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碱性调控的选择性: 通过 N-烷基-N-(2-(吡啶-2-基氨基)苯基)甲酰胺 
合成苯并咪唑酮和苯二氮䓬类化合物 

王玉斌 a    郭  成 b    陶  晟 a    刘纪昌 a,c 
赵基钢 a,c    刘  宁*,a    代  斌*,a 

(a石河子大学化学化工学院  新疆兵团绿色化工过程重点实验室  新疆石河子 832003) 
(b浙江大学医学院  第二附属医院癌症研究所  杭州 310009) 

(c华东理工大学化学工程学院  上海 200237) 

摘要  发展了一种碱控制选择性合成苯并咪唑酮和吡啶并苯二氮䓬衍生物的方法. 该方法以 N-烷基-N-(2-(吡啶-2-基氨

基)苯基)甲酰胺类化合物为原料, 以 K2S2O8 为氧化剂, 当选用 NaOAc 为碱时, 高选择性地得到了一系列苯并咪唑酮衍

生物; 当选用 NaHCO3为碱时, 得到了一系列吡啶并苯二氮䓬衍生物. 通过自由基捕捉实验的研究, 提出了相应可能的

反应机理. 苯二氮䓬的克级放大实验和官能化衍生化实验说明该方法具有一定应用前景. 
关键词  苯并咪唑酮; 苯二氮䓬; 氧化剂诱导; 无金属 

Basicity-Tuned Selectivity: Synthesis of Benzimidazolone and  
Benzodiazepine from N-Alkyl-N-(2-(pyridin-2-ylamino)- 

phenyl)formamides 
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Abstract  A base-controlled strategy for the selective preparation of benzimidazolone and pyrido-benzodiazepine derivatives 
was developed. The N-alkyl-N-(2-(pyridin-2-ylamino)phenyl)formamides underwent selective coupling to synthesize a series 
of benzimidazolones when NaOAc was used as bases and employed K2S2O8 as oxidants. By changing bases to NaHCO3, a 
series of benzodiazepines was obtained. The possible reaction mechanism was proposed based on the radical-trapping experi-
ments. The applicability of this protocol is demonstrated by scale-up experiments and the functionalization of benzodiazepine 
products. 
Keywords  benzimidazolone; benzodiazepine; oxidant-induced; metal-free 

 

1  Introduction 
Benzimidazolone and pyrido-benzodiazepine derivatives 

are important heterocycle scaffolds that have significant 
roles in the synthesis of pharmaceuticals and natural prod-

ucts.[1] The benzimidazolone derivatives are critical urea 
compounds with the biological and pharmacological activ-
ities, such as potassium channel activators[2] and virus fu-
sion inhibitors (Figure 1a).[3] 

The synthetic methods that have been developed to con- 
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Figure 1  Structures of biologically active benzimidazolone and pyrido-benzodiazepine derivatives

struct benzimidazolone compounds are shown in Schemes 
1. Early synthetic methods used benzene-1,2-diamines or 
nitroanilines with phosgene,[4] triphosgene,[5] or carbon-
yldiimidazole[6] as starting materials (Scheme 1a). The 
alternative strategy was developed by Cu-[7] or Pd-     
catalyzed,[8] KOH-promoted,[9] or oxidant-mediated intra-
molecular cyclization (Scheme 1b).[10] 

In 2016, Youn et al.[11] reported a one-pot method for 
the synthesis of benzimidazolone from (hetero)aromatic 
amines and isocyanates catalyzed by Pd(II)/Ag(I) system 

(Scheme 1c). Xu’s group[12] and Liu’s group,[13] inde-
pendently, have reported electrochemical intramolecular 
dehydrogenative reaction (Scheme 1c). 

The oxidants promoted protocols for the synthesis of 
benzimidazolones, in which the use of benzimidazolium 
salts as raw materials, were developed (Scheme 1d).[14] The 
in situ catalytic system in combination with Cu powder and 
N-heterocyclic carbene (NHC) was also developed to pre-
pare benzimidazolones (Scheme 1d).[15] A series of Pt-, 
(Scheme 1e).[16] The diphosphino-functionalized 1,3-   
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Scheme 1  Previous approaches to synthesize benzimidazolone and pyrido-benzodiazepine  
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dialkylimidazolium salts were used as starting materials to 
Pd-, and Ni-NHC complexes were successfully converted 
into benzimidazolones using base anions as oxygen source 
prepare 2-imidazolones through intramolecular dehydro-
genative C—N coupling.[17] 

Pyrido-benzodiazepine derivatives have attracted some 
interest owing to their unique biological activities,[18] e.g. 
nuvenzepine,[19] nevirapine[20] and propizepine[21] (Figure 
1b). Hence, the development of a simple and sustainable 
synthetic method for pyrido-benzodiazepine derivatives 
has been a longstanding goal.[22] Most of the previously 
synthetic approaches for benzodiazepines focus on or-
tho-phenyldiamine as starting materials (Scheme 1f).[23] It 
is difficult to control selectivity of two NH2 groups bearing 
benzene ring.[23b,24] To overcome the drawback, ortho-  
phenyldiamine has been replaced by starting materials with 
two different substituents, such as ortho-nitroaniline,[24] 
2-aminobenzoate,[25] and 2-halonitrobenzenes[26] (Scheme 
1f). Direct C—H bond functionalization has advantages 
in control of selectivity and atom economy for the mod-
ification of molecules.[27] Recently, our group developed 
a method for the synthesis of pyrido-benzodiazepines 
through continuous ring opening/ring closure of benzim-
idazolium salts (Scheme 1g).[28] However, this protocol 
still required stoichiometric amounts of Ag2CO3 (3.0 
equiv.). The transition-metal catalyzed oxidative reactions 
have emerged as a powerful method to form C—C and   
C—heteroatom bonds, in which oxidant plays a critical 
role in catalyst regeneration.[29] K2S2O8 is an inexpensive 
oxidant that has been used widely in palladium and silver- 
catalyzed C—H bond activation reactions.[30] A series of 
K2S2O8 promoted transformations under metal-free condi-
tion were described.[31] Inspired by these research on for-
mation C—C bond induced by oxidant,[32] we envisioned 
that synthesis of pyrido-benzodiazepines could be realized 
through oxidant-induced strategy.  

Previous studies[33] have discovered that imidazolium 
salts or benzimidazolium salts were hydrolyzed to form 
ring opened products in the presence of water under basic 
condition. We have sought to use ring opened products, 
such as N-alkyl-N-(2-(pyridin-2-ylamino)phenyl)forma-
mides, as starting materials to prepare pyridobenzodiaze-
pines. In this work, we report a base-controlled strategy for 
selective synthesis of benzimidazolones and pyrido-benzo-
diazepines from N-alkyl-N-(2-(pyridin-2-ylamino)phenyl)-
formamides under metal-free condition (Scheme 1h). 

2  Results and discussion 
The reaction condition for the synthesis of benzi-

midazolone and pyrido-benzodiazepine derivatives were 
first optimized by using N-propyl-N-(2-(pyridin-2-ylami-
no)phenyl)formamide (1a) (which was prepared as 
procedure in experimental part) as model substrate (Table 
1). The reactions were performed by using K2S2O8 as an 
oxidant in MeCN at 80 ℃ for 24 h in the presence of a 
base. The corresponding benzimidazolone (2a) and pyrido- 

benzodiazepine 3a were obtained using NaOAc and 
NaHCO3 as bases, respectively, affording 80% (2a) and 
68% (3a) yields, and yields of byproducts 3a and 2a under 
two conditions were 0 and trace (Table 1, Entry 1). An 
interesting result was that 1a also converted to 2a with a 
yield of 82% in the presence of 1.5 equiv. of PhI(OAc)2 for 
0.5 h at room temperature (Table 1, Entry 1). The reaction 
was difficult to complete in the absence of K2S2O8 or 
PhI(OAc)2 or bases (Table 1, Entry 2), which indicated that 
both oxidant and base played critical roles in two 
transformations. Subsequently, base screening showed that 
t-BuOLi, Na2CO3, KHCO3 and K2CO3 did not promote 
two transformations (Table 1, Entry 3). Several solvents, 
including MeCN, dichloroethane (DCE), dimethyl 
sulfoxide (DMSO), and 1,4-dioxane, were screened, and 
MeCN was found to be the most effective solvent (Table 1, 
Entry 4). Mixed solvents of MeCN/H2O were tested to 
increase the solubility of K2S2O8, but yields of two 
products were not improved (Table 1, Entry 4). Both 
Na2S2O8 and (NH4)2S2O8 showed lower performance than 
K2S2O8 under conditions A and C, and 2,3-dichloro-  
5,6-dicyano-1,4-benzoquinone (DDQ) and t-butyl hydro-
peroxide (TBHP) had no promoting effect in two 
transformations (Table 1, Entry 5). The concentration of 
oxidant and base was investigated. Note that increasing 
amount of oxidant did not improve the yield of 2a, but it 
reduced yield of 3a (Table 1, Entry 6). A 2.0 equiv. of base 
was found to be suitable for two reactions (Table 1, Entry 
7). Decreasing temperature to 50 ℃  or increasing 
temperature to 100 ℃ did not improve yield of 2a and 3a 
under conditions A and C (Table 1, Entry 8). Increasing 
temperature from room temerature to 50 ℃  did not 
improve yield of 2a in conditions B (Table 1, Entry 8). 
Replacing nitrogen atmosphere by an air atmosphere 
slightly reduced yield of 3a (Table 1, Entry 9). Finally, 
reaction time was investigated under different conditions. 
Prolonging reaction time from 0.5 h to 5.0 h had not an 
evident change in yield of 2a under condition B (Table 1, 
Entry 10). Prolonging reaction time to 48 h did not 
improve yield of 2a and 3a under conditions A and C 
(Table 1, Entry 10).  

The scope of benzimidazolone under optimized reaction 
condition is shown in Table 2. First, a series of 
N-substituted functionalities bearing substrates were well 
tolerated and the corresponding benzimidazolone products 
were obtained in yields of 25%～82% (2a～2g), but 
substrates with bromopropyl and benzhydryl groups 
showed low reactivity under both condition A and 
condition B (2h and 2i). Next, we explored reactivity of 
substrates with halogen atoms on pyridine ring, which 
afforded corresponding products in moderate yield (2j～
2o). Similarly, substrates on pyridine ring bearing 
electron-donating groups smoothly preceeded and 
affording desired products 2p～2s in 21%～71% yields. 
Note that substrates bearing strong electron-withdrawing 
groups on the pyridine ring showed low reactivity. For  
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Table 1  Optimization of conditions 

nPr N

N
H N

O

N

N
H N

ONN

N
nPr

O H

Condition A
K2S2O8 (1.5 equiv.)
NaOAc (2.0 equiv.)

MeCN, air, 80 oC, 24 h
Condition C

K2S2O8 (1.25 equiv.)

1a
2a 3a

NaHCO3 (2.0 equiv.)
MeCN, N2, 80 oC, 24 hCondition B

PhI(OAc)2 (1.5 equiv.)
MeCN, air, r.t., 0.5 ~ 5 h

nPr

 

a Condition A: 1a (0.2 mmol), K2S2O8 (0.3 mmol, 1.5 equiv.), NaOAc (0.4 mmol, 2.0 equiv.), MeCN (2 mL), air, 80 ℃, 24 h; isolated yields. b Condition B: 1a (0.2 
mmol), PhI(OAc)2 (0.3 mmol, 1.5 equiv.), MeCN (2 mL), air, room temperature, 0.5 h; isolated yields. c Condition C: 1a (0.2 mmol), K2S2O8 (0.25 mmol, 1.25 
equiv.), NaHCO3 (0.4 mmol, 2.0 equiv.), MeCN (2 mL), N2, 80 ℃, 24 h; isolated yields.

example, 6-cyano substrate gave lower product yields both 
under conditions A and B (2t, 32% and 41%, respectively). 
A wide range of functional groups on pyridine ring, 
including acetyl groups and pyrazolyl, indazolyl, and 
quinoline groups, were also suitable for this trans-
formation, and resulted in products 2u～2x in 41%～85% 
yields. The effect of substituents on the benzimidazole ring 
on this transformation was next explored. Fortunately, 
various substrates bearing functional groups were 
converted into corresponding products in yields of 32%～
81% (2y～2ac). Notably, replacing the pyridine ring by a 
benzene ring significantly inhibited reactivity of substrates 
under condition A (2ad, 10%), whereas good yield of 2ad 

under condition B was achieved (2ad, 71%). 
Next, the scope of substrates for the synthesis of pyrido-  

benzodiazepine derivatives was invetigated (Table 3). 
Under standard condition C, N-alkyl-N-(2-(pyridin-2- yla-
mi n o ) p h e n y l ) f o r ma mi d e s  b e a r in g  v a r io u s  N - 
substituted groups afforded desired products in moderate 
yields (3a～3g). The substrates bearing electron-donating 
groups on pyridine ring, such as 4-methyl, 5-methyl, and 
6-methyl groups, were converted into corresponding 
products in good yields (3h～3j). However, it was difficult 
to obtain 6-methoxy product (3k). The influence of the 
different halogen atoms bearing pyridine ring on reactivity 
was investigated. The reaction proceeded smoothly for    

Entry 2a, Condition Aa 2a, Condition Bb 3a, Condition Cc 

1 2a, 80%; (3a, 0) 2a, 82% 3a, 68%; (2a, trace) 

2 No K2S2O8, 2a, 0 
No base, 2a, 8% No PhI(OAc)2, 2a, 0 No K2S2O8, 3a, 0 

No base, 3a, trace 

3 

LiOt-Bu instead of NaOAc, 2a, 12% 
Na2CO3 instead of NaOAc, 2a, 10% 
KHCO3 instead of NaOAc, 2a, trace 
K2CO3 instead of NaOAc, 2a, 11% 

— 

LiOt-Bu instead of NaHCO3, 3a, 26% 
Na2CO3 instead of NaHCO3, 3a, 29% 
KHCO3 instead of NaHCO3, 3a, 10% 
K2CO3 instead of NaHCO3, 3a, 22% 

4 

DCE instead of MeCN, 2a, 30% 
DMSO instead of MeCN, 2a, 26% 
1,4-Dioxane instead of MeCN, 2a, 35% 
MeCN/H2O (V∶V＝1∶1), 2a, 36% 

DCE instead of MeCN, 2a, 69% 
DMSO instead of MeCN, 2a, 80% 
1,4-Dioxane instead of MeCN, 2a, 77% 
MeCN/H2O (V∶V＝1∶1), 2a, 40% 

DCE instead of MeCN, 3a, 40% 
DMSO instead of MeCN, 3a, 15% 
1,4-Dioxane instead of MeCN, 3a, 10% 
MeCN/H2O (V∶V＝1∶1), 3a, 26% 

5 

Na2S2O8 instead of K2S2O8, 2a, 39% 
(NH4)2S2O8 instead of K2S2O8, 2a, 45% 
DDQ instead of K2S2O8, 2a, 0 
TBHP instead of K2S2O8, 2a, 0 

Na2S2O8 instead of PhI(OAc)2, 2a, 0 
(NH4)2S2O8 instead of PhI(OAc)2, 2a, 0 
DDQ instead of PhI(OAc)2, 2a, 0 
TBHP instead of PhI(OAc)2, 2a, 0 

Na2S2O8 instead of K2S2O8, 3a, 38% 
(NH4)2S2O8 instead of K2S2O8, 3a, 32% 
DDQ instead of K2S2O8, 3a, 0 
TBHP instead of K2S2O8, 3a, trace 

6 
K2S2O8 (1.0 equiv.), 2a, 65% 
K2S2O8 (1.5 equiv.), 2a, 80% 
K2S2O8 (2.0 equiv.), 2a, 79% 

PhI(OAc)2 (1.0 equiv.), 2a, 47% 
PhI(OAc)2 (1.5 equiv.), 2a, 82% 
PhI(OAc)2 (2.0 equiv.), 2a, 84% 

K2S2O8 (1.0 equiv.), 3a, 36% 
K2S2O8 (1.5 equiv.), 3a, 61% 
K2S2O8 (2.0 equiv.), 3a, 23% 

7 
NaOAc (1.5 equiv.), 2a, 69% 
NaOAc (2.0 equiv.), 2a, 80% 
NaOAc (3.0 equiv.), 2a, 78% 

— 
NaHCO3 (1.5 equiv.), 3a, 61% 
NaHCO3 (2.0 equiv.), 3a, 69% 
NaHCO3 (3.0 equiv.), 3a, 67% 

8 100 ℃ instead of 80 ℃, 2a, 80% 
50 ℃ instead of 80 ℃, 2a, 58% 50 ℃ instead of r.t., 2a, 85% 100 ℃ instead of 80 ℃, 3a, 65% 

50 ℃ instead of 80 ℃, 3a, 47% 

9 — — Air, 3a, 59% 

10 48 h, 2a, 80% 5 h, 2a, 80% 48 h, 3a, 65% 
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Table 2  Synthesis of benzimidazolonea 
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B: 39% (5 h)

A: 39%
B: 58% (10 h)

A: 67%
B: 74%

A: 73%
B: 80%

A: 70%
B: 72%

A: 39%
B: 57%

A: 35%
B: 75%

A: 59%
B: 66%

A: 60%
B: 57%

A: 59%
B: 71%

A: 53%
B: 21% (10 h)

A: 32%
B: 41% (5 h)

A: 85%
B: 60%

A: 39%
B: 51%

A: 41%
B: 80%

A: 81%
B: 85%

A: 37%
B: 62%

A: 71%
B: 69%

A: 32%
B: 56%

A: 35%
B: 74%

A: 47%
B: 81%

A: 10%
B: 71%

Me

a Reaction conditions: condition A: 1 (0.2 mmol), K2S2O8 (0.3 mmol, 1.5 equiv.), NaOAc (0.4 mmol, 2.0 equiv.), MeCN (2 mL), air, 80 ℃, 24 h; isolated yields; 
condition B: 1 (0.2 mmol), PhI(OAc)2 (0.3 mmol, 1.5 equiv.), MeCN (2 mL), air, room temperature, 0.5 h; isolated yields. 

substrates with chloro, bromo, and iodine atoms at 4- or 
5-position on pyridine ring to afford desired products in 
35%～66% yields (3l～3o). Unfortunately, no products 
were isolated under condition C using substrates with 
fluorine, chlorine, and bromine atoms at 6-position on 
pyridine ring (3p～3r). The substrate with cyano group at 
the 6-position on pyridine ring gave a lower yield (3s, 
32%). The substrates with 6-acetyl groups and quinoline 
showed high reactivity and afforded good yields of 3t and 
3u. The substrates containing pyrazolyl and indazolyl 
groups afforded low yields with both NaOAc and Na-

HCO3, where NaOAc outperformed NaHCO3 (3v～3w). 
Futhurmore, the influence of substituents on benzene ring 
on reactivity was investigated. As shown in Table 3, a 
wide range of substituted substrates on benzene ring were 
well tolerated and converted to the desired products in 
moderate to good yields (3x～3ab). However, a mixture of 
products was obtained when methoxy- or carboxylate- 
substituted substrates were employed (3y and 3z). No 
product was detected when pyridine ring was replaced with 
a benzene ring (3ac); therefore, only starting materials 
containing a pyridine ring were investigated in trans-  
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Table 3  Synthesis of pyrido-benzodiazepinea 
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formation. 
To evaluate the practicality and scalability of the devel-

oped methods for the synthesis of benzimidazolone and 
pyrido-benzodiazepine, the reaction was performed on a 5 
mmol scale under standard conditions A, B and C, respec-
tively (Scheme 2A). 2a was obtained in yields of 54% and 
61% under conditions A and B when prolonging reaction 
time to 48 and 24 h, respectively (Scheme 2A). 3a was also 
isolated in a yield of 45% under condition C when reaction 
time was prolonged to 48 h (Scheme 2A). To demonstrate 
the application of the pyrido-benzodiazepine, N-alkylation 
reaction of 3a was performed, and affording 3ad in 78% 
yield (Scheme 2B). 3l reacted with (4-methoxyphenyl)- 
boronic acid to give corresponding product 3ae through a 
Suzuki coupling reaction (Scheme 2C). 

To elucidate a plausible reaction mechanism for selec-
tive synthesis of benzimidazolones and pyrido-benzodiaze-  
pines, a range of radical-trapping experiments were per-
formed using 2,2,6,6-tetramethylpiperidine-1-oxyl (TEM- 
PO) and 2,6-di-tert-butyl-4-methylphenol (BHT) as radical 
scavengers (Scheme 3). The addition of TEMPO (2.0 
equiv.) under condition A resulted in 30% yield of 2a. It is 
inferred that TEMPO has played a role in an oxidant, so 
that reaction was not completely suppressed under condi-
tion A. To prove results above, BHT was used as a radical 
scavenger. In the presence of BHT (2.0 equiv.), only a 
12% yield of 2a was isolated (Scheme 3). The results sug-
gested that a radical mechanism may have been involved 
under condition A. Radical-trapping experiments were 
conducted under condition B. However, the radical inhibi-  



   
有机化学 研究论文 

 
1152      http://sioc-journal.cn/ © 2022 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2022, 42, 1146～1162 

1a

nPr
N

N
H

N

O

N

N
H N

O
nPr

3a

NN

N
nPr

O

2a

Conditions A: 48 h, 54%, 0.683 g

Conditions B: 24 h, 61%, 0.772 g
Conditions C: 48 h, 45%, 0.569 g

5 mmol

N

N
H N

O
nPr

3a

N

N
N

O
nPr

3ad

N

N
H N

O
nPr

3l

Br

N

N
H

N

OnPr

3ae

O

KOH,

0.2 mmol 78% yield

0.2 mmol

85% yield

DMF, r.t., 12 h

I

Pd(PPh3)4

Na2CO3
Tol:EtOH (V:V = 1:1)

N2, 110 oC, 24 h

(A) Gram-scale synthesis

(B) N-functionalization of the pyrido-benzodiazepine

(C) Pyrido-benzodiazepine product transformations

+

B(OH)2

O

0.3 mmol

 

Scheme 2  Gram-scale synthesis and product transformations  

tor did not significantly reduce yield of 2a under condition 
B (Scheme 3), which demonstrated that a radical process 
was not involved under condition B. In contrast, reaction 
for the synthesis of product 3a was completely inhibited 
under condition C, and the radical trapping product 3AA 
was obtained in 15% yield (Scheme 3). 

The abovementioned results indicated that a radical 
process was probably involved under conditions A and C. 
Thus, plausible mechanisms for oxidant-induced pathway 

to synthesize two heterocycle scaffolds under conditions 
A, B and C were proposed (Scheme 4). The mechanism for 
the synthesis of 2a under condition A is shown in Scheme 
4. 1a is first deprotonated by NaOAc to generate nitrogen 
anion 4. Then, 4 is oxidized by a sulfate radical anion to 
produce nitrogen radical species 5, which subsequently 
undergoes an intramolecular radical addition to produce 
alkoxy radical 6. The product is obtained after the loss of a 
hydrogen radical. The mechanism under condition B is 
consistent with previous report.[34] Compound 1a reacts 
with PhI(OAc)2 to produce intermediate 7, which under-
goes an intramolecular nucleophilic addition to afford in-
termediate 8 and further deprotonation to produce 9. Fi-
nally, 2a is formed by removal of PhI and HOAc. A possi-
ble mechanism for the synthesis of pyrido-benzodiaze-  
pine 3a is shown on the bottom of Scheme 4. Similarly, 

3HCO－  deprotonates amino group of 1a and generates 
nitrogen anion 4, which is then oxidized by sulfate radical 
anion to afford corresponding nitrogen radical species 5. 
1,5-HAT take places from 5 to give acyl radical species 10. 
The acyl radical species 10 reacts with pyridine ring via 
radical addition to form intermediate 11, which is further 
oxidized by the sulfate radical anion and undergoes depro-
tonation to furnish benzodiazepine 3a. 

3  Conclusions 
In summary, we have developed a route to construct 

benzimidazolone and pyrido-benzodiazepine derivatives 
via a base-controlled strategy. The method has advantage 
of the use of inexpensive oxidants under metal-free condi-
tion. However, the substrates scope limits to pyridine ring 
in the synthesis of benzodiazepines. Further transfor-
mations of N-alkyl-N-(2-(pyridin-2-ylamino)phenyl)forma-
mides are underway in the future work. 

4  Experimental section 
4.1  General information 

Unless otherwise stated, all solvents, oxidants, and bases   

 
Scheme 3  Radical trap experiments for conditions A～C 
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radical addition

radical addition 1,5-HAT

 
Scheme 4  Plausible mechanism for the synthesis of benzimidazolones and pyrido-benzodiazepines 

were purchased from commercial suppliers and used 
without further purification. The benzimidazolium salts, 
which were used as starting materials to prepare N-alkyl- 
N-(2-(pyridin-2-ylamino)phenyl)formamides, were synthe- 
sized based on methods we have previously reported.[35] 
4.2  Analytical methods 

NMR spectra were recorded using a Bruker Avance III 
HD 400 spectrometer using TMS as an internal standard 
(400 MHz for 1H NMR and 100 MHz for 13C NMR). 
High-resolution mass spectrometry (HRMS) data were 
collected on a Bruker ultrafleXtreme MALDI TOF/TOF 
mass spectrometer. 

4.3  General experimental procedure for the synthe-
sis of N-propyl-N-(2-(pyridin-2-ylamino)phenyl)- 
formamide derivatives (1a) 

3-Propyl-1-(pyridin-2-yl)-1H-benzo[d]imidazol-3-ium 
iodide (365 mg, 1.0 mmol) and KOt-Bu (134 mg, 1.2 
mmol) were placed in a 50 mL reaction tube with a stir bar. 
The reaction mixture was stirred with 8 mL of water for 2 
h at room temperature. Then pour brine (30 mL) into the 
tube and extracted three times with dichloromethane (15 
mL×3). The desired N-propyl-N-(2-(pyridin-2-ylamino)- 
phenyl)formamide (1a)[36] was isolated by flash chroma-
tography in 99% yield.  
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4.4  General experimental procedure for the synthe-
sis of the benzimidazolones 2 

Condition A: N-Propyl-N-(2-(pyridin-2-ylamino)phen-
yl)formamide 1 (0.2 mmol), NaOAc (32.8 mg, 0.4 mmol), 
and K2S2O8 (81.0 mg, 0.3 mmol) were placed in a 25 mL 
reaction tube with a stir bar, and acetonitrile (2 mL) was 
added to reaction tube. The mixture was stirred at 80 ℃ 
for 24 h. Then the mixture was concentrated under vacuum 
and benzimidazolones 2 were obtained by column chro-
matography (petroleum ether/ethyl acetate). 

Condition B: N-Propyl-N-(2-(pyridin-2-ylamino)- 
phenyl) formamide 1 (0.2 mmol), and PhI(OAc)2 (96.6 mg, 
0.3 mmol) were placed in a 25 mL reaction tube with a stir 
bar, and acetonitrile (2 mL) was added. The mixture was 
stirred at room temperature for 0.5～5.0 h in air. Then the 
mixture was concentrated under vacuum and benzimidaz-
olones 2 were obtained by column chromatography (petro-
leum ether/ethyl acetate). 
4.5  General experimental procedure for the synthe-
sis of the benzodiazepines 3 

Condition C: N-Propyl-N-(2-(pyridin-2-ylamino)phen-
yl)formamide 1 (0.2 mmol), NaHCO3 (33.6 mg, 0.4 
mmol), and K2S2O8 (67.5 mg, 0.25 mmol) were placed in a 
25 mL reaction tube with a stir bar. The reaction tube was 
vacuumed and then filled with nitrogen thrice. Subse-
quently, acetonitrile (2 mL) was added to the reaction tube. 
The mixture was stirred at 80 ℃ for 24 h. Then the mix-
ture was concentrated under vacuum and the benzodiaze-
pines 3 were obtained by column chromatography (petro-
leum ether/ethyl acetate). 

1-Propyl-3-(pyridin-2-yl)-1,3-dihydro-2H-benzo[d]imi- 
dazol-2-one (2a): Following the general conditions A and 
B, purification by flash chromatography (petroleum/ 
EtOAc, V∶V＝20∶1), a pale yellow oil (A: 80% yield, 
40.5 mg; B: 82% yield, 41.5 mg). 1H NMR (400 MHz, 
CDCl3) δ: 8.56 (ddd, J＝0.4, 1.6, 8.0 Hz, 1H), 8.14 (dt, J＝
8.0, 1.2 Hz, 1H), 8.09～8.07 (m, 1H), 7.84 (ddd, J＝1.6, 
7.2, 9.6 Hz, 1H), 7.23～7.11 (m, 3H), 7.05～7.03 (m, 1H), 
3.93～3.90 (m, 2H), 1.88～1.79 (m, 2H), 1.01 (t, J＝7.2 
Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 153.0, 150.5, 
148.0, 138.2, 129.7, 127.7, 122.6, 121.7, 121.0, 117.7, 
113.1, 107.6, 42.7, 21.6, 11.4. HRMS (MALDI-TOF) 
calcd for C15H15N3OH [M ＋ H] ＋  254.1288, found 
254.1285. 

1-Methyl-3-(pyridin-2-yl)-1,3-dihydro-2H-benzo[d]- 
imidazol-2-one (2b): Following the general conditions A 
and B, purification by flash chromatography (petroleum/ 
EtOAc, V∶V＝30∶1), a white solid (A: 46% yield, 20.7 
mg; B: 62% yield, 27.9 mg); m.p. 86.5～87.2 ℃. 1H 
NMR (400 MHz, CDCl3) δ: 8.57～8.55 (m, 1H), 8.14 (d,  
J＝8.4 Hz, 1H), 8.09～8.06 (m, 1H), 7.87～7.82 (m, 1H), 
7.23～7.14 (m, 3H), 7.02 (dd, J＝7.6, 1.2 Hz, 1H), 3.45 (s, 
3H); 13C NMR (100 MHz, CDCl3) δ: 153.2, 150.4, 148.0, 
138.2, 130.2, 127.7, 122.7, 121.9, 121.1, 117.6, 113.1, 
107.4, 27.1. HRMS (MALDI-TOF) calcd for C13H11N3OH 
[M＋H]＋ 226.0975, found 226.0971.  

1-Isopropyl-3-(pyridin-2-yl)-1,3-dihydro-2H-benzo[d]- 
imidazol-2-one (2c): Following the general conditions A 
and B, purification by flash chromatography (petrole-
um/EtOAc, V∶V＝20∶1), a colorless oil (A: 65% yield, 
32.9 mg; B: 72% yield, 36.4 mg). 1H NMR (400 MHz, 
CDCl3) δ: 8.56 (ddd, J＝0.8, 2.0, 5.2 Hz, 1H), 8.08 (dt, J＝
8.0, 1.2 Hz, 1H), 8.03～8.01 (m, 1H), 7.85 (ddd, J＝2.0, 
7.2, 9.2 Hz, 1H), 7.23～7.09 (m, 4H), 4.85～4.74 (m, 1H), 
1.60 (s, 3H), 1.59 (s, 3H); 13C NMR (100 MHz, CDCl3) δ: 
152.4, 150.3, 148.1, 138.1, 128.5, 127.9, 122.3, 121.3, 
121.2, 118.2, 112.8, 108.9, 45.2, 20.1. HRMS (MAL-
DI-TOF) calcd for C15H15N3OH [M＋H] ＋  254.1288, 
found 254.1282. 

1-Butyl-3-(pyridin-2-yl)-1,3-dihydro-2H-benzo[d]- 
imidazol-2-one (2d): Following the general conditions A 
and B, purification by flash chromatography (petrole-
um/EtOAc, V∶V＝20∶1), a colorless oil (A: 71% yield, 
37.9 mg; B: 74% yield, 39.5 mg). 1H NMR (400 MHz, 
CDCl3) δ: 8.56 (ddd, J＝0.8, 2.0, 4.8 Hz, 1H), 8.15 (dt, J＝
8.4, 0.8 Hz, 1H), 8.09～8.07 (m, 1H), 7.84 (ddd, J＝2.0, 
7.2, 9.2 Hz, 1H), 7.23～7.11 (m, 3H), 7.05～7.03 (m, 1H), 
3.95 (t, J＝7.2 Hz, 2H), 1.82～1.74 (m, 2H), 1.49～1.39 
(m, 2H), 0.97 (t, J＝7.2 Hz, 3H); 13C NMR (100 MHz, 
CDCl3) δ: 152.9, 150.5, 148.0, 138.1, 129.65, 127.7, 122.6, 
121.7, 121.0, 117.7, 113.1, 107.6, 40.9, 30.3, 20.1, 13.8. 
HRMS (MALDI-TOF) calcd for C16H17N3OH [M＋H]＋ 
268.1444, found 268.1449. 

1-Allyl-3-(pyridin-2-yl)-1,3-dihydro-2H-benzo[d]- 
imidazol-2-one (2e): Following the general conditions A 
and B, purification by flash chromatography (petroleum/ 
EtOAc, V∶V＝15∶1), a colorless oil (A: 25% yield, 12.5 
mg; B: 62% yield, 31.1 mg). 1H NMR (400 MHz, CDCl3) 
δ: 8.56 (ddd, J＝0.8, 2.0, 5.4 Hz, 1H), 8.15 (d, J＝8.0 Hz, 
1H), 8.12～8.06 (m, 1H), 7.85 (ddd, J＝2.0, 7.2, 9.2 Hz, 
1H), 7.22 (ddd, J＝0.8, 4.8, 7.2 Hz, 1H), 7.18～7.11 (m, 
2H), 7.05～7.02 (m, 1H), 5.99～5.90 (m, 1H), 5.31～5.25 
(m, 2H), 4.58 (dt, J＝5.6, 1.6 Hz, 2H); 13C NMR (100 
MHz, CDCl3) δ: 152.8, 150.4, 148.0, 138.2, 131.7, 129.4, 
127.7, 122.7, 121.9, 121.1, 117.8, 117.7, 113.1, 108.2, 
43.5. HRMS (MALDI-TOF) calcd for C15H13N3OH [M＋
H]＋ 252.1131, found 252.1130. 

1-Benzyl-3-(pyridin-2-yl)-1,3-dihydro-2H-benzo[d]- 
imidazol-2-one (2f): Following the general conditions A 
and B, purification by flash chromatography (petroleum/ 
EtOAc, V∶V＝15∶1), a colorless oil (A: 51% yield, 30.7 
mg; B: 50% yield, 30.1 mg). 1H NMR (400 MHz, CDCl3) 
δ: 8.50 (dd, J＝6.0, 1.2 Hz, 1H), 8.11 (d, J＝8.0 Hz, 1H), 
8.02～8.00 (m, 1H), 7.81～7.77 (m, 1H), 7.31～7.14 (m, 
6H), 7.07～7.00 (m, 2H), 6.89～6.86 (m, 1H), 5.07 (s, 
2H); 13C NMR (100 MHz, CDCl3) δ: 153.2, 150.4, 148.1, 
138.2, 135.9, 129.4, 128.8, 127.8, 127.5, 122.7, 122.0, 
121.2, 117.7, 113.1, 108.2, 44.9. HRMS (MALDI-TOF) 
calcd for C19H15N3OH [M ＋ H] ＋  302.1288, found 
302.1284. 

1-Benzyl-3-(pyridin-2-yl)-1,3-dihydro-2H-benzo[d]- 
imidazol-2-one (2g): Following the general conditions A 
and B, purification by flash chromatography (petroleum/ 
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EtOAc, V∶V＝20∶1), a light red oil (A: 74% yield, 48.7 
mg; B: 64% yield, 42.1 mg). 1H NMR (400 MHz, CDCl3) 
δ: 8.57～8.55 (m, 1H), 8.14 (d, J＝8.4 Hz, 1H), 8.08～
8.06 (m, 1H), 7.87～7.83 (m, 1H), 7.30～7.10 (m, 8H), 
6.96～6.94 (m, 1H), 3.98 (t, J＝7.6 Hz, 2H), 2.77～2.73 
(m, 2H), 2.19～2.11 (m, 2H); 13C NMR (100 MHz, 
CDCl3) δ: 152.9, 150.4, 148.0, 141.0, 138.2, 129.5, 128.5, 
128.4, 127.8, 126.1, 122.6, 121.8, 121.1, 117.7, 113.1, 
107.6, 40.7, 33.1, 29.6. HRMS (MALDI-TOF) calcd for 
C21H19N3ONa [M＋Na]＋ 352.1420, found 352.1439. 

1-(Bromomethyl)-3-(pyridin-2-yl)-1,3-dihydro-2H- 
benzo[d]imidazol-2-one (2h): Following the general con-
ditions A and B, purification by flash chromatography (pe-
troleum/EtOAc, V∶V＝15∶1), a colorless oil (A: trace; 
B: 31% yield, 20.5 mg). 1H NMR (400 MHz, CDCl3) δ: 
8.57～8.56 (m, 1H), 8.11 (d, J＝8.0 Hz, 1H), 8.08～8.06 
(m, 1H), 7.85 (ddd, J＝2.0, 7.2, 9.2 Hz, 1H), 7.24～7.13 
(m, 4H), 4.11 (t, J＝6.4 Hz, 2H), 3.48 (t, J＝6.4 Hz, 2H), 
2.41～2.34 (m, 2H); 13C NMR (100 MHz, CDCl3) δ: 
152.9, 150.2, 148.1, 138.2, 129.5, 127.7, 122.8, 122.0, 
121.2, 117.7, 113.2, 107.5, 39.6, 31.4, 30.4. HRMS 
(MALDI-TOF) calcd for C15H14BrN3OH [M ＋ H] ＋ 
332.0393, found 332.0396. 

1-Benzhydryl-3-(pyridin-2-yl)-1,3-dihydro-2H-benzo- 
[d]imidazol-2-one (2i): Following the general conditions A 
and B, purification by flash chromatography (petrole-
um/EtOAc, V∶V＝10∶1), a white solid (A: trace; B: 39% 
yield, 29.4 mg); m.p. 102.1～102.6 ℃. 1H NMR (400 
MHz, CDCl3) δ: 8.57 (ddd, J＝0.8, 2.0, 5.2 Hz, 1H), 8.15 
(dt, J＝8.4, 0.8 Hz, 1H), 8.06 (dd, J＝8.0, 0.8 Hz, 1H), 
7.86 (ddd, J＝2.0, 7.2, 8.0 Hz, 1H), 7.38～7.30 (m, 10H), 
7.24 (ddd, J＝0.8, 4.8, 7.2 Hz, 1H), 7.11 (s, 1H), 7.07 (td, 
J＝8.0, 1.2 Hz, 1H), 6.91 (td, J＝8.0, 1.2 Hz, 1H), 6.56 
(dd, J＝8.0, 0.4 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ: 
153.2, 150.3, 148.0, 138.2, 137.9, 128.9, 128.6, 128.6, 
127.9, 127.9, 122.4, 121.7, 121.3, 118.1, 112.9, 110.7, 
59.8. HRMS (MALDI-TOF) calcd for C25H19N3OH [M＋
H]＋ 378.1601, found 378.1609. 

1-(6-Fluoropyridin-2-yl)-3-propyl-1,3-dihydro-2H- 
benzo[d]imidazol-2-one (2j): Following the general condi-
tions A and B, purification by flash chromatography (pe-
troleum/EtOAc, V∶V＝20∶1), a white solid (A: 39% 
yield, 21.1 mg; B: 58% yield, 31.4 mg); m.p. 89.2～
90.1 ℃. 1H NMR (400 MHz, CDCl3) δ: 8.26～8.24 (m, 
1H), 8.20～8.18 (m, 1H), 7.93 (q, J＝8.0 Hz, 1H), 7.23～
7.14 (m, 2H), 7.05～7.03 (m, 1H), 6.84～6.81 (m, 1H), 
3.93～3.89 (m, 2H), 1.88～1.79 (m, 2H), 1.01 (t, J＝7.2 
Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 162.9, 160.6, 
152.8, 148.9, 148.7, 142.9, 142.8, 129.6, 127.1, 123.0, 
121.9, 113.9, 113.5, 113.4, 107.7, 105.6, 105.3, 42.8, 21.5, 
11.4; 19F NMR (376 MHz, CDCl3) δ: －67.857. HRMS 
(ESI-TOF) calcd for C15H14FN3OH [M＋H]＋ 272.1194, 
found 272.1197. 

1-(5-Fluoropyridin-2-yl)-3-propyl-1,3-dihydro-2H- 
benzo[d]imidazol-2-one (2k): Following the general con-
ditions A and B, purification by flash chromatography (pe-
troleum/EtOAc, V∶V＝30∶1), a white solid (A: 67% 

yield, 36.3 mg; B: 74% yield, 40.1 mg); m.p. 82.0～
84.0 ℃. 1H NMR (400 MHz, CDCl3) δ: 8.40 (d, J＝1.6 
Hz, 1H), 8.18 (dd, J＝9.2, 4.0 Hz, 1H), 8.00 (dd, J＝7.6, 
0.8 Hz, 1H), 7.61～7.56 (m, 1H), 7.21～7.11 (m, 2H), 7.05 
(dd, J＝7.6, 1.2 Hz, 1H), 3.93～3.90 (m, 2H), 1.88～1.79 
(m, 2H), 1.01 (t, J＝7.2 Hz, 3H); 13C NMR (100 MHz, 
CDCl3) δ: 158.5, 155.9, 152.9, 146.4, 135.7, 135.4, 129.6, 
127.6, 125.4, 125.2, 122.7, 121.7, 118.8, 118.7, 112.7, 
107.7, 42.8, 21.5, 11.4; 19F NMR (376 MHz, CDCl3) δ: －
130.45. HRMS (MALDI-TOF) calcd for C15H14FN3OH  
[M＋H]＋ 272.1194, found 272.1198. 

1-(5-Bromopyridin-2-yl)-3-propyl-1,3-dihydro-2H- 
benzo[d]imidazol-2-one (2l): Following the general condi-
tions A and B, purification by flash chromatography (pe-
troleum/EtOAc, V∶V＝30∶1), a light yellow solid (A: 
73% yield, 48.3 mg; B: 80% yield, 52.9 mg); m.p. 93.2～
94.0 ℃. 1H NMR (400 MHz, CDCl3) δ: 8.59 (dd, J＝2.4, 
0.4 Hz, 1H), 8.17 (dd, J＝8.8, 0.4 Hz, 1H), 8.11～8.09 (m, 
1H), 7.94 (dd, J＝8.8, 2.8 Hz, 1H), 7.21～7.12 (m, 2H), 
7.06～7.04 (m, 1H), 3.92～3.89 (m, 2H), 1.88～1.79 (m, 
2H), 1.01 (t, J＝7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3) 
δ: 151.8, 148.2, 147.7, 139.6, 128.6, 126.3, 121.8, 120.8, 
117.5, 115.5, 112.4, 106.7, 41.7, 20.5, 10.4. HRMS 
(ESI-TOF) calcd for C15H14BrN3OH [M＋H]＋ 332.0393, 
found 332.0399. 

1-(4-Bromopyridin-2-yl)-3-propyl-1,3-dihydro-2H- 
benzo[d]imidazol-2-one (2m): Following the general con-
ditions A and B, purification by flash chromatography (pe-
troleum/EtOAc, V∶V＝30∶1), a white solid (A: 70% 
yield, 46.3 mg; B: 72% yield, 47.6 mg); m.p. 68.0～
70.0 ℃. 1H NMR (400 MHz, CDCl3) δ: 8.44～8.43 (m, 
1H), 7.30～8.28 (m, 1H), 8.10～8.09 (m, 1H), 7.30～7.29 
(m, 1H), 7.21～6.98 (m, 3H), 3.86～3.84 (m, 2H), 1.77～
1.76 (m, 2H), 0.96～0.93 (m, 3H); 13C NMR (100 MHz, 
CDCl3) δ: 152.8, 151.4, 148.3, 134.1, 129.7, 127., 124.20, 
123.0, 121.8, 120.2, 113.7, 107.7, 42.8, 21.5, 11.4. HRMS 
(MALDI-TOF) calcd for C15H14BrN3OH [M ＋ H] ＋ 
332.0393, found 332.0398. 

1-(6-Bromopyridin-2-yl)-3-propyl-1,3-dihydro-2H- 
benzo[d]imidazol-2-one (2n): Following the general con-
ditions A and B, purification by flash chromatography (pe-
troleum/EtOAc, V∶V＝30∶1), a light yellow solid (A: 
39% yield, 25.8 mg; B: 57% yield, 37.7 mg); m.p. 87.3～
88.5 ℃. 1H NMR (400 MHz, CDCl3) δ: 8.28 (dd, J＝8.4, 
0.8 Hz, 1H), 8.22～8.19 (m, 1H), 7.68 (t, J＝7.6 Hz, 1H), 
7.37 (dd, J＝7.6, 0.4 Hz, 1H), 7.23～7.15 (m, 2H), 7.06～
7.02 (m, 1H), 3.92～3.88 (m, 2H), 1.87～1.78 (m, 2H), 
1.00 (t, J＝7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 
152.7, 150.3, 140.3, 139.1, 129.7, 127.1, 124.6, 123.1, 
122.0, 115.1, 113.8, 107.7, 42.7, 21.5, 11.4. HRMS 
(MALDI-TOF) calcd for C15H14BrN3ONa [M ＋ Na] ＋ 
354.0212, found 354.0220. 

1-(5-Iodopyridin-2-yl)-3-propyl-1,3-dihydro-2H-benzo- 
[d]imidazol-2-one (2o): Following the general conditions 
A and B, purification by flash chromatography (petrole-
um/EtOAc, V∶V＝20∶1), a white solid (A: 35% yield, 
26.5 mg; B: 75% yield, 56.8 mg); m.p. 87.3～88.5 ℃. 1H 
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NMR (400 MHz, CDCl3) δ: 8.73 (dd, J＝2.0, 1.2 Hz, 1H), 
8.12～8.06 (m, 3H), 7.20～7.11 (m, 2H), 7.04 (dd, J＝7.6, 
1.2 Hz, 1H), 3.92～3.88 (m, 2H), 1.87～1.78 (m, 2H), 1.01 
(t, J＝7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 153.8, 
152.8, 149.8, 146.1, 129.7, 127.2, 122.9, 121.8, 118.9, 
113.6, 107.7, 88.1, 42.8, 21.5, 11.4. HRMS (MALDI-TOF) 
calcd for C15H14IN3OH [M ＋ H] ＋  380.0254, found 
380.0258. 

1-(4-Methylpyridin-2-yl)-3-propyl-1,3-dihydro-2H- 
benzo[d]imidazol-2-one (2p): Following the general con-
ditions A and B, purification by flash chromatography (pe-
troleum/EtOAc, V∶V＝30∶1), a pale yellow oil (A: 59% 
yield, 31.5 mg; B: 66% yield, 35.2 mg). 1H NMR (400 
MHz, CDCl3) δ: 8.41 (d, J＝4.8 Hz, 1H), 8.02 (dd,   J＝
7.6, 0.8 Hz, 1H), 7.94 (s, 1H), 7.18～7.09 (m, 2H), 7.05～
7.02 (m, 2H), 3.93～3.89 (m, 2H), 2.44 (s, 3H), 1.88～
1.79 (m, 2H), 1.01 (t, J＝7.6 Hz, 3H); 13C NMR (100 
MHz, CDCl3) δ: 153.1, 150.4, 149.6, 147.7, 129.6, 127.9, 
122.4, 122.4, 121.7, 118.4, 112.9, 107.6, 42.7, 21.6, 21.3, 
11.4. HRMS (MALDI-TOF) calcd for C16H17N3OH [M＋
H]＋ 268.1444, found 268.1449. 

1-(5-Methylpyridin-2-yl)-3-propyl-1,3-dihydro-2H- 
benzo[d]imidazol-2-one (2q): Following the general con-
ditions A and B, purification by flash chromatography (pe-
troleum/EtOAc, V∶V＝20∶1), a light red solid (A: 60% 
yield, 32.0 mg; B: 57% yield, 30.4 mg); m.p. 75.4～
76.2 ℃. 1H NMR (400 MHz, CDCl3) δ: 8.31～8.30 (m, 
1H), 7.91～7.88 (m, 2H), 7.60～7.57 (m, 1H), 7.11～7.02 
(m, 2H), 6.98～6.96 (m, 1H), 3.86～3.82 (m, 2H), 2.31 (s, 
3H), 1.81～1.72 (m, 2H), 0.94 (t, J＝7.6 Hz, 3H); 13C 
NMR (100 MHz, CDCl3) δ: 153.1, 148.1, 148.0, 138.8, 
130., 129.65, 127.9, 122.4, 121.6, 117.4, 112.6, 107.6, 
77.4, 77.0, 76.7, 42.7, 21.6, 18.0, 11.4. HRMS (MALDI- 
TOF) calcd for C16H17N3OH [M＋H]＋ 268.1444, found 
268.1441. 

1-(6-Methylpyridin-2-yl)-3-propyl-1,3-dihydro-2H- 
benzo[d]imidazol-2-one (2r): Following the general condi-
tions A and B, purification by flash chromatography (pe-
troleum/EtOAc, V∶V＝20∶1), a pale yellow oil (A: 59% 
yield, 310.5 mg; B: 71% yield, 38.1 mg). 1H NMR (400 
MHz, CDCl3) δ: 8.08～8.06 (m, 1H), 7.92 (d, J＝8.0 Hz, 
1H), 7.73 (t, J＝7.6 Hz, 1H), 7.18～7.10 (m, 2H), 7.08～
7.02 (m, 2H), 3.93～3.89 (m, 2H), 2.61 (s, 3H), 1.87～
1.78 (m, 2H), 1.01 (t, J＝7.2 Hz, 3H); 13C NMR (100 
MHz, CDCl3) δ: 157.2, 153.0, 149.7, 138.5, 129.7, 127.9, 
122.5, 121.6, 120.6, 114.6, 113.0, 107.6, 42.7, 24.2, 21.6, 
11.4. HRMS (MALDI-TOF) calcd for C16H17N3OH [M＋
H]＋ 268.1444, found 268.1450. 

1-(6-Methoxypyridin-2-yl)-3-propyl-1,3-dihydro-2H- 
benzo[d]imidazol-2-one (2s): Following the general condi-
tions A and B, purification by flash chromatography (pe-
troleum/EtOAc, V∶V＝20∶1), a colorless oil (A: 53% 
yield, 30.0 mg; B: 21% yield, 11.8 mg). 1H NMR (400 
MHz, CDCl3) δ: 8.11 (dd, J＝7.6, 0.8 Hz, 1H), 7.74～7.72 
(m, 2H), 7.20～7.10 (m, 2H), 7.05 (dd, J＝8.0, 1.2 Hz, 
1H), 6.70～6.65 (m, 1H), 4.00 (s, 3H), 3.93～3.89 (m, 
2H), 1.88～1.79 (m, 2H), 1.02 (t, J＝7.2 Hz, 3H); 13C 

NMR (100 MHz, CDCl3) δ: 163.0, 152.9, 147.9, 140.5, 
129.6, 127.8, 122.4, 121.4, 113.1, 109.4, 107.6, 107.5, 
53.9, 42.8, 21.6, 11.4. HRMS (MALDI-TOF) calcd for 
C16H17N3O2H [M＋H]＋ 284.1394, found 284.1399. 

6-(2-Oxo-3-propyl-2,3-dihydro-1H-benzo[d]imidazol-1- 
yl)picolinonitrile (2t): Following the general conditions A 
and B, purification by flash chromatography (petrole-
um/EtOAc, V∶V＝30∶1), a white solid (A: 32% yield, 
17.7 mg; B: 41% yield, 22.7 mg); m.p. 117.8～118.0 ℃. 
1H NMR (400 MHz, CDCl3) δ: 8.68 (dd, J＝8.8, 0.8 Hz, 
1H), 8.31～8.29 (m, 1H), 7.96 (dd, J＝8.8, 7.6 Hz, 1H), 
7.59 (dd, J＝7.2, 0.8 Hz, 1H), 7.25～7.17 (m, 2H), 7.07～
7.05 (m, 1H), 3.93～3.89 (m, 2H), 1.88～1.79 (m, 2H), 
1.02 (t, J＝7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 
152.8, 151.9, 139.1, 131.3, 129.7, 126.8, 125.2, 123.6, 
122.2, 120.2, 116.9, 114.5, 107.8, 42.8, 21.4, 11.4. HRMS 
(MALDI-TOF) calcd for C16H14N4ONa [M ＋ Na] ＋ 
301.1060, found 301.1076.  

1-(6-Acetylpyridin-2-yl)-3-propyl-1,3-dihydro-2H- 
benzo[d]imidazol-2-one (2u): Following the general con-
ditions A and B, purification by flash chromatography (pe-
troleum/EtOAc, V∶V＝20∶1), a white solid (A: 85% 
yield, 50.1 mg; B: 60% yield, 35.4 mg); m.p. 87.4～
87.8 ℃. 1H NMR (400 MHz, CDCl3) δ: 8.46 (dd, J＝8.0, 
1.2 Hz, 1H), 8.21～8.19 (m, 1H), 8.02～7.95 (m, 2H), 
7.25～7.08 (m, 2H), 7.10～7.08 (m, 1H), 3.95～3.92 (m, 
2H), 2.78 (s, 3H), 1.90～1.81 (m, 2H), 1.03 (t, J＝7.6 Hz, 
3H); 13C NMR (100 MHz, CDCl3) δ: 199.3, 153.0, 151.7, 
149.8, 139.1, 129.8, 127.4, 122.9, 121.8, 120.9, 118.7, 
113.2, 107.9, 42.8, 26.3, 21.5, 11.4. HRMS (ESI-TOF) 
calcd for C17H17N3O2H [M ＋ H] ＋  296.1394, found 
296.1397. 

1-(6-(1H-pyrazol-1-yl)pyridin-2-yl)-3-propyl-1,3-dihyd-
ro-2H-benzo[d]imidazol-2-one (2v): Following the general 
conditions A and B, purification by flash chromatography 
(petroleum/EtOAc, V∶V＝10∶1), a white solid (A: 39% 
yield, 24.8 mg; B: 51% yield, 32.5 mg); m.p. 145.6～
1468.0 ℃. 1H NMR (400 MHz, CDCl3) δ: 8.53 (d, J＝2.4 
Hz, 1H), 8.08 (t, J＝7.2 Hz, 2H), 7.98 (t, J＝8.0 Hz, 1H), 
7.89 (d, J＝8.0 Hz, 1H), 7.78 (d, J＝1.6 Hz, 1H), 
7.24-7.15 (m, 2H), 7.10～7.08 (m, 1H), 6.51 (t, J＝2.0 Hz, 
1H), 3.95～3.92 (m, 2H), 1.90～1.81 (m, 2H), 1.03 (t, J＝
7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 152.9, 150.0, 
148.7, 142.3, 140.9, 129.8, 127.5, 127.1, 122.9, 121.7, 
114.6, 112.9, 109.0, 108.1, 107.9, 42.8, 21.5, 11.4. HRMS 
(MALDI-TOF) calcd for C18H17N5ONa [M ＋ Na] ＋ 
342.1325, found 342.1342.  

1-(6-(1H-indazol-1-yl)pyridin-2-yl)-3-propyl-1,3- 
dihydro-2H-benzo[d]imidazol-2-one (2w): Following the 
general conditions A and B, purification by flash chroma-
tography (petroleum/EtOAc, V∶V＝15∶1), a white solid 
(A: 41% yield, 30.2 mg; B: 80% yield, 59.0 mg); m.p. 
90.3～91.2 ℃. 1H NMR (400 MHz, CDCl3) δ: 8.69 (dd,  
J＝8.4, 0.8 Hz, 1H), 8.14 (d, J＝0.8 Hz, 1H), 8.03～7.99 
(m, 3H), 7.93～7.88 (m, 1H), 7.79 (d, J＝8.0 Hz, 1H), 
7.87 (s, 1H), 7.43～7.39 (m, 1H), 7.29～7.19 (m, 2H), 
7.12～7.07 (m, 2H), 3.98～3.95 (m, 2H), 1.94～1.85 (m, 
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2H), 1.06 (t, J＝7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) 
δ: 152.9, 152.7, 147.9, 140.5, 138.7, 137.2, 129.8, 128.1, 
127., 126.14, 122.7, 122.7, 121.6, 120.8, 115.4, 113.8, 
113.1, 110.6, 107.8, 42.9, 21.6, 11.5. HRMS (MAL-
DI-TOF) calcd for C22H19N5ONa [M＋Na]＋ 392.1482, 
found 392.1499.  

1-Propyl-3-(quinolin-2-yl)-1,3-dihydro-2H-benzo[d]- 
imidazol-2-one (2x): Following the general conditions A 
and B, purification by flash chromatography (petrole-
um/EtOAc, V∶V＝20∶1), a white solid (A: 81% yield, 
49.0 mg; B: 85% yield, 51.5 mg); m.p. 82.0～84.2 ℃. 1H 
NMR (400 MHz, CDCl3) δ: 8.45～8.39 (m, 2H), 8.29 (d,  
J＝8.8 Hz, 1H), 7.09 (d, J＝8.8 Hz, 1H), 7.86 (dd, J＝8.0, 
1.2 Hz, 1H), 7.76～7.72 (m, 1H), 7.56～7.52 (m, 1H), 
7.24～7.12 (m, 2H), 7.08～7.06 (m, 1H), 3.96～3.93 (m, 
2H), 1.91～1.82 (m, 2H), 1.03 (t, J＝7.6 Hz, 3H); 13C 
NMR (100 MHz, CDCl3) δ: 153.3, 149.9, 146.6, 138.2, 
129.9, 129.9, 128.4, 127.8, 127.5, 126.5, 126.1, 122.9, 
121.8, 116.4, 113.9, 107.7, 42.8, 21.5, 11.4. HRMS 
(ESI-TOF) calcd for C19H17N3OH [M＋H]＋  304.1444, 
found 304.1447.  

5,6-Dimethyl-1-propyl-3-(pyridin-2-yl)-1,3-dihydro-2H-
benzo[d]imidazol-2-one (2y): Following the general condi-
tions A and B, purification by flash chromatography (pe-
troleum/EtOAc, V∶V＝20∶1), a white solid (A: 37% 
yield, 20.8 mg; B: 62% yield, 34.8 mg); m.p. 132.6～
132.8 ℃. 1H NMR (400 MHz, CDCl3) δ: 8.56 (ddd, J＝
0.8, 2.0, 4.8 Hz, 1H), 8.14 (dt, J＝8.4, 0.8 Hz, 1H), 7.87 (s, 
1H), 7.83 (ddd, J＝2.0, 7.6, 9.6 Hz, 1H), 7.19 (ddd, J＝
0.8, 4.8, 7.2 Hz, 1H), 6.82 (s, 1H), 3.89～3.85 (m, 2H), 
2.32 (d, J＝3.6 Hz, 6H), 1.87～1.78 (m, 2H), 1.01 (t, J＝
7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 153.1, 150.7, 
147.9, 138.1, 130.8, 129.8, 127.7, 125.7, 120.7, 117.5, 
114.1, 108.7, 42.7, 21.6, 20.1, 20.0, 11.4. HRMS 
(ESI-TOF) calcd for C17H19N3OH [M＋H]＋  282.1601, 
found 282.1595.  

Methyl 2-oxo-1-propyl-3-(pyridin-2-yl)-2,3-dihydro- 
1H-benzo[d]imidazole-5-carboxylate (2z): Following the 
general conditions A and B, purification by flash chroma-
tography (petroleum/EtOAc, V∶V＝20∶1), a white solid 
(A: 71% yield, 44.1 mg; B: 69% yield, 42.9 mg); m.p. 
132.6～132.8 ℃. 1H NMR (400 MHz, CDCl3) δ: 8.58 
(ddd, J＝0.8, 2.0, 4.8 Hz, 1H), 8.14～8.09 (m, 2H), 7.90～
7.86 (m, 2H), 7.73 (d, J＝1.2 Hz, 1H), 7.28～7.25 (m, 
1H), 3.97～3.94 (m, 5H), 1.91～1.82 (m, 2H), 1.03 (t, J＝
7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 167.1, 153.1, 
149.9, 148.1, 138.4, 131.4, 129.6, 124.5, 124.1, 121.6, 
117.7, 112.5, 108.8, 52.2, 42.9, 21.5, 11.3. HRMS (MAL-
DI-TOF) calcd for C17H17N3O3Na [M＋Na]＋ 334.1162, 
found 334.1178.  

5-Methoxy-1-propyl-3-(pyridin-2-yl)-1,3-dihydro-2H- 
benzo[d]imidazol-2-one (2aa): Following the general con-
ditions A and B, purification by flash chromatography (pe-
troleum/EtOAc, V∶V＝30∶1), a white solid (A: 32% 
yield, 18.1 mg; B: 56% yield, 31.7 mg); m.p. 132.6～
132.8 ℃. 1H NMR (400 MHz, CDCl3) δ: 8.55 (ddd, J＝
0.8, 1.6, 4.8 Hz, 1H), 8.15 (dt, J＝8.4, 0.8 Hz, 1H), 7.84 

(ddd, J＝2.0, 7.6, 9.6 Hz, 1H), 7.76 (d, J＝2.8 Hz, 1H), 
7.21 (ddd, J＝1.2, 4.8, 7.6 Hz, 1H), 6.92 (d, J＝8.4 Hz, 
1H), 6.75 (dd, J＝8.8, 2.8 Hz, 1H), 3.90～3.86 (m, 2H), 
3.83 (s, 3H), 1.86～1.77 (m, 2H), 1.00 (t, J＝7.2 Hz, 3H); 
13C NMR (100 MHz, CDCl3) δ: 155.5, 153.3, 150.5, 147.9, 
138.2, 128.4, 123.8, 121.0, 117.7, 108.4, 107.8, 100.3, 
56.1, 42.7, 21.6, 11.4. HRMS (ESI-TOF) calcd for 
C16H17N3O2H [M＋H]＋ 284.1394, found 284.1395.  

5-Bromo-1-propyl-3-(pyridin-2-yl)-1,3-dihydro-2H- 
benzo[d]imidazol-2-one (2ab): Following the general con-
ditions A and B, purification by flash chromatography (pe-
troleum/EtOAc, V∶V＝20∶1), a white solid (A: 35% 
yield, 23.1 mg; B: 74% yield, 48.9 mg); m.p. 66.4～
66.8 ℃. 1H NMR (400 MHz, CDCl3) δ: 8.54 (ddd, J＝0.8, 
1.6, 4.8 Hz, 1H), 8.17～8.15 (m, 1H), 8.01 (d, J＝8.0, 1.2 
Hz, 1H), 7.85 (ddd, J＝2.0, 7.2, 9.6 Hz, 1H), 7.25～7.02 
(m, 2H), 7.16 (d, J＝1.6 Hz, 1H), 3.89～3.85 (m, 2H), 
1.87～1.77 (m, 2H), 1.01 (t, J＝7.6 Hz, 3H); 13C NMR 
(100 MHz, CDCl3) δ: 152.7, 150.2, 147.9, 138.3, 130.9, 
126.7, 124.4, 121.2, 117.4, 115.3, 114.7, 110.7, 42.9, 21.4, 
11.3. HRMS (MALDI-TOF) calcd for C15H14BrN3OH [M
＋H]＋ 332.0393, found 332.0398.  

5-Bromo-3-propyl-1-(pyridin-2-yl)-1,3-dihydro-2H- 
benzo[d]imidazol-2-one (2ac): Following the general con-
ditions A and B, purification by flash chromatography (pe-
troleum/EtOAc, V∶V＝20∶1), a white solid (A: 47% 
yield, 31.1 mg; B: 81% yield, 53.6 mg); m.p. 101.7～
101.9 ℃. 1H NMR (400 MHz, CDCl3) δ: 8.57 (ddd, J＝
0.8, 2.0, 4.8 Hz, 1H), 8.31 (d, J＝2.0 Hz, 1H), 8.15 (dt, J＝
2.0, 1.2 Hz, 1H), 7.85 (ddd, J＝2.0, 7.2, 9.6 Hz, 1H), 7.30 
(dd, J＝8.4, 2.0 Hz, 1H), 7.24 (ddd, J＝0.8, 4.8, 7.2 Hz, 
1H), 6.9 (d, J＝8.4 Hz, 1H), 3.91～3.87 (m, 2H), 1.86～
1.77 (m, 2H), 1.00 (t, J＝7.2 Hz, 3H); 13C NMR (100 
MHz, CDCl3) δ: 152.7, 150.1, 148.1, 138.3, 128.8, 128.6, 
125.4, 121.3, 117.4, 116.4, 114.3, 108.7, 42.8, 21.5, 11.4, 
42.9, 21.5, 11.3. HRMS (MALDI-TOF) calcd for 
C15H14BrN3OH [M＋H]＋ 332.0393, found 332.0390.  

1-Phenyl-3-propyl-1,3-dihydro-2H-benzo[d]imidazol-2- 
one (2ad): Following the general conditions A and B, puri-
fication by flash chromatography (petroleum/EtOAc, V∶V
＝15∶1), a colorless oil (A: 10% yield, 5.04 mg; B: 71% 
yield, 35.7 mg). 1H NMR (400 MHz, CDCl3) δ: 7.57～7.50 
(m, 4H), 7.41～7.37 (m, 1H), 7.16～7.03 (m, 4H), 3.94～
3.91 (m, 2H), 1.90～1.81 (m, 2H), 1.03 (t, J＝7.2 Hz, 3H); 
13C NMR (100 MHz, CDCl3) δ: 153.4, 134.8, 129.7, 129.5, 
127.5, 125.9, 121.8, 121.2, 108.7, 107.9, 42.9, 21.7, 11.4. 
HRMS (MALDI-TOF) calcd for C16H16N2OH [M＋H]＋ 
253.1335, found 253.1338.  

6-Propyl-6,11-dihydro-5H-benzo[b]pyrido[2,3-e][1,4]- 
diazepin-5-one (3a)[28]: Following the general condition C, 
purification by flash chromatography (petroleum ether/ 
EtOAc, V∶V＝20∶1): a white solid (69% yield, 34.9 
mg), m.p. 117～118 ℃; 1H NMR (400 MHz, CDCl3) δ: 
8.21 (dd, J＝4.8, 1.6 Hz, 1H), 8.18 (dd,   J＝7.6, 2.0 Hz, 
1H), 7.24 (dd, J＝8.0, J＝4.0 Hz, 1H), 7.13～7.06 (m, 
2H), 7.00～6.96 (m, 2H), 6.41 (s, 1H), 4.05 (t, J＝7.2 Hz, 
2H), 1.66～1.61 (m, 2H), 0.91 (t, J＝7.2 Hz, 3H); 13C 
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NMR (100 MHz, CDCl3) δ: 167.4, 160.5, 150.6, 142.2, 
141.7, 133.1, 126.3, 124.6, 124.4, 121.1, 119.2, 118.4, 
51.3, 21.1, 11.1. 

6-Methyl-6,11-dihydro-5H-benzo[b]pyrido[2,3-e][1,4]- 
diazepin-5-one (3b)[28]: Following the general condition C, 
purification by flash chromatography (petroleum ether/ 
EtOAc, V∶V＝20∶1): a white solid (61% yield, 27.4 
mg), m.p. 166～167 ℃; 1H NMR (400 MHz, CDCl3) δ: 
8.23～8.21 (m, 2H), 7.18 (dd, J＝7.6, 1.6 Hz, 1H), 7.15～
7.07 (m, 2H), 6.99～6.95 (m, 2H), 6.87 (s, 1H), 3.52 (s, 
3H); 13C NMR (100 MHz, CDCl3) δ: 167.5, 160.3, 150.9, 
142.3, 139.9, 134.5, 126.1, 124.6, 123.2, 120.8, 118.3, 
38.1. 

6-Isopropyl-6,11-dihydro-5H-benzo[b]pyrido[2,3-e] 
[1,4]diazepin-5-one (3c)[28]: Following the general condi-
tion C, purification by flash chromatography (petroleum 
ether/EtOAc, V∶V＝20∶1): a white solid (45% yield, 
22.7 mg), m.p. 179～180 ℃; 1H NMR (400 MHz, CDCl3) 
δ: 8.20 (d, J＝4.0 Hz, 1H), 8.15 (d, J＝8.0 Hz, 1H), 7.35～
7.30 (m, 1H), 7.13～7.11 (m, 2H), 7.02～6.96 (m, 2H), 
6.40 (s, 1H), 4.62～4.59 (m, 1H), 1.47 (s, 6H); 13C NMR 
(100 MHz, CDCl3) δ: 167.8, 160.8, 150.3, 142.8, 142.1, 
132.5, 126.7, 125.3, 124.1, 121.1, 119.8, 118.4, 54.0, 21.8. 

6-Butyl-6,11-dihydro-5H-benzo[b]pyrido[2,3-e][1,4]- 
diazepin-5-one (3d)[28]: Following the general condition C, 
purification by flash chromatography (petroleum ether/ 
EtOAc, V∶V＝15∶1): a white solid (57% yield, 30.4 
mg), m.p. 116～117 ℃; 1H NMR (400 MHz, CDCl3) δ: 
8.21～8.20 (m, 1H),8.17 (d, J＝8.0 Hz, 1H), 7.24 (s, 1H), 
7.14～7.08 (m, 2H), 7.00～6.95 (m, 2H), 6.60 (s, 1H), 
4.07 (t, J＝7.2 Hz, 2H), 1.64～1.56 (m, 2H), 1.38～1.32 
(m, 2H), 0.84 (t, J＝7.2 Hz, 3H); 13C NMR (100 MHz, 
CDCl3) δ: 167.4, 160.9, 150.5, 142.2, 141.9, 133.2, 126.3, 
124.5, 124.3, 121.2, 119.3, 118.2, 49.4, 29.9, 19.8, 13.7. 

6-Allyl-6,11-dihydro-5H-benzo[b]pyrido[2,3-e][1,4]- 
diazepin-5-one (3e)[28]: Following the general condition C, 
purification by flash chromatography (petroleum ether/ 
EtOAc, V∶V＝15∶1): a white solid (29% yield, 14.5 
mg), m.p. 102～103 ℃; 1H NMR (400 MHz, CDCl3) δ: 
8.23～8.17 (m, 2H), 7.35～7.32 (m, 1H), 7.10～7.08 (m, 
2H), 6.99～6.96 (m, 2H), 6.65 (s, 1H), 6.07～5.97 (m, 
1H), 5.33 (d, J＝20.0 Hz, 1H), 5.23 (d, J＝8.0 Hz, 1H), 
4.63～4.62 (m, 2H); 13C NMR (100 MHz, CDCl3) δ: 
167.1, 160.3, 150.9, 142.2, 140.6, 133.8, 133.6, 126.4, 
124.5, 123.8, 120.9, 118.8, 118.5, 116.9, 53.3. 

6-Benzyl-6,11-dihydro-5H-benzo[b]pyrido[2,3-e][1,4]- 
diazepin-5-one (3f):[28] Following the general condition C, 
purification by flash chromatography (petroleum ether/ 
EtOAc, V∶V＝5∶1): a white solid (43% yield, 25.8 mg), 
m.p. 144～145 ℃; 1H NMR (400 MHz, CDCl3) δ: 8.25 
(d, J＝5.6 Hz, 2H), 7.35 (d, J＝7.6 Hz, 2H), 7.31～7.26 
(m, 2H), 7.23～7.19 (m, 2H), 7.16～6.96 (m, 5H), 5.29 (s, 
2H); 13C NMR (100 MHz, CDCl3) δ: 167.6, 160.7, 150.9, 
142.4, 141.1, 137.3, 133.4, 128.6, 127.1, 127.0, 126.5, 
124.5, 124.0, 121.1, 118.8, 118.4, 53.9. 

6-(3-Phenylpropyl)-6,11-dihydro-5H-benzo[b]pyrido- 
[2,3-e][1,4]diazepin-5-one (3g)[28]: Following the general 

condition C, purification by flash chromatography (petro-
leum ether/EtOAc, V∶V＝15∶1): a white solid (63% 
yield, 41.4 mg), m.p. 142～143 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 8.23～8.18 (m, 2H), 7.26～7.04 (m, 10H), 6.5 
(s, 1H), 4.13～4.09 (m, 2H), 2.67～2.63 (m, 2H), 1.99～
1.93 (m, 2H); 13C NMR (100 MHz, CDCl3) δ: 167.6, 
160.9, 150.6, 142.3, 142.1, 141.5, 133.1, 128.5, 128.4, 
126.5, 125.9, 124.6, 124.5, 121.2, 119.3, 118.4, 49.1, 32.8, 
29.5. 

4-Methyl-6-propyl-6,11-dihydro-5H-benzo[b]pyrido- 
[2,3-e][1,4]diazepin-5-one (3h)[28]: Following the general 
condition C, purification by flash chromatography (petro-
leum ether/EtOAc, V∶V＝20∶1): a white solid (78% 
yield, 41.6 mg), m.p. 171～172 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 7.98 (d, J＝4.0 Hz, 1H), 7.30～7.28 (m, 1H), 
7.14～7.07 (m, 2H), 7.00～6.98 (m, 1H), 6.81 (d, J＝4.0 
Hz, 1H), 4.13 (s, 2H), 2.46 (s, 3H), 1.67 (s, 2H), 0.93 (t,  
J＝8.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 166.6, 
161.9, 152.8, 148.1, 143.4, 133.5, 126.2, 124.4, 124.3, 
121.9, 121.1, 119.7, 51.7, 21.4, 20.6, 11.2. 

3-Methyl-6-propyl-6,11-dihydro-5H-benzo[b]pyrido- 
[2,3-e][1,4]diazepin-5-one (3i)[28]: Following the general 
condition C, purification by flash chromatography (petro-
leum ether/EtOAc, V∶V＝15∶1): a white solid (61% 
yield, 32.5 mg), m.p. 186～187 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 8.00 (d, J＝2.4 Hz, 2H), 7.24～7.22 (m, 1H), 
7.19～7.10 (m, 2H), 6.99～6.96 (m, 1H), 6.28 (s, 1H), 
4.06～4.03 (m, 2H), 2.25 (s, 3H), 1.68～1.59 (m, 2H), 
0.91 (t, J＝8.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 
167.5, 158.4, 150.9, 142.1, 133.0, 127.9, 126.3, 124.4, 
124.4, 121.0, 118.7, 51.3, 21.1, 17.4, 11.1. 

2-Methyl-6-propyl-6,11-dihydro-5H-benzo[b]pyrido- 
[2,3-e][1,4]diazepin-5-one (3j)[28]: Following the general 
condition C, purification by flash chromatography (petro-
leum ether/EtOAc, V∶V＝15∶1): a white solid (63% 
yield, 33.6 mg), m.p. 119～120 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 8.06 (d, J＝8.0 Hz, 1H), 7.23～7.21 (m, 1H), 
7.10～7.06 (m, 2H), 6.99～6.97 (m, 1H), 6.81 (d, J＝8.0 
Hz, 1H), 6.50 (s, 1H), 4.05 (m, 2H), 2.42 (s, 3H), 1.65～
1.58 (m, 2H), 0.90 (t, J＝8.0 Hz, 3H); 13C NMR (100 
MHz, CDCl3) δ: 167.6, 160.7, 159.8, 142.4, 141.7, 133.1, 
126.1, 124.4, 124.4, 121.0, 118.1, 116.1, 51.1, 24.0, 21.1, 
11.1. 

4-Bromo-6-propyl-6,11-dihydro-5H-benzo[b]pyrido- 
[2,3-e][1,4]diazepin-5-one (3l)[28]: Following the general 
condition C, purification by flash chromatography (petro-
leum ether/EtOAc, V∶V＝20∶1): a white solid (65% 
yield, 43.0 mg), m.p. 164～165 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 7.90 (d, J＝5.2 Hz, 1H), 7.33 (d, J＝8.0, 1H), 
7.21～7.10 (m, 3H), 7.01～6.99 (m, 1H), 6.34 (s, 1H), 
4.32～3.72 (m, 2H), 1.65 (s, 2H), 0.92 (t, J＝8.0 Hz, 3H); 
13C NMR (100 MHz, CDCl3) δ: 164.6, 162.5, 148.7, 142.4, 
136.2, 133.2, 126.4, 125.1, 124.7, 124.7, 121.3, 120.6, 
51.9, 21.2, 11.2. 

3-Fluoro-6-propyl-6,11-dihydro-5H-benzo[b]pyrido[2,3- 
e][1,4]diazepin-5-one (3m)[28]: Following the general con-
dition C, purification by flash chromatography (petroleum 
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ether/EtOAc, V∶V＝30∶1): a white solid (58% yield, 
31.4 mg), m.p. 157～158 ℃; 1H NMR (400 MHz, CDCl3) 
δ: 8.08 (d, J＝4.0 Hz, 1H), 7.91 (dd, J＝8.4, 2.8 Hz, 1H), 
7.25～7.24 (m, 1H), 7.16～7.10 (m, 2H), 7.00～6.98 (m, 
1H), 6.33 (s, 1H), 4.05 (t, J＝8.0 Hz, 2H), 1.68～1.59 (m, 
2H), 0.91 (t, J＝8.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) 
δ: 166.1, 157.4, 156.7, 154.9, 141.7, 138.6, 138.3, 132.9, 
128.4, 128.2, 126.5, 124.8, 124.6, 121.1, 120.0, 51.4, 21.0, 
11.1.  

3-Bromo-6-propyl-6,11-dihydro-5H-benzo[b]pyrido- 
[2,3-e][1,4]diazepin-5-one (3n)[28]: Following the general 
condition C, purification by flash chromatography (petro-
leum ether/EtOAc, V∶V＝20∶1): a white solid (66% 
yield, 43.7 mg), m.p. 176～177 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 8.25 (d, J＝4.0 Hz, 2H), 7.25～7.23 (m, 1H), 
7.17～7.10 (m, 2H), 6.99～6.97 (m, 1H), 6.43 (s, 1H), 
4.04 (t, J＝8.0 Hz, 2H), 1.65～1.60 (m, 2H), 0.90 (t, J＝
7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 166.1, 159.0, 
151.3, 144.0, 141.1, 132.8, 126.5, 124.9, 124.6, 121.2, 
120.4, 113.2, 51.4, 21.0, 11.1. 

3-Iodo-6-propyl-6,11-dihydro-5H-benzo[b]pyrido[2,3- 
e][1,4]diazepin-5-one (3o)[28]: Following the general con-
dition C, purification by flash chromatography (petroleum 
ether/EtOAc, V∶V＝20∶1): a white solid (35% yield, 
26.5 mg), m.p. 149～150 ℃; 1H NMR (400 MHz, CDCl3) 
δ: 8.40～8.37 (m, 2H), 7.25～7.22 (m, 1H), 7.14～7.12 
(m, 2H), 6.98～6.96 (m, 1H), 6.32 (s, 1H), 4.03 (t, J＝8.0 
Hz, 2H), 1.65～1.50 (m, 2H), 0.90 (t, J＝8.0 Hz, 3H); 13C 
NMR (100 MHz, CDCl3): δ166.0, 159.4, 156.0, 149.3, 
140.9, 132.7, 126.4, 124.8, 124.4, 121.1, 120.8, 83.2, 51.3, 
20.9, 11.0. 

5-Oxo-6-propyl-6,11-dihydro-5H-benzo[b]pyrido[2,3- 
e][1,4]diazepine-2-carbonitrile (3s)[28]: Following the gen-
eral condition C, purification by flash chromatography 
(petroleum ether/EtOAc, V∶V＝15∶1): a white solid 
(32% yield, 17.8 mg), m.p. 181～182 ℃; 1H NMR (400 
MHz, CDCl3) δ: 8.28 (d, J＝8.0 Hz, 1H), 7.34 (d, J＝8.0 
Hz, 1H), 7.28～7.25 (m, 1H), 7.21～7.14 (m, 2H), 7.03～
7.01 (m, 1H), 6.50 (s, 1H), 4.05 (t, J＝8.0 Hz, 2H), 1.66～
1.61 (m, 2H), 0.90 (t, J＝7.6 Hz, 3H); 13C NMR (100 
MHz, CDCl3): δ165.8, 160.8, 143.5, 140.1, 133.6, 132.7, 
126.9, 125.5, 124.8, 122.9, 121.6, 116.6, 51.7, 21.1, 11.2. 

2-Acetyl-6-propyl-6,11-dihydro-5H-benzo[b]pyrido[2,3- 
e][1,4]diazepin-5-one (3t)[28]: Following the general condi-
tion C, purification by flash chromatography (petroleum 
ether/EtOAc, V∶V＝15∶1): a white solid (80% yield, 
47.2 mg), m.p. 138～139 ℃; 1H NMR (400 MHz, CDCl3) 
δ: 8.27 (d, J＝8.0 Hz, 1H), 7.65 (d, J＝8.0 Hz, 1H), 7.28～
7.26 (m, 1H), 7.17～7.14 (m, 2H), 7.05～7.03 (m, 1H), 
6.39 (s, 1H), 4.06 (t, J＝8.0 Hz, 2H), 2.65 (s, 3H), 1.68～
1.62 (m, 2H), 0.91 (t, J＝7.6 Hz, 3H); 13C NMR (100 
MHz, CDCl3) δ: 198.9, 166.6, 159.6, 153.4, 143.1, 141.0, 
132.8, 126.5, 124.9, 124.6, 122.1, 121.2, 116.2, 51.4, 25.9, 
21.0, 11.1. 

11-Propyl-6,11-dihydro-12H-benzo[2,3][1,4]diazepino- 
[5,6-b]quinolin-12-one (3u)[28]: Following the general con-
dition C, purification by flash chromatography (petroleum 

ether/EtOAc, V∶V＝15∶1): a white solid (74% yield, 
44.8 mg), m.p. 193～194 ℃; 1H NMR (400 MHz, CDCl3) 
δ: 8.73 (s, 1H), 7.77 (t, J＝8.0 Hz, 2H), 7.67～7.62 (m, 
1H), 7.38～7.34 (m, 1H), 7.29 (d, J＝8.0 Hz, 1H), 7.15～
7.08 (m, 4H), 4.13 (t, J＝7.6 Hz, 2H), 1.75～1.66 (m, 2H), 
0.95 (t, J＝7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 
166.8, 158.9, 148.0, 144.2, 140.4, 133.2, 132.1, 129.0, 
126.7, 126.6, 125.7, 125.0, 124.8, 124.4, 121.7, 120.8, 
51.7, 21.3, 11.3. 

6-Propyl-2-(1H-pyrazol-1-yl)-6,11-dihydro-5H-benzo- 
[b]pyrido[2,3-e][1,4]diazepin-5-one (3v)[28]: Following the 
general condition C, purification by flash chromatography 
(petroleum ether/EtOAc, V∶V＝20∶1): a white solid 
(31% yield, 19.7 mg; NaOAc instead of NaHCO3: 39% 
yield, 24.8 mg), m.p. 167～168 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 8.47 (d, J＝4.0 Hz, 1H), 8.31 (d, J＝8.0 Hz, 
1H), 7.74 (s, 1H), 7.60 (d, J＝8.0 Hz, 1H), 7.26～7.25 (m, 
1H), 7.17～7.11 (m, 2H), 7.02～7.00 (m, 1H), 6.47 (s, 
1H), 631 (s, 1H), 4.06 (t, J＝8.0 Hz, 2H), 1.67～1.62 (m, 
2H), 0.92 (t, J＝7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3) 
δ: 166.7, 159.0, 151.2, 144.8, 142.5, 140.6, 132.7, 127.1, 
125.9, 124.5, 124.2, 120.7, 115.5, 108.0, 106.1, 50.9, 20.8, 
10.8. 

2-(1H-indazol-1-yl)-6-propyl-6,11-dihydro-5H-benzo- 
[b]pyrido[2,3-e][1,4]diazepin-5-one (3w)[28]: Following the 
general condition C, purification by flash chromatography 
(petroleum ether/EtOAc, V∶V＝30∶1): a white solid 
(21% yield, 15.4 mg; NaOAc instead of NaHCO3: 45% 
yield, 33.2 mg), m.p. 220～221 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 8.77 (d, J＝8.0 Hz, 1H), 8.32 (d, J＝8.0 Hz, 
1H), 8.21 (s, 1H), 7.78 (d, J＝8.0 Hz, 1H), 7.70 (d, J＝8.0 
Hz, 1H), 7.56 (t, J＝8.0 Hz, 1H), 7.34～7.28 (m, 2H), 
7.16～7.12 (m, 2H), 7.08～7.05 (m, 1H), 6.36 (s, 1H), 
4.08 (t, J＝8.0 Hz, 2H), 1.69～1.64 (m, 2H), 0.93 (t, J＝
7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 167.8, 159.6, 
154.9, 144.9, 141.6, 139.3, 138.4, 133.7, 128.6, 126.9, 
126.7, 125.3, 125.0, 123.5, 121.6, 121.5, 115.9, 114.4, 
108.2, 51.6, 21.6, 11.7. 

8,9-Dimethyl-6-propyl-6,11-dihydro-5H-benzo[b]- 
pyrido[2,3-e][1,4]diazepin-5-one (3x)[28]: Following the 
general condition C, purification by flash chromatography 
(petroleum ether/EtOAc, V∶V＝15∶1): a white solid 
(46% yield, 25.8 mg), m.p. 167～168 ℃; 1H NMR (400 
MHz, CDCl3) δ: 8.18 (d, J＝8.0 Hz, 1H), 8.14 (d, J＝8.0 
Hz, 1H), 6.99 (s, 1H), 6.94 (dd,  J＝8.0 Hz, 4.8Hz, 1H), 
6.76 (s, 1H), 6.29 (s, 1H), 4.03 (t,  J＝8.0 Hz, 2H), 2.21 
(s, 3H), 2.19 (s, 3H), 1.66～1.61 (m, 2H), 0.91 (t, J＝8.0 
Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 167.5, 160.8, 
150.6, 142.0, 139.2, 134.9, 132.9, 130.4, 125.1, 122.0, 
119.2, 118.3, 51.0, 21.1, 19.3, 19.1, 11.1. 

Methyl 5-oxo-6-propyl-6,11-dihydro-5H-benzo[b]- 
pyrido[2,3-e][1,4]diazepine-8-carboxylate (3y)[28]: Fol-
lowing the general condition C, purification by flash 
chromatography (petroleum ether/EtOAc, V∶V＝30∶1): 
a white solid (71% yield, 44.1 mg), m.p. 135～136 ℃; 1H 
NMR (400 MHz, CDCl3) δ: 8.25～8.24 (m, 1H), 8.21～
8.17 (m, 1H), 7.94 (s, 0.65H), 7.79 (d, J＝8.0 Hz, 1H), 
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7.70 (s, 0.43H), 7.29 (d, J＝8.0 Hz, 0.41H), 7.04～6.99 
(m, 1.6H), 6.63 (s, 0.63H), 6.50 (s, 0.41H), 4.10～4.05 (m, 
2H), 3.91 (s, 3H), 1.68～1.63 (m, 2H), 0.91 (t, J＝8.0 Hz, 
3H); 13C NMR (100 MHz, CDCl3) δ: 167.0, 166.9, 166.0, 
165.9, 159.9, 159.3, 151.1, 151.0, 145.9, 142.3, 142.2, 
141.4, 137.2, 132.7, 127.9, 127.6, 126.5, 126.3, 125.7, 
124.2, 122.4, 120.8, 119.0, 118.9, 118.8, 118.7, 52.3, 52.3, 
51.6, 51.4, 21.0, 11.1. 

8 and 9-Methoxy-6-propyl-6,11-dihydro-5H-benzo[b]- 
pyrido[2,3-e][1,4]diazepin-5-one (3z): Following the gen-
eral condition C, purification by flash chromatography 
(petroleum ether∶EtOAc＝5∶1, V∶V): a white solid 
(61% yield, 34.5 mg), m.p. 140～143 ℃; mixture of two 
isomers (2∶1, V∶V); 1H NMR (400 MHz, CDCl3) δ: 
8.22～8.15 (m, 2H), 7.13 (d, J＝8.8 Hz, 0.7H), 6.99～6.91 
(m, 1.3H), 6.78 (d, J＝2.8 Hz, 0.3H), 6.68～6.66 (m, 
0.7H), 6.65～6.64 (m, 1H), 6.55 (s, 0.3H), 6.52 (d, J＝2.8 
Hz, 0.7H), 4.06～3.99 (m, 2H), 3.77 (s, 1H), 3.75 (s, 2H), 
1.69～1.58 (m, 2H), 0.94～0.86 (m, 3H); 13C NMR (100 
MHz, CDCl3) δ: 166.4, 166.3, 159.9, 159.2, 156.7, 155.8, 
149.7, 149.5, 141.9, 141.1, 141.0, 133.9, 133.0, 124.9, 
124.3, 120.6, 118.4, 118.0, 117.6, 117.3, 110.3, 109.4, 
109.2, 104.8, 54.7, 54.5, 50.1, 50.1, 20.1, 19.9, 13.1, 10.1. 
HRMS (ESI-TOF) calcd for C16H17N3O2 [M ＋ H] ＋ 
284.1399, found 284.1398. 

8-Bromo-6-propyl-6,11-dihydro-5H-benzo[b]pyrido- 
[2,3-e][1,4]diazepin-5-one (3aa): Following the general 
condition C, purification by flash chromatography (petro-
leum ether/EtOAc, V∶V＝15∶1): a white solid (74% 
yield, 49.0 mg), m.p. 201～202 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 8.21 (d, J＝4.0 Hz, 1H), 8.17 (d, J＝8.0 Hz, 
1H), 7.36 (s, 1H), 7.20 (dd, J＝8.0, 4.0 Hz, 1H), 7.00 (dd, 
J＝7.6, 4.8 Hz, 1H), 6.87 (d, J＝8.0 Hz, 1H), 6.40 (s, 1H), 
4.02 (t, J＝7.2 Hz, 2H), 1.68～1.61 (m, 2H), 0.92 (t, J＝
7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 167.0, 159.8, 
151.0, 142.2, 140.7, 134.4, 129.1, 127.3, 122.3, 118.8, 
116.8, 51.4, 21.0, 11.1; HRMS (ESI-TOF) calcd for 
C15H14BrN3O [M＋H]＋ 332.0398, found 332.0403. 

9-Bromo-6-propyl-6,11-dihydro-5H-benzo[b]pyrido- 
[2,3-e][1,4]diazepin-5-one (3ab): Following the general 
condition C, purification by flash chromatography (petro-
leum ether/EtOAc, V∶V＝20∶1): a white solid (76% 
yield, 50.3 mg), m.p. 154～155 ℃; 1H NMR (400 MHz, 
CDCl3) δ: 8.22 (dd, J＝4.8, 1.6 Hz, 1H), 8.18 (dd, J＝8.0, 
2.0 Hz, 1H), 7.23 (dd, J＝8.8, 2.4 Hz, 1H), 7.17 (d, J＝2.4 
Hz, 1H), 7.11 (d, J＝8.4 Hz, 1H), 7.01 (dd, J＝8.0, 4.8 Hz, 
1H), 6.41 (s, 1H), 4.02 (t, J＝7.2 Hz, 2H), 1.65～1.58 (m, 
2H), 0.90 (t, J＝7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3) 
δ: 167.0, 159.7, 151.0, 142.9, 142.1, 132.2, 127.6, 125.8, 
123.9, 119.0, 118.9, 51.3, 21.0, 11.1; HRMS (ESI-TOF) 
calcd for C15H14BrN3O [M ＋ H] ＋  332.0398, found 
332.0398. 

11-Isopropyl-6-propyl-6,11-dihydro-5H-benzo[b]pyri- 
do[2,3-e][1,4]diazepin-5-one (3ad): Purification by flash 
chromatography (petroleum/EtOAc, V∶V＝ 30∶1), a 
white solid (78% yield, 46.0 mg). m.p. 133.0～133.3 ℃; 
1H NMR (400 MHz, CDCl3) δ: 8.32 (dd, J＝4.8, 2.0 Hz, 

1H), 7.97 (dd, J＝7.6, 2.0 Hz, 1H), 7.27～7.24 (m, 2H), 
7.17～7.09 (m, 2H), 6.98 (dd, J＝7.6, 4.8 Hz, 1H), 4.66 
(dt, J＝13.6, 7.6 Hz, 1H), 4.59～4.50 (m, 1H), 3.62～3.59 
(m, 1H), 1.71～1.54 (m, 3H), 1.34 (d, J＝6.0 Hz, 3H), 
1.26 (d, J＝6.0 Hz, 3H), 0.96 (t, J＝7.6 Hz, 3H); 13C NMR 
(100 MHz, CDCl3) δ: 167.8, 162.0, 149.9, 145.8, 139.9, 
137.1, 125.8, 124.8, 124.6, 123.9, 123.9, 119.1, 49.8, 46.5, 
22.5, 22.1, 21.2, 11.4. HRMS (MALDI-TOF) calcd for 
C18H21N3OH [M＋H]＋ 296.1757, found 296.1751.  

4-(4-Methoxyphenyl)-6-propyl-6,11-dihydro-5H-benzo- 
[b]pyrido[2,3-e][1,4]diazepin-5-one (3ae): Purification by 
flash chromatography (petroleum/EtOAc, V∶V＝5∶1), a 
white solid (85% yield, 61.0 mg). m.p. 112.0～113.5 ℃; 
1H NMR (400 MHz, CDCl3) δ: 8.13 (d, J＝5.2 Hz, 1H), 
7.42 (dd, J＝8.0, 1.6 Hz, 1H), 7.34～7.30 (m, 2H), 7.21～
7.05 (m, 2H), 7.06 (dd, J＝8.0, 1.6 Hz, 1H), 6.98 (d, J＝
5.2 Hz, 1H), 6.96～6.92 (m, 2H), 6.55 (s, 1H), 4.13 (s, 
1H), 3.84 (s, 3H), 3.70 (s, 1H), 1.63 (s, 2H), 0.88 (t, J＝7.2 
Hz, 3H); 13C NMR (100 MHz, CDCl3) δ: 166.9, 162.4, 
160.2, 154.0, 148.8, 143.2, 134.0, 131.5, 129.4, 126.2, 
124.7, 124.3, 121.3, 119.9, 118.1, 114.2, 55.3, 52.1, 21.2, 
11.2. HRMS (ESI-TOF) calcd for C22H21N3O2 [M＋H]＋ 
360.1707, found 360.1706.  

2,2,6,6-Tetramethylpiperidin-1-yl propyl(2-(pyridin-2- 
ylamino)phenyl)carbamate (3AA): Purification by flash 
chromatography (petroleum/EtOAc, V∶V＝5∶1), a col-
orless oil ( 15% yield, 12.3 mg). 1H NMR (400 MHz, 
CDCl3) δ: 8.22～8.12 (m, 2H), 7.49 (t, J＝6.8 Hz, 1H), 
7.31～7.27 (m, 1H), 7.17 (d, J＝7.6 Hz, 1H), 7.01 (t, J＝
7.2 Hz, 1H), 6.76～6.75 (m, 2H), 6.65 (s, 1H), 3.65～3.51 
(m, 2H), 1.80 (s, 1H), 1.64～1.25 (m, 8H), 1.09 (s, 6H), 
0.92～0.72 (m, 8H); 13C NMR (100 MHz, CDCl3) δ: 
156.7, 148.2, 137.8, 137.6, 128.3, 115.5, 109.7, 60.4, 60.1, 
51.7, 38.9, 32.1, 31.7, 21.6, 20.4, 16.9, 11.2. HRMS 
(ESI-TOF) calcd for C24H34N4O2 [M＋H] ＋  411.2755, 
found 411.2746. 
 
Supporting Information  Experimental procedures for 
synthesis of N-propyl-N-(2-(pyridin-2-ylamino)phenyl)- 
formamide 1, 3ad, 3ae and scale-up synthesis of 2a and 
3a. The 1H NMR and 13C NMR spectra of products. The 
Supporting Information is available free of charge via the 
Internet at http://sioc-journal.cn. 

References 
[1] (a) Poupaert, J.; Carato, P.; Colacino, E. Curr. Med. Chem. 2005, 

12, 877. 
(b) Welsch, M. E.; Snyder, S. A.; Stockwell, B. R. Curr. Opin. 
Chem. Biol. 2010, 14, 347. 
(c) Lo, H. Y.; Nemoto, P. A.; Kim, J. M.; Hao, M.-H.; Qian, K. C.; 
Farrow, N. A.; Albaugh, D. R.; Fowler, D. M.; Schneiderman, R. 
D.; Michael August, E.; Martin, L.; Hill-Drzewi, M.; Pullen, S. S.; 
Takahashi, H.; De Lombaert, S. Bioorg. Med. Chem. Lett. 2011, 21, 
4533. 
(d) Filippakopoulos, P.; Qi, J.; Picaud, S.; Shen, Y.; Smith, W. B.; 
Fedorov, O.; Morse, E. M.; Keates, T.; Hickman, T. T.; Felletar, I.; 
Philpott, M.; Munro, S.; Mckeown, M. R.; Wang, Y.; Christie, A. 
L.; West, N.; Cameron, M. J.; Schwartz, B.; Heightman, T. D.; La 



   
Chinese Journal of Organic Chemistry ARTICLE 

 
Chin. J. Org. Chem. 2022, 42, 1146～1162 © 2022 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/     1161 

Thangue, N.; French, C. A.; Wiest, O.; Kung, A. L.; Knapp, S.; 
Bradner, J. E. Nature 2010, 468, 1067. 
(e) Králová, P.; Maloň, M.; Soural, M. ACS Comb. Sci. 2017, 19, 
770. 

（f) Kundu, P.; Mondal, A.; Das, B.; Chowdhury, C. Adv. Synth. 
Catal. 2015, 357, 3737. 
(g) Carlier, P. R.; Zhao, H. W.; Macquarrie-Hunter, S. L.; Deguz-
man, J. C.; Hsu, D. C. J. Am. Chem. Soc. 2006, 128, 15215. 

（h) Al-Tel, T. H.; Al-Qawasmeh, R. A.; Schmidt, M. F.; Al-Aboudi, 
A.; Rao, S. N.; Sabri, S. S.; Voelter, W. J. Med. Chem. 2009, 52, 
6484. 
(i) Wang, Y. Y.; Ling, B. P.; Liu, P.; Bi, S. W. Organometallics 
2018, 37, 3035. 

[2] Meanwell, N. A.; Sit, S.-Y.; Gao, J.; Boissard, C. G.; Lum-Ragan, 
J.; Dworetzky, S. I.; Gribkoff, V. K. Bioorg. Med. Chem. Lett. 1996, 
6, 1641. 

[3] (a) P. Barot, K.; Nikolova, S.; Ivanov, I.; D. Ghate, M. Mini-Rev. 
Med. Chem. 2013, 13, 1421. 
(b) Yu, K.-L.; Sin, N.; Civiello, R. L.; Wang, X. A.; Combrink, K. 
D.; Gulgeze, H. B.; Venables, B. L.; Wright, J. J. K.; Dalterio, R. 
A.; Zadjura, L.; Marino, A.; Dando, S.; D’arienzo, C.; Kadow, K. 
F.; Cianci, C. W.; Li, Z.; Clarke, J.; Genovesi, E. V.; Medina, I.; 
Lamb, L.; Colonno, R. J.; Yang, Z.; Krystal, M.; Meanwell, N. A. 
Bioorg. Med. Chem. Lett. 2007, 17, 895. 
(c) Yu, K.-L.; Wang, X. A.; Civiello, R. L.; Trehan, A. K.; Pearce, 
B. C.; Yin, Z. W.; Combrink, K. D.; Gulgeze, H. B.; Zhang, Y.; 
Kadow, K. F.; Cianci, C. W.; Clarke, J.; Genovesi, E. V.; Medina, I.; 
Lamb, L.; Wyde, P. R.; Krystal, M.; Meanwell, N. A. Bioorg. Med. 
Chem. Lett. 2006, 16, 1115. 

[4] (a) Monforte, A.-M.; Logoteta, P.; Ferro, S.; Luca, L. D.; Iraci, N.; 
Maga, G.; Clercq, E. D.; Pannecouque, C.; Chimirri, A. Biorg. Med. 
Chem. 2009, 17, 5962. 
(b) Monforte, A.-M.; Logoteta, P.; Luca, L. D.; Iraci, N.; Ferro, S.; 
Maga, G.; De Clercq, E.; Pannecouque, C.; Chimirri, A. Biorg. 
Med. Chem. 2010, 18, 1702. 

[5] Gustin, D. J.; Sehon, C. A.; Wei, J. M.; Cai, H.; Meduna, S. P.; 
Khatuya, H.; Sun, S. Q.; Gu, Y.; Jiang, W.; Thurmond, R. L.; 
Karlsson, L.; Edwards, J. P. Bioorg. Med. Chem. Lett. 2005, 15, 
1687. 

[6] Kawamoto, H.; Nakashima, H.; Kato, T.; Arai, S.; Kamata, K.; 
Iwasawa, Y. Tetrahedron 2001, 57, 981. 

[7] Diao, X. Q.; Wang, Y. J.; Jiang, Y. W.; Ma, D. W. J. Org. Chem. 
2009, 74, 7974. 

[8] Mclaughlin, M.; Palucki, M.; Davies, I. W. Org. Lett. 2006, 8, 3311. 
[9] Beyer, A.; Reucher, C. M. M.; Bolm, C. Org. Lett. 2011, 13, 2876. 

[10] (a) Meng, Y. G.; Wang, B. N.; Ren, L. N.; Zhao, Q. L.; Yu, W. Q.; 
Chang, J. B. New J. Chem. 2018, 42, 13790. 
(b) Yu, J. P.; Gao, C.; Song, Z. X.; Yang, H. J.; Fu, H. Eur. J. Org. 
Chem. 2015, 2015, 5869. 

[11] Youn, S. W.; Kim, Y. H. Org. Lett. 2016, 18, 6140. 
[12] Xu, F.; Long, H.; Song, J. S.; Xu, H.-C. Angew. Chem., Int. Ed. 

2019, 58, 9017. 
[13] Li, J.-S.; Yang, P.-P.; Xie, X.-Y.; Jiang, S.; Tao, L.; Li, Z.-W.; Lu, 

C.-H.; Liu, W.-D. Adv. Synth. Catal. 2020, 362, 1977. 
[14] (a) Lima, H. M.; Lovely, C. J. Org. Lett. 2011, 13, 5736. 

(b) Hamm, M. L.; Billig, K. Org. Biomol. Chem. 2006, 4, 4068. 
(c) Bon, R. S.; Sprenkels, N. E.; Koningstein, M. M.; Schmitz, R. 
F.; De Kanter, F. J. J.; Dömling, A.; Groen, M. B.; Orru, R. V. A. 
Org. Biomol. Chem. 2008, 6, 130. 

[15] Li, D. Z.; Ollevier, T. Org. Lett. 2019, 21, 3572. 
[16] Chernyshev, V. M.; Khazipov, O. V.; Shevchenko, M. A.; Chernen-

ko, A. Y.; Astakhov, A. V.; Eremin, D. B.; Pasyukov, D. V.; Kashin, 
A. S.; Ananikov, V. P. Chem. Sci. 2018, 9, 5564. 

[17] Ruiz, J.; Mesa, A. F. Chem.-Eur. J. 2014, 20, 102. 
[18] Fader, L. D.; Bethell, R.; Bonneau, P.; Bös, M.; Bousquet, Y.; 

Cordingley, M. G.; Coulombe, R.; Deroy, P.; Faucher, A.-M.; Gag-
non, A.; Goudreau, N.; Grand-Maître, C.; Guse, I.; Hucke, O.; Ka-
wai, S. H.; Lacoste, J.-E.; Landry, S.; Lemke, C. T.; Malenfant, E.; 

Mason, S.; Morin, S.; O’meara, J.; Simoneau, B.; Titolo, S.; 
Yoakim, C. Bioorg. Med. Chem. Lett. 2011, 21, 398. 

[19] Eltze, M.; Mutschler, E.; Lambrecht, G. Eur. J. Pharmacol. 1992, 
211, 283.  

[20] Hargrave, K. D.; Proudfoot, J. R.; Grozinger, K. G.; Cullen, E.; 
Kapadia, S. R.; Patel, U. R.; Fuchs, V. U.; Mauldin, S. C.; Vitous, 
J.; Behnke, M. L.; Klunder, J. M.; Pal, K.; Skiles, J. W.; Mcneil, D. 
W.; Rose, J. M.; Chow, G. C.; Skoog, M. T.; Wu, J. C.; Schmidt, G.; 
Engel, W. W.; Eberlein, W. G.; Saboe, T. D.; Campbell, S. J.; 
Rosenthal, A. S.; Adams, J. J. Med. Chem. 1991, 34, 2231. 

[21] Pèpe, G.; Reboul, J.-P.; Oddon, Y. Eur. J. Med. Chem. 1989, 24, 1. 
[22] (a) Yuan, S.; Yue, Y.-L.; Zhang, D.-Q.; Zhang, J.-Y.; Yu, B.; Liu, 

H.-M. Chem. Commun. 2020, 56, 11461. 
(b) Hwang, J.; Borgelt, L.; Wu, P. ACS Comb. Sci. 2020, 22, 495. 
(c) Velasco-Rubio, Á.; Varela, J. A.; Saá, C. Adv. Synth. Catal. 
2020, 362, 4861. 
(d) Dagar, A.; Kim, I. Org. Biomol. Chem. 2020, 18, 9836. 
(e) Archer, G. A.; Sternbach, L. H. Chem. Rev. 1968, 68, 747. 

[23] (a) Chobanian, H. R.; Guo, Y.; Liu, P.; Lanza, T. J.; Chioda, M.; 
Chang, L.; Kelly, T. M.; Kan, Y. Q.; Palyha, O.; Guan, X.-M.; 
Marsh, D. J.; Metzger, J. M.; Raustad, K.; Wang, S.-P.; Strack, A. 
M.; Gorski, J. N.; Miller, R.; Pang, J. M.; Lyons, K.; Dragovic, J.; 
Ning, J. G.; Schafer, W. A.; Welch, C. J.; Gong, X. Y.; Gao, Y.-D.; 
Hornak, V.; Reitman, M. L.; Nargund, R. P.; Lin, L. S. Biorg. Med. 
Chem. 2012, 20, 2845. 
(b) Liu, P.; Lanza, T. J.; Chioda, M.; Jones, C.; Chobanian, H. R.; 
Guo, Y.; Chang, L.; Kelly, T. M.; Kan, Y. Q.; Palyha, O.; Guan, 
X.-M.; Marsh, D. J.; Metzger, J. M.; Ramsay, K.; Wang, S.-P.; 
Strack, A. M.; Miller, R.; Pang, J. M.; Lyons, K.; Dragovic, J.; 
Ning, J. G.; Schafer, W. A.; Welch, C. J.; Gong, X. Y.; Gao, Y.-D.; 
Hornak, V.; Ball, R. G.; Tsou, N.; Reitman, M. L.; Wyvratt, M. J.; 
Nargund, R. P.; Lin, L. S. ACS Med. Chem. Lett. 2011, 2, 933. 
(c) Matsufuji, T.; Shimada, K.; Kobayashi, S.; Ichikawa, M.; Ka-
wamura, A.; Fujimoto, T.; Arita, T.; Hara, T.; Konishi, M.; 
Abe-Ohya, R.; Izumi, M.; Sogawa, Y.; Nagai, Y.; Yoshida, K.; Abe, 
Y.; Kimura, T.; Takahashi, H. Biorg. Med. Chem. 2015, 23, 89. 
(d) Failli, A. A.; Shumsky, J. S.; Steffan, R. J.; Caggiano, T. J.; Wil-
liams, D. K.; Trybulski, E. J.; Ning, X.; Lock, Y.; Tanikella, T.; 
Hartmann, D.; Chan, P. S.; Park, C. H. Bioorg. Med. Chem. Lett. 
2006, 16, 954. 

[24] Maddess, M. L.; Li, C. M. Organometallics 2019, 38, 81. 
[25] Novelli, F.; Sparatore, A.; Tasso, B.; Sparatore, F. Bioorg. Med. 

Chem. Lett. 1999, 9, 3031. 
[26] Shi, F. Q.; Xu, X. X.; Zheng, L. Y.; Dang, Q.; Bai, X. J. Comb. 

Chem. 2008, 10, 158. 
[27] (a) Zhu, H. Q.; Shang, T. B.; Lu, Z. H.; Luo, F.; Zhu, G. G. Chin. J. 

Org. Chem. 2020, 40, 3410 (in Chinese). 
(朱海倩, 商甜波, 卢增辉, 罗芳, 朱钢国, 有机化学, 2020, 40, 
3410.) 
(b) Tian, S. H.; Luo, T.; Zhu, Y. P.; Wan, J.-P. Chin. Chem. Lett. 
2020, 31, 3073. 
(c) Fu, L. Q.; Liu, Y. Y.; Wan, J.-P. Org. Lett. 2021, 23, 4363. 
(d) Yu, Q.; Liu, Y. Y.; Wan, J.-P. Org. Chem. Front. 2020, 7, 2770. 
(e) Chen, Q. W.; Yang, Y. C.; Wang, X.; Zhang, Q.; Li, D. Chin. J. 
Org. Chem. 2020, 40, 451 (in Chinese). 
(陈倩雯, 杨耀成, 王霞, 张谦, 李栋, 有机化学, 2020, 40, 451.) 
(f) Zhao, B. L.; Liu, Y. Y. Synthesis 2020, 52, 3211. 

[28] Tao, S.; Bu, Q. Q.; Shi, Q. Q.; Wei, D. H.; Dai, B.; Liu, N. Chem. 
Eur. J. 2020, 26, 3252. 

[29] (a) Karthikeyan, J.; Cheng, C.-H. Angew. Chem., Int. Ed. 2011, 50, 
9880. 
(b) Lyons, T. W.; Sanford, M. S. Chem. Rev. 2010, 110, 1147. 
(c) Chen, X.; Engle, K. M.; Wang, D.-H.; Yu, J.-Q. Angew. Chem., 
Int. Ed. 2009, 48, 5094. 
(d) Ackermann, L.; Vicente, R.; Kapdi, A. R. Angew. Chem., Int. 
Ed. 2009, 48, 9792. 
(e) Yeung, C. S.; Dong, V. M. Chem. Rev. 2011, 111, 1215. 
(f) Liu, C.; Zhang, H.; Shi, W.; Lei, A. W. Chem. Rev. 2011, 111, 



   
有机化学 研究论文 

 
1162      http://sioc-journal.cn/ © 2022 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2022, 42, 1146～1162 

1780. 
[30] (a) Liu, Q.; Xie, G. Q.; Wang, Q.; Mo, Z. D.; Li, C.; Ding, S. J.; 

Wang, X. X. Tetrahedron 2019, 75, 130490. 
(b) Minisci, F.; Citterio, A.; Giordano, C. Acc. Chem. Res. 1983, 16, 
27. 
(c) Yan, K.; Yang, D. S.; Wei, W.; Wang, F.; Shuai, Y. Y.; Li, Q. N.; 
Wang, H. J. Org. Chem. 2015, 80, 1550. 
(d) Mandal, S.; Bera, T.; Dubey, G.; Saha, J.; Laha, J. K. ACS Catal. 
2018, 8, 5085. 
(e) Zhang, Z.; Jia, C.; Kong, X.; Hussain, M.; Liu, Z.; Liang, W.; 
Jiang, L.; Jiang, H.; Ma, J. ACS Sustainable Chem. Eng. 2020, 8, 
16463. 
(f) Zhu, Y. C.; Huang, K. M.; Pan, J.; Qiu, X.; Luo, X.; Qin, Q. X.; 
Wei, J. L.; Wen, X. J.; Zhang, L. Z.; Jiao, N. Nat. Commun. 2018, 9, 
2625. 

[31] (a) Shi, Z. Z.; Glorius, F. Chem. Sci. 2013, 4, 829. 
(b) Wang, X. Y.; Wang, S. C.; Gao, Y. M.; Sun, H.; Liang, X. A.; 
Bu, F. X.; Abdelilah, T.; Lei, A. W. Org. Lett. 2020, 22, 5429. 

(c) Chen, Z. C.; Zhang, H.; Zhou, S. F.; Cui, X. L. Chin. J. Org. 
Chem. 2020, 40, 3866 (in Chinese). 
(陈志超, 张红, 周树锋, 崔秀灵, 有机化学, 2020, 40, 3866.) 

[32] (a) Yi, H.; Zhang, G. T.; Wang, H. M.; Huang, Z. Y.; Wang, J.; 
Singh, A. K.; Lei, A. W. Chem. Rev. 2017, 117, 9016.  
(b) Pan, G.-A.; Li, Y.; Li, J.-H. Org. Chem. Front. 2020, 7, 2486. 

[33] (a) Hollóczki, O.; Terleczky, P.; Szieberth, D.; Mourgas, G.; Gudat, 
D.; Nyulászi, L. J. Am. Chem. Soc. 2011, 133, 780. 
(b) Tao, S.; Guo, C.; Liu, N.; Dai, B. Organometallics 2017, 36, 
4432. 

[34] (a) Khan, D.; Mukhtar, S.; Alsharif, M. A.; Alahmdi, M. I.; Ahmed, 
N. Tetrahedron Lett. 2017, 58, 3183. 
(b) Prasad, V.; Kale, R. R.; Mishra, B. B.; Kumar, D.; Tiwari, V. K. 
Org. Lett. 2012, 14, 2936. 

[35] Chen, F.; Chen, D. T.; Shi, L.; Liu, N.; Dai, B. J. CO2 Util. 2016, 
16, 391. 

[36] Wang, Y.-B.; Liu, B.-Y.; Bu, Q. Q.; Dai, B.; Liu, N. Adv. Synth. 
Catal. 2020, 362, 2930. 

(Lu, Y.)  

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


