 H). *C NMR (100 MHz, CDCl;) § 154.5,
153.0, 136.6, 136.1, 134.1, 133.4, 130.4, 129.2, 128.6, 128.5, 128.2,
124.8(8), 124.8(6), 118.1, 112.9, 18.9. IR (KBr): 2024, 2920, 1600,
1546, 1490, 1168, 1089, 976, 833 cm™'. HRMS-ESI (m/z): calced for
CsH,CINNaO [M + Na]*: 316.0500; found: 316.0507.
8-Methyl-2-phenylbenzo[bJoxepine (3ea). Yellow solid (46.8 mg,
80%), mp: 73—75 °C. 'H NMR (400 MHz, CDCL) 6 7.81 (4, J =
7.1 Hz, 2 H), 7.38 (t, ] = 7.7 Hz, 2 H), 7.33-7.29 (m, 1 H), 7.03
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(d,J=7.6 Hz, 1 H), 691 (d, ] = 104 Hz, 2 H), 6.73 (d, ] = 10.1 Hz,
1 H), 627-6.18 (m, 2 H), 229 (s, 3 H). *C NMR (100 MHz,
CDCly) 6 155.1, 154.4, 140.9, 134.9, 131.4, 129.2, 128.5, 128.4(7),
128.4(5), 126.5, 125.5, 125.4, 121.7, 110.2, 21.0. IR (KBr): 3026, 2922,
2853, 1607, 1497, 1448, 1266, 1323, 1150, 1045, 822, 769 cm™'.
HRMS-ESI (m/z): caled for C;H;s0 [M + H]*: 235.1117; found:
235.1116.

7-Methyl-2-phenylbenzo[bJoxepine (3fa). Yellow oil (48.0 mg,
82%). '"H NMR (400 MHz, CDCl;) § 7.83 (d, ] = 8.1 Hz, 2 H), 7.40
(t, J = 7.4 Hz, 2 H), 7.36—7.30 (m, 1 H), 7.10 (d, ] = 8.2 Hz, 1 H),
699 (d, J = 7.1 Hz, 2 H), 676 (d, ] = 10.1 Hz, 1 H), 628 (q, ] =
6.1 Hz, 2 H), 2.31 (s, 3 H). ®C NMR (100 MHz, CDCl,) § 154.9,
153.1, 134.8, 134.2, 131.6, 131.5, 130.9, 129.1, 128.5, 128.4, 127.4,
125.4, 120.9, 110.0, 20.6. IR (KBr): 3024, 2922, 2854, 1599, 1491,
1447, 1202, 752, 691 cm™'. HRMS-ESI (m/z): caled for C;,H,,NaO
[M + Nal*: 257.0937; found: 257.0934.

2-Phenyloxepino([2,3-b]pyridine (3ga). Yellow oil (32.1 mg, 58%).
"H NMR (400 MHz, CDCl,) 6 8.31 (dd, ] = 4.8, 1.8 Hz, 1 H), 8.05—
7.97 (m, 2 H), 7.55 (dd, J = 7.4, 1.8 Hz, 1 H), 7.43-7.39 (m, 2 H),
7.35—7.32 (m, 1 H), 7.12 (dd, J = 7.4, 4.8 Hz, 1 H), 6.67—6.59 (m,
1 H), 6.38—6.31 (m, 2 H). ®C NMR (100 MHz, CDCl;) § 159.3,
154.6, 148.7, 137.9, 134.7, 128.9, 128.6, 128.6, 128.3, 126.6, 126.0,
121.3, 109.5. IR (KBr): 3056, 2922, 2852, 1635, 1575, 1491, 1425,
1270, 1146, 732 cm™'. HRMS-ESI (m/z): calcd for C,sH;,NO [M +
H]*: 222.0913; found: 222.0911.

(E)-4-(2-Fluorophenyl)-1-(furan-2-yl)but-3-en-1-one (4ag,). Yel-
low oil (23.6 mg, 41%). '"H NMR (400 MHz, CDCl,) § 7.59 (d, ] =
5.0Hz, 1 H),7.46 (t,] = 7.7 Hz, 1 H), 7.25 (d, ] = 3.6 Hz, 1 H), 7.20—
7.16 (m, 1H), 7.09—6.98 (m, 2 H), 6.72 (d, ] = 16.2 Hz, 1 H), 6.56—
6.45 (m, 2H), 3.78 (d, ] = 7.0 Hz, 2 H). '3C NMR (100 MHz, CDCl,)
5 186.6, 161.0 (d, J = 248.0 Hz), 152.3, 146.5, 128.8 (d, ] = 9.0 Hz),
127.2 (d, J = 40 Hz), 126.2 (d, ] = 4.0 Hz), 124.6 (d, J = 12.0 Hz),
124.4 (d, ] = 4.0 Hz), 1240 (d, J = 3.0 Hz), 117.6, 115.5 (d, ] =
20.0 Hz), 112.3, 42.9. IR (KBr): 30211, 2925, 1585, 1488, 1450, 1226,
1100, 1034, 755 cm™'. HRMS-ESI (m/z): caled for CH,,FNaO,
[M + Na]*: 253.0635, found: 253.0635.
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