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One-Pot Three-Component Synthesis of Novel 1,5-Benzodiazepine
Derivatives and Their anti-BVDV (Bovine Viral Diarrhea Virus) Activity
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Abstract The “one-pot” three-component reaction is established to synthesize 1,5-benzodiazepine derivatives containing
pyrrolidinone. These reactions were carried out readily with p-toluenesulfonic acid (p-TSA) as the catalyst in good yields.
Reaction conditions were mild, and environmental friendly. The benzodiazepine derivatives displayed prominent anti-BVDV
(bovine viral diarrhea virus) activity with excellent ECs, values and no significant cytotoxicity. Our research could afford
significative compounds for the research of anti-BVDV agents.
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1 Introduction

Viruses result in clinically serious diseases in humans
and animals."! Among various diseases, the global scope
of hepatitis C virus (HCV) infection is a major concern for
human health.”) The disease can lead to liver fibrosis, cir-
rhosis, hepatocellular carcinoma,” or even death if treat-
ment is not provided. At present, no vaccine is serviceable
to prevent HCV infection. Bovine viral diarrhea virus
(BVDV),"™ which is similar to HCV, is the archetype of
the Pestivirus genus of the Flaviviridae family. As a valua-
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ble virus model, BVDV is used to identify and characterize
antiviral agents for the treatment of HCV."!

Among the large varieties of heterocycles, 1,5-benzo-
diazepine compounds display good biological activity and
occupy a very important position,'*” which gain extensive
interest in recent years. This class of compounds is exten-
sively consumed psychoactive drugs worldwide as platelet
aggregation inhibitors, anticonvulsant agents, antitumor
compounds and anxiolytic compounds.*'” The benzodi-
azepine skeleton is a core structure in a lot of drug mole-
cules, for instance, clozapine tablets,""! olanzapine,''”
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clabazam!"*! and triflubazam (Figure 1).!""
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Figure 1 Some drug molecules with a benzodiazepine structure

Furthermore, Raboisson’s group!””! discovered a novel
class of 1,5-benzodiazepines (1,5-BZDs) derivative (NS-
5B) (Figure 2). The identification of potent and selective
NS5B inhibitors got a lot of attention. Intense drug discov-
ery efforts were initiated and have been subsequently vali-
dated in the clinic. They are described as excellent samples
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Figure 2 Previously reported 1,5-BZD HCV NS5B inhibitors

The development of effective chemical reactions is an
important area for the synthesis of heterocyclic scaf-
folds."”"® Over the years, multicomponent reactions
(MCRs) play an important role as powerful tools for the
creation of molecular complexity and diversity."'” MCRs
are efficient, diversity, environmentally friendly and atom
economic.?®*!"! Furthermore, organic and medical chemists
can constructe new compounds by MCRs, which contain
two or more heterocyclic scaffolds fused to enhanced bio-
logical activity.**%]

On the other hand, tetramic acids (2,4-pyrrolidinedione)
display important biological activities™! and possess in-
secticidal, antibacterial properties, antincoplastic and anti-
viral.?>?” Therefore, tetramic acids are chosen as a signif-
icant substrate, and an efficient and novel green three-
component reaction to synthesize new compounds which
contain both benzodiazepine and pyrrole motifs is report-
ed.”® The reactions were carried out by reacting tetramic
acids, 1,2-phenylenediamine, and aromatic aldehyde in
EtOH with p-TSA as the catalyst. The anti-BVDV activi-
ties of these synthesized compounds have been evaluated
and discussed in detail.
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2 Results and discussion

The three-component reaction of benzaldehyde, (S)-5-
benzyltetramic acid and 1,2-phenylenediamine was taken
as a model reaction. To justify the significance of catalyst
in this process, the reaction was first carried out without
the catalyst. Regrettably, the desired product was obtained
in only 10% yield. (Table 1, Entry 1). Several Lewis and
Bronsted acid were employed and the results were shown
in Table 1. In the presence of HCO,H, AICl;, FeCl; and
BF;*Et,0, the reaction gave isolated yield of product after
3 h (Table 1, Entries 8 ~ 11). In addition, AcOH,
CF3C02H, CF3C02H, HC], HzSO4 and CH3803H could
also catalyze this transformation, but no improvement was
clearly observed (Table 1, Entries 3~7). To our delight,
the benzodiazepine compound 4a was furnished in 81%
yield when the reaction was accomplished with p-TSA as
catalyst (Table 1, Entry 2).

Table 1 Optimization of catalyst for the synthesis of 4a“

OH NH; CHO HN/Q
o%/:S""’Bn ! C[NHZ ' ©/ Ph“">\=SNH
H 3a y
1a 2 0” N Bn
H
4a
Entry Catalyst” 7/°C Time/h Yield/%
1 No 40 6 10
2 p-TSA 40 3 81
3 AcOH 40 3 73
4 CF;CO,H 40 3 69
5 HCl 40 3 60
6 H,SO,4 40 3 53
7 CH;SO;H 40 3 65
8 HCO,H 40 3 55
9 AICly 40 3 41
10 FeCl; 40 3 32
11 BF;°Et,0 40 3 30

© 2021 Chinese Chemical Society & SIOC, CAS

“ The reaction was carried out with 1a (1 mmol), 2 (1 mmol) and 3a (1 mmol),
in 2 mL of ethanol. * 20 mol% catalyst.  Isolated yields.

Next, by using p-TSA as the catalyst, the effect of dif-
ferente solvents and catalysts loading was screened. The
results were shown in Table 2. The raw materials dissolved
well in organic solvents, so we got a higher yield than that
in water (Table 2, Entries 3~11). Further studies showed
that EtOH was the best choice of the solvent for this trans-
formation. On the other hand, the benzodiazepine products
were insoluble in EtOH and the raw materials were solu-
ble, which could simplify the reaction operation.

The reactions were also carried out using different
amounts of the catalyst. The results showed that 15 mol%
catalyst was the optimum choice to complete the reaction
in ethanol. By decreasing the amount of catalyst to 10
mol% relative to substrate, the yield decreased (Table 2,
Entry 14).

Chin. J. Org. Chem. 2021, 41, 819~825
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Table 2 Optimization of solvent and amount for the synthesis of
4a“

Entry Solvent p-TSA/mol% Time/h  Yield”/%
1 No 20 5 5
2 H,O 20 3 20
3 EtOH 20 3 81
4 Toluene 20 3 50
5 MeOH 20 3 71
6 i-PrOH 20 3 64
7 CH;CN 20 3 52
8 THF 20 3 55
9 CHCl; 20 3 61
10 DMF 20 3 46
11 Dioxane 20 3 58
12 EtOH 30 3 82
13 EtOH 15 3 81
14 EtOH 10 3 72

“ The reaction was carried out with 1a (1 mmol), 2 (1 mmol) and 3a (1 mmol),
at40 ‘C in 2 mL of ethanol. *Isolated yields.

The effects of temperature and reaction time were also
investigated. Variation of the reaction temperature proved
that 60 ‘C was the optimal result for this reaction (Table
3, Entries 1~4). Prolonging the reaction time did not im-
prove the yield (Table 3, Entries 5~6).

Table 3 Optimization of time and temperature for the synthesis
of 4a“

Entry 7/°C Time/h Yield®/%
1 25 3 72
2 40 3 81
3 60 3 88
4 Reflux 3 88
5 60 5 88
6 60 7 88

“ The reaction was carried out with 1a (1 mmol), 2 (1 mmol) and 3a (1 mmol),
p-TSA (15 mol%) in 2 mL of ethanol. * Isolated yields.

Overall, the reactions were conducted at 60 ‘C for 3 h
in EtOH in the presence of 15 mol% p-TSA as catalyst.
With the optimal multicomponent reaction conditions in
hand, a series of benzodiazepine compounds were synthe-
sized in high yields with good diastereoselectivities by
using tetramic acids, 1,2-phenylenediamine, and aromatic
aldehyde as starting materials (Table 4).

All the benzodiazepine derivatives 4 were characterized
by 'H NMR, and C NMR spectroscopies. To further il-
lustrate the structure of these products, one of fused heter-
ocyclic structure (4a) was also characterized by the single
crystal x-ray diffraction. It confirmed that the compound
was the S,S-diastereoisomer as shown in Figure 3.

Taking the synthesis of the benzodiazepine derivatives
4a as an example, a proposed mechanism is summarized in
Scheme 1. First, benzene-1,2-diamine condenses with 3a
to give enaminone 6, which reacts with benzaldehyde to
form intermediate 7. Undergoing an intramolecular Mi-
chael addition reaction and isomerization, the intermediate
7 is converted into the final product 4a (Scheme 1).
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Table 4 synthesis of product 4

__OH NH, CHO  prep
LS L vwe Cr
0] [Tj NH, EtOH 60 C
R2

RN NH
o” >N "R
R2
4

Entry Compd. R' R? R’ Yield/%  Dr”
1 4a Bn H H 88 1811
2 4b Bn H 3-OH 82 16 1 1
3 4c Bn H 2-OMe 86 1511
4 4d Bn H 4-OH 87 16 . 1
5 4¢ Bn H 34-(OMe), 85 >20:1
6 4f Bn H 4-Br 86 9:1
7 4g Bn H 4-NMe, 83 >20:1
8 4h Bn H 4-F 86 8.1
9 4i Bn H 2-NO, 86 >20:1
10 4j H Bn H 87 —
11 4k H Bn 2-OMe 87 —
12 4] H Bn 4-Cl 81 —
13 4m H Bn 3-OH 85 —
14 4n H Bn 2-NO, 81 —
15 40 H Bn 4-NMe, 82 —
16 4p H Bn 4-Br 80 —
17 4q H Bn 4-NO, 80 —

© 2021 Chinese Chemical Society & SIOC, CAS

“Isolated yield of the major diastereoisomer. * Determined by "H NMR analy-
sis of the reaction system.  Not determined.
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Figure 3 X-ray crystal structure of 4a

Prodcuts 4a~4q were tested antiviral activity against
BVDV in MDBK cells and cytotoxicity by methyl thiazol-
yl tetrazolium (MTT) method. Ribavirin was chosen as the
positive control. Excitingly, compounds 4c, 4e, 4g and 40
showed excellent antiviral activities, and the results were
shown in Table 5.

Preliminary structure-activity relationship (SAR) indi-
cated that substituents of the compounds displayed differ-
ent effect about antiviral activities. Compounds 4i, 4n and

http://sioc-journal.cn/ 821
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Scheme 1 Plausible mechanism

Table 5 Anti-BVDV activity of benzodiazepine derivatives

4a~4o0

Compd. R! R? R} ECs” /, , Ccsob/, ]

(pmolL ) (pmol-L ")

4a Bn H H 1.25 >20
4b Bn H 3-OH >1.30 —
4c Bn H 2-OMe 0.20 >20
4d Bn H 4-OH >1.30 —
4e Bn H 34-(OMe), 0.25 No?
4f Bn H 4-Br >1.30 No
4g Bn H 4-NMe, 0.12 No
4h Bn H 4-F >1.30 No
4i Bn H 2-NO, >1.30 >20
4j H Bn H 1.50 >20
4k H Bn 2-OMe 0.28 No
41 H Bn 4-Cl >1.3 >20
4m H Bn 3-OH >1.3 —
4n H Bn 2-NO, >1.30 >20
40 H Bn 4-NMe, 0.25 No
4p H Bn 4-Br >1.3 >20
4q H Bn 4-NO, >1.30 >20

Ribavirin 1.30 5.08

“The 50% cytotoxic concentration.” The 50% effective concentration. “ The
cytotoxicity was not tested. * No cytotoxicity was observed in 25 pmolsL ™.

4q produced a marked decrease in the bioactivity when the
benzene ring contained electrondrawing group such as ni-
tro. The antiviral activities of halo-substituted compounds
4f, 4h, 41 and 4p were markedly reduced. While hydroxyl
were introduced to different position of compounds 4b, 4d
and 4m, their antiviral activities were decreased. It was
delightful when R’ was the electron donating group OMe
and NMe,, compounds 4c, 4e, 4g, 4k and 40 showed better
antiviral activities. In the benzodiazepine compounds, 4g
(R3=NMe2, ECs,=0.12 pm01°L71) had the best activity,
which was 10 fold more active than that of positive control
of ribavirin (ECso=1.3 pmolsL").
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3 Conclusions

In short, we have found an efficient and green reaction
for the preparation of benzodiazepine derivatives with
p-TSA as the catalyst in ethanol. It was the first time that
the multicomponent reaction was used to prepare 1,5-
benzodiazepine derivatives containing pyrrolidinone. The
synthesis method displays attractive advantage, for exam-
ple one-pot conditions, easy purification, as well as re-
duced waste production. At the same time, compounds
exhibited good antirival activities against BVDV with no
significant cytotoxicity. Compound 4g (R’ = 4-NMe,)
showed the best antiviral activity (ECso=0.12 umol/L).

4 Experimental section
4.1 Materials

Reagents and solvents were purchased from commercial
sources and were used without further purification. Reac-
tions were monitored by thin-layer chromatography (TLC)
on 0.25 mm silicagel plates (GF254). Melting points were
determined on a Beijing Keyi XTS5 apparatus and are un-
corrected. NMR spectra were obtained on a Bruker
AVANCE III systems using DMSO-d; as solvent, TMS as
internal standard substance, at 400 MHz for 'H NMR, 100
MHz for *C NMR. IR spectra were recorded as KBr pel-
lets on a Thermo Nicolet (IR 200) spectrometer. High-
resolution mass spectra were recorded on a Waters Mi-
cromass Q-Tof Micro instrument operated in the ESI
mode.

4.2 Chemistry

(S)-5-Benzyltetramic acid (la, 1 mmol), 1,2-phen-
ylenediamine (2, 1 mmol), p-TSA (15% mmol) were
mixed and stirred for 30 min in EtOH (2 mL). Then,
benzaldehyde 3a (1 mmol) was added to the reaction mix-
ture and stirred for 3 h at 60 ‘C. After completion, the re-
action mixture was cooled to room temperature, filtered
and washed by ethanol to give 4a. Compounds 4b~4q
were synthesized as compound 4a.

Crystallographic data of compound 4a have been depos-
ited with the Cambridge Crystallographic Data Centre with
CCDC number of 1992698, which are free of charge via
e-mail: deposit@ccdc.cam.ac.uk or http://www.ccdc.cam.
ac.uk.

(35)-3-Benzyl-10-[(S)-phenyl]-3,4,9,10-tetrahydroben-
zo[b]pyrrolo[3,4-e][1,4]diazepin-1(2H)-one (4a): White
powder, m.p. 224~225 C; [a]y —0.2 (¢ 0.333, MeOH);
'H NMR (400 MHz, DMSO-d) d: 8.95 (s, 1H, NH), 7.37
(s, 1H, CONH), 7.26~7.16 (m, 5H, ArH), 7.08~7.05 (m,
1H, ArH), 6.95~6.87 (m, 3H, ArH), 6.71~6.67 (m, 1H,
ArH), 6.56~6.52 (m, 1H, ArH), 6.43~6.40 (m, 3H, ArH),
5.73 (d, J=4.4 Hz, 1H, NH), 4.90 (s, 1H, CH), 4.45 (s, 1H,
CONHCH), 3.39~3.34 (m, 1H, CH,), 3.12~3.08 (m, 1H,
CH,); *C NMR (100 MHz, DMSO-dy) §: 172.6, 154.0,
143.8, 137.1, 135.7, 133.5, 130.0, 127.7, 127.4, 127.0,
126.3, 125.7, 122.8, 121.6, 120.7, 119.2, 103.9, 57.2, 55.4,
36.3; IR (KBr) v: 3272, 3200, 1650, 1562, 1493, 1390,

Chin. J. Org. Chem. 2021, 41, 819~825
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1329, 698 cm™'. HRMS (ESI) caled for Co4H;,N;0 [M+
H]" 368.1757, found 368.1755.
(35)-3-Benzyl-10-[(S)-3-hydroxyphenyl]-3,4,9,10-tetra-
hydrobenzo[b]pyrrolo[3,4-¢][1,4]diazepin-1(2H)-one (4b):
White powder, m.p. 258~259 C; [alf —6.0 (¢ 0.100,
MeOH); 'H NMR (400 MHz, DMSO-d,) d: 9.05 (s, 1H,
OH), 8.97 (s, 1H, NH), 7.25~7.18 (m, 3H, ArH), 7.19~
7.18 (m, 3H, ArH), 7.06~7.04 (m, 1H, ArH), 6.71~6.67
(m, 1H, ArH), 6.61~6.56 (m, 3H, ArH), 6.47~6.44 (m,
1H, ArH), 6.39~6.37 (m, 1H, ArH), 5.69 (s, 1H, ArH),
5.51~5.49 (m, 1H, NH), 4.80 (s, 1H, CH), 4.40~4.38 (m,
1H, CONHCH), 3.19~3.18 (m, 2H, CH,); °*C NMR (100
MHz, DMSO-dy) J: 172.7, 156.6, 154.1, 145.6, 137.3,
136.3, 133.1, 129.7, 128.3, 127.8, 126.2, 122.7, 121.6,
120.4, 119.2, 117.5, 114.72, 113.0, 104.1, 57.2, 55.6, 37.3;
IR (KBr) v: 3413, 3361, 3182, 1651, 1570, 1347, 1252,
1038, 760 Cmil. HRMS (ESI) calcd for C24H22N302 [M+
H]" 384.1707, found 384.1707.
(35)-3-Benzyl-10-[(S)-2-methoxyphenyl]-3,4,9,10-tetra-
hydrobenzo[b]pyrrolo[3,4-¢][1,4]diazepin-1(2H)-one (4c):
White powder, m.p. 220~221 C; [alf +2.9 (¢ 0.333,
MeOH); 'H NMR (400 MHz, DMSO-ds) d: 9.01 (s, 1H,
NH), 7.43 (s, 1H, CONH), 7.27~7.19 (m, SH, ArH), 7.07
(d, J=8.0 Hz, 1H, ArH), 6.93 (t, J=7.6 Hz, 1H, ArH),
6.81 (d, J/=8.0 Hz, 1H, ArH), 6.69 (t, J=7.6 Hz, 1H,
ArH), 6.51 (t, J=7.6 Hz, 1H, ArH), 6.28 (d, /=28.0 Hz,
1H, ArH), 6.18 (t, J=7.6 Hz, 1H, ArH), 5.13 (s, 1H, ArH),
5.12~5.11 (m, 1H, NH), 5.03~5.02 (m, 1H, CH), 4.48 (s,
1H, CONHCH), 3.85 (s, 3H, CHj), 3.45~3.40 (m, 1H,
CH,), 3.10~3.06 (m, 1H, CH,); >C NMR (100 MHz,
DMSO-dg) o: 172.5, 156.8, 154.9, 137.0, 135.7, 133.3,
130.7, 130.1, 127.8, 127.4, 126.7, 126.3, 122.6, 121.7,
121.0, 119.6, 119.1, 109.6, 103.2, 55.5, 55.3, 53.2, 36.2; IR
(KBr) v: 3330, 3273, 1636, 1562, 1505, 1344, 1201, 701
Cmil. HRMS (ESI) caled for C25H24N302 [M—f—H]Jr
398.1863, found 398.1868.
(35)-3-Benzyl-10-[(S)-4-hydroxyphenyl]-3,4,9,10-tetra-
hydrobenzo[b]pyrrolo[3,4-¢][1,4]diazepin-1(2H)-one (4d):
White powder, m.p. 265~266 C; [alf —3.7 (¢ 0.333,
MeOH); 'H NMR (400 MHz, DMSO-d,) o: 8.99 (s, 1H,
OH), 8.93 (s, 1H, NH), 7.32 (s, 1H, NH), 7.23~7.19 (m,
5H, ArH), 7.04~7.02 (m, 1H, ArH), 6.67 (t, J=7.2 Hz,
1H, ArH), 6.53 (t, J=7.2 Hz, 1H, ArH), 6.41~6.39 (m,
1H, ArH), 6.27~6.25 (m, 2H, ArH), 6.20~6.16 (m, 2H,
ArH), 5.62 (d, J=4.0 Hz, 1H, NH), 4.83 (s, 1H, CH), 4.45
(s, 1H, CONHCH), 3.37~3.33 (m, 1H, CH,), 3.07~3.04
(m, 1H, CH,); *C NMR (100 MHz, DMSO-d) d: 172.8,
155.2, 153.9, 137.5, 1359, 134.4, 133.5, 130.0, 128.1,
127.7, 126.2, 122.8, 121.5, 120.5, 119.1, 114.2, 104.5,
56.7, 554, 36.4; IR (KBr) v: 3422, 3305, 3280, 1649,
1542, 1383, 1084, 707 cm~'. HRMS (ESI) caled for
CHN;0, [M+H]" 384.1707, found 384.1702.
(35)-3-Benzyl-10-[(S)-3,4-dimethoxyphenyl]-3,4,9,10-
tetrahydrobenzo[b]pyrrolo[3,4-¢][1,4]diazepin-1(2H)-one
(4e): Yellow powder, m.p. 269~270 C; [alf +2.0 (c
0.333, MeOH); 'H NMR (400 MHz, DMSO-dy) 6: 8.91 (s,
1H, NH), 7.31 (s, 1H, NH), 7.23~7.19 (m, 5H, ArH), 7.03

Chin. J. Org. Chem. 2021, 41, 819~825
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(d, J=7.6 Hz, 1H, ArH), 6.93~6.91 (m, 1H, ArH), 6.68 (t,
J=7.6 Hz, 1H, ArH), 6.56 (t, J=7.2 Hz, 1H, ArH), 6.47 (d,
J=17.2 Hz, 1H, ArH), 6.22 (d,/=8.0 Hz, 1H, ArH), 5.75 (d,
J=4.0 Hz, 1H, ArH), 5.22 (d, /=8.4 Hz, 1H, NH), 4.82 (d,
J=4.0 Hz, 1H, CH), 4.42~4.39 (m, 1H, CONHCH), 3.63
(s, 3H), 3.60 (s, 3H, CH3), 3.29~3.25 (m, 1H, CH,), 3.14~
3.11 (m, 1H, CH,); C NMR (100 MHz, DMSO-d;) o:
172.8, 154.1, 148.0, 146.8, 135.9, 135.2, 133.4, 129.9,
129.8, 127.8, 126.3, 122.8, 121.7, 120.7, 119.2, 118.4,
111.7, 110.3, 104.2 , 56.8, 55.4, 55.3, 55.1, 36.7; IR (KBr)
v: 3349, 3256, 1660, 1558, 1477, 1384, 1010, 699 cm .
HRMS (ESI) caled for C,H,gN;O; [M+H]" 428.1969,
found 428.1972.
(35)-3-Benzyl-10-[(S)-4-bromophenyl)]-3,4,9,10-tetrahy
drobenzo[b]pyrrolo[3,4-¢][1,4]diazepin-1(2H)-one  (4f):
White powder, m.p. 252~253 C; [alf +2.9 (¢ 0.333,
MeOH); 'H NMR (400 MHz, DMSO-dy) J: 8.99 (s, 1H,
NH), 7.40 (s, 1H, NH), 7.24~7.20 (m, 5H, ArH), 7.05~
7.03 (m, 3H, ArH), 6.72~6.41 (m, 3H, ArH), 6.30~6.29
(m, 2H, ArH), 5.74 (s, 1H, NH), 4.84 (s, 1H, CH), 4.46 (s,
1H, CONHCH), 3.40~3.36 (m, 1H, CH,), 3.08~3.05 (m,
1H, CH,); C NMR (100 MHz, DMSO-d;) J: 172.4,
154.4, 142.50, 135.48, 133.71, 132.09, 130.22, 130.01,
129.26, 127.78, 126.37, 123.03, 121.98, 121.72, 119.44,
119.21, 103.10, 56.82, 55.42, 36.09; IR (KBr) v: 3282,
3205, 1651, 1548, 1495, 1371, 1224, 695 cm~'. HRMS
(ESI) caled for Co4H,BrN;O [M+H]" 446.0863, found
446.0860.
(35)-3-Benzyl-10-[(S)-4-(dimethylamino)phenyl]-
3,4,9,10-tetrahydrobenzo[b]pyrrolo[3,4-¢][1,4]diazepin-1-
(2H)-one (4g): White powder, m.p. 230~231 C; [a]d
—0.3 (¢ 0.333, MeOH); 'H NMR (400 MHz, DMSO-d;) d:
8.87 (s, 1H, NH), 7.31 (s, 1H, NH), 7.23~7.20 (m, 5H,
ArH), 7.04~7.02 (m, 1H, ArH), 6.67~6.44 (m, 3H, ArH),
6.27~6.25 (m, 4H, ArH), 5.62 (s, 1H, NH), 4.80 (s, 1H,
CH), 4.40 (s, 1H, CONHCH), 3.33~3.29 (m, 1H, CH,),
3.12~3.09 (m, 1H, CH,), 2.74 (s, 6H, CH3); *C NMR (100
MHz, DMSO-ds) o: 172.7, 153.7, 148.5, 137.6, 136.0,
133.4, 132.0, 129.9, 127.8, 127.7, 126.2, 122.8, 121.5,
120.3, 119.1, 111.7, 104.8, 56.5, 55.4, 40.2, 36.7; IR (KBr)
v: 3230, 3070, 1630, 1570, 1465, 1387, 1265, 1123, 692
em . HRMS (ESI) caled for CyH»N,O [M+H]"
411.2179, found 411.2175.
(35)-3-Benzyl-10-[(S)-4-fluorophenyl]-3,4,9,10-tetrahy-
drobenzo[b]pyrrolo[3,4-¢][1,4]diazepin-1(2H)-one  (4h):
Faint Yellow powder, m.p. 218~219 C; [a]b +0.2 (c
0.333, MeOH); 'H NMR (400 MHz, DMSO-d;) d: 9.03 (s,
1H, NH), 7.45 (s, 1H, NH), 7.24~7.18 (m, 5H, ArH),
7.10~7.08 (m, 1H, ArH), 6.74~6.65 (m, 3H, ArH), 6.58 ~
6.55 (m, 1H, ArH), 6.42~6.35 (m, 3H, ArH), 5.88 (s, 1H,
NH), 4.92 (s, 1H, CH), 4.47 (s, IH, CONHCH), 3.41~3.38
(m, 1H, CH,), 3.09~3.06 (m, 1H, CH,); *C NMR (100
MHz, DMSO-ds) o: 172.5, 159.2, 154.1, 139.8, 135.7,
133.7, 130.0, 128.9, 128.8, 127.8, 126.4, 122.9, 121.8,
119.3, 114.1, 113.9, 103.8, 56.6, 55.4, 36.3; IR (KBr) v:
3321, 3221, 16536, 1532, 1358, 1200, 747, 657 cm .
HRMS (ESI) caled for Cp4H, FN;O [M+H]" 386.1663,
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found 386.1669.
(35)-3-Benzyl-10-[(S)-2-nitrophenyl]-3,4,9,10-tetrahy-
drobenzo[b]pyrrolo[3,4-¢][1,4]diazepin-1(2H)-one (4i):
Orange powder, m.p. 276~277 C; [a]p —0.5 (¢ 0.333,
MeOH); '"H NMR (400 MHz, DMSO-dg) J: 9.25 (s, 1H,
NH), 7.84~7.82 (m, 1H, ArH), 7.53 (s, 1H, NH), 7.23~
7.19 (m, 7H, ArH), 6.93~6.80 (m, 2H, ArH), 6.58~6.56
(m, 1H, ArH), 6.37~6.35 (m, 1H, ArH), 5.53~5.51 (m,
1H, ArH), 5.38 (s, 1H, NH), 5.08 (s, 1H, CH), 4.54 (s, 1H,
CONHCH), 3.47~3.43 (m, 1H, CH,), 3.08~3.05 (m, 1H,
CH,); “C NMR (100 MHz, DMSO-dy) J: 172.0, 154.7,
148.6, 137.8, 135.6, 135.5, 133.8, 132.6, 130.0, 127.8,
127.7, 127.5, 126.5, 124.3, 123.4, 122.2, 121.8, 1194,
102.9, 55.5, 53.5, 36.1; IR (KBr) v: 3313, 3253, 1670,
1565, 1410, 1246, 1132, 780 cm'. HRMS (ESI) calcd for
C24H21N403 [1\/I_|_H:|Jr 4131608, found 413.1612.
2-Benzyl-10-phenyl-3,4,9,10-tetrahydrobenzo[ b]pyrrolo-
[3,4-¢][1,4]diazepin-1(2H)-one (4j): White powder, m.p.
216~217 ‘C; '"H NMR (400 MHz, DMSO-d;) 0: 9.24 (s,
1H, NH), 7.37~7.34 (m, 2H, ArH), 7.29~7.25 (m, 1H,
ArH), 7.22~7.12 (m, 6H, ArH), 7.10~7.06 (m, 1H, ArH),
6.80~6.78 (m, 1H, ArH), 6.67~6.63 (m, 1H, ArH), 6.58~
6.55 (m, 2H, ArH), 5.97 (s, 1H, NH), 5.12 (s, 1H, CH),
4.55~4.41 (m, 2H, NCH,), 3.99~3.87 (m, 2H, CH,); "*C
NMR (100 MHz, DMSO-dg) 6: 171.2, 151.1, 138.3, 133.0,
129.5, 129.2, 128.6, 127.9, 127.9, 127.4, 127.3, 127.1,
126.6, 123.1, 121.8, 119.0, 102.6, 57.8, 48.7, 44.8; IR
(KBr) v: 3280, 3205, 1665, 1610, 1560, 1489, 1335, 1026,
735, 689 cm'. HRMS (ESI) caled for CpyHp,N;0 [M+
H]" 368.1757, found 368.1759.
2-Benzyl-10-(2-methoxyphenyl)-3,4,9,10-tetrahydro-
benzo[b]pyrrolo[3,4-¢][1,4]diazepin-1(2H)-one (4k):
White powder, m.p. 224~226 ‘C; '"H NMR (400 MHz,
DMSO-dg) d: 9.26 (s, 1H, NH), 7.38~7.34 (m, 2H, ArH),
7.29~7.26 (m, 1H, ArH), 7.23~7.21 (m, 2H, ArH), 7.12~
7.08 (m, 1H, ArH), 6.98~6.96 (m, 1H, ArH), 6.79~6.77
(m, 1H, ArH), 6.66~6.58 (m, 3H, ArH), 6.55~6.51 (m,
1H, ArH), 6.41~6.40 (m, 1H, ArH), 5.41 (d, J=4.0 Hz,
1H, NH), 5.25 (d, J=4.0 Hz, 1H, CH), 4.54~4.44 (m, 2H,
NCH,), 3.97 (q, J/=16.8 Hz, 2H, CH,), 3.93 (s, 3H, CHj;);
C NMR (100 MHz, DMSO-d) o: 171.2, 157.1, 152.3,
138.4, 136.7, 132.8, 131.2, 128.6, 128.0, 127.4, 127.1,
126.5, 122.7, 121.7, 120.9, 119.5, 118.6, 110.4, 102.1,
55.5,53.1,48.7, 44.8; IR (KBr) v: 3295, 3186, 1647, 1600,
1560, 1520, 1367, 1136, 743, 692 cm '. HRMS (ESI)
caled for C,sHuN;O, [M + H] © 398.1863, found
398.1870.
2-Benzyl-10-(4-chlorophenyl)-3,4,9,10-tetrahydrobenzo
[b]pyrrolo[3,4-e][1,4]diazepin-1(2H)-one  (41):  White
powder, mp. 226 ~227 C; 'H NMR (400 MHz,
DMSO-dg) o: 9.27 (s, 1H, NH), 7.37~7.34 (m, 2H, ArH),
7.29~7.20 (m, 5H, ArH), 7.15~7.13 (m, 2H, ArH), 6.81~
6.79 (m, 1H, ArH), 6.70~6.66 (m, 1H, ArH), 6.63~6.59
(m, 1H, ArH), 6.55~6.53 (m, 1H, ArH), 5.97 (s, 1H, NH),
5.11 (s, 1H, NH), 4.55~4.41 (m, 2H, NCH,), 3.99~3.88
(m, 2H, CH,); *C NMR (100 MHz, DMSO-d;) J: 171.1,
151.2, 143.6, 138.4, 136.6, 132.7, 130.8, 128.9, 128.6,
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127.8, 127.4, 127.1, 122.6, 121.9, 120.7, 118.9, 102.6,
56.9, 48.7, 44.8; IR (KBr) v: 3323, 3134, 1672, 1571,
1390, 1133, 820, 697 cm™'. HRMS (ESI) calcd for Cp,H,)-
CIN;O [M~+H]" 402.1368, found 402.1370.
2-Benzyl-10-(3-hydroxyphenyl)-3,4,9,10-tetrahydroben-
zo[b]pyrrolo[3,4-¢][1,4]diazepin-1(2H)-one (4m): White
powder, m.p. 224~226 ‘C; '"H NMR (400 MHz, DMSO-
dg) 0: 9.22 (s, 1H, OH), 9.16 (s, 1H, NH), 7.37~7.33 (m,
2H, ArH), 7.29~7.21 (m, 3H, ArH), 6.97~6.94 (m, 1H,
ArH), 6.80~6.78 (m, 1H, ArH), 6.66~6.48 (m, 6H, ArH),
5.89~5.88 (m, 1H, NH), 5.03~5.02 (m, 1H, CH), 4.55~
4.42 (m, 2H, NCH,), 3.97~3.87 (m, 2H, CH,); *C NMR
(100 MHz, DMSO-ds) 6: 171.3, 156.8, 150.8, 146.1, 138.4,
137.0, 132.4, 128.7, 128.6, 127.5, 127.1, 122.6, 121.6,
120.3, 118.7, 118.1, 114.3, 113.1, 103.2, 57.4, 48.6, 44.8;
IR (KBr) v: 3357, 3248, 16676, 1499, 1365, 1190, 1053,
723 em~'. HRMS (ESI) caled for C,yH»N;0, [M+H]"
384.1707, found 384.1705.
2-Benzyl-10-(2-nitrophenyl)-3,4,9,10-tetrahydrobenzo-
[b]pyrrolo[3,4-¢][1,4]diazepin-1(2H)-one  (4n): Yellow
powder, m.p. 246~247 °C; '"H NMR (400 MHz, DMSO-
dg) 0: 9.51 (s, 1H, NH), 7.97~7.96 (m, 1H, ArH), 7.39~
7.18 (m, 7H, ArH), 6.93~7.91 (m, 2H, ArH), 6.79~6.75
(m, 1H, ArH), 6.64~6.60 (m, 1H, ArH), 6.55~6.53 (m,
1H, ArH), 5.68~5.67 (m, 1H, NH), 5.42~5.41 (m, 1H,
CH), 4.52~4.36 (m, 2H, NCH,), 4.04~3.94 (m, 2H, CH,);
C NMR (100 MHz, DMSO-d;) 6: 170.7, 151.9, 149.1,
138.3, 138.2, 135.3, 133.0, 132.9, 128.6, 128.0, 128.0,
127.5, 127.1, 124.6, 123.4, 122.2, 121.5, 119.1, 101.8,
53.3, 48.8, 44.8; IR (KBr) v: 3350, 3286, 1646, 1566,
1405, 1242, 1012, 697 cm~'. HRMS (ESI) caled for
C24H21N403 [1\/[—|_H]+ 4131608, found 413.1610.
2-Benzyl-10-(4-(dimethylamino)phenyl)-3,4,9,10-tetra-
hydrobenzo[b]pyrrolo[3,4-¢][1,4]diazepin-1(2H)-one (40):
White powder, m.p. 234~235 C; 'H NMR (400 MHz,
DMSO-dg) 6: 9.15 (s, 1H, NH), 7.35~7.20 (m, 5H, ArH),
6.97~6.95 (m, 2H, ArH), 6.78 ~6.76 (m, 1H, ArH), 6.64~
6.51 (m, 5H, ArH), 5.82 (s, 1H, NH), 5.03 (s, 1H, CH),
4.53~4.43 (m, 2H, NCH,), 3.95~3.85 (m, 2H, CH,), 2.78
(s, 6H, CH3); >C NMR (100 MHz, DMSO-d;) o: 171.4,
150.6, 148.9, 138.5, 137.3, 132.6, 132.5, 128.6, 127.8,
127.4, 127.0, 122.7, 121.5, 120.2, 118.6, 111.9, 103.9,
56.8, 48.6, 44.8, 40.2; IR (KBr) v: 3352, 3247, 1670, 1595,
1365, 1062, 775, 680 cm™'. HRMS (ESI) calcd for CygHo-
N,O [M+H]" 411.2179, found 411.2180.
2-Benzyl-10-(4-bromophenyl)-3,4,9,10-tetrahydroben-
zo[b]pyrrolo[3,4-e][1,4]diazepin-1(2H)-one (4p): Yellow
powder, m.p. 253 ~254 C; 'H NMR (400 MHz,
DMSO-dg) 6: 9.27 (s, 1H, NH), 7.38~7.34 (m, 4H, ArH),
7.27~17.20 (m, 3H, ArH), 7.09~7.07 (m, 2H, ArH), 6.81~
6.79 (m, 1H, ArH), 6.70~6.66 (m, 1H, ArH), 6.61~6.59
(m, 1H, ArH), 6.55~6.53 (m, 1H, ArH), 5.97~5.96 (m,
1H, NH), 5.10~5.09 (m, 1H, CH), 4.54~4.41 (m, 2H,
NCH,), 3.99~3.88 (m, 2H, CH,); *C NMR (100 MHz,
DMSO-dg) d: 171.1, 151.2, 144.0, 138.4, 136.6, 132.7,
130.7, 129.3, 128.6, 127.4, 127.1, 122.6, 121.9, 120.7,
119.4, 118.9, 102.5, 56.9, 48.7, 44.8; IR (KBr) v: 3283,
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3132, 1646, 1564, 1408, 1269, 1098, 700 cm ™ '. HRMS
(ESI) caled for CyyH,BrN;O [M~+H]" 446.0863, found
446.0866.
2-Benzyl-10-(4-nitrophenyl)-3,4,9,10-tetrahydrobenzo-

[b]pyrrolo[3,4-e][1,4]diazepin-1(2H)-one  (4q): White
powder, m.p. 241~241 ‘C; 'H NMR (400 MHz, DMSO-
de) 0: 9.40 (s, 1H, NH), 8.08~8.06 (m, 2H, ArH), 7.40~
7.34 (m, 4H, ArH), 7.29~7.21 (m, 3H, ArH), 6.86~6.84
(m, 1H, ArH), 6.73~6.69 (m, 1H, ArH), 6.63~6.55 (m,
2H, ArH), 6.15~6.14 (m, 1H, NH), 5.24~5.23 (m, 1H,
CH), 4.56~4.42 (m, 2H, NCH,), 4.03~3.92 (m, 2H, CH,);
C NMR (100 MHz, DMSO-d) o: 171.0, 152.4, 151.4,
146.0, 138.3, 136.2, 132.6, 128.6, 128.2, 127.5, 127.1,
123.2, 122.6, 122.1, 120.9, 119.1, 101.8, 57.1, 48.8, 44.8;
IR (KBr) v: 3413, 3252, 1678, 1553, 1400, 1326, 1058,
813, 726 Cmil. HRMS (ESI) calcd for C24H21N403 [M+
H]" 413.1608, found 413.1610.

4.3 Cytotoxicity assay

In RPMI 1640-FBS medium, MDBK cells, with a den-
sity of 7X 10’ per well in 96-well cell culture plates, were
seeded. After incubation for 24 h under the condition of
37 C, 5% CO, , the supernatant was replaced by the
maintenance medium. Adding 20 pL of MTT (0.5 mg/mL)
after 48 h, the reaction was ended by removing the super-
natantthe. Then the product was dissolved by 200 pL of
DMSO in each well. By using Power WaveX Microplate
Scanning Spectrophotometer (Bio-tek Instruments, Inc),
optical density (OD) was tested at 570 nm. Finally, the
inhibitory percentage of each compound to the cell prolif-
eration was calculated.

Supporting Information 'H NMR and ?C NMR spectra
of compounds 4a~4q. The Supporting Information is
available free of charge via the Internet at http://sioc-
journal.cn/.
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