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Graphic Abstract

Facile synthesis of 3,4-fused tricyclicindoleswith a seven-membered ring
through a three-component reaction of 4-hydroxyindole, aldehyde, and

malonaodinitrile or ethyl cyanoacetate

Rongxian Bai, Jian Yang, Lijun Min, Changhui Liu, Fengtian Wu and Yanlong Gu

OH

X R KF or Et,NH
1Y+ < + 1
H CN 0" H  ethanol, 80°C
X = CN, CO,Et, C(O)Ph 29 examples, 49~98% yields

R =aryl and alkyl
Salient features: (i) High efficiency and wide scope of substrate.

(ii) Simple operation.
(iif) Mild and environmentally benign conditions.
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ABSTRACT: Three-component reactions of 4-hydroxyindole, aydels, and
malonodinitrile or ethyl cyanoacetate were devetbper the first time by using

either potassium fluoride or diethylamine as a catalyshiclv provided an easy

access to 3,4-fused tricyclic indoles in good teedent yield. The merits of this
synthesis route are attributed to its simplicityraqticality, efficiency, and

eco-friendliness, as well as the easy availabidlitihe catalyst.

KEYWORDS: three-component reaction; 4-hydroxyindole; 3,4-fuseyclic indole;

seven-membered heterocycle



B INTRODUCTION

The synthesis of complex organic compounds exhipitharticular properties and
chemical structures is always a central researchettafor organic chemists.

Multicomponent reactions (MCRs) comprise an efficas method to construct
valuable and complex organic compounds owing tonataconomy, convergence,
and high bond-forming inde%X! At present, MCRs play a very important role in
synthetic methodology. In this context, many se¢jaemultistep synthesis reactions
can be replaced by MCRs, especially for pharmacaiuind heterocyclic molecular
synthesis: ? Therefore, considering the advantages of MCRs, sharch and

development of novel MCRs remain a central topierganic synthetic chemistry.

The molecule-containing indole nucleus is one ef st important heterocyclic
compounds extensively existing in nature, agrochalsj and pharmaceuticals’
Furthermore, indole and its derivatives can be lyidgplied in optic-electronic
materials, intercellular signal molecules, scavesngs free radicals, plant growth
regulators, medicine, and so fofth. Therefore, the synthesis and framework
embellishment of indoles have attracted broad amtirtuous attention. The 3,4-fused
indole is particularly noteworthy because it présea key structural motif of
numerous bioactive natural products, such as ljsergid® dehydrobufoteniné
hapalindole U? chuangxinmycirt® aurantioclaviné? N-methylwelwistatin’
communesin B and dragmacidin E. Thus, continued interest is present in the
development of new methods to access this scaffolthough many methods have

been developed for the synthesis of 3,4-fused e&lof® these methods heavily rely
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on the usage of noble metal catalysts. Such methilsdssuffered from limitations of
substrate generality, availability of starting nmetis, multistep synthesis, low product
yields, and harsh reaction conditions. Hence, tlesigth of improved and
environmentally benign approaches allowing for dagmd cost-effective synthesis of
3,4-fused indoles from readily available precurseosild be highly desired.
Bisnucleophiles are often used to establish MERS.C,0- and C,N-based
1,3-bisnucleophiles, such as 1,3-dicarbonyl compsfthactivated phenof¥, and
anilines® have been extensively used in conjunction witrelaydies to synthesize
heterocycles through MCRs. However, 1,4-bisnucléepthave been rarely adopted
to develop MCRs, probably because the common Xdubleophiles, such as
2-aminothiophenol,o-phenylenediamine, and glycinamide, tended to reamith
aldehyde alone to form a two-component adduct, givesluding the possibility of
establishing MCRs with thefi*® We have recently been engaged in developing
MCRs of aldehyde and two different nucleophil&$’ and some of our works were
also associated with the use of bisnucleoplifié8.0n the basis of our previous
results, we envisioned that 4-hydroxyindole, anilgasvailable and inexpensive
indole derivative, may act as a C,0O-based 1,4-bisophile because the C3 position
of indole and the OH group are both reactive. H@mwveyiven that the two reactive
sides exist in the two fused aromatic rings, thkegebisnucleophiles, if they work,
may not behave like the conventional one becauskeif rigid structure. Therefore,
the possibility of using 4-hydroxyinole as a 1,4+hicleophile is of particular interest.
Consequently, a research program has started ttorexpew MCRs by using
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4-hydroxyindoles as building blocks. This paperorpthe preliminary results on the
use of 4-hydroxyindole as a 1,4-bisnucleophile, cwvhreacted readily with an
aromatic aldehyde and malonodinitrile or ethyl ayacetate, providing a 3,4-fused
indole with a seven-membered ring by using a basalyst Scheme 1). This

three-component reaction did not only provide asyeaccess to a class of highly
useful indole derivatives but also displayed a gampe of substrates under

environmentally benign conditions.

o R
N /X R base catalyst
IR B
H CN ethanol, 80 °C N
H
X = CN, CO,Et and C(O)Ph

Scheme 1. Three-component reaction of 4-hydroxyindole, hidke, and

a-electron-withdrawing group-substituted acetoretril

B RESULTSAND DISCUSSION

A mixture of 4-hydroxyindolé€la, 4-chlorobenzaldehyd2a, and malonodinitrilé3a
was initially treated with different organic andorganic bases, and the results are
listed in Table 1. The reaction was performed in ethanol at 60 °C6fd. In the
absence of any catalyst, no reaction occurredyebjtr An addition of 20 mol% of
piperidine significantly changed the result of timedel reaction, and a 3,4-fused
indole with a seven-membered rirdgp was obtained in 83% vyield (entry 2).
Diethylamine showed a better catalytic activity rthpiperidine under the same
conditions, and the yield @fa reached 91% (entry 3). Triethylamine and morphoine
were also examined, but their yields were slightifierior compared with the two
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former systems (entries 4 and B)Proline and pyridine were proven inappropriate

for this reaction (entries 6 and 7).

Tablel. Effect of basic catalysts on the three-componeattion ofla, 2a, and3a.?

HoN N

OH — Cl
\ CHO CN  catalyst (20 mol%) o O
‘ N + + < \
e |

CN solvent, 60 °C, 6 h

la 2a 3a N 4a
Entry Catalyst Solvent Yield (%)
1 — EtOH 0
2 piperidine EtOH 83
3 diethylamine EtOH 91
4 triethylamine EtOH 76
5 morpholine EtOH 70
6 L-proline EtOH 12
7 pyridine EtOH 14
8 KoCOs EtOH 66
9 KOH EtOH 51
10 CsCGOs EtOH 24
11 KF EtOH 98
12 KF CHNO; 84
13 KF CHCN 79
14 KF DCE 83
15 KF 1,4-dioxane 28
16 KF Toluene <5
17 KF EtOH Aqu 95%) 81

@ Reaction conditionsla, 0.4 mmol;l1a/2a/3a: = 1:1:1; catalyst: 0.08 mmol; 60 °C,

anhydrous ethanol, 2.0 mL, 6%isolated yield.

Inorganic bases, such as@®0O;, KOH, and CgCOs;, were then examined, and the



maximum vyield of4a only reached 66% (entries 8-10). When KF was usiael,
reaction proceeded very well, add can be obtained at 98% (entry 11). As such, the
effect of solvent on the synthesis 44 was investigated using KF as a catalyst.
Among the various solvents that were screened,diobhg ethanol was recognized to
be the most feasible medium for this reaction {estt1-16). An aqueous solution of
ethanol (95%) was also examined, but the yieldidedl|to 81% (entry 17). Therefore,
anhydrous ethanol was used as the solvent of choice

Figure 1 shows the effect of the amount of KF on the mdtete-component
reaction. As shown in the figure, the performandetlee model reaction was
influenced quite notably by the dosage of KF catalfhe increase of the catalyst
amount significantly improved the reaction yieldemhit is lower than 20 mol%. The

yield reached the maximum level when 20 mol% KF wsed.

100

[—

_—

o L
oL

40-

Yield / %

5 0 15 20 25 30
Catalyst amount / mol %
Figure 1. Effect of KF amount on the model reactida,(0.4 mmol;2a, 0.4 mmol;3a,

0.4 mmol; anhydrous ethanol 2.0 mL; 60 °C, 12 h).

Figure 2 presents the effects of reaction time on the moeéattion. The yield
7



increased quickly with the escalation of the reactime from 2 h to 6 h. Thereafter,
the yield remained at an almost constant level. Teximum yield ofd4a was

achieved after 6 h of reaction.
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Figure 2. Effect of reaction time on the synthesls,(0.4 mmol;2a, 0.4 mmol;3a,

0.4 mmol, anhydrous ethanol 2.0 mL; 60 °C).

Considering the optimized conditions, the scope ageherality of this
three-component reaction were then investigatadt,Rhe scope with respect to the
benzaldehyde component was studied, and the remeltésted inTable 2. A set of
benzaldehydes spanning a convenient spectrum opHipicity and reactivity was
selected to react witha and3a. In all cases, excellent yields were obtained \thih
aid of a KF catalyst, regardless of the naturdnefdubstituent present on the aldehyde
(electron-donating or electron-withdrawing). Benleddydes containing sterically
demanding substituents, such as 2-methoxybenzaldehy

4-methyl-2-bromobenzaldehyde, 4-fluoro-2-bromobéedayde,



2-chlorobenzaldehyde, 2-chloro-6-fluorobenzaldehyuatel 2-nitrobenzaldehyde, also
participated in this reaction readily (entries 496and 15). However, in some cases,
the obtained yields were slightly inferior compaxeith those of thepara-substituted
congener aldehydes. Nevertheless, moderate pradgeick can be achieved when
2-chloro-6-fluorobenzaldehydén which the reactive formyl group blocked by two
substituents in this molecule, was used as a subd). This result implied that the
existence of armrtho-substituent group in benzaldehyde only demonstratslight
detrimental effect on the synthetic efficiency lo¢ tdesired indole. In some cases, the
generated 3,4-fused indoles, suchd4hsand 4m, precipitated out from the reaction
solution, thus facilitating the isolation of theoduct. These reactions can also be
effectively scaled up with similar efficiency. Fexample, a 10 mmol scale reaction of
1a, 3,4,5-trimethoxybenzaldehyde, aBamlgave the corresponding indole derivatéNe

in a 96% vyield (3.6 g).

Table 2. KF-catalyzed three-component reactioriaf3a, and different aldehydés.

HN - CN

oH 38 e
CHO  on  KF (20 mole) \
Entry R Product Yield (96)
1 H 4ab 71
2 4-Me 4c 95
3 4-OMe 4d 84
4 2-OMe de 78
5 4-Br Af 96
6 4-Me-2-Br 4q 85



7 4-F-2-Br 4h 87

8 2-Cl 4i 67
9 2-Cl-6-F 4j 67
10 3,4-(OMe) 4k 77
11 3,4,5-(OMe) 4 94 (96§
12 4-OMe-3-Bn 4m 92
13 4-SCR 4n 81
14 4-NQ 4o 86
15 2-NQ 4p 80
16 4-CN 4q 90
17 4-CR 4r 79

& Reaction conditionsla, 0.4 mmol;3a, 0.4 mmol; aldehyde, 0.4 mmol, KF, 0.08
mmol, anhydrous ethanol, 2.0 mL, 60 °C, 6°Hsolated yield.° 10 mmol scale

reaction.

Aldehydes with heterocyclic substituent, such asrfufal 2b and
1-benzothiophene-3-carbaldehyfle, can also be used to synthesize the 3,4-fused
indole derivatives in the KF/ethanol system. Instheases, the desired produdss,
and 4t, were obtained in 88% and 97% vyields, respecti(&heme 2). In the
presence of KF, cyclopropanecarboxaldehgdiewhich is an aliphatic aldehyde, also
reacted smoothly witha and3a, producing a 3,4-fused indofel in ethanol in an 84%

yield (Scheme 3).
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) HoN - cN
2b (1.0 equiv.) — o) \
KF (20 mol%) Q N\
e EEE—
ethanol, 60 °C, 6 h | '\T
H
4s 88%
OH
SRt e
-
a
1a s HoN N
2c (1.0 equiv.) g 7
KF (20 mol%)
e L

ethanol, 60 °C, 6 h H

4t 97%

Scheme 2. KF-catalyzed three-component reactiodaf3a, and2b or 2c.

HoN N

OH g
A CN KF (20 mol%)
—_—
\ O [>—cHo + ( B
H N
la 2d

CN ethanol, 60 °C, 6 h

3a H
4u 84%

Scheme 3. KF-catalyzed three-component reactiodaf3a, and2d.

We found that as well as being able to use malaniodie 3a, it was also possible
to use ethyl cyanoacetaBb. But, KF catalyst had to be replaced by diethyfemi
otherwise, a low yield would be obtained. In etHasmvent, the similar 3,4-fused
indole products were obtained in moderation to aecagood yield with this reaction
(Table 3). In this reaction, benzaldehydes contain stdyickmanding substituents,

such as 4-chloro-2-bromobenzaldehyde, also worledtd w

Table 3. EbNH-catalyzed three-component reactioriaf3b and aldehyd@.

OH

‘ o . CHO ﬂ Et,NH (20 mol%)
— NC e
+ | _ + OEt
3b

ethanol, 60 °C, 6 h
la

Iz
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Entry R Product Yield (%)

1 4-OMe 4y 70
2 3,4,5-(OMe) 4w 49
3 4-Cl 4x 86 (20f
4 4-Cl-2-Br dy 60
5 4-NOy 4z 72
6 4-CN 4aa 84
7 4-CHy 4ab 71

@ Reaction conditionsta, 0.4 mmol;3b, 0.4 mmol; aldehyde, 0.4 mmol, diethylamine,
0.08 mmol, anhydrous ethanol, 2.0 mL, 60 °C, B Isolated yield® KF was used as

catalyst.

The KF/ethanol system was also discovered to be @bpromote the reaction of
benzoylacetonitrilec, 1a, and2a. With the established three-component reaction, a
3,4-fused indolelac was obtained in 61% yield®¢heme 4), thereby introducing the

substrate scope of the reaction.

2a KF (20 mol%)
+ _—

0 ethanol, 60 °C, 6 h

NC
3c
4ac 61%

Scheme 4. Three-component reaction &, 1a, and2a.

In the reaction of 3,4,5-trimethoxybenzaldehyd®, and 3a, an interesting
phenomenon was observed. Before starting the omadll substrates dissolved very
well in ethanol solventHigure 3, photoa). Once the stirring was triggered, a large

amount of yellow solid appeared immediately (phbjo However, the reaction
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mixture became gradually transparent with the megrof the reaction (phot).
Finally, some insoluble species appeared agaihenvial at the end of the reaction
(photo d). To obtain the inside information, the stepwisaation ofla, 3a, and
3,4,5-trimethoxybenzaldehyde was selected to sgalérhe reaction was performed
under identical conditions, and the yellow solidswsolated. Spectroscopic analysis
revealed that the compound was 2-(3,4,5-trimethergblidene)malononitrileésa.
Literature survey indicated that malonodinitrilencaeact easily with aromatic
aldehyde even in the absence of any cataf\&t.was also found to react witta in
the presence of a catalytic amount of KF in ethan@O °C, providingll in an almost

quantitative yield after 6 I5¢heme 5).

Figure 3. A progressive view of the three-component reacticof
3,4,5-trimethoxybenzaldehyd#&a, and3a: (a) before starting the reactiort)(after

starting the stirring;d) after 3 h of reactiond] at the end of the reaction.

Me X CN KF (20 mol%)
/'\\\ + —_————— >
LY meo CN  ethanol, 60 °C, 6 h

la 5a 41 98%
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Scheme 5. Reaction oba andla.

On the basis of the above results, a plausible amesim for the model reaction is
proposed inFigure 4. The initial event of the reaction should be tberfation of
arylidenenitrile [) through a Knoevenagel reaction between the alikehgnd
malonodinitrile in the presence of a basic catalistlichael-type addition reaction of
la to this intermediate led to the formation of imediates|(); Then,4a was formed
through a tandem reaction involving an intramolacuiucleophilic addition of the
phenolic OH group to one of the cyano groups, wipabvided intermediates|();

And finally, tautomerization ofi (1) to form the final producta.

/@/CHO CcN KF /@A\r0N
+( CN
al Cl

CN Knoevenagel "
I

2a 3a
OH

4a Michael @
N
H
la

T isomerization

e .
o O CH intramolecular addition N

OH

N CN
H Cl

(1) (I

Figure 4. Plausible mechanism of the model reaction.

B CONCLUSION

In summary, a three-component reaction of 4-hydradgle, aldehyde, and
malonodinitrile or ethyl cyanoacetate was develofeedhe first time, providing an
expedient way to access 3,4-fused indoles withvarsenembered ring. All reactions
were conducted under mild and environment-frieratipditions by using either KF
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or diethylamine as catalyst. The three-componeauttien displayed a good scope of
substrates. In some cases, the products can g isakated by simple filtration. This
experiment is the first to demonstrate that 4-hydircdole can be used as a
C,0-based 1,4-bisnucleophile for organic synthedikis observation inspires
synthetic chemists to use this easily availableledn many other reactions, which

can be adopted to synthesize other valuable inctmiaining compounds.

B EXPERIMENTAL SECTION

Chemicals. Reagents and starting materials were directly @mgetl from commercial
resources and used as received without furthefigation. All chemicals were of
reagent grade.

Typical procedure for the three-component reaction of 4-hydroxyindole,
aldehydes, and malonodinitrile. The reaction was performed in a 20 mL V-type tube
equipment with a triangle magnetic stirring baraltypical reaction, 4-hydroxyindole
(0.4 mmol) was mixed with malonodinitrile (0.4 mrpahd aldehydes (0.4 mmol) in
2.0 mL of ethanol. KF (0.08 mmol) was then addelde Tixture was subsequently
heated to 60 °C under stirring for 6 h. After tleaation, the mixture was cooled to
room temperature, and the target product was esblasing a preparative thin-layer
chromatograph (TLC) with eluting solution [petratewther/ethyl acetate = 3/1 (v/v)].
Test for substrate scope expansion was the sartteeasbovementioned analogous
procedure.

Stepwise three-component reaction of 4-hydroxyindole, malonodinitrile, and

3,4,5-trimethoxybenzaldehyde. The reaction was performed similar to the
15



abovementioned typical procedure. Malonodinitrik hmol) was mixed with
3,4,5-trimethoxybenzaldehyde (4 mmol) and KF (On#hol) in 20 mL of ethanol.
The mixture was then heated to 60 °C under stiffamd@.5 h. After the reaction, the
mixture was cooled to room temperature, and theipitated solid was separated by
filtration. The acquired solid was washed with cettianol (4x4.0 mL) and dried at
100 °C for 1 h. Thereafter, 4-hydroxyindole (2 mjnetas mixed with the
aforementioned acquired solid (2 mmol) and KF (hmol) in 10 mL of ethanol. The
mixture was then stirred at 60 °C for 6 h. Aftee tieaction, the mixture was cooled to
room temperature, and the target product was elay filtration.

Product analysis. Melting points were determined on an electrotheriyaé (Yuhua
X-4) melting point apparatus and were uncorrectedand*C NMR spectra were
recorded on a Bruker Advance instrument by usingSTdg an internal reference, and
chemical shifts were expressed in ppm. Infraredtspavere recorded (KBr pellets)
on a Bruker Equinox 55 spectrometer with a resofutf 0.4 cm*. HRMS was
recorded on a Bruker MicrOTOF-Q Il instrument.

Spectral data for the products

2-Amino-4-(4-chlorophenyl)-4, 6-dihydrooxepino [4, 3, 2-cd]
indole-3-carbonitrile (4a): Yellow solid; m.p. 196-198C; 'H NMR (400 MHz,
DMSO, 25°C, TMS):§ = 4.84 (s, 1H), 6.51 (s, 1H), 6.67 (t= 8.0 Hz, 1H), 6.98 (s,
2H), 7.13 (dJ = 8.0 Hz, 1H), 7.24 (d] = 8.0 Hz, 2H), 7.35-7.38 (m, 3H), 11.33 (s,
1H); 1*C NMR (100 Mz, DMSO0)5 = 160.9, 146.3, 141.2, 136.8, 131.6, 129.8, 129.0,
126.1, 122.1, 121.3, 116.9, 111.7, 109.1, 98.08,588.7 ppm; IRy = 3451, 3354,
2179, 1659, 1602, 1490, 1398, 1349, 1223, 1088, 893, 770, 737, 490 cihn
HRMS (TOF, ESI): m/z calcd forgH13CIN3O, [M + H]* 322.0747, found 322.0741.
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2-Amino-4-phenyl-4, 6-dihydrooxepino [4, 3, 2-cd] indole-3-carbonitrile (4b):
Yellow solid; m.p. 188-196C; 'H NMR (400 MHz, DMSO, 25C, TMS): 6 = 4.69
(s, 1H), 6.41 (s, 1H), 6.60 (d,= 12.0 Hz, 1H), 6.84 (s, 2H), 7.02 (M= 8.0 Hz, 1H),
7.06-7.12 (m, 3H), 7.19 (d,= 8.0 Hz, 1H), 7.21 (s, 1H), 11.21 (s, 14jc NMR
(100 Mz, DMSO):6 = 160.9, 147.4, 141.2, 136.8, 129.0, 128.0, 121726,1, 122.2,
121.4, 116.9, 112.3, 109.0, 98.0, 57.2, 41.3 ppgrn;vl= 3394, 3310, 2201, 1656,
1487, 1453, 1390, 1349, 1221, 1089, 882, 771, 649, 587, 526, 482 ¢ HRMS
(TOF, ESI): m/z calcd for GH14Nz0, [M + H]" 288.1137, found 288.1132.
2-Amino-4-(p-tolyl)-4, 6-dihydrooxepino [4, 3, 2-cd] indole-3-carbonitrile (4c):
Yellow solid; m.p. 187-18€; *H NMR (400 MHz, DMSO, 22C, TMS):§ = 2.26 (s,
3H), 4.74 (s, 1H), 6.59 (s, 1H), 6.70 (t= 8.0 Hz, 1H), 6.89 (s, 2H), 7.09-7.16 (m,
5H), 7.38 (s, 1H), 11.27 (s, 1HC NMR (100 Mz, DMSO)5 = 160.8, 144.3, 141.0,
136.6, 136.3, 129.6, 127.8, 126.0, 122.2, 121.8,311109.0, 98.1, 79.3, 57.4, 40.8,
21.0 ppm; IRv = 3339, 2189, 1654, 1607, 1509, 1401, 1350, 12320, 1174, 1089,
1029, 798, 756, 733, 567 GmHRMS (TOF, ESI): m/z calcd forGH1gNzO, [M +
H]* 302.1293, found 302.1289.

2-Amino-4-(4-methoxyphenyl)-4, 6-dihydrooxepino [4, 3, 2-cd]
indole-3-carbonitrile (4d): Yellow solid; m.p. 132-134C; 'H NMR (400 MHz,
DMSO, 21°C, TMS):5 = 3.60 (s, 3H), 4.63 (s, 1H), 6.40 (s, 1H), 6.87)(= 8.0 Hz,
1H), 6.75 (d,J = 8.0 Hz, 2H), 6.79 (s, 2H), 7.00-7.03 (m, 3HR67(t,J = 2.8 Hz,
1H), 11.20 (s, 1H)**C NMR (100 Mz, DMSO)5 = 160.7, 158.4, 141.1, 139.6, 136.7,
129.0, 126.0, 122.3, 121.5, 116.9, 114.3, 112.8,9.®7.9, 57.6, 55.5, 28.7 ppm; IR:
v = 3338, 2186, 1654, 1606, 1509, 1401, 1350, 12320, 1174,1089, 1029, 798,
756, 733, 678, 523 c¢fn HRMS (TOF, ESI): m/z calcd for 16H16NzO,, [M + H]*
318.1243, found 318.1242.

2-Amino-4-(2-methoxyphenyl)-4,6-dihydr ooxepino[4,3,2-cd]indole-3-car bonitrile
(4e): Yellow solid; m.p. 134-136C; 'H NMR (400 MHz, DMSO, 25C, TMS):§ =
3.83 (s, 3H), 5.25 (s, 1H), 6.52 (s, 1H), 6.77)d, 8.0 Hz, 1H), 6.85 (s, 1H), 6.87 (s,
2H), 6.98-7.03 (m, 2H), 7.11 (d,= 8.0 Hz, 1H), 7.10-7.18 (m, 1H), 7.36 (s, 1H),
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11.28 (s, 1H);**C NMR (100 Mz, DMSO): = 161.6, 156.6, 141.5, 136.7, 135.2,
129.3, 128.2, 125.9, 121.7, 121.3, 116.9, 112.6,911108.9, 97.9, 79.6, 56.4, 56.1,
34.1 ppm; IRy = 3452, 3325, 2192, 1696, 1652, 1492, 1407, 18324, 1098, 1026,
884, 761, 734, 585, 535 EmMHRMS (TOF, ESI): m/z calcd for1gH1gN30, [M +
H]* 318.1243, found 318.1249.

2-Amino-4-(4-bromophenyl)-4, 6-dihydrooxepino [4, 3, 2-cd]
indole-3-carbonitrile (4f): Yellow solid; m.p. 213-21%; 'H NMR (400 MHz,
DMSO, 25°C, TMS):5 = 4.82 (s, 1H), 6.50 (s, 1H), 6.67 (b= 8.0 Hz, 1H), 6.97 (s,
2H), 7.12 (dJ = 8.0 Hz, 1H), 7.18 (d] = 8.0 Hz, 2H), 7.38 (s, 1H), 7.49 @= 8.0
Hz, 2H) 11.32 (s, 1H)**C NMR (100 Mz, DMSO)3 = 160.9, 146.8, 141.2, 136.8,
131.9, 130.2, 126.1, 122.1, 121.3, 120.1, 116.19,6]1 109.1, 98.0, 56.7, 40.6 ppm;
IR: v = 3444, 3354, 2180, 1658, 1602, 1488, 1401, 13292, 1088, 1009, 887, 791,
769, 736, 487 cth HRMS (TOF, ESI): m/z calcd for 1¢H:aBrNsO, [M + HJ*
366.0242, found 366.0233.
2-Amino-4-(2-bromo-4-methylphenyl)-4,6-dihydrooxepino[4,3,2-cd]indole-3-carb
onitrile (4g): Yellow solid; m.p. 197-199C; 'H NMR (400 MHz, DMSO, 25C,
TMS): §=2.12 (s, 3H), 5.23 (s, 1H), 6.43 (s, 1H), 6&6) = 12.0 Hz, 1H), 6.89 (s,
2H), 6.95 (dJ = 8.0 Hz, 1H), 7.01 (] = 8.0 Hz, 2H), 7.28 (s, 1H), 7.31 (s, 1H) 11.24
(s, 1H);**C NMR (100 Mz, DMSO):5 = 161.0, 142.8, 141.2, 138.9, 136.9, 133.2,
131.3, 129.7, 126.1, 122.5, 121.4, 121.1, 116.9,411109.1, 98.1, 56.3, 28.7, 20.5
ppm; IR:v = 3435, 3336, 2188, 1653, 1628, 1490, 1403, 183P1, 1090, 1039, 886,
801, 760, 734, 492 ¢l HRMS (TOF, ESI): m/z calcd for 6H1sBrNzO, [M + H]*
380.0398, found 380.0385.

2-Amino-4-(2-bromo-4-fluorophenyl)-4,  6-dihydrooxepino  [4, 3, 2-cd]
indole-3-carbonitrile (4h): Yellow solid; m.p. 203—-20%&; *H NMR (400 MHz,
DMSO, 25°C, TMS):5 = 5.35 (s, 1H), 6.51 (s, 1H), 6.62 (b= 8.0 Hz, 1H), 7.02 (s,
2H), 7.13 (dJ = 8.0 Hz, 1H), 7.21 (d] = 8.0 Hz, 2H), 7.38 () = 2.4 Hz, 1H), 7.56
(d,J = 8.0 Hz, 1H), 11.34 (s, 1H)*C NMR (100 Mz, DMSO)5 = 161.0, 160.8 (d]

= 246.0 Hz), 141.2, 136.9, 132.9 (¢ 8 Hz), 128.7. 128.2, 126.2, 122.6 Jc&t 10.0
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Hz), 121.2, 120.9, 119.8 (d,= 25.0 Hz), 116.9, 116.2 (d,= 21.0 Hz), 111.0, 109.2,
98.0, 55.9, 28.6 ppnt’F NMR (400 Mz, DMSO)3 = - 113.68 ppm; IRv = 3441,
3334, 2189, 1653, 1631, 1601, 1486, 1352, 12183,1884, 856, 763, 733, 514, 452
cm®. HRMS (TOF, ESI): m/z calcd for 1gH1-BrFNsO, [M + H]" 384.0148, found
384.0137.

2-Amino-4-(2-chlorophenyl)-4, 6-dihydrooxepino [4, 3, 2-cd]
indole-3-carbonitrile (4i): Yellow solid; m.p. 200-202C; 'H NMR (400 MHz,
DMSO, 25°C, TMS):5 = 5.37 (s, 1H), 6.53 (s, 1H), 6.67 (b= 8.0 Hz, 1H), 7.02 (s,
2H), 7.14 (d,J = 8.0 Hz, 1H), 7.26-7.32 (m, 3H), 7.41 (s, 1HX67(d,J = 8.0 Hz,
1H), 11.36 (s, 1H)**C NMR (100 Mz, DMSO)5 = 161.2, 144.0, 141.3, 136.9, 132.1,
131.4, 130.0, 128.9, 126.2, 121.4, 121.0, 116.9,11109.1, 98.0, 55.8, 38.1 ppm; IR:
v = 3450, 3353, 2270, 1658, 1612, 1489, 1399, 18285, 1086, 887, 795, 767, 737,
491 cm®; HRMS (TOF, ESI): m/z calcd forgH13CIN;O, [M + H]* 322.0747, found
322.0752.

2-Amino-4-(2-chloro-6-fluorophenyl)-4,6-dihydr ooxepino[4,3,2-cd]indole-3-carbo
nitrile (4j): Yellow solid; m.p. 254-256C; 'H NMR (400 MHz, DMSO, 21°C,
TMS): § = 5.55 (s, 1H), 6.50 (s, 1H), 6.60 (s, 1H), 7.822H), 7.12 (dJ = 8.0 Hz,
2H), 7.32-7.38 (m, 3H), 11.32 (s, 1HJC NMR (100 Mz, DMSO0)5 = 161.5, 141.6,
137.0, 130.0 (dJ = 10.0 Hz), 126.2, 120.9 (d,= 10.0 Hz), 116.8, 115.9, 109.0, 97.9,
53.3, 32.5 ppn°F NMR (400 Mz, DMSO)3 = - 112.71 ppm; IRy = 3303, 2198,
1657, 1577, 1494, 1453, 1397, 1349, 1263, 12220,11096, 1061, 896, 787, 730,
679, 582, 528, 461 cln  HRMS (TOF, ESI): m/z calcd for,gH:.CIFNzO, [M + H]'
340.0653, found 340.0644.

2-Amino-4-(3,4-dimethoxyphenyl)-4,6-dihydr ooxepino[4,3,2-cd]indole-3-car bonit
rile (4k): Yellow solid; m.p. 215-219C; *H NMR (400 MHz, DMSO, 25C, TMS):

& = 3.60 (d,J = 2.8 Hz, 6H ), 4.64 (s, 1H), 6.39 (s, 1H), 6.62J = 8.0 Hz, 2H),
6.73-6.76 (m, 2H), 6.79 (s, 2H), 7.01 Jds 8.0 Hz, 1H), 7.26 (s, 1H), 11.19 (s, 1H);
¥c NMR (100 Mz, DMSO): 160.8, 149.1, 148.0, 141.80.0, 136.7, 128.7, 128.2,
126.0, 122.2, 121.5, 120.1, 116.9, 112.4, 111.8,81®8.0, 57.4, 55.9, 40.8 ppm; IR:
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v = 3449, 3386, 3329, 2195, 1666, 1603, 1513,14884,11401, 1351, 1261, 1225,
1141, 1089, 1022, 889, 791, 738, 570, 527" chiRMS (TOF, ESI): m/z calcd for
CaoH1sN30s, [M + H]* 348.1348, found 348.1339

2-Amino-4-(3, 4, 5-trimethoxyphenyl)-4, 6-dihydrooxepino [4, 3, 2-cd]
indole-3-carbonitrile (4l): Yellow solid; m.p. 235-237C; 'H NMR (400 MHz,
DMSO, 25°C, TMS):§ = 3.64 (s, 3H), 3.72 (s, 6H), 4.79 (s, 1H), 6.511H), 6.56 (s,
2H), 6.80 (dJ = 8.0 Hz, 1H), 6.94 (s, 2H), 7.14 @ = 8.0 Hz, 1H), 7.37 () = 2.4
Hz, 1H), 11.32 (s, 1H)**C NMR (100 Mz, DMSO)3 = 160.9, 153.4, 143.0, 141.0,
136.8, 136.6, 126.0, 122.2, 121.5, 116.9, 112.091086.2, 98.0, 60.4, 56.9, 56.3,
41.4 ppm; IRy = 3453, 3383, 3334, 2193, 1659, 1667, 1595, 15063, 1425, 1401,
1352, 1326, 1231, 1124, 1093, 1004, 891, 802, 48, 574, 530 cth HRMS (TOF,
ESI): m/z calcd for gH20N304, [M + H]" 378.1454, found 378.1455.
2-Amino-4-(3-benzyl-4-methoxyphenyl)-4,  6-dihydrooxepino [4, 3, 2-cd]
indole-3-carbonitrile (4m): Yellow solid; m.p. 236-238C; 'H NMR (400 MHz,
DMSO, 21°C, TMS):8 = 3.72 (s, 3H), 4.71 (s, 1H), 4.99 (= 12.0 Hz, 2H), 6.48 (s,
1H), 6.65 (d,J = 4.0 Hz, 1H), 6.75 (ddl, = 1.6 Hz,J, = 8.0 Hz, 1H), 6.89 (s, 2H),
6.91-6.93 (m, 2H), 7.07 (d,= 8.0 Hz, 1H), 7.30-7.41 (m, 6H), 11.29 (s, 1Hg
NMR (100 Mz, DMSO):6 = 160.8, 148.4, 148.1, 141.0, 139.9, 137.4, 13628.8,
128.6, 128.3, 125.9, 122.2, 121.5, 120.4, 116.9,91112.7, 112.4, 108.8, 97.9, 70.5,
57.2, 56.1, 40.7 ppm, IR:= 3395, 3335, 2183, 1654, 1601, 1513, 1402, 13305,
1086, 889, 794, 772, 741, 699, 478 tmHRMS (TOF, ESI): m/z calcd for
Ca6H22N302, [M + H]* 408.1712, found 408.1704.

2-Amino-4-(4-((trifluoromethyl) thio) phenyl)-4, 6-dihydrooxepino [4, 3, 2-cd]
indole-3-carbonitrile (4n): Yellow solid; m.p. 174-176C; 'H NMR (400 MHz,
DMSO, 21°C, TMS):§ = 4.91 (s, 1H), 6.52 (s, 1H), 6.71 (= 8.0 Hz, 1H), 7.05 (s,
2H), 7.14 (d,J = 8.0 Hz, 1H),7.38 (d] = 8.0 Hz, 3H), 7.66 (d] = 8.0 Hz, 2H), 11.36
(s, 1H);**C NMR (100 Mz, DMSO)3$ = 161.0, 150.9, 141.3, 137.0, 136. 9, 131.6,
129.5, 128.6, 126.2, 122.0, 121.3Jd; 7.0 Hz), 116.9, 111.4, 109.2, 97.9, 56.5, 40.9
ppm;*F NMR (400 Mz, DMSO)3 = - 42.16 ppm; IRy = 3388, 3305, 3192, 2201,
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1655, 1627, 1488, 1393, 1350, 1222, 1166, 11173,10815, 884, 794, 773, 740, 654,
596, 519, 493 cih HRMS (TOF, ESI): m/z calcd for §H:157sNsOS, [M + H[
388.0731, found 388.0718.

2-Amino-4-(4-nitrophenyl)-4, 6-dihydrooxepino [4, 3, 2-cd] indole-3-carbonitrile
(40): Yellow solid; m.p. 202—204C:; *H NMR (400 MHz, DMSO, 25C, TMS):§ =
5.04 (s, 1H), 6.54 (s, 1H), 6.69 (= 8.0 Hz, 1H), 7.12 (s, 2H), 7.15 @@= 12.0 Hz,
1H), 7.41 (s, 1H), 7.50 (d,= 8.0 Hz, 2H), 8.20 (d] = 8.0 Hz, 2H), 11.38 (s, 1H)*C
NMR (100 Mz, DMSO):6 = 161.0, 154.8, 146.7, 141.3, 137.0, 129.2, 12623.4,
122.0, 121.1, 117.0, 110.9, 109.2, 98.0, 56.1, 40®; IR:v = 3441, 3395, 3335,
2184, 1655, 1513, 1402, 1350, 1225, 1087, 889, 742, 700, 479 cth HRMS
(TOF, ESI): m/z calcd for gH13N4Os, [M + H]" 333.0988, found 333.0980.
2-Amino-4-(2-nitrophenyl)-4, 6-dihydrooxepino [4, 3, 2-cd] indole-3-carbonitrile
(4p): Yellow solid; m.p. 224—226C; *H NMR (400 MHz, DMSO, 25C, TMS):§ =
5.37 (s, 1H), 6.54 (s, 1H), 6.69 @@= 8.0 Hz, 1H), 7.11 (s, 2H), 7.16 @z= 8.0 Hz,
1H), 7.31 (dJ = 8.0 Hz, 1H), 7.41-7.47 (m, 2H), 7.60-7.64 (m),1H87 (d,J = 8.0
Hz, 1H), 11.38 (s, 1H)**C NMR (100 Mz, DMSO)3 = 161.1, 149.1, 141.5, 140.5,
137.0, 133.9, 132.0, 128.5, 126.4, 124.0, 121.6,812116.9, 110.6, 109.4, 98.1, 56.2,
36.0 ppm; IR = 3443, 3342, 2189, 1656, 1521, 1408, 1350, 120941, 860, 773,
744, 682, 635, 483 cm HRMS (TOF, ESI): m/z calcd for 1gH13N4O5, [M + H]*
333.0988, found 333.0983.

2-Amino-4-(4-cyanophenyl)-4, 6-dihydrooxepino [4, 3, 2-cd] indole-3-car bonitrile
(49): Yellow solid; m.p. 210-212C; *H NMR (400 MHz, DMSO, 28C, TMS):§ =
4.85 (s, 1H), 6.43 (s, 1H), 6.58 (@= 8.0 Hz, 1H), 6.99 (s, 2H), 7.05 @@= 8.0 Hz,
1H), 7.29 (dJ = 4.0 Hz, 1H), 7.32 (d] = 8.0 Hz, 2H), 7.67 (d] = 8.0 Hz, 2H), 11.27
(s, 1H);**C NMR (100 Mz, DMSO): = 161.1, 152.8, 141.3, 137.0, 133.1, 129.0,
126.3, 122.0, 121.1, 119.3, 117.0, 111.1, 109.9,21®8.0, 56.2, 41.2 ppm, IR:=
3334, 2231, 2185, 1654, 1627, 1488, 1401, 13502,1PP64, 1089, 1061, 888, 741,
864, 798, 749, 659, 493 EMHRMS (TOF, ESI): m/z calcd forsgH1aN4O, [M + H]*
313.1089, found 313.1094.
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2-Amino-4-(4-(trifluoromethyl) phenyl)-4, 6-dihydrooxepino [4, 3, 2-cd]
indole-3-carbonitrile (4r): Yellow solid; m.p. 169-17fC; *H NMR (400 MHz,
DMSO, 21°C, TMS):5 = 4.96 (s, 1H), 6.53 (s, 1H), 6.69 (= 8.0 Hz, 1H), 7.06 (s,
2H), 7.15 (dJ = 8.0 Hz, 1H),7.40 (s, 1H), 7.45 @= 8.0 Hz, 2H),7.69 (d] = 8.0 Hz,
2H), 11.36 (s, 1H)*C NMR (100 Mz, DMSO)3 = 161.0, 151.9, 141.3, 136.9, 128.
8, 127.7 (qJ = 31 Hz), 126.2, 126.0 (d,= 3.0 Hz), 123.4, 122.0, 121.2, 116.9, 111.3,
109.2, 98.0, 56.4, 41.0 ppAfE NMR (400 Mz, DMSO)$ = - 60.81 ppm; IRy =
3448, 3423, 3354, 3199, 2189, 1658, 1579, 14912 14862, 1328, 1254, 1224, 1162,
1111, 1066, 1018, 888, 864, 848, 799, 754, 732, 668, 488 ci. HRMS (TOF,
ESI): m/z calcd for @H13F3N3O, [M + H]" 356.1011, found 356.1005.
2-Amino-4-(furan-2-yl)-4,6-dihydrooxepino[4,3,2-cd]indole-3-carbonitrile  (4s):
Yellow solid; m.p. 177-178C; 'H NMR (400 MHz, DMSO, 2fC, TMS): 6 = 4.83
(s, 1H), 6.08 (dJ = 4.0 Hz, 1H), 6.24-6.25 (m, 1H), 6.38 (s, 1HY5(d,J = 8.0 Hz,
1H), 6.91 (s, 2H), 7.07 (d, = 8.0 Hz, 1H), 7.27 (t) = 2.8 Hz, 1H), 7.39 (d] = 4.0
Hz, 1H), 11.24 (s, 1H*C NMR (100 Mz, DMSO)3 = 161.6, 158.0, 142.7, 141.5,
137.0, 126.1, 121.8, 121.2, 117.0, 110.8, 109.8,8,A.05.9, 97.9, 54.1, 34.9 ppm; IR:
v = 3431, 3369, 3328, 2193, 1655, 1627, 1492, 14849, 1216, 1150, 1084, 1007,
750, 598, 479 cih HRMS (TOF, ESI): m/z calcd for ¢H1oN3O,, [M + H]
278.0930, found 278.0927.

2-Amino-4-(benzo[b]thiophen-3-yl)-4,  6-dihydrooxepino  [4, 3, 2-cd]
indole-3-carbonitrile (4t): Yellow solid; m.p. 217-219C; 'H NMR (400 MHz,
DMSO, 22°C, TMS):5 = 5.33 (s, 1H), 6.55 (s, 1H), 6.69 (b= 8.0 Hz, 1H), 6.99 (s,
2H), 7.09 (dJ = 8.0 Hz, 1H), 7.21-7.30 (m, 2H), 7.39Jt 2.4 Hz, 1H), 7.61 (d] =
8.0 Hz, 1H), 7.65 (s, 1H), 7.95 (@= 8.0 Hz, 1H), 11.32 (s, 1HYC NMR (100 Mz,
DMSO): 6 = 160.9, 141.2, 140.2, 137.5, 137.0, 126.1, 12423..6, 124.4, 123.7,
122.4, 121.7, 110.5, 108.9, 100.1, 98.0, 55.8, §prh; IR:v = 3467, 3416, 3327,
2194, 1659, 1657, 1489, 1399, 1349, 1218, 10920,10615, 760, 737, 505 ¢
HRMS (TOF, ESI): m/z calcd for gH14N30S, [M + HJ" 344.0858, found 344.0855.
2-Amino-4-cyclopropyl-4, 6-dihydrooxepino [4, 3, 2-cd] indole-3-carbonitrile (4u):
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Yellow solid; m.p. 147—148C; *H NMR (400 MHz, DMSO, 2£C, TMS): s = 0.26—-
0.38 (m, 4H), 0.78-0.83 (m, 1H), 2.88 (= 8.0 Hz, 1H), 6.31 (s, 1H), 6.65 (s, 2H),
6.92 (d,J = 8.0 Hz, 1H), 7.06 (d) = 8.0 Hz, 1H), 7.22 (s, 1H), 11.15 (s, 14
NMR (100 Mz, DMSO):$ = 161.7, 141.6, 136.8, 125.8, 122.1, 121.4, 1171G,1,
108.5, 97.8, 55.3, 38.4, 21.6, 3.34 ppm;R: 3460, 3346, 2186, 1665, 1607, 1490,
1400, 1352, 1224, 1090, 797, 763, 721, 497cHRMS (TOF, ESI): m/z calcd for
Ci1sH1aN30, [M + H]* 252.1137, found 252.1121.

Ethyl

2-amino-4-(4-methoxyphenyl)-4,6-dihydrooxepino[4,3,2-cd]indole-3-car boxylate
(4v): Yellow solid; m.p. 207—208C; *H NMR (400 MHz, DMSO, 22C, TMS):§ =
1.06 (t,J = 8.0 Hz, 3H), 3.62 (s, 3H), 3.95 (@~ 8.0 Hz, 2H), 4.85 (s, 1H), 6.46 (s,
1H), 6.72 (d,J = 8.0 Hz, 2H), 6.78 (d] = 8.0 Hz, 1H), 7.04 (dJ = 12.0 Hz, 3H),
7.30 (s, 1H), 7.58 (s, 2H), 11.19 (s, 1M} NMR (100 Mz, DMSO):s = 169.1,
161.5, 157.7, 141.8, 141.2, 136.5, 128.5, 125.2.312116.9, 115.6, 113.8, 108.6,
97.8, 77.8, 59.0, 55.4, 39.3, 14.8 ppm; 1R+ 3417, 3315, 1672, 1609, 1509, 1487,
1351, 1254, 1212, 1169, 1092, 1061, 1030, 797, 726, 541 crit. HRMS (TOF,
ESI): m/z calcd for @H»1N-04, [M + H]* 365.1501, found 365.1492.

Ethyl 2-amino-4-(3, 4, 5-trimethoxyphenyl)-4, 6-dihydrooxepino [4, 3, 2-cd]
indole-3- carboxylate (4w): Yellow solid; m.p. 231-233C:; '*H NMR (400 MHz,
DMSO, 22°C, TMS):6 = 1.07 (t,J = 8.0 Hz, 3H), 3.54 (s, 3H), 3.64 (s, 6H), 3.96 (q
J = 4.0 Hz, 2H), 4.87 (s, 1H), 6.45 (s, 2H), 6.47(8)), 6.90 (dJ = 12.0 Hz, 1H),
7.07 (d,J = 8.0 Hz, 1H), 7.31 (s, 1H), 7.61 (s, 2H), 11.811H);**C NMR (100 Mz,
DMSO): 6 = 169.1, 161.7, 153.0, 145.4, 141.2, 136.6, 13625.8, 122.3, 116.9,
115.1, 108.7, 104.9, 97.9, 77.3, 60.4, 59.0, 58024, 14.8 ppm; IRv = 3433, 3365,
1680, 1615, 1506, 1486, 1461, 1422, 1352, 132,1P3835, 1212, 1125, 1094, 1064,
1002, 726, 693, 661, 598. HRMS (TOF, ESI): m/z @dtr GsHosN2Os, [M + H]*
425.1713, found 425.1706.

Ethyl 2-amino-4-(4-chlorophenyl)-4,6-dihydrooxepino [4, 3, 2-cd]
indole-3-carboxylate (4x): Yellow solid; m.p. 181-183C; *H NMR (400 MHz,
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CDCls, 22°C, TMS): 8 = 1.17 (t,J = 8.0 Hz, 3H), 4.07 (q] = 4.0 Hz, 2H), 5.00 (s,
1H), 6.64 (s, 1H), 6.80 (d = 8.0 Hz, 1H), 7.01 (dJ = 8.0 Hz, 1H), 7.13-7.19 (m,
5H), 7.25 (s, 2H), 8.37 (s, 1HYC NMR (100 Mz, CDG): 6 = 169.0, 160.4, 147.4,
141.4, 136.2, 131.4, 129.2, 128.1, 124.2, 123.6,911115.1, 108.0, 99.0, 79.1, 59.5,
30.3, 14.4 ppm; IRv = 3438, 3369, 2978, 2904, 1669, 1605, 1528, 150@4, 1365,
1351, 1313, 1290, 1247, 1211, 1159, 1086, 10593,1841, 790, 761, 733, 484, 454.
HRMS (TOF, ESI): m/z calcd for £H1gCIN,Os, [M + H]® 369.1006, found
369.1002.

Ethyl 2-amino-4-(2-bromo-4-chlorophenyl)-4,6-dihydrooxepino [4, 3, 2-cd]
indole-3- carboxylate (4y): Yellow solid; m.p. 157-159C; 'H NMR (400 MHz,
DMSO, 22°C, TMS):§ = 0.98 (t,J = 8.0 Hz, 3H), 3.89 (q] = 4.0 Hz, 2H), 5.48 (s,
1H), 6.48 (s, 1H), 6.87 (d, = 8.0 Hz, 1H), 7.02 (s, 1H), 7.06—7.09 (m, 2HR37(s,
1H), 7.54 (dJ = 8.0 Hz, 1H), 7.78 (s, 2H), 11.28 (s, 1 NMR (100 Mz, DMSO):
0 =168.8, 161.7, 151.1, 140.7, 136.9, 134.5, 13129,9, 128.1, 126.1, 120.9, 116.9,
109.1, 103.3, 98.0, 76.0, 59.1, 39.1, 14.6 ppmyIR:3425, 3314, 1671, 1606, 1488,
1302, 1213, 1165, 1097, 1063, 1024, 736. HRMS (T&8§J): m/z calcd for
Co0H17BrCIN,O3z, [M + H]" 447.0111, found 447.0101.

Ethyl

2-amino-4-(4-nitrophenyl)-4,6-dihydrooxepino[4,3,2-cd]indole-3-car boxylate (4z):
Yellow solid; m.p. 141-143C; 'H NMR (400 MHz, DMSO, 23C, TMS):$ = 1.07 (t,
J=7.2 Hz, 3H), 3.97 (q] = 6.8 Hz, 2H), 5.13 (s, 1H), 6.54 (s, 1H), 6.84Jc 8.0
Hz, 1H), 7.12 (dJ = 8.0 Hz, 1H), 7.39 (t) = 2.8 Hz, 1H), 7.47 (d] = 8.8 Hz, 2H),
7.80 (s, 2H), 8.11 (dl = 8.0 Hz, 2H), 11.32 (s, 1H)*C NMR (100 Mz, DMSO)5 =
168.7, 161.6, 157.3, 146.0, 141.2, 136.9, 128.9$.112124.0, 122.2, 117.0, 113.5,
109.0, 97.9, 76.3, 59.1, 30.6, 14.7 ppm;¥R: 3443, 3311, 2981, 1737, 1675, 1604,
1510, 1406, 1346, 1294, 1243, 1213, 1163, 1105, 894, 741, 583, 531, 481,
HRMS (TOF, ESI): m/z calcd for4gH1sN30s, [M + H]* 380.1246, found 380.12309.
Ethyl

2-amino-4-(4-cyanophenyl)-4,6-dihydrooxepino[4,3,2-cd]indole-3-car boxylate
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(4aa): Yellow solid; m.p. 165-169C; *H NMR (400 MHz, DMSO, 22C, TMS):§ =
1.02 (t,J = 4.0 Hz, 3H), 3.92 (q] = 4.0 Hz, 2H), 5.02 (s, 1H), 6.48 (s, 1H), 6. @9

= 8.0 Hz, 1H), 7.06 (dJ = 8.0 Hz,1H), 7.32—7.36 (m, 3H), 7.64 (= 8.0 Hz, 2H),
7.72 (s, 2H), 11.25 (s, 1H}¥*C NMR (100 Mz, DMSO):$ = 168.7, 161.6, 155.2,
141.2, 136.8, 132.6, 128.7, 126.1, 122.2, 119.6,911113.8, 108.9, 108.9, 97. 9, 76.4,
59.1, 30.5, 14.7 ppm; IRz = 3503, 3305, 2983, 2916, 2225, 1675, 1605, 15286,
1405, 1350, 1300, 1257, 1209, 1160, 1104, 106051821, 787, 746, 673, 582, 454.
HRMS (TOF, ESI): m/z calcd for gH1gN30s, [M + H]* 360.1348, found 360.1332.
Ethyl 2-amino-4-(p-tolyl)-4,6-dihydrooxepino[4,3,2-cd]indole-3-car boxylate
(4ab): Yellow solid; m.p. 220-222C; *H NMR (400 MHz, DMSO, 22C, TMS):$ =
1.10 (t,J = 8.0 Hz, 3H), 2.18 (s, 3H), 3.98 (@~ 4.0 Hz, 2H), 4.92 (s, 1H), 6.53 (s,
1H), 6. 83 (d,J = 8.0 Hz, 1H), 6.99 (d] = 8.0 Hz, 2H), 7.08 (d] = 8.0 Hz, 2H), 7.11
(s, 1H), 7.36 (s, 1H), 7.66 (s, 2H), 11.26 (s, 15E NMR (100 Mz, DMSO0)35 =
169.1, 161.6, 146.7, 141.3, 136.6, 134.9, 129.0,512125.8, 122.4, 116.9, 115.5,
108.6, 103.4, 97.8, 77.6, 59.0, 21.0, 14.8 ppmyIR:3413, 3313, 2984, 2904, 1664,
1638, 1599, 1504, 1482, 1402, 1351, 1315, 12947,1P210, 1158, 1099, 1060, 1018,
892, 751, 727, 580, 505, 456; HRMS (TOF, ESI): wdicd for GiH21N20s, [M +
H]* 349.1552, found 349.1539.

2-Amino-4-(4-chlorophenyl)-4, 6-dihydrooxepino [4, 3, 2-cd] indol-3-yl)
(phenyl)methanone (4ac): Yellow solid; m.p. 132-134C; *H NMR (400 MHz,
DMSO, 22°C, TMS):5 = 5.00 (s, 1H), 6.55 (s, 1H), 6.76 (t= 8.0 Hz, 2H), 6.82 (d,

J = 8.0 Hz, 1H), 7.08-7.13 (m, 5H), 7.32—-7.39 (M) 49426 (s, 2H), 11.31 (s, 1H);
3%C NMR (100 Mz, DMSO):5 = 193.9, 163.7, 147.9, 142.5, 140.7, 136.8, 130.7,
129.1, 128.9, 128.5, 128.5, 126.5, 126.2, 122.9,011115.3, 109.0, 97.8, 88.1, 31.1
ppm; IR:v = 3421, 1692,1596, 1491, 1448, 1352, 1261, 100251789, 699, 508.
HRMS (TOF, ESI): m/z caled for £H1gCINoO,, [M + H]* 401.1057, found
401.1056.
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