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Soluble polymer supported divergent synthesis of tetracyclic benzene-fused
pyrazino/diazepino indoles: an advanced synthetic approach to bioactive
scaffolds†
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The synthesis of indoline substituted nitrobenzene on a PEG support and its further elaboration to
structurally diverse benzene-fused pyrazino/diazepino indoles is disclosed. A reagent based
diversification approach coupled with Pictet–Spengler type condensation reactions furnished these
fused polycyclic scaffolds. Microwave irradiation was used as a means of rate acceleration for soluble
polymer-supported reactions. The efficiency of these fused heterocyclic molecules to inhibit the vascular
endothelial growth factor receptor 3 (VEGFR-3) was examined in vitro using kinase receptor activation
enzyme-linked immunosorbant assay (KIRA-ELISA). Based on the preliminary results obtained, a
small set of potential drug candidates were identified as novel leads in this therapeutic area to be further
explored as anti-metastatic agents.

Introduction

The majority of biologically relevant chemical space is explored
by heterocyclic structures. Among the top 20 best-selling drugs
currently in use, 70% are organic small molecules and 10 out
of them comprise one or more heterocyclic rings. The presence
of a heterocyclic core is directly linked to some bioactivity, and
such motifs are frequently found in ¢privileged structures¢.1 On
the other hand, a recent survey revealed that the CAS registry
database consists of more than 24 million organic chemical
substances but half of these molecules can be described by just 143
shapes.2 This scenario demands the clear need for new heterocyclic
scaffold design from the virtual chemical space to explore newer
dimensions in the drug discovery process. During our search
for novel fused heterocyclic ring systems, the benzene fused
heterocycles are found to be the second generation of structural
motifs,3 whereas plenty of indole fused ring systems with a range
of biological activities are reported.4 These chimeric heterocyclic
scaffolds are found to be the outcome of scientific curiosity, natural
product analogueing as well as SAR development.5 Such chimeric
motifs are designed with the vision that the biological activity
of several new hybrids exceeds that of the parent compounds.6
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This practice has unimaginable ends, since each scaffold with
its pharmacophoric residues can occupy a unique chemical
space.

In recent years, various protocols for the construction of such
fused heterocyclic compounds via polymer supported strategies
have been developed.7 Drug hunters have greatly adopted com-
binatorial synthesis for lead generation, target validation and
lead optimization in drug discovery.8 To speed up this discovery
process and maintain the balance between new chemical entity
synthesis and screening, several powerful techniques such as
parallel synthesis9 and multicomponent reactions10 have been
developed. Still there is a need for new tools to provide a fast and
more efficient way to synthesize novel chemical compounds. With
this in view, the present article describes a rapid and diversity-
oriented synthesis of benzo derivatives of pyrazino/diazepino
indoles on a soluble polymer support.

The Pictet–Spengler type condensation reaction was utilized as
a key reaction to furnish these polycyclic skeletons in a library
fashion. Most of the Pictet–Spengler reactions have involved an
aliphatic amine instead of aromatic amines.11 Very few articles
concerning the Pictet–Spengler cyclization reaction involving an
aromatic amine in combination with indole, imidazole or electron
rich phenyl ring systems are reported.12 Based on this, a multi-
disciplinary synergistic methodology13 is proposed for the present
synthesis which takes advantage of a reagent based diversification
approach14 and liquid-phase combinatorial synthesis,15 as well as
microwave mediated reaction acceleration.16

A retrosynthetic strategy towards the four different complex
heterocycles 2–5 via chemically robust poly(ethylene glycol) (PEG,
Mol. Wt. ª 6000) anchored intermediate 1 from 4-fluoro-3-
nitrobenzoic acid (FNBA) is depicted in Scheme 1.
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Scheme 1 Retrosynthetic analysis for the benzo derivatives of pyrazino/diazepino indoles 2–5.

FNBA was chosen as a starting material, since the three different
functionalities on the phenyl ring can be expertly utilized for
the construction of the desired molecules on support. These
scaffolds incorporate the structural features of many biologi-
cally important heterocycles such as diazepine, benzo-diazepine,
diazepino-indole, pyrazine, benzo-pyrazine and pyrazino-indole.
One of the important and common structural components in
these scaffolds is N-fused indole, which has a great biological
and pharmaceutical significance.4,17 The closely related indolo-
pyrazine/diazepine nucleus was identified as a potent antiprolifer-
ative agent and also demonstrated its antidepressant, anti-obesity,
and analgesic as well as anti-inflammatory effects.18 Incorporation
of tetrahedral carbon atoms in the present ring systems (2 and 4)
was intended to disrupt the typical one dimensional planarity of
aromatic skeletons. This may create multidimensional concave and
convex surfaces in the molecule and can provide these skeletons
as privileged structures to design novel high affinity ligands for
future drug discovery.19 Increased hit rates at comparably small
library size are expected from such non-flat skeletal compound
collections.

Results and discussion

A synthetic route to the targeted benzene-fused pyrazino/
diazepino indoles is described in Schemes 2 and 3. Esterifica-
tion of the commercially available 4-fluoro-3-nitro benzoic acid
with polymer support using DCC and catalytic DMAP under
microwave irradiation20 (150 ◦C) for 20 min furnished PEG linked
nitro-fluoro benzoate 6 (Scheme 2).

Using this recipe and following the conventional protocol
reaction required 24 h and double loading of the reagents for
complete conversion. To monitor the progression of reaction,
a small portion of the reaction mixture was pulled out, the
compound was precipitated and washed with cold ether and
dried to record the proton NMR spectrum. The appearance of
three signals for aromatic protons along with the a-methylene
protons and methylene bulk related to polymer support confirmed

Scheme 2 Synthesis of indoline substituted nitrobenzene on a PEG
support.

the successful immobilization of the starting material FNBA
(Fig. 1B). Upon completion of the reaction, the polymer bound
compound mixtures were purified by the same precipitation and
washing protocol.

In the next step, the aromatic substitution on immobilized
o-fluoro nitrobenzene 6 by indoline was achieved in refluxing
acetonitrile. The reaction took 8 h for the complete disappearance
of the starting materials as monitored by regular proton NMR
(Fig. 1C). Microwave promoted acceleration in this ipso-fluoro
displacement reaction was observed. This indoline substitution
was completed in 10 min of microwave irradiation at 150 ◦C. From
this point onwards, the synthetic design was branched out
using a reagent based diversification approach (Scheme 3). We
presumed that 3-amino-4-(1-indolinyl)benzoate 7, might undergo
an electrophilic cyclization with aldehydes or ketones at the
phenyl ring,21 while 3-amino-4-(1-indolyl)benzoate 8, could cyclize
onto its electron rich pyrrole ring.22 Selection of the appropriate
reducing conditions to accomplish compounds 7 and 8 from the
anchored nitro intermediate 1 was the key to realize our envisioned
and diversified strategy.
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Scheme 3 Synthesis of desired heterocycles using reagent based diversification.

Several reducing conditions were attempted for the reduction
of the nitro functionality in 1. We have observed an interesting
resistance of this nitro group towards various reducing agents
such as zinc, samarium iodide and iron(II) chloride. Finally,
the desired amino-indolinyl intermediate 7 was obtained using
tin(II) chloride in the presence of ammonium formate in refluxing
methanol. The indoline ring in this polymer conjugate 7 was
further oxidized to the indole substituted aniline conjugate
8 through the application of DDQ in methylene chloride at
25 ◦C. This two step transformation was realized in one-pot by
the exposure of 1 to catalytic transfer hydrogenation conditions
using palladium and cyclohexene (refluxing ethanol for 12 h or
under microwave irradiation at 120 ◦C, 15 min) to furnish indole
substituted aniline conjugate 8. Simultaneous nitro reduction
as well as palladium catalyzed dehydrogenation23 of indoline to
indole was accomplished in one pot during this transformation. It
should be mentioned that under these conditions no additional
oxidants are required for the further oxidation of indoline to
indole. Thus, compound 8 was obtained via two routes: in a
single step by reductive dehydrogenation from nitro intermediate
1 or from the oxidation of amino conjugate 7. During all
these reductive transformations, no yield loss was detected which
suggested the presence of intact polymer support. Stepwise proton
NMR monitoring toward the formation of indolinyl/indolyl-
aminobenzoates 7 and 8, respectively from key intermediate 1
is shown in Fig. 2. The presence of the methylene protons of the

indoline ring in conjugate 7 and the appearance of additional
aromatic protons in 8 were cleanly observed in the proton NMR
spectra.

The penultimate key step in this process was to accomplish
the possible Pictet–Spengler type heterocyclization on a soluble
polymer support. Indole substituted conjugate 8 on treatment
with various ketones in the presence of TFA and MgSO4 in
a microwave cavity (150 ◦C) for 10 min furnished the desired
benzene-fused dihydropyrazino-indole scaffolds 9. Whereas, with
a similar recipe, using aldehydes (MW, 120 ◦C, 10 min) in place of
ketones, a benzene-fused pyrazino-indole scaffold 11 was obtained
on the polymer support. The intermediate dihydropyrazine ring
was found to be easily air oxidized during this transformation
to deliver more stable fully aromatic flat skeleton. In contrast,
under these acid catalyzed dehydrating conditions (using both
aldehydes as well as ketones), indoline linked polymer conjugate
7 yielded benzene-fused tetrahydrodiazepino-indole scaffolds 10.
Only in the case of p-nitrobenzaldehyde (Table 1, entry 5), cy-
clization followed by subsequent oxidation of the benzodiazepine
ring was observed, resulting in the formation of benzene-fused
dihydrodiazepino-indole skeleton 12.

To understand the significance of dielectric heating over conven-
tional heating experiments, the Pictet–Spengler type cyclizations
described herein (using both aldehydes as well as ketones) were
additionally attempted by reflux heating. It is remarkable to
observe that the cyclizations by conventional reflux heating were
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Fig. 1 Stepwise proton NMR monitoring for the synthesis of key intermediate 1.

successful only with the aldehydes; our several efforts to obtain
the cyclized products by reflux heating using ketones failed. In
the case of ketones, microwave irradiation at a higher temperature
(150 ◦C) than that of aldehydes (120 ◦C) was required for the
complete conversion. This can be attributed to the additional three
dimensional obstacles during the ketone cyclization to furnish the
preferred hetero systems with tetrahedral carbon atoms in the
skeleton. Overall, the aromatic aldehydes were found to be more
reactive than the substituted aliphatic aldehydes followed by cyclic,
symmetrical or asymmetrical ketones.

During these Pictet–Spengler type condensation reactions, the
iminium ion generated in situ undergoes C–C bond formation with
the C-2 of the indole ring in compound 8 or the C-7 of the indoline
ring in compound 7, respectively to furnish benzene fused pyrazino
or diazepino indoles as novel heterosystems. The ring nitrogen in
indole or indoline played a crucial role in directing the electron
cloud at the C-2 or C-7 positions of the ring. The presence of a

sufficiently reactive aromatic nucleus as well as conformational
restrictions due to anilinic amines (compared to aliphatic amines
in classical Pictet–Spengler isoquinoline synthesis), synergistically
promoted the observed cyclization.

Finally cleavage of the soluble polymer support was achieved
using potassium cyanide (1%) in methanol at room temperature
to obtain polymer-free benzene-fused pyrazino/diazepino indoles
2–5 in good to excellent yields (68–93%, Table 1). The complete
cleavage during this reaction was verified by recording proton
NMR spectrum of the recovered polymer support. Upfield shift
of the a-methylene protons from 4.4 to 3.5 d ppm confirmed
this absolute transformation. Reaction progress and stepwise
transformations on a polymer support were cleanly observed
in proton NMR spectra.24 To understand the efficiency of this
polymer supported combinatorial synthetic process the crude
products were subsequently analyzed by HPLC (purity ranges
from 70–99%, Table 1). It is noteworthy to mention that with
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Fig. 2 Proton NMR monitoring toward the formation of 7 and 8 from key intermediate 1.

the aid of microwave mediated reaction acceleration this macrogel
supported synergistic synthesis furnished the desired heterocycles
in a very short time. Lower yield (59%) as well as poor HPLC purity
(38%) of the product 4j with o-nitro benzaldehyde was attributed to
the additional steric hindrance during the cyclization. All the final
products were confirmed by spectroscopic analysis. The complete
data is included in the ESI.†

To gain more insight about the non-flat tetracyclic benzene-
fused pyrazino/diazepino indole skeletons 2 and 4, single crystals
of the representative compounds 2a and 4k were grown from a hot
saturated filtered solution of these compounds in CH2Cl2–CH3OH
mixtures. Suitable crystals were obtained by slow evaporation of
the solvent at room temperature. Compound 2a was crystallized
as yellow lump where as crystals of compound 4k were obtained
as pale yellow lump. The best amongst them were selected and
the X-ray diffraction data was collected.†25 Non-planarity in

the basic skeleton was clearly noticed in the ORTEP26 diagrams
(Fig. 3).

A twist between the two planes comprising the indole/indoline
ring and the phenyl ring connected by N2 and C10 in 2a or
N2 and C9 in 4k was observed. These two twisted planes are
connected by a linker with tetrahedral carbon (sp3 hybridized
C1) and a nitrogen atom (N1) resulting in a six-membered
pyrazino or seven-membered diazepino ring junction with partial
envelope and twist conformations. The residue at C1 (nitrophenyl
ring in 4k) distinctly occupies the space perpendicular to the
basic skeleton. The X-ray structures clearly revealed that by
varying the aldehydes or ketones during the Pictet–Spengler
cyclization and further N1 alkylation will result in molecules with
three-dimensional (3D) orientations having concave and convex
surfaces. Suitable solubility and salt forming properties (important
for oral absorption and bioavailability) can be expected from these
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Table 1 Benzene-fused pyrazino/diazepino indoles (2–5)

Entry R1COR2 LRMSa Yieldb(%) Purityc VEGFR-3 Inhibitiond

2a 307 88 99 73

2b 361 93 87 96

2c 369 80 97 30

2d 321 73 79 20

2e 335 90 91 32

2f 333 75 79 47

3a 305 71 70 62

3b 371 81 88 85

3c 373 83 90 NT

3d 353 85 84 96

4a 309 92 98 NT

4b 323 91 94 82

4c 337 68 70 40

4d 349 80 84 86

4e 309 82 80 66

4f 357 87 96 36
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Table 1 (Contd.)

Entry R1COR2 LRMSa Yieldb(%) Purityc VEGFR-3 Inhibitiond

4g 363 89 96 73

4h 387 80 77 73

4i 401 85 87 51

4j 424e 59 38 64

4k 424e 75 56 81

5 400 77 71 67

a [M+H]+. b isolated yields determined on weight of purified samples. c HPLC recorded after the cleavage followed by precipitation and washing.
Compounds with <90% purity were further column purified to achieve the required purity for biological screening. d in vitro VEGFR-3 kinase inhibition
at 1 mM conc. analyzed using KIRA-ELISA; sorafinib (1 mM) was used as an internal standard (86% inhibition). e [M+Na]+. NT: Not Tested.

Fig. 3 ORTEP view of compounds 2a and 4k.
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heterocycles having two nitrogen atoms as well as a carboxylate
functionality. The carboxylate functionality can be further utilized
as per the SAR requirements.

Structurally similar tetracyclic heterocycles are known to bind
cyclin-dependent kinases.27 Recently, the imidazo-pyrazines have
been reported as dual inhibitors of Aurora kinases A and B
with picomolar inhibitory activity28 whereas pyrimido-diazepines
have been designed as adenine mimics to inhibit receptor tyrosine
kinases such as KDR, VEGFR-2 and c-Kit.29 With various such
advantages, the synthesized library of these tetracyclic heterocycles
was exposed to vascular endothelial growth factor receptor 3
(VEGFR-3) so as to identify new chemotypes as structural leads
to control lymphangiogenesis process during tumor migration.
The role of lymphangiogenesis in promoting metastasis via the
lymphatic system has been the subject of extensive research.30

VEGFR-3 is a major mediator of lymphangiogenesis and is
activated by its specific ligand VEGF-C.31 Clinical studies also
revealed that increased expression of VEGF-C was associated
with lymph node metastasis in a variety of cancers in humans.32

In the present study, the efficiency of the synthesized library was
examined with an in vitro inhibition of VEGFR-3 kinase cell based
assay (KIRA-ELISA) at 1 mM concentration. Among the entire
20 compounds tested, 6 test compounds showed more than 80%
inhibition of VEGF receptor 3, whereas 8 showed inhibitions in the
range of 50–80% (Table 1). A small set of potential lead candidates
were identified from this preliminary screening. Further SAR
study towards the development of new drug candidates is on the
way in our laboratory and the results will be published in due
course.

Conclusion

Three challenges in the synthesis of biologically relevant organic
small molecules were addressed. A class of heterocyclic motif
with known biological activity was selected and the structural
diversity around the skeleton was expanded. The benzene-fused
pyrazino/diazepino indoles were designed with ample opportu-
nities for functionalization in SAR efforts. A very short and
efficient synthetic path was created for these scaffolds using liquid
phase combinatorial technique coupled with the application of
microwave irradiation. The required diversity during the synthesis
was achieved by incorporating an indoline in the scaffold, whereby
Pictet–Spengler type reaction occurred in two possible ways
resulting in pyrazino or diazepino fused rings. The efficacy
of these fused heterocyclic drug-like molecules was identified
with in vitro inhibition of VEGFR-3 kinase cell based assay.
During this preliminary screening, some of the tested compounds
exhibited moderate to good inhibition against VEGFR-3 which
is related to the invasion and migration of cancer cells. A small
set of potential lead candidates based on these scaffolds was
identified to be further explored as anti-metastatic therapeutic
agents.

Experimental section

General remarks

All reactions were performed under an inert atmosphere with
unpurified reagents and dry solvents. Analytical thin-layer chro-

matography (TLC) was performed using 0.25 mm silica gel coated
Kiselgel 60 F254 plates. Compound purification was carried out
using flash chromatography grade silica gel 60 (230-400 mesh).
IR spectra were recorded on an FT-IR spectrophotometer. 1H
and 13C NMR spectra were recorded on a 300 and 75 MHz
spectrometer, respectively. Chemical shifts are reported in parts
per milliom (ppm) on the scale from an internal standard.
Mass spectra were recorded on a time-of-flight mass spec-
trometer, samples being introduced by infusion method using
the electrospray ionization technique. All starting compounds
were purchased from commercial sources and used without
purification.

Microwave irradiation and conventional experimental methods

A monomode CEM DiscoverTM microwave reactor with stan-
dard configuration operating at a maximum power of 300 W
and equipped with an infrared pyrometer for the control of
temperature and compressed air system for cooling was used.
All experiments were carried out in sealed microwave process
vials. To understand the significance of dielectric heating, the
experiments were also carried out using the conventional method
in round bottom flasks, using the same reaction mixtures at room
temperature or by classical heating in an oil bath as mentioned in
Scheme 2 and Scheme 3. To monitor the progression of reaction
on a polymer support, a small portion of the reaction mixture
was pulled out, the compound was precipitated and washed with
cold ether, subsequently dried and its proton NMR spectrum was
recorded. The reaction progress and the stepwise transformations
on a polymer support after each stage of the synthetic sequence
from 4-fluoro-3-nitrobenzoic acid to the desired products 2–5 were
cleanly observed in proton NMR spectra.

Synthesis of indoline substituted nitrobenzene on a PEG support (1)

PEG 6000 (1.2 g, 0.2 mmol), 4-fluoro-3-nitro-benzoic acid (0.222 g,
1.2 mmol), N,N¢-dicyclohexylcarbodiimide (DCC) (0.247 g,
1.2 mmol) and 4-dimethylaminopyridine (DMAP) (0.015 g,
0.12 mmol) in dry CH2Cl2 (15 mL) were placed in a pressure-
resistant test tube provided with a magnetic stirring bar. The tube
was sealed with a septum, placed in the CEM MW apparatus,
and subjected to MW irradiation at 150 ◦C for 20 min. Upon
completion of the reaction, CH2Cl2 (10 mL) was added, and the
reaction mixture was cooled to 0 ◦C. The solid dicyclohexylurea
(DCU) formed was filtered off and CH2Cl2 layer was evaporated.
To this crude material cold diethyl ether (10 mL) was added
to precipitate the PEG-bound fluoro-nitro aryl intermediate 6.
The precipitate was then collected on a sintered glass funnel and
thoroughly washed with diethyl ether (10 mL ¥ 2) to remove
the excess reagents and dried. To this crude material 6 (1.25 g,
0.2 mmol) in dry CH3CN (15 mL) was added indoline (0.167 g,
1.4 mmol) in a sealed vial and it was irradiated in a microwave
reactor at 150 ◦C for 10 min. The crude product 1 was purified
by precipitating and washing with excess cold ether (20 mL ¥
3) and dried in vacuo. This was used as it is for the further
transformations. The stepwise proton NMR monitoring for these
two transformations is shown in Fig. 1.
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Synthesis of PEG-bound 3-amino-4-(1-indolinyl)benzoate (7) and
PEG-bound 3-amino-4-(1-indolyl)benzoate (8) from intermediate
(1)

Tin(II) chloride (0.1 g, 10%) and ammonium formate (20.0 equiv.,
0.202 g, 3.2 mmol) were added to a solution of polymer bound
fluoro-nitro aryl intermediate 6 (1.0 g, 0.16 mmol) in MeOH
(20 mL), and the reaction mixture was subjected to microwave
irradiation at 120 ◦C for 10 min. Upon completion of reaction,
the mixtures were filtered through Celite to remove insoluble
tin(II) chloride, and the filtrate was collected and concentrated
under reduced pressure. Dichloromethane (15 mL) was added to
precipitate ammonium formate, and the mixture was again passed
through a thin layer of Celite to remove ammonium formate. The
organic layer was concentrated and the crude product (7) obtained
was used as it is for the further transformations. In a separate
experiment, to the solution of polymer bound fluoro-nitro aryl
intermediate 6 (1.0 g, 0.16 mmol) in EtOH (20 mL) was added
10% Pd/C (0.1 g, 10 Wt% of 6) followed by cyclohexene (2 mL)
was added and the reaction mixture was irradiated in a microwave
reactor at 120 ◦C for 15 min. The solid palladium on charcoal was
filtered off and the solvent was evaporated. PEG-bound 3-amino-
4-(1-indolyl)benzoate 8 was isolated by the same precipitation
and washing technique using diethyl ether. Compound 8 was
also obtained from intermediate 7: a solution of 3-amino-4-(1-
indolinyl)benzoate 7 (1.0 g, 0.15 mmol) in CH2Cl2 (10 mL) was
stirred at room temperature in the presence of 2,3-dichloro-5,6-
dicyano-1,4-benzoquinone (DDQ) for overnight. The reaction
mixture was filtered and the precipitate was washed with CH2Cl2

(50 mL). The combined organic layers were concentrated and used
as it is for the further transformations.

General procedure for the Pictet–Spengler cyclization and cleavage
from support

To a solution of PEG-bound 3-amino-4-(1-indolinyl)benzoate 7
or PEG-bound 3-amino-4-(1-indolyl)benzoate 8 (1.0 equiv.) in
CHCl3 (10 mL), aldehyde or ketone (3.0 equiv.), anhydrous magne-
sium sulfate (20%) and 2 drops of trifluoroacetic acid (TFA) were
added. Upon the addition of TFA, the faint yellow solution turned
to dark red color. The resulting reaction mixture in a sealed vial
was irradiated in a microwave reactor for 10 min at 120 ◦C. After
completion of the reaction, the compound mixtures were passed
through a thin layer of Celite to remove MgSO4. The solvent was
removed under reduced pressure and diluted with slow addition
of excess of cold ether (50 mL). The precipitated benzene fused
pyrazino/diazepino indole conjugates 9–12 were filtered through
a fritted funnel and washed with excess cold ether (20 mL ¥ 3) and
dried in vacuo. Potassium cyanide (0.01 equiv.) was added to a so-
lution of conjugates 9–12 in methanol (10 mL). The mixtures were
stirred at ambient temperature for 12 h. The solvent was removed
under reduced pressure, and the mixtures were precipitated and
washed with ether (50 mL ¥ 3). The filtrates were collected, and
products 2–5 were obtained in good yields and purity (Table 1).

Methyl 6,6-dimethyl-5,6-dihydroindolo[1,2-a]quinoxaline-3-
carboxylate (2a)

IR (neat) nmax 3338, 2958, 1711, 1597 cm-1; 1H NMR (300 MHz,
CDCl3) d 8.01 (d, J = 8.4 Hz, 1H), 7.95 (d, J = 8.4 Hz, 1H), 7.71

(dd, J = 8.4, 1.8 Hz, 1H), 7.65 (d, J = 7.9 Hz, 1H), 7.57 (d, J =
1.8 Hz, 1H), 7.34–7.20 (m, 2H), 6.44 (s, 1H), 3.95 (s, 3H), 1.60
(s, 6H); 13C NMR (75 MHz, CDCl3) d 166.8, 143.1, 135.9, 134.0,
130.4, 130.1, 125.3, 122.7, 121.6, 121.4, 121.0, 117.1, 115.9, 111.9,
97.2, 52.0, 51.8, 28.6 (2C); MS (ESI) m/z 307 (MH+); HRMS
(ESI) calcd for C19H19N2O2: m/z 307.1446; Found 307.1445.

Methyl 5¢H-spiro[cycloheptane-1,6¢-indolo[1,2-a]quinoxaline]-3¢-
carboxylate (2b)

IR (neat) nmax 3352, 2925, 2852, 1709, 1599 cm-1; 1H NMR
(300 MHz, CDCl3) d 8.00 (d, J = 8.3 Hz, 1H), 7.93 (d, J = 8.4 Hz,
1H), 7.67 (dd, J = 8.4,1.8 Hz, 1H), 7.65 (d, J = 7.3 Hz, 1H), 7.58 (d,
J = 1.8 Hz, 1H), 7.31–7.20 (m, 2H), 6.49 (s, 1H), 3.95 (s, 3H), 2.19–
2.08 (m, 2H), 11.99–1.92 (m, 2H), 1.84–1.62 (m, 8H); 13C NMR
(75 MHz, CDCl3) d 166.8, 144.4, 135.6, 133.9, 130.8, 130.1, 125.3,
122.6, 121.5, 121.3, 121.0, 117.2, 115.8, 111.8, 97.7, 57.0, 52.0,
39.4 (2C), 30.0 (2C), 22.5 (2C); MS (ESI) m/z 361 (MH+); HRMS
(ESI) calcd for C23H25N2O2: m/z 361.1916; Found 361.1919.

Methyl 6-methyl-6-phenyl-5,6-dihydroindolo[1,2-a]quinoxaline-3-
carboxylate (2c)

IR (neat) nmax 3332, 2991, 2970, 1699, 1599 cm-1; 1H NMR
(300 MHz, CDCl3) d 8.01 (d, J = 8.3 Hz, 1H), 7.87 (d, J = 8.3 Hz,
1H), 7.69 (d, J = 7.5 Hz, 1H), 7.64 (dd, J = 8.3, 1.8 Hz, 1H), 7.61 (d,
J = 1.8 Hz, 1H), 7.36–7.17 (m, 7H), 6.51 (s, 1H), 3.92 (s, 3H), 1.99
(s, 3H); 13C NMR (75 MHz, CDCl3) d 167.3, 150.0, 141.9, 136.5,
134.6, 131.3, 130.3, 128.8 (2C), 127.7, 126.3 (2C), 125.7, 123.4,
122.1, 122.0, 121.7, 117.8, 116.6, 112.3, 100.5, 58.0, 52.5, 26.1; MS
(ESI) m/z 369 (MH+); HRMS (ESI) calcd for C24H21N2O2: m/z
369.1603; Found 369.1605.

Methyl 6-ethyl-6-methyl-5,6-dihydroindolo[1,2-a]quinoxaline-3-
carboxylate (2d)

IR (neat) nmax 3348, 2952, 2929, 1701,1596 cm-1; 1H NMR
(300 MHz, CDCl3) d 8.01 (d, J = 8.3 Hz, 1H), 7.93 (d, J = 8.3 Hz,
1H), 7.70–1.64 (m, 2H), 7.55 (d, J = 1.8 Hz, 1H), 7.34–7.20 (m,
2H), 6.41 (s, 1H), 3.94 (s, 3H), 1.89–1.70 (m, 2H), 1.59 (s, 3H),
0.95 (t, J = 7.4 Hz, 3H); 13C NMR (75 MHz, CDCl3) d 166.8,
142.0, 135.8, 134.0, 130.4, 130.1, 125.3, 122.6, 121.4, 121.0, 117.0,
115.8, 111.9, 98.5, 54.7, 52.0, 33.1, 30.9, 25.6, 8.5; MS (ESI) m/z
321(MH+); HRMS (ESI) calcd for C20H21N2O2: m/z 321.1603;
Found 321.1601.

Methyl 6,6-diethyl-5,6-dihydroindolo[1,2-a]quinoxaline-3-
carboxylate (2e)

IR (neat) nmax 3344, 2972, 2918, 2848, 1703,1597 cm-1; 1H NMR
(300 MHz, CDCl3) d 8.04 (d, J = 8.1 Hz, 1H), 7.94 (d, J = 8.2 Hz,
1H), 7.67 (d, J = 8.1 Hz, 2H), 7.57 (s, 1H), 7.34–7.22 (m, 2H),
6.39 (s, 1H), 3.95 (s, 3H), 1.86 (q, J = 7.4 Hz, 4H), 0.96 (t, J =
7.4 Hz, 6H); 13C NMR (75 MHz, CDCl3) d 167.3, 140.5, 136.6,
134.5, 130.6, 130.4, 125.7, 122.9, 121.8, 121.4, 121.4, 117.1, 116.0,
112.6, 100.0, 58.5, 52.5, 31.8 (2C), 8.7 (2C); MS (ESI) m/z 335
(MH+); HRMS (ESI) calcd for C21H23N2O2: m/z 335.1759; Found
335.1761.
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Methyl 5¢H-spiro[cyclopentane-1,6¢-indolo[1,2-a]quinoxaline]-3¢-
carboxylate (2f)

IR (neat) nmax 3346, 2947, 2866, 1697, 1597 cm-1; 1H NMR
(300 MHz, CDCl3) d 8.00 (d, J = 7.5 Hz, 1H), 7.94 (d, J = 8.4 Hz,
1H), 7.71 (dd, J = 8.4, 1.9 Hz, 1H), 7.65 (dd, J = 7.5, 0.5 Hz,
1H), 7.57 (d, J = 1.8 Hz, 1H), 7.33–7.17 (m, 2H), 6.42 (s, 1H),
3.95 (s, 3H), 2.12–2.11 (m, 2H), 1.98–1.85 (m, 6H); 13C NMR
(75 MHz, CDCl3) d 166.8, 142.9, 136.3, 134.2, 131.0, 130.0, 125.2,
122.5, 121.7, 121.4, 121.0, 117.3, 116.0, 111.8, 97.2, 62.7, 52.0, 38.9
(2C), 21.0 (2C); MS (ESI) m/z 333 (MH+); HRMS (ESI) calcd for
C21H21N2O2: m/z 333.1603; Found 333.1605.

Methyl 6-ethylindolo[1,2-a]quinoxaline-3-carboxylate (3a)

IR (neat) nmax 2976, 2912, 2864, 1716, 1614 cm-1; 1H NMR
(300 MHz, CDCl3) d 8.63 (d, J = 2.0 Hz, 1H), 8.42 (t, J = 8.7 Hz,
2H), 8.21 (dd, J = 8.7, 2.0 Hz, 1H), 7.96 (d, J = 8.1, 1H), 7.57 (dt,
J = 7.0, 1.2 Hz, 1H), 7.47 (dt, J = 7.0, 1.2 Hz, 1H), 7.20 (s, 1H),
4.00 (s, 3H), 3.14 (q, J = 7.5 Hz, 2H), 1.52 (t, J = 7.5 Hz, 3H); 13C
NMR (75 MHz, CDCl3) d 166.8, 160.9, 135.8, 133.8, 133.4, 131.7,
129.7, 129.6, 129.2, 125.9, 125.1, 123.6, 123.2, 115.0, 114.7, 101.1,
52.6, 29.2, 12.2; MS (ESI) m/z 305 (MH+); HRMS (ESI) calcd for
C19H17N2O2: m/z 305.1290; Found 305.1293.

Methyl 6-(2-fluorophenyl)indolo[1,2-a]quinoxaline-3-carboxylate
(3b)

IR (neat) nmax 2920, 2852, 1722, 1612 cm-1; 1H NMR (300 MHz,
CDCl3) d 8.77 (d, J = 1.9 Hz, 1H), 8.57 (d, J = 8.7, 1H), 8.50
(d, J = 8.7 Hz, 1H), 8.33 (dd, J = 8.7, 1.9 Hz, 1H), 7.94 (d, J =
7.9 Hz, 1H), 7.78 (dd, J = 7.5, 1.7 Hz, 1H), 7.65–7.55 (m, 2H),
7.49 (t, J = 7.5 Hz, 1H), 7.38 (t, J = 7.5 Hz, 1H), 7.33 (m, 1H),
7.06 (d, J = 1.7 Hz, 1H), 4.00 (s, 3H); 13C NMR (75 MHz, CDCl3)
d 166.7, 160.6 (1JCF = 247.5 Hz), 153.3, 136.0, 134.0, 133.6, 132.6,
132.1 (3JCF = 8.5 Hz), 131.5, 131.4, 130.3, 129.8, 129.7, 126.2, 126.0
(2JCF = 22.5 Hz), 125.5, 125.0 (4JCF = 3.2 Hz), 123.8, 123.5, 116.9
(2JCF = 22.5 Hz), 115.0 (3JCF = 8.5 Hz), 104.0, 52.7; MS (ESI) m/z
371 (MH+); HRMS (ESI) calcd for C23H16FN2O2: m/z 371.1196;
Found 371.1194.

Methyl 6-(5-methylthiophen-2-yl)indolo[1,2-a]quinoxaline-3-
carboxylate (3c)

IR (neat) nmax 2945, 2922, 1716, 1616 cm-1; 1H NMR (300 MHz,
CDCl3) d 8.61 (d, J = 1.9 Hz, 1H), 8.41 (t, J = 7.9 Hz, 2H), 8.17
(dd, J = 8.7, 1.9 Hz, 1H), 7.94 (d, J = 7.9 Hz, 1H), 7.84 (d, J =
3.6 Hz, 1H), 7.55 (t, J = 8.7 Hz, 2H), 7.45 (t, J = 7.8 Hz, 1H), 6.91
(d, J = 3.6 Hz, 1H), 3.98 (s, 3H), 2.61 (s, 3H); 13C NMR (75 MHz,
CDCl3) d 166.8, 149.9, 145.2, 139.7, 135.8, 133.5, 133.3, 131.9,
130.0, 129.6, 129.2, 128.0, 126.7, 126.0, 125.3, 123.7, 123.3, 115.1,
114.7, 103.0, 52.7, 16.1; MS (ESI) m/z 373 (MH+); HRMS (ESI)
calcd for C22H17N2O2S: m/z 373.1011; Found 373.1009.

Methyl 6-phenylindolo[1,2-a]quinoxaline-3-carboxylate (3d)

IR (neat) nmax 3057, 2924, 2852, 1722, 1616 cm-1; 1H NMR
(300 MHz, CDCl3) d 8.80 (s, 1H), 8.54 (d, J = 8.8 Hz, 1H), 8.50 (d,
J = 8.7, 1H), 8.29 (dd, J = 8.7, 2.0 Hz, 1H), 8.07–8.04 (m, 2H), 7.96

(d, J = 8.0 Hz, 1H), 7.68–7.60 (m, 4H), 7.50 (t, J = 7.5 Hz, 1H),
7.34 (s, 1H), 4.00 (s, 3H); 13C NMR (75 MHz, CDCl3) d 166.8,
157.4, 137.9, 135.9, 133.8, 133.7, 132.3, 130.9, 129.9, 129.9, 129.2,
129.2, 129.1, 126.2, 125.6, 123.8, 123.5, 115.0, 114.9, 104.6, 52.7;
MS (ESI) m/z 353 (MH+); HRMS (ESI) calcd for C23H17N2O2:
m/z 353.1290; Found 353.1288.

Methyl 6,6-dimethyl-1,2,6,7-tetrahydroindolo[1,7-
ab][1,5]benzodiazepine-9-carboxylate (4a)

IR (neat) nmax 3344, 2924, 2852, 1709, 1591 cm-1; 1H NMR
(300 MHz, CDCl3) d 7.71 (dd, J = 8.6, 1.9 Hz, 1H), 7.55 (s,
1H), 7.07 (d, J = 7.6 Hz, 2H), 6.83 (d, J = 8.6 Hz, 1H), 6.77 (t,
J = 7.6 Hz, 1H), 4.07 (t, J = 8.6 Hz, 2H), 3.90 (s, 3H), 3.21 (t, J =
8.6 Hz, 2H), 1.50 (s, 6H); 13C NMR (75 MHz, CDCl3) d 167.6,
143.3, 141.8, 136.1, 132.2, 131.6, 125.6, 124.4, 123.8, 123.4, 120.9,
119.7, 114.4, 57.0, 52.3, 52.2 (2C), 31.8, 27.8; MS (ESI) m/z 309
(MH+): HRMS (ESI) calcd for C19H21N2O2: m/z 309.1603; Found
309.1606.

Methyl 6-ethyl-6-methyl-1,2,6,7-tetrahydroindolo[1,7-
ab][1,5]benzodiazepine-9-carboxylate (4b)

IR (neat) nmax 3346, 2986, 2854, 1705, 1591 cm-1; 1H NMR
(300 MHz, CDCl3) d 7.66 (dd, J = 8.3, 1.8 Hz, 1H), 7.44 (d,
J = 1.8 Hz, 1H), 7.04 (d, J = 7.6 Hz, 1H), 6.98 (d, J = 7.7 Hz, 1H),
6.76 (t, J = 8.3 Hz, 2H), 4.09–3.95 (m, 2H), 3.87 (s, 3H), 3.18 (t, J =
7.4 Hz, 2H), 1.93–1.78 (m, 2H), 1.50 (s, 3H), 0.86 (t, J = 7.4 Hz,
3H); 13C NMR (75 MHz, CDCl3) d 167.6, 143.6, 141.7, 135.7,
132.3, 130.2, 125.4, 125.3, 123.7, 123.5, 120.9, 119.5, 114.4, 59.8,
52.3, 52.2, 36.1, 29.1, 27.8, 8.7; MS (ESI) m/z 323 (MH+); HRMS
(ESI) calcd for C20H23N2O2: m/z 323.1759; Found 323.1757.

Methyl 6-butyl-1,2,6,7-tetrahydroindolo[1,7-
ab][1,5]benzodiazepine-9-carboxylate (4c)

IR (neat) nmax 3354, 2953, 2931, 2870, 1712, 1593 cm-1; 1H NMR
(300 MHz, CDCl3) d 7.64 (m, 1H), 7.45 (s, 1H), 7.02 (d, J = 7.2 Hz,
1H), 6.84 (d, J = 7.2, 1H), 6.77–6.71 (m, 2H), 4.18–4.11 (m, 2H),
3.97–3.93 (m, 1H), 3.88 (s, 3H), 3.18–3.14 (m, 2H), 1.49–1.41 (m,
2H), 1.26 (sextet, J = 6.8 Hz, 2H), 0.82 (t, J = 6.9 Hz, 3H); 13C
NMR (75 MHz, CDCl3) d 167.5, 143.4, 141.4, 134.6, 132.1, 127.1,
125.3, 123.8, 123.4, 120.9, 120.7, 119.6, 115.6, 61.1, 52.3, 52.1,
37.4, 28.7, 27.7, 22.8, 14.3; MS (ESI) m/z 337 (MH+); HRMS
(ESI) calcd for C21H25N2O2: m/z 337.1916; Found 337.1917.

Methyl 1¢,2¢-dihydro-7¢H-spiro[cyclohexane-1,6¢-indolo[1,7-
ab][1,5]benzodiazepine]-9¢-carboxylate (4d)

IR (neat) nmax 3379, 2927, 2854, 107, 1589 cm-1; 1H NMR
(300 MHz, CDCl3) d 7.66 (dd, J = 8.5, 1.9 Hz, 1H), 7.49 (d,
J = 1.9 Hz, 1H), 7.13 (d, J = 7.5 Hz, 1H), 7.04 (d, J = 7.5 Hz, 1H),
6.77 (d, J = 8.5 Hz, 2H), 4.04 (t, J = 8.8 Hz, 2H), 3.90 (s, 3H),
3.19 (t, J = 8.8 Hz, 2H), 1.86–1.80 (m, 6H), 1.67–1.57 (m, 4H); 13C
NMR (75 MHz, CDCl3) d 167.6, 143.9, 142.1, 133.0, 132.3, 130.2,
125.1, 123.8, 123.3, 123.2, 120.5, 119.8, 114.5, 58.2, 52.4, 52.2,
36.3, 27.7 (2C), 25.5, 21.6 (2C); MS (ESI) m/z 349 (MH+); HRMS
(ESI) calcd for C22H25N2O2: m/z 349.1916; Found 349.1914.
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Methyl 6-ethyl-1,2,6,7-tetrahydroindolo[1,7-
ab][1,5]benzodiazepine-9-carboxylate (4e)

IR (neat) nmax 3348, 2954, 2922, 1704, 1591 cm-1; 1H NMR
(300 MHz, CDCl3) d 7.66 (d, J = 7.5 Hz, 1H), 7.52 (s, 1H), 7.05
(d, J = 7.5 Hz, 1H), 6.86 (d, J = 7.4 Hz, 1H), 6.79 (s, 1H), 6.76
(s, 1H), 6.73 (t, J = 7.4 Hz, 1H), 4.19–3.94 (m, 3H), 3.89 (s, 3H),
3.30–3.10 (m, 2H), 1.66–1.49 (m, 2H), 0.98 (t, J = 7.3 Hz, 3H);
13C NMR (75 MHz, CDCl3) d 167.5, 143.5, 141.5, 135.0, 132.1,
127.2, 127.1, 125.1, 123.8, 123.3, 120.7, 119.6, 114.9, 62.8, 52.3,
52.2, 30.8, 27.7, 11.4; MS (ESI) m/z 309 (MH+); HRMS (ESI)
calcd for C19H21N2O2: m/z 309.1603; Found 309.1605.

Methyl 6-phenyl-1,2,6,7-tetrahydroindolo[1,7-
ab][1,5]benzodiazepine-9-carboxylate (4f)

IR (neat) nmax 3344, 2949, 2853, 1707, 1593 cm-1; 1H NMR
(300 MHz, CDCl3) d 7.65 (dd, J = 8.5, 1.8 Hz, 1H), 7.36–7.26
(m, 4H), 7.20 (dd, J = 8.0, 1.8 Hz, 2H), 7.08 (d, J = 7.2 Hz, 1H),
6.83 (d, J = 8.5 Hz, 1H), 6.66 (t, J = 7.5 Hz, 1H), 6.52 (d, J =
7.5 Hz, 1H), 5.30 (s, 1H), 4.14 (td, J = 8.4, 2.5 Hz, 2H), 3.84 (s,
3H), 3.28 (td, J = 8.4, 2.5 Hz, 2H); 13C NMR (75 MHz, CDCl3)
d 167.3, 144.3, 142.4, 141.4, 136.8, 131.8, 129.2 (2C), 128.6 (2C),
128.2, 128.0, 125.8, 125.6, 124.2, 123.3, 121.1, 119.6, 115.2, 65.6,
52.4, 52.1, 27.8; MS (ESI) m/z 357 (MH+); HRMS (ESI) calcd for
C23H21N2O2: m/z 357.1603; Found 357.1600.

Methyl 6-(thiophen-2-yl)-1,2,6,7-tetrahydroindolo[1,7-
ab][1,5]benzodiazepine-9-carboxylate (4g)

IR (neat) nmax 3348, 2916, 2848, 1683, 1589 cm-1; 1H NMR
(300 MHz, CDCl3) d 7.62 (dd, J = 8.6, 2.0 Hz, 1H), 7.32 (d,
J = 2.0 Hz, 1H), 7.14 (dd, J = 5.1, 1.0 Hz, 1H), 7.08 (dd, J = 7.1,
1.0 Hz, 1H), 6.84–6.79 (m, 2H), 6.75 (d, J = 8.7 Hz, 1H), 6.70 (d,
J = 7.5 Hz, 1H), 6.69 (s, 1H), 5.67 (s, 1H), 4.80 (t, J = 8.0 Hz,
2H), 3.83 (s, 3H), 3.22 (t, J = 8.0 Hz, 2H); 13C NMR (75 MHz,
CDCl3) d 167.3, 146.5, 143.7, 141.5, 135.5, 132.2, 127.9, 127.0,
126.3, 125.9, 125.9, 125.2, 124.5, 124.0, 121.1, 119.8, 115.1, 60.7,
52.4, 52.1, 27.8; MS (ESI) m/z 363 (MH+); HRMS (ESI) calcd for
C21H19N2O2S: m/z 363.1167; Found 363.1168.

Methyl 6-(4-methoxyphenyl)-1,2,6,7-tetrahydroindolo[1,7-
ab][1,5]benzodiazepine-9-carboxylate (4h)

IR (neat) nmax 3344, 2949, 2835, 1709, 1593 cm-1; 1H NMR
(300 MHz, CDCl3) d 7.62 (dd, J = 8.6, 2.0 Hz, 1H), 7.28 (d,
J = 2.0 Hz, 1H), 7.10 (d, J = 8.6 Hz, 2H), 7.05 (d, J = 7.5, 1H),
6.83 (d, J = 8.6 Hz, 2H), 6.80 (d, J = 8.6 Hz, 1H), 6.63 (t, J =
7.5 Hz, 1H), 6.51 (d, J = 7.5 Hz, 1H), 5.24 (s, 1H), 4.11 (td, J =
7.7, 3.3 Hz, 2H), 3.82 (s, 3H), 3.78 (s, 3H), 3.22 (td, J = 7.7, 3.3 Hz,
2H); 13C NMR (75 MHz, CDCl3) d 167.4, 159.4, 144.3, 141.4,
137.4, 134.9, 131.8, 129.7, 127.9, 126.2, 125.6, 124.0, 123.2, 121.1,
119.5, 115.1, 114.5, 65.0, 55.6, 52.4, 52.1, 27.8; MS (ESI) m/z 387
(MH+); HRMS (ESI) calcd for C24H23N2O3: m/z 387.1709; Found
387.1707.

Methyl 6-(1,3-benzodioxol-5-yl)-1,2,6,7-tetrahydroindolo[1,7-
ab][1,5]benzodiazepine-9-carboxylate (4i)

IR (neat) nmax 3344, 2946, 2900, 1707, 1592 cm-1; 1H NMR
(300 MHz, CDCl3) d 7.64 (d, J = 8.5 Hz, 1H), 7.29 (d, J = 7.6 Hz,

1H), 7.07 (d, J = 7.0 Hz, 1H), 6.82 (d, J = 8.5 Hz, 1H), 6.74 (d,
J = 7.6 Hz, 1H), 6.68 (d, J = 6.1 Hz, 2H), 6.64 (s, 1H), 6.57 (d, J =
7.6 Hz, 1H), 5.94 (s, 2H), 5.25 (s, 1H), 4.10 (t, J = 8.8 Hz, 2H), 3.85
(s, 3H), 3.23 (t, J = 8.8 Hz, 2H); 13C NMR (75 MHz, CDCl3) d
166.9, 147.9, 146.9, 143.7, 140.9, 136.7, 136.3, 131.4, 127.5, 125.3,
125.2, 123.6, 122.7, 121.6, 120.6, 119.1, 114.6, 108.3, 108.1, 101.0,
64.8, 51.9, 51.7, 26.4; MS (ESI) m/z 401 (MH+); HRMS (ESI)
calcd for C24H21N2O4: m/z 401.1501; Found 401.1503.

Methyl 6-(2-nitrophenyl)-1,2,6,7-tetrahydroindolo[1,7-
ab][1,5]benzodiazepine-9-carboxylate (4j)

IR (neat) nmax 3357, 2949, 2856, 1701, 1594 cm-1; 1H NMR
(300 MHz, CDCl3) d 7.97 (dd, J = 7.9 1.8 Hz, 1H), 7.57 (dd,
J = 8.6, 1.8 Hz, 1H), 7.30–7.17 (m, 2H), 7.12 (dd, J = 6.2, 1.9 Hz,
1H), 7.04 (d, J = 1.9 Hz, 1H), 6.80 (d, J = 8.6 Hz, 1H), 6.76–6.69
(m, 3H), 5.99 (s, 1H), 4.29–3.99 (m, 2H), 3.78 (s, 3H), 3.38–3.23
(m, 2H); 13C NMR (75 MHz, CDCl3) d 167.1, 149.2, 145.1, 141.8,
138.0, 135.0, 133.4, 132.3, 130.6, 128.7, 128.5, 125.9, 125.5, 124.7,
123.7, 123.3, 121.7, 120.1, 114.9, 61.0, 52.3, 52.1, 27.8; MS (ESI)
m/z 424 (M+Na+); HRMS (ESI) calcd for C23H19N3O4Na: m/z
424.1273; Found 424.1270.

Methyl 6-(3-nitrophenyl)-1,2,6,7-tetrahydroindolo[1,7-
ab][1,5]benzodiazepine-9-carboxylate (4k)

IR (neat) nmax 3340, 2949, 2854, 1707, 1593 cm-1; 1H NMR
(300 MHz, CDCl3) d 8.07 (d, J = 5.9 Hz, 1H), 8.00 (s, 1H), 7.62
(d, J = 8.4 Hz, 1H), 7.45 (s, 2H), 7.22 (s, 1H), 7.14 (d, J = 6.9 Hz,
1H), 6.83 (d, J = 8.4 Hz, 1H), 6.72 (t, J = 7.4 Hz, 1H), 6.63 (d, J =
7.4 Hz, 1H), 5.52 (s, 1H), 4.17 (dt, J = 18.5, 8.4 Hz, 1H), 4.11 (dt,
J = 18.5, 8.4 Hz, 1H), 3.83 (s, 3H), 3.28 (dd, J = 8.4, 8.4 Hz, 2H);
13C NMR (75 MHz, CDCl3) d 167.2, 148.7, 145.0, 141.6, 135.5,
134.4, 132.4, 132.4, 130.6, 130.0, 127.9, 126.0, 124.7, 123.7, 123.3,
123.1, 121.4, 120.0, 115.3, 64.8, 52.4, 52.2, 27.8; MS (ESI) m/z 424
(M+Na+); HRMS (ESI) calcd for C23H19N3O4Na: m/z 424.1273;
Found 424.1272.

Methyl 6-(4-nitrophenyl)-1,2-dihydroindolo[1,7-
ab][1,5]benzodiazepine-9-carboxylate (5)

IR (neat) nmax 2949, 2844, 1712, 1518 cm-1;1H NMR (300 MHz,
CDCl3) d 8.23 (d, J = 8.8 Hz, 2H), 7.72 (d, J = 8.8 Hz, 2H), 7.71
(d, J = 2.1 Hz, 1H), 7.64 (dd, J = 8.4, 2.1 Hz, 1H), 7.10 (dd, J = 7.7,
1.1 Hz, 1H), 6.68 (t, J = 7.7 Hz, 1H), 6.58 (d, J = 8.4 Hz, 1H), 6.51
(dd, J = 7.7, 1.1 Hz, 1H), 3.87 (s, 3H), 3.73 (t, J = 8.4 Hz, 2H), 3.01
(t, J = 8.4 Hz, 2H); 13C NMR (75 MHz, CDCl3) d 167.6, 166.7,
156.9, 148.9, 148.8, 147.3, 139.0, 133.5, 133.0, 130.9, 130.8 (2C),
130.6, 129.0, 125.0, 123.6 (2C), 123.2, 122.4, 115.7, 52.3, 49.9, 27.7;
MS (ESI) m/z 400 (MH+); HRMS (ESI) calcd for C23H18N3O4:
m/z 400.1297; Found 400.1301.

VEGFR-3 inhibition assay

This assay was performed in two microtiter plates. The first plate
was used to culture an adherent cell line expressing the VEGF
receptor 3 and to stimulate the receptor with a test compound.
The second plate was used to capture the solubilized membrane
receptor, which was then probed for phosphotyrosine content with
phosphotyrosine specific antibody. H928 cells (2 ¥ 105) in 100 mL
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medium were added to each well in a flat-bottom 24-well culture
plate and cultured overnight at 37 ◦C in 5% CO2. After the su-
pernatants were removed, the cells were serum-starved for 24 h. A
medium containing a test compound was added into each well and
the cell culture was incubated for 30 min before it was stimulated
by recombinant VEGF-C for 15 min. After the supernatants were
removed, 100 mL of lysis buffer was added into each well to lyse
the cells and solubilize the VEGFR-3. The lysis buffer included
150 mM NaCl containing 50 mM Hepes (Genentech media prep),
0.5% Triton-X 100 (Genentech media prep), 0.01% thimerosol,
30 kIU/mL aprotinin (ICN Biochemicals, Aurora, Ohio), 1 mM 4-
(2-aminoethyl) benzenesulfonyl fluoride hydrochloride (AEBSF;
ICN Biochemicals) and 2 mM sodium orthovanadate. The plate
was then put on a plate shaker (Bellco Instruments Vineland, NJ)
and the substance in each well was allowed to undergo mixing for
60 min at room temperature. While the cells were being solubilized,
an ELISA microtiter plate (Nunc Maxisorp, Inter Med, Denmark)
coated overnight at 4 ◦C with the affinity-purified polyclonal
anti-VEGFR-3 (2.5 mg mL-1 in phosphate buffered saline (PBS),
100 mL/well) was decanted, tamped on a paper towel, and blocked
with 150 mL/well block buffer (PBS containing 0.5% BSA and
0.01% thimerosol) for 60 min at room temperature with gentle
agitation. The anti-VEGFR-3 coated plate was subsequently
washed twice with wash buffer (PBS containing 0.05% Tween 20
and 0.01% thimerosol). The lysate containing solubilized VEGFR-
3 from the cell-culture microtiter well was transferred (85 mL/well)
to the anti-VEGFR-3 coated ELISA plate and incubated for
2 h at room temperature with gentle agitation. The unbound
receptors were removed by washing with wash buffer. 100 mL of
biotinylated 4G10 (antiphosphotyrosine) diluted to 0.2 mg mL-1

in dilution buffer (PBS containing 0.5% BSA, 0.05% Tween 20,
5 mM EDTA, and 0.01% thimerosol) was added into each well.
After incubation for 2 h at room temperature, the plate was washed
and 100 mL HRP-conjugated streptavidin (Zymed Laboratories,
S. San Francisco, CA) diluted 1 : 2000 in dilution buffer was further
added. The free avidin conjugate was washed away and 100 mL
freshly prepared substrate solution (tetramethyl benzidine, TMB)
was added to each well. The reaction was allowed to proceed for
10 min and the color development was stopped by the addition
of 1.0 M H3PO4 (100 mL/well). The absorbances at 450 nm
with a reference wavelength of 650 nm (A450/650), were recorded
using an ELISA reader. The inhibition efficacy of each test
compound was expressed as an inhibition percentage calculated
as 1 - [(C - A)/(B - A)]. Wherein, ‘A’ is the basal amount of
phosphotyrosine detected in a blank control, ‘B’ is the amount
of phosphotyrosine detected with VEGF-C only, and ‘C’ is the
amount of phosphotyrosine detected with a test compound and
VEGF-C.
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