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Abstract. Here, a mild and general oxidative radical relay carbocyclization reaction with 2-arylbenzoimidazoles and 
cyclic ethers is reported. This method provides an efficient access to a wide range of structurally diverse 
benzimidazo[2,1-a]isoquinoline-6(5H)-ones under metal-free conditions. The wide substrate scope, good functional 
group tolerance, and scale-up operation of this method are expected to promote its potential applications in 
biotechnology and pharmacy. 
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Nitrogen-containing heterocycles are important 
compounds owing to their prevalence in natural 
products, functional materials, and pharmaceutical 
agents.[1] Among which, structurally diverse 
polycyclic benzimidazo-isoquinolines, containing 
fused five-membered and six-membered ring 
frameworks, are ubiquitous structural motifs found in 
antidiabetic,[2] anti-inflammatory[3] and antitumor[4] 
compounds, with powerful biological properties 
(Figure 1). Therefore, much effort has been directed 
towards exploring efficient methods for their 
synthesis. Compared with the established multi-step 
condensation reactions with pre-functionalized 
starting materials and limited functional group 
tolerability,[5] the search for atom- and step-economic 
methods, in particular metal-free strategies, towards 
benzimidazo-isoquinolines is highly desirable. In 
2018, Song et al. reported the Cp*Rh(III)-catalyzed 
[4+2] annulative reaction for the synthesis of 
benzimidazole[2,1-a]isoquinolines with 2-
arylimidazoles and a-diazoketoesters (Scheme 1a).[6] 
Recently, Chen and Yu et al. developed a silver-
catalyzed decarboxylative radical addition cyclization 

Figure 1. Examples of benzimidazole[2,1-a]isoquinolines. 

to access benzimidazole[2,1-a]isoquinolines (Scheme 
1b).[7a] Later that year, an elegant metal-free visible-
light promoted radical cyclization to access 

perfluoroalkyl-substituted benzimidazole[2,1-
a]isoquinolines with a stoichiometric base 
additivewas reported by the same group.[7b] However, 
despite these advances, the use of potentially 
explosive diazo compounds, expensive metal catalyst, 
stoichiometric acid/base additives, environmentally 
unfriendly halohydrocarbons and the inevitable metal 
residue, could severely limit the synthetic application 
of these protocols, especially in biotechnology and 
pharmacy. 

Radical relay reactions are synthetically attractive 
as they enable facile accesses to highly complex and 
often polycyclic molecular skeletons in an atom- and 
step-economical manner.[8] In particular, the mild 
reaction conditions are compatible with a lot of 
functional groups, thus time-consuming protection 
strategies can be minimized. Because tetrahydrofuran 

Scheme 1. Synthesis of benzimidazo-isoquinoline fused 

frameworks. 
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(THF) and 1,4-dioxane are important chemical feed 
stocks for the synthesis of many important organic 
compounds, efforts employing such simple ether 
derivatives in C−C bond forming reactions to 
construct higher-functionalized ethers are highly 
desirable.[9] Over recent years, many reports for the 
construction of higher-functionalized ethers involving 
an oxidative radical coupling strategy have been 
reported.[10] With our continued interest in the 
derivatization of nitrogen-containing heterocycles[11] 
and radical chemistry,[12] we reasoned that, with a 
suitable oxidative coupling system, the radical relay 
functionalization initiated by intermolecular addition 
of carbon-centered radicals generated in situ to π 
systems, may be a mild and concise manner for the 
synthesis of benzimidazole[2,1-a]isoquinolines 
(Scheme 1c). 

To test the feasibility of the idea, we began by 
optimizing the reaction of N-methacryloyl-2-
phenylbenzoimidazole (1a) with THF (Table 1). 
Initially, a series of oxidants, including tert-butyl 
peroxybenzoate (TBPB), benzoyl peroxide (BPO), 
tert-butyl hydrogenperoxide (TBHP, 70% in water), 
di-tert-butyl peroxide (DTBP), and dicumylperoxide 
(DCP) were investigated (entries 1–5). Results show 
that TBPB and BPO performed well, delivering 3a in 
high yields (75% and 76%). The reaction proceeded 
with the other three peroxides but the yields were 
inferior to those with TBPB and BPO (entries 3–5). It 
also was observed that O2 was an ineffective oxidant 
for this carbocyclization reaction (entry 6). 
Considering that readily available, inexpensive and 
non-toxic carboxylic acids are among the most 
commonly used starting materials, and that the 
carboxy group can be viewed as a chemoselective 
leaving group via extruding traceless CO2, BPO was 
selected as the optimal oxidant.[13,14] Screening of the 
amount of oxidant revealed that a higher amount of 
BPO had no positive effect on the reaction efficiency; 
pleasingly, 75% of 3a could be obtained with just 1 
equiv. of BPO (entries 7–9). Further screenings found 
that a higher reaction temperature of 120 oC did not 
improve the yield compared with the result at 90 oC, 
but lower temperatures (60–80 oC) dramatically 
reduced the yields (entries 10–13). Notably, the 
reaction was transferable to a 1 gram scale of 1a, 
affording the desired product 3a in good yield (entry 
14). 

After the optimized reaction conditions had been 
established, we then investigated the generality of 
this metal-free oxidative radical relay 
carbocyclization reaction (Table 2). It was clearly 
observed that substrates 1 bearing electron-donating 
groups (-Me, -OMe, -Ph) and electron-withdrawing 
groups (-Cl, -Br, -I, -CN, -CF3, -COOMe, -SO2Me) at 
the ortho-, meta- and para-positions of the phenyl 
rings, underwent the reaction smoothly to generate 
the corresponding products 3b−3q in 59−84% yields. 
The structure of 3g was unambiguously determined 
by X-ray crystallography analysis.[15] In this reaction, 
reactive functional groups (-I, and -COOMe), which 

 

Table 1. Screening of reaction conditions[a]  

 

Entry Oxidant 

(equiv) 

Temp (oC) Time (h) Yield 

(%)[b] 

1 TBPB (2.0) 100 4 75 

2 BPO (2.0) 100 4 76 

3 TBHP (2.0) 100 4 58 

4 DTBP (2.0) 100 4 33 

5 DCP (2.0) 100 4 41 

6 O2 (1 atm) 100 24 0 

7 BPO (3.0) 100 4 75 

8 BPO (1.3) 100 4 74 

9 BPO (1.0) 100 4 75 

10 BPO (1.0) 120 2 72 

11 BPO (1.0) 90 6 74 

12 BPO (1.0) 80 24 66 

13 BPO (1.0) 60 24 43 

14 BPO (1.0) 90 24 68[c] 
[a] Reactions were carried out with 2-methyl-1-(2-phenyl- 

1H-benzo[d]imidazol-1-yl)prop-2-en-1-one (1a) (0.3 

mmol), THF (2a) (2.0 mL), and BPO (1.0-2.0 equiv) from 

60-120 °C. [b] The reactions were conducted in sealed tubes, 

yield of the isolated product. [c] The reaction was 

performed with 1 gram scale of 1a. 

are usually sensitive in reactions containing metal and 
base, were well tolerated. Notably, halo and cyano- 
substituents on the phenyl ring, provide a handle for 
further transformations. In addition, 2-thiophen- and 
2-naphthalen- substituted 1H-benzo[d]imidazoles 1r 
and 1s were also smoothly converted in this reaction, 
and the corresponding products 3r and 3s were 
obtained in 61% and 87% yields, respectively. 
Substrates with multiple substituents, such as 1t, 1u 
and 1v, were also converted to the corresponding 
products 3t, 3u and 3v in moderate to high yields 
(41−85%). We reasoned that the low yield of 3u may 
be due to steric hindrance. Furthermore, cyclic ethers 
1,4-dioxane, tetrahydro-2H-pyran and 1,3-dioxolane 
were found to be good coupling partners, giving the 
desired 3w and 3y in good yields (68−79%). 
Unfortunately, no reaction occurred using acyclic 
ethers as the coupling partners. 

Control experiments showed that the reaction of 1a 
with 2a and BPO was severely suppressed when 
radical inhibitors, including 2,6-di-tert-butyl-4-
methylphenol (BHT, 2.0 equiv) and 2,2,6,6-
tetramethylpiperidine N-oxide (TEMPO, 2.0 equiv) 
were added (eq 1 and eq 2). In addition, the adduct 4 
was formed from 2a and BHT (eq 2, see ESI). These 
results suggested that this oxidative radical relay 
carbocyclization is initiated by the formation of alkyl 
radicals from ethers 2. Furthermore, the BPO was 
undoubtedly converted to benzoic acid, which can be 
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Table 2. Substrates scope[a,b]  

 

[a] Reactions were carried out with 1 (0.3 mmol), ether 2 

(2.0 mL), and BPO (1.0 equiv) at 90 °C for 4-6 h. [b] The 

reactions were conducted in sealed tubes, yield of the 

isolated product. 

detected by GC-MS analysis at the beginning of the 
reaction, and can be isolated after the reaction. No 
decarboxylative benzene product was detected by 
GC-MS analysis. 

 
Based on the present results and previous literature 

reports,[16] the mechanism for this oxidative radical 
relay carbocyclization reaction is proposed in Scheme 
2. Initially, thermal decomposition of BPO occurs to 
form two O-centered radical species A. The C(sp3)−H 
bond adjacent to the oxygen atom in cyclic ethers 2 is 
then cleaved by radical specie A, and then alkyl 

radical intermediate B is generated. Next, the addition 
of intermediate B to the carbon-carbon double bond 
of 1 leads to the formation of radical intermediate C, 
which undergoes an intramolecular cyclization to 
deliver radical intermediate D. Subsequent reaction of 
intermediate D with the second O-centered radical 
specie A leads to cationic intermediate E. Finally, 
loss of a proton from E affords the desired product 3. 

Scheme 2. Proposed mechanism. 

In summary, we have developed the first metal-
free oxidative radical relay carbocyclization reaction 
of 2-arylbenzoimidazoles with cyclic ethers for the 
synthesis of a series of structurally diverse and 
privileged benzimidazo[2,1-a]isoquinoline-6(5H)-
ones. During the overall process, non-toxic, readily 
available bulk chemical raw material benzoic acid is 
the only by-product. More importantly, due to its 
metal-free nature, this reaction satisfies purity 
requirements to enable use in biological and 
medicinal chemistry. This simple oxidative radical 
relay strategy features easy-handling, wide substrate 
scope, mild reaction conditions and is easily scaled 
up. These encouraging results will pave the way for 
investigating potential applications for this novel 
reaction, and related studies are currently underway 
in our laboratory.  

Experimental Section 

General Remarks: Unless otherwise stated, all 
commercial reagents and solvents were used without 
additional purification. All the reactions were carried out 
under air atmosphere. 1H NMR spectra of compounds 3 
were recorded at 25ºC on a Bruker AscendTM 400 
spectrometer. Chemical shifts (in ppm) were referenced 
TMS in CDCl3 (0 ppm). 13C-NMR spectra were obtained 
by using the same NMR spectrometers and were calibrated 
with CDCl3 (δ = 77.00 ppm). Melting points were obtained 
with a micro melting point XT4A Beijing Keyi 
electrooptic apparatus and are uncorrected. HRMS data 
were obtained on a Waters LCT PremierxeTM (USA). All 
reactions were monitored by TLC with Taizhou GF254 
silica gel coated plates. Flash column chromatography was 
carried out using 200-300 mesh silica gel at increased 
pressure. 

The general procedure for the synthesis of 1 (1b as an 
example): 

Step 1: In a round-bottomed flask (50 mL) equipped with 
a magnetic stirrer, a mixture of o-methylbenzaldehyde (5.0 
mmol, 578 μL) and NaHSO3 (11.0 eq, 5.73 g) in H2O (20.0 
mL) was prepared. When the mixture reached refluxing 
temperature, o-phenylenediamine (5.0 mmol, 541 mg) 
were added. The resulting mixture was stirred for 
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appropriate time. After completion of the reaction, the 
reaction mixture was vacuum filtered after cooling to room 
temperature by a glass funnel. The residues were washed 
by water (20 mL × 2), dried in air dry oven to give the 
corresponding product. 
Step 2: To the solution of 2-(o-tolyl)-1H-
benzo[d]imidazole (3 mmol, 625 mg) and DMAP (0.6 
mmol, 73 mg) in DCM (0.5 M) was added Et3N (6 mmol, 
834 μL) and methacryloyl chloride (6 mmol, 581 μL) at 0 
oC. The solution was warmed up to room temperature and 
stirred for 12 h. The reaction was complete according to 
TLC analysis, and water (20 mL) was added to the mixture, 
which was extracted with CH2Cl2 (15 mL × 3). Then the 
organic solvent was concentrated in vacuo. The residue 
was purified by flash column chromatography with Ethyl 
acetate and Petroleum ether as eluent to give 1b. 
 
The general procedure for the synthesis of 3 (3a as an 
example): 

To a screw-cap test tube (15 mL), 1a (79 mg, 0.3 mmol) 
and BPO (73 mg, 1.0 equiv) were added, and then the 
mixture was stirred for 6 h in 2 mL THF at 90 °C. After 
completion of the reaction, the mixture was quenched with 
NaHCO3 (sat. aq. 15 mL), extracted with CH2Cl2 (3 × 5 
mL). Then the organic phase was concentrated in vacuo. 
The residue was purified by flash column chromatography 
with Ethyl acetate and Petroleum ether as eluent to give 3a. 
 
5-methyl-5-((tetrahydrofuran-2-
yl)methyl)benzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-
one (3a). Flash column chromatography (petroleum 
ether/ethyl acetate = 10:1) gave 74 mg of product as a 
white solid in 74% yield; mp: 79-80 oC; 1H NMR (400 
MHz, CDCl3) δ 8.55-8.44 (m, 1H), 8.42-8.31 (m, 1H), 
7.87-7.77 (m, 1H), 7.61-7.35 (m, 5H), 3.55-3.40 (m, 2H), 
3.35 (dd, J = 14.0, 7.6 Hz, 0.5H), 3.18 (dd, J = 14.8, 7.6 
Hz, 0.5H), 2.72 (dd, J = 13.6, 11.6 Hz, 0.5H), 2.59 (dd, J = 
14.0, 7.6 Hz, 0.5H), 2.46 (dd, J = 13.6, 5.2 Hz, 0.5H), 2.16 
(dd, J = 14.0, 2.8 Hz, 0.5H), 1.87-1.73 (m, 2H), 1.73-1.48 
(m, 4H), 1.35-1.20 (m, 1H). 13C NMR (100 MHz, CDCl3) 
δ 173.4, 173.3, 150.1, 150.0, 144.2, 144.2, 141.8, 141.5, 
131.9, 131.8, 131.5, 127.8, 127.7, 126.7, 126.3, 126.2, 
126.0, 126.0, 125.7, 125.5, 125.3, 123.5, 122.7, 119.9, 
119.7, 115.8, 115.7, 76.0, 75.2, 67.3, 67.3, 48.3, 47.8, 47.8, 
47.5, 31.3, 30.2, 29.8, 25.8, 25.4. HRMS (ESI), m/z calcd. 
for C21H21N2O2 ([M+H]+) 333.1598, found: 333.1596. 

1,5-dimethyl-5-((tetrahydrofuran-2-
yl)methyl)benzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-
one (3b). Flash column chromatography (petroleum 
ether/ethyl acetate = 10:1) gave 82 mg of product as a 
white solid in 79% yield; mp: 90-91 oC; 1H NMR (400 
MHz, CDCl3) δ 8.48-8.36 (m, 1H), 7.89-7.78 (m, 1H), 
7.47-7.38 (m, 3.5H), 7.35-7.28 (m, 1.5H), 3.58-3.33 (m, 
2.5H), 3.20 (dd, J = 14.8, 7.2 Hz, 0.5H), 3.08 (s, 1.5H), 
3.06 (s, 1.5H), 2.73 (dd, J = 14.0, 11.2 Hz, 0.5H), 2.55 (dd, 
J = 14.0, 7.2 Hz, 0.5H), 2.45 (dd, J = 14.0, 5.2 Hz, 0.5H), 
2.14 (dd, J = 14.0, 3.2 Hz, 0.5H), 1.90-1.75 (m, 2H), 1.74-
1.59 (m, 3 H), 1.59-1.39 (m, 1H), 1.34-1.22 (m, 1H). 13C 
NMR (100 MHz, CDCl3) δ 173.5, 173.4, 150.3, 150.1, 
144.3, 144.2, 142.6, 142.5, 139.9, 139.8, 131.1, 131.0, 
130.6, 130.5, 130.2, 125.7, 125.3, 125.2, 124.5, 124.1, 
122.0, 121.3, 120.2, 120.0, 115.8, 76.0, 75.2, 67.2, 67.2, 
48.4, 48.3, 47.6, 47.3, 31.3, 31.2, 30.8, 30.0, 25.8, 25.3, 
25.0, 24.8. HRMS (ESI), m/z calcd. for C22H23N2O2 
([M+H]+) 347.1754, found: 347.1749. 

1-methoxy-5-methyl-5-((tetrahydrofuran-2-
yl)methyl)benzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-
one (3c). Flash column chromatography (petroleum 
ether/ethyl acetate = 2:1) gave 91 mg of product as a white 
solid in 84% yield; mp: 85-86 oC; 1H NMR (400 MHz, 
CDCl3) δ 8.44-8.32 (m, 1H), 7.94-7.83 (m, 1H), 7.56-7.46 
(m, 1H), 7.45-7.33 (m, 2H), 7.20-6.95 (m, 2H), 4.13 (s, 
1.5H), 4.12 (s, 1.5H), 3.55-3.33 (m, 2.5H), 3.14 (dd, J = 
14.8, 7.2 Hz, 0.5H), 2.71 (dd, J = 14.0, 10.8 Hz, 0.5H), 
2.54 (dd, J = 13.6, 7.6 Hz, 0.5H), 2.43 (dd, J = 13.6, 4.8 
Hz, 0.5H), 2.15 (dd, J = 14.0, 3.6 Hz, 0.5H), 1.85-1.47 (m, 

5H), 1.45-1.35 (m, 1H), 1.30-1.21 (m, 1H). 13C NMR (100 
MHz, CDCl3) δ 173.3, 173.1, 158.8, 158.8, 148.2, 148.1, 
144.5, 144.4, 144.2, 144.2, 132.3, 131.9, 130.8, 130.4, 
125.8, 125.7, 125.4, 125.1, 120.6, 120.4, 119.0, 118.6, 
115.6, 112.9, 112.1, 110.4, 110.2, 75.9, 75.2, 67.3, 56.7, 
56.7, 48.6, 48.5, 47.5, 47.3, 31.4, 31.1, 30.5, 30.0, 25.9, 
25.4. HRMS (ESI), m/z calcd. for C22H23N2O3 ([M+H]+) 
363.1703, found: 363.1707. 

1-chloro-5-methyl-5-((tetrahydrofuran-2-
yl)methyl)benzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-
one (3d). Flash column chromatography (petroleum 
ether/ethyl acetate = 10:1) gave 77 mg of product as a 
white solid in 70% yield; mp: 130-131 oC; 1H NMR (400 
MHz, CDCl3) δ 8.46-8.34 (m, 1H), 7.98-7.88 (m, 1H), 
7.60-7.53 (m, 1H), 7.52-7.37 (m, 4H), 3.56-3.28 (m, 2.4H), 
3.16 (dd, J = 15.2, 7.2 Hz, 0.6H), 2.74 (dd, J = 14.0, 11.2 
Hz, 0.6H), 2.54 (dd, J = 14.0, 6.8 Hz, 0.4H), 2.39 (dd, J = 
14.0, 6.0 Hz, 0.4H), 2.16 (dd, J = 14.0, 3.6 Hz, 0.6H), 
1.87-1.72 (m, 2H), 1.71-1.63 (m, 2H), 1.61-1.39 (m, 2H), 
1.34-1.21 (m, 1H). 13C NMR (100 MHz, CDCl3) δ 172.6, 
172.5, 147.5, 147.4, 144.6, 144.4, 144.0, 144.0, 133.6, 
133.5, 131.3, 131.3, 131.1, 131.1, 130.7, 130.6, 126.4, 
126.1, 126.0, 125.5, 125.5, 125.5, 121.6, 120.9, 120.9, 
120.7, 115.8, 115.7, 75.8, 75.0, 67.4, 67.4, 48.5, 48.1, 47.7, 
31.5, 31.4, 30.7, 29.5, 25.7, 25.4. HRMS (ESI), m/z calcd. 
for C21H20ClN2O2 ([M+H]+) 367.1208, found: 367.1213. 

2,5-dimethyl-5-((tetrahydrofuran-2-
yl)methyl)benzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-
one (3e). Flash column chromatography (petroleum 
ether/ethyl acetate = 10:1) gave 71 mg of product as a 
colorless oil in 68% yield; mp: 35-36 oC; 1H NMR (400 
MHz, CDCl3) δ 8.42-8.25 (m, 2H), 7.85-7.76 (m, 1H), 
7.48-7.29 (m, 4H), 3.53-3.30 (m, 2.5H), 3.17 (dd, J = 14.8, 
7.2 Hz, 0.5H), 2.69 (dd, J = 14.0, 11.6 Hz, 0.5H), 2.56 (dd, 
J = 14.0, 7.2 Hz, 0.5H), 2.50-2.37 (m, 3.5H), 2.13 (dd, J = 
13.6, 3.2 Hz, 0.5H), 1.85-1.69 (m, 2.5H), 1.68-1.43 (m, 
4H), 1.33-1.25 (m, 0.5H). 13C NMR (100 MHz, CDCl3) δ 
173.5, 173.4, 150.2, 150.2, 144.2, 144.1, 138.8, 138.5, 
137.7, 137.5, 132.9, 132.6, 131.9, 131.5, 126.5, 126.3, 
126.2, 126.1, 125.9, 125.5, 125.4, 125.2, 123.1, 122.3, 
119.8, 119.6, 115.8, 115.7, 76.0, 75.2, 67.3, 67.2, 48.2, 
47.7, 47.5, 47.2, 31.3, 31.2, 30.1, 29.8, 25.8, 25.3, 21.0. 
HRMS (ESI), m/z calcd. for C22H23N2O2 ([M+H]+) 
347.1754, found: 347.1747. 

2-chloro-5-methyl-5-((tetrahydrofuran-2-
yl)methyl)benzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-
one (3f). Flash column chromatography (petroleum 
ether/ethyl acetate = 20:1) gave 77 mg of product as a 
white solid in 70% yield; mp: 102-103 oC; 1H NMR (400 
MHz, CDCl3) δ 8.55-8.21 (m, 2H), 7.86-7.74 (m, 1H), 
7.53-7.31 (m, 4H), 3.51-3.28 (m, 2.5H), 3.16 (dd, J = 14.4, 
7.2 Hz, 0.5H), 2.70 (dd, J = 14.0, 11.2 Hz, 0.5H), 2.57 (dd, 
J = 14.0, 6.4 Hz, 0.5H), 2.37 (dd, J = 14.0, 6.0 Hz, 0.5H), 
2.12 (dd, J = 14.0, 3.2 Hz, 0.5H), 1.88-1.68 (m, 2.5H), 
1.68-1.39 (m, 4H), 1.35-1.21 (m, 0.5H). 13C NMR (100 
MHz, CDCl3) δ 172.8, 172.7, 148.7, 144.0, 143.9, 140.2, 
139.6, 133.8, 131.8, 131.7, 131.5, 131.4, 128.2, 127.8, 
126.1, 126.0, 125.8, 125.7, 125.6, 125.5, 125.0, 124.2, 
120.1, 119.9, 115.8, 115.7, 75.9, 75.0, 67.4, 67.3, 48.1, 
47.7, 47.3, 47.2, 31.5, 31.3, 30.0, 29.7, 25.6, 25.3. HRMS 
(ESI), m/z calcd. for C21H20ClN2O2 ([M+H]+) 367.1208, 
found: 367.1200. 

2-bromo-5-methyl-5-((tetrahydrofuran-2-
yl)methyl)benzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-
one (3g). Flash column chromatography (petroleum 
ether/ethyl acetate = 20:1) gave 73 mg of product as a 
white solid in 59% yield; mp: 127-128 oC; 1H NMR (400 
MHz, CDCl3) δ 8.69-8.55 (m, 1H), 8.39-8.27 (m, 1H), 
7.86-7.75 (m, 1H), 7.65 (s, 0.5H), 7.63 (s, 0.5H), 7.48-7.27 
(m, 3H), 3.53-3.27 (m, 2.5H), 3.15 (dd, J = 15.2, 7.2 Hz, 
0.5H), 2.69 (dd, J = 14.0, 11.2 Hz, 0.5H), 2.56 (dd, J = 
14.0, 6.4 Hz, 0.5H), 2.36 (dd, J = 13.9, 6.0 Hz, 0.5H), 2.12 
(dd, J = 14.0, 3.2 Hz, 0.5H), 1.79-1.46 (m, 6.5H), 1.36-
1.25 (m, 0.5H). 13C NMR (100 MHz, CDCl3) δ 172.7, 
172.6, 148.6, 143.99, 143.9, 140.7, 140.1, 134.5, 134.3, 

10.1002/adsc.202000040

A
cc

ep
te

d 
M

an
us

cr
ip

t

Advanced Synthesis & Catalysis

This article is protected by copyright. All rights reserved.



 5 

131.8, 131.4, 128.8, 128.5, 128.4, 128.0, 126.1, 126.0, 
125.7, 125.6, 125.3, 124.5, 121.7, 121.7, 120.1, 119.9, 
115.8, 115.7, 75.9, 75.0, 67.4, 67.3, 48.0, 47.8, 47.6, 47.3, 
31.5, 31.3, 30.0, 29.6, 25.6, 25.3. HRMS (ESI), m/z calcd. 
for C21H20BrN2O2 ([M+H]+) 411.0703, found: 411.0699. 

3,5-dimethyl-5-((tetrahydrofuran-2-
yl)methyl)benzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-
one (3h). Flash column chromatography (petroleum 
ether/ethyl acetate = 10:1) gave 78 mg of product as a 
white solid in 75% yield; mp: 130-131 oC; 1H NMR (400 
MHz, CDCl3) δ 8.47-8.28 (m, 2H), 7.86-7.73 (m, 1H), 
7.49-7.37 (m, 2H), 7.35-7.22 (m, 2H), 3.56-3.34 (m, 2.5H), 
3.20 (dd, J = 14.8, 7.2 Hz, 0.5H), 2.71 (dd, J = 14.0, 11.2 
Hz, 0.5H), 2.59 (dd, J = 13.6, 8.0 Hz, 0.5H), 2.53-2.40 (m, 
3.5H), 2.16 (dd, J = 14.0, 3.6 Hz, 0.5H), 1.88-1.73 (m, 3H), 
1.72-1.60 (m, 2H), 1.59-1.38 (m, 1H), 1.36-1.10 (m, 1H). 
13C NMR (100 MHz, CDCl3) δ 173.5, 173.4, 150.3, 150.2, 
144.2, 144.2, 142.5, 142.0, 141.6, 141.4, 131.9, 131.4, 
128.9, 128.8, 127.0, 126.6, 126.1, 126.0, 125.4, 125.4, 
125.1, 120.8, 120.0, 119.7, 119.5, 115.7, 115.6, 76.0, 75.2, 
67.3, 67.2, 48.2, 47.8, 47.5, 47.4, 31.3, 31.1, 30.2, 29.9, 
25.9, 25.3, 22.1, 22.1. HRMS (ESI), m/z calcd. for 
C22H23N2O2 ([M+H]+) 347.1754, found: 347.1748. 

3-methoxy-5-methyl-5-((tetrahydrofuran-2-
yl)methyl)benzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-
one (3i). Flash column chromatography (petroleum 
ether/ethyl acetate = 8:1) gave 85 mg of product as a white 
solid in 78% yield; mp: 90-91 oC; 1H NMR (400 MHz, 
CDCl3) δ 8.48-8.27 (m, 2H), 7.83-7.72 (m, 1H), 7.46-7.30 
(m, 2H), 7.07-6.88 (m, 2H), 3.91 (s, 3H), 3.57-3.33 (m, 
2.3H), 3.19 (dd, J = 15.2, 7.2 Hz, 0.7H), 2.70 (dd, J = 14.0, 
11.2 Hz, 0.7H), 2.56 (dd, J = 14.0, 7.2 Hz, 0.3H), 2.42 (dd, 
J = 14.0, 5.2 Hz, 0.3H), 2.11 (dd, J = 14.0, 3.6 Hz, 0.7H), 
1.89-1.71 (m, 2H), 1.71-1.54 (m, 3H), 1.51-1.38 (m, 1H), 
1.34-1.22 (m, 1H). 13C NMR (100 MHz, CDCl3) δ 173.3, 
173.3, 162.6, 162.4, 150.2, 150.2, 144.3, 144.2, 143.8, 
143.5, 131.8, 131.4, 128.1, 127.9, 125.9, 125.3, 125.2, 
124.8, 119.5, 119.3, 116.4, 115.6, 115.6, 115.5, 113.7, 
113.1, 112.2, 112.2, 75.9, 75.2, 67.3, 67.2, 55.7, 48.3, 48.0, 
47.8, 47.6, 31.3, 31.2, 30.3, 29.8, 25.9, 25.3. HRMS (ESI), 
m/z calcd. for C22H23N2O3 ([M+H]+) 363.1703, found: 
363.1709. 

5-methyl-3-phenyl-5-((tetrahydrofuran-2-
yl)methyl)benzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-
one (3j). Flash column chromatography (petroleum 
ether/ethyl acetate = 10:1) gave 95 mg of product as a light 
green solid in 78% yield; mp: 165-166 oC; 1H NMR (400 
MHz, CDCl3) δ 8.67-8.48 (m, 1H), 8.46-8.28 (m, 1H), 
7.91-7.79 (m, 1H), 7.77-7.59 (m, 4H), 7.56-7.35 (m, 5H), 
3.61-3.33 (m, 2.5H), 3.21 (dd, J = 15.2, 7.2 Hz, 0.5H), 
2.77 (dd, J = 13.6, 11.2 Hz, 0.5H), 2.64 (dd, J = 13.6, 7.2 
Hz, 0.5H), 2.53 (dd, J = 13.6, 5.6 Hz, 0.5H), 2.24 (dd, J = 
14.0, 3.2 Hz, 0.5H), 1.92-1.78 (m, 2H), 1.78-1.47 (m, 
4.5H), 1.38-1.27 (m, 0.5H). 13C NMR (100 MHz, CDCl3) 
δ 173.3, 173.3, 149.9, 149.9, 144.6, 144.4, 144.3, 144.2, 
142.2, 141.9, 140.2, 140.1, 131.9, 131.5, 129.1, 128.4, 
128.3, 127.3, 126.7, 126.5, 126.0, 125.6, 125.5, 125.3, 
124.8, 122.3, 121.5, 119.9, 119.7, 115.8, 115.7, 76.0, 75.2, 
67.3, 67.3, 48.2, 47.9, 47.8, 47.6, 31.4, 30.3, 29.9, 25.8, 
25.4. HRMS (ESI), m/z calcd. for C27H25N2O2 ([M+H]+) 
409.1911, found: 409.1917. 

3-chloro-5-methyl-5-((tetrahydrofuran-2-
yl)methyl)benzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-
one (3k). Flash column chromatography (petroleum 
ether/ethyl acetate = 15:1) gave 87 mg of product as a 
white solid in 79% yield; mp: 139-140 oC; 1H NMR (400 
MHz, CDCl3) δ 8.50-8.27 (m, 2H), 7.87-7.70 (m, 1H), 
7.54-7.32 (m, 4H), 3.55-3.28 (m, 2.5H), 3.17 (dd, J = 14.8, 
7.2 Hz, 0.5H), 2.71 (dd, J = 14.0, 11.6 Hz, 0.5H), 2.57 (dd, 
J = 14.0, 6.4 Hz, 0.5H), 2.36 (dd, J = 14.0, 6.4 Hz, 0.5H), 
2.12 (dd, J = 14.0, 3.2 Hz, 0.5H), 1.91-1.71 (m, 2.5H), 
1.69-1.39 (m, 4H), 1.36-1.22 (m, 0.5H). 13C NMR (100 
MHz, CDCl3) δ 172.6, 172.5, 149.2, 149.1, 144.1, 144.0, 
143.7, 143.1, 137.9, 137.6, 131.8, 131.4, 128.3, 128.2, 
127.6, 127.3, 126.9, 126.4, 126.1, 125.8 , 125.6, 125.5, 

122.1, 121.3, 119.9, 119.8, 115.7, 115.6, 75.8, 75.0, 67.4, 
67.3, 48.1, 47.9, 47.5, 31.5, 31.3, 30.0, 29.6, 25.7, 25.3. 
HRMS (ESI), m/z calcd. for C21H20ClN2O2 ([M+H]+) 
367.1208, found: 367.1201. 

3-bromo-5-methyl-5-((tetrahydrofuran-2-
yl)methyl)benzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-
one (3l). Flash column chromatography (petroleum 
ether/ethyl acetate = 10:1) gave 79 mg of product as a 
yellow solid in 64% yield; mp: 121-122 oC; 1H NMR (400 
MHz, CDCl3) δ 8.41-8.28 (m, 2H), 7.85-7.76 (m, 1H), 
7.68-7.56 (m, 2H), 7.49-7.36 (m, 2H), 3.57-3.45 (m, 1H), 
3.45-3.29 (m, 1.5H), 3.18 (dd, J = 15.2, 7.2 Hz, 0.5H), 
2.72 (dd, J = 14.0, 11.6 Hz, 0.5H), 2.57 (dd, J = 14.4, 6.4 
Hz, 0.5H), 2.37 (dd, J = 14.0, 6.4 Hz, 0.5H), 2.12 (dd, J = 
14.4, 3.6 Hz, 0.5H), 1.88-1.71 (m, 3H), 1.71-1.43 (m, 3H), 
1.36-1.26 (m, 1H). 13C NMR (100 MHz, CDCl3) δ 172.6, 
172.5, 149.3, 149.2, 144.1, 144.0, 143.9, 143.3, 131.9, 
131.4, 131.2, 131.1, 129.9, 129.4, 127.7, 127.4, 126.3, 
126.2, 126.1, 125.9, 125.6, 125.6, 122.6, 121.7, 120.0, 
119.8, 115.8, 115.7, 75.8, 75.0, 67.4, 67.4, 48.1, 47.9, 47.9, 
47.5, 31.5, 31.4, 30.1, 29.6, 25.7, 25.4. HRMS (ESI), m/z 
calcd. for C21H20BrN2O2 ([M+H]+) 411.0703, found: 
411.0699. 

3-iodo-5-methyl-5-((tetrahydrofuran-2-
yl)methyl)benzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-
one (3m). Flash column chromatography (petroleum 
ether/ethyl acetate = 10:1) gave 93 mg of product as a 
white solid in 68% yield; mp: 124-125 oC; 1H NMR (400 
MHz, CDCl3) δ 8.43-8.29 (m, 1H), 8.27-8.11 (m, 1H), 
7.92-7.70 (m, 3H), 7.52-7.35 (m, 2H), 3.57-3.45 (m, 1H), 
3.45-3.29 (m, 1.5H), 3.17 (dd, J = 14.4, 6.8 Hz, 0.5H), 
2.70 (dd, J = 13.6, 11.6 Hz, 0.5H), 2.56 (dd, J = 14.0, 6.8 
Hz, 0.5H), 2.36 (dd, J = 14.0, 6.0 Hz, 0.5H), 2.12 (dd, J = 
14.0, 3.2 Hz, 0.5H), 1.90-1.71 (m, 3H), 1.69-1.39 (m, 3H), 
1.37-1.21 (m, 1H). 13C NMR (100 MHz, CDCl3) δ 172.5, 
172.4, 149.4, 149.3, 144.1, 144.0, 143.7, 143.2, 136.9, 
135.8, 135.4, 131.9, 131.4, 127.5, 127.2, 126.2, 126.0, 
125.6, 125.6, 123.0, 122.2, 120.0, 119.8, 115.8, 115.7, 98.5, 
98.2, 75.8, 75.0, 67.4, 67.4, 48.1, 47.8, 47.6, 47.3, 31.4, 
31.3, 30.1, 29.6, 25.7, 25.4. HRMS (ESI), m/z calcd. for 
C21H20IN2O2 ([M+H]+) 459.0564, found: 459.0569. 

5-methyl-6-oxo-5-((tetrahydrofuran-2-yl)methyl)-5,6-
dihydrobenzo[4,5]imidazo[2,1-a]isoquinoline-3-
carbonitrile (3n). Flash column chromatography 
(petroleum ether/ethyl acetate = 20:3) gave 67 mg of 
product as a white solid in 63% yield; mp: 101-102 oC; 1H 
NMR (400 MHz, CDCl3) δ 8.65-8.50 (m, 1H), 8.42-8.32 
(m, 1H), 7.88-7.69 (m, 3H), 7.54-7.38 (m, 2H), 3.58-3.49 
(m, 0.5H), 3.48-3.34 (m, 1H), 3.34-3.23 (m, 1H), 3.16 (dd, 
J = 14.8, 6.8 Hz, 0.5H), 2.76 (dd, J = 14.0, 11.6 Hz, 0.5H), 
2.60 (dd, J = 14.4, 5.2 Hz, 0.5H), 2.31 (dd, J = 14.0, 7.6 
Hz, 0.5H), 2.17 (dd, J = 14.0, 3.2 Hz, 0.5H), 1.91-1.73 (m, 
3H), 1.72-1.44 (m, 3.5H), 1.38-1.26 (m, 0.5H). 13C NMR 
(100 MHz, CDCl3) δ 172.0, 148.3, 148.0, 144.1, 144.0, 
143.3, 142.3, 131.9, 131.5, 130.9, 130.8, 130.6, 130.5, 
127.5, 126.9, 126.6, 126.6, 126.5, 126.4, 126.3, 125.9, 
120.4, 120.3, 118.4, 118.3, 115.9, 115.8, 114.7, 114.6, 75.8, 
74.9, 67.6, 67.5, 48.1, 48.0, 47.5, 31.9, 31.3, 30.0, 29.5, 
25.4, 25.4. HRMS (ESI), m/z calcd. for C22H20N3O2 
([M+H]+) 358.1550, found: 358.1547. 

5-methyl-5-((tetrahydrofuran-2-yl)methyl)-3-
(trifluoromethyl)benzo[4,5]imidazo[2,1-a]isoquinolin-
6(5H)-one (3o). Flash column chromatography (petroleum 
ether/ethyl acetate = 15:1) gave 80 mg of product as a 
white solid in 67% yield; mp: 105-106 oC; 1H NMR (400 
MHz, CDCl3) δ 8.69-8.53 (m, 1H), 8.47-8.31 (m, 1H), 
7.91-7.65 (m, 3H), 7.53-7.37 (m, 2H), 3.62-3.50 (m, 0.5H), 
3.49-3.36 (m, 1H), 3.34-3.24 (m, 1H), 3.17 (dd, J = 14.8, 
7.2 Hz, 0.5H), 2.76 (dd, J = 14.0, 11.6 Hz, 0.5H), 2.60 (dd, 
J = 14.0, 5.6 Hz, 0.5H), 2.38 (dd, J = 14.0, 7.2 Hz, 0.5H), 
2.20 (dd, J = 14.0, 3.2 Hz, 0.5H), 1.9-1.74 (m, 3H), 1.74-
1.54 (m, 3H), 1.38-1.27 (m, 1H). 13C NMR (100 MHz, 
CDCl3) δ 172.5, 148.7, 148.6, 144.1, 144.0, 143.0, 142.1, 
133.0 (q, J = 28.7 Hz), 131.9, 131.5, 126.9, 126.8, 126.5, 
126.3, 126.0, 125.9, 125.9, 125.8, 124.6, 124.5 (q, J = 3.6 
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Hz), 124.3 (q, J = 3.6 Hz), 123.9 (q, J = 272.2 Hz), 123.8 
(q, J = 3.9 Hz), 123.3 (q, J = 3.8 Hz), 120.3, 120.1, 115.9, 
115.8, 75.8, 75.0, 67.4, 48.2, 48.2, 48.0, 47.7, 31.7, 31.4, 
30.1, 29.6, 25.5, 25.4. 19 F NMR (376 MHz, CDCl3): -
62.73, -62.82. HRMS (ESI), m/z calcd. for C22H20F3N2O2 
([M+H]+) 401.1471, found: 401.1465. 

Methyl 5-methyl-6-oxo-5-((tetrahydrofuran-2-
yl)methyl)-5,6-dihydrobenzo[4,5]imidazo [2,1-
a]isoquinoline-3-carboxylate (3p). Flash column 
chromatography (petroleum ether/ethyl acetate = 5:1) gave 
86 mg of product as a white solid in 74% yield; mp: 144-
145 oC; 1H NMR (400 MHz, CDCl3) δ 8.65-8.47 (m, 1H), 
8.44-8.30 (m, 1H), 8.24-8.03 (m, 2H), 7.89-7.76 (m, 1H), 
7.52-7.32 (m, 2H), 3.98 (s, 1.5H), 3.97 (s, 1.5H), 3.56-3.21 
(m, 2.5H), 3.20-3.09 (m, 0.5H), 2.80-2.67 (m, 0.5H), 2.65-
2.55 (m, 0.5H), 2.51-2.40 (m, 0.5H), 2.30-2.19 (m, 0.5H), 
1.89-1.75 (m, 2H), 1.74-1.48 (m, 4H), 1.35-1.20 (m, 1H). 
13C NMR (100 MHz, CDCl3) δ 172.9, 172.8, 166.5, 166.3, 
149.1, 149.0, 144.2, 144.1, 142.3, 141.6, 132.6, 132.5, 
132.0, 131.5, 128.5, 128.5, 128.1, 127.8, 127.4, 126.5, 
126.3, 126.2, 126.0, 125.9, 125.7, 120.2, 120.1, 115.9, 
115.8, 75.9, 75.1, 67.4, 52.6, 48.1, 48.0, 47.6, 31.5, 31.3, 
30.0, 29.6, 25.6, 25.4. HRMS (ESI), m/z calcd. for 
C23H23N2O4 ([M+H]+) 391.1652, found: 391.1659. 

5-methyl-3-(methylsulfonyl)-5-((tetrahydrofuran-2-
yl)methyl)benzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-
one (3q). Flash column chromatography (petroleum 
ether/ethyl acetate = 3:1) gave 86 mg of product as a 
colorless oil in 70% yield; 1H NMR (400 MHz, CDCl3) δ 
8.71 (d, J = 8.2 Hz, 0.5H), 8.65 (d, J = 8.2 Hz, 0.5H), 8.44-
8.33 (m, 1H), 8.13-7.94 (m, 2H), 7.89-7.80 (m, 1H), 7.52-
7.40 (m, 2H), 3.61-3.51 (m, 0.5H), 3.48-3.33 (m, 1H), 3.25 
(t, J = 6.8 Hz, 1H), 3.19-3.07 (m, 3.5H), 2.76 (dd, J = 14.0, 
11.6 Hz, 0.5H), 2.64 (dd, J = 14.0, 4.4 Hz, 0.5H), 2.38 (dd, 
J = 14.0, 8.0 Hz, 0.5H), 2.25 (dd, J = 14.0, 3.6 Hz, 0.5H), 
1.88-1.74 (m, 3H), 1.72-1.45 (m, 3.5H), 1.39-1.29 (m, 
0.5H). 13C NMR (100 MHz, CDCl3) δ 172.2, 172.2, 148.3, 
148.0, 144.1, 144.0, 143.7, 142.7, 142.4, 131.9, 131.5, 
128.3, 127.4, 127.4, 127.0, 126.6, 126.4, 126.4, 126.3, 
126.1, 126.0, 125.5, 120.4, 120.3, 115.9, 115.8, 76.0, 75.0, 
67.5, 67.5, 48.6, 47.9, 47.9, 47.6, 44.6, 32.0, 31.3, 30.0, 
29.8, 25.4, 25.3. HRMS (ESI), m/z calcd. for C22H23N2O4S 
([M+H]+) 411.1373, found: 411.1377. 

4-methyl-4-((tetrahydrofuran-2-
yl)methyl)benzo[4,5]imidazo[1,2-a]thieno[2,3-c]pyridin-
5(4H)-one (3r). Flash column chromatography (petroleum 
ether/ethyl acetate = 5:1) gave 62 mg of product as a white 
solid in 61% yield; mp: 99-100 oC; 1H NMR (400 MHz, 
CDCl3) δ 8.38-8.26(m, 1H), 7.82-7.71 (m, 1H), 7.59 (d, J = 
5.2 Hz, 1H), 7.45-7.32 (m, 2H), 7.14 (d, J = 5.2 Hz, 0.5H), 
7.06 (d, J = 5.2 Hz, 0.5H), 3.60-3.35 (m, 2.5H), 3.23 (dd, J 
= 14.4, 7.2 Hz, 0.5H), 2.64 (dd, J = 13.6, 11.2 Hz, 0.5H), 
2.55 (dd, J = 13.6, 7.2 Hz, 0.5H), 2.36 (dd, J = 13.6, 5.2 
Hz, 0.5H), 2.06 (dd, J = 13.6, 3.2 Hz, 0.5H), 1.84-1.55 (m, 
6H), 1.49-1.39 (m, 0.5H), 1.36-1.27 (m, 0.5H). 13C NMR 
(100 MHz, CDCl3) δ 173.8, 147.9, 147.2, 147.0, 146.9, 
144.1, 144.0, 131.3, 130.9, 130.8, 130.6, 126.2, 125.9, 
125.6, 125.5, 125.4, 125.3, 124.4, 123.3, 119.8, 119.6, 
115.3, 115.2, 76.0, 75.4, 67.5, 67.2, 48.1, 47.9, 47.6, 47.2, 
31.5, 31.3, 29.1, 29.0, 25.8, 25.3. HRMS (ESI), m/z calcd. 
for C19H19N2O2S ([M+H]+) 339.1162, found: 339.1167. 

7-methyl-7-((tetrahydrofuran-2-
yl)methyl)benzo[h]benzo[4,5]imidazo[2,1-a]isoquinolin-
8(7H)-one (3s). Flash column chromatography (petroleum 
ether/ethyl acetate = 30:1) gave 100 mg of product as a 
colorless oil in 87% yield; 1H NMR (400 MHz, CDCl3) δ 
10.64-10.47 (m, 1H), 8.53-8.41 (m, 1H), 8.07-7.99 (m, 1H), 
7.99-7.88 (m, 2H), 7.87-7.77 (m, 1H), 7.68-7.44 (m, 4H), 
3.58-3.26 (m, 2.5H), 3.16 (dd, J = 14.8, 7.2 Hz, 0.5H), 
2.80 (dd, J = 14.2, 11.2 Hz, 0.5H), 2.70 (dd, J = 14.0, 8.0 
Hz, 0.5H), 2.62 (dd, J = 13.6, 4.8 Hz, 0.5H), 2.29 (dd, J = 
14.0, 3.6 Hz, 0.5H), 1.87-1.59 (m, 5H), 1.53-1.37 (m, 
1.5H), 1.34-1.28 (m, 0.5H).13C NMR (100 MHz, CDCl3) δ 
173.5, 173.3, 150.3, 150.1, 144.3, 144.2, 142.3, 141.9, 
132.8, 132.8, 132.7, 132.4, 131.0, 130.6, 130.5, 130.4, 

128.8, 128.7, 128.5, 128.5, 128.4, 128.2, 126.9, 126.8, 
126.0, 125.9, 125.6, 125.4, 123.7, 123.3, 120.3, 120.1, 
118.7, 117.8, 115.9, 115.8, 76.1, 75.3, 67.3, 67.2, 48.0, 
47.8, 47.3, 31.4, 31.1, 30.1, 30.1, 25.8, 25.4. HRMS (ESI), 
m/z calcd. for C25H23N2O2 ([M+H]+) 383.1754, found: 
383.1759. 

1,3,5-trimethyl-5-((tetrahydrofuran-2-
yl)methyl)benzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-
one (3t). Flash column chromatography (petroleum 
ether/ethyl acetate = 20:1) gave 91 mg of product as a 
white solid in 84% yield; mp: 104-105 oC; 1H NMR (400 
MHz, CDCl3) δ 8.44-8.35 (m, 1H), 7.85-7.77 (m, 1H), 
7.45-7.34 (m, 2H), 7.23-7.07 (m, 2H), 3.53 (dd, J = 14.8, 
7.3 Hz, 1H), 3.47-3.34 (m, 1.5H), 3.20 (dd, J = 15.0, 7.3 
Hz, 0.5H), 3.03 (s, 1.5H), 3.01 (s, 1.5H), 2.71 (dd, J = 13.8, 
11.1 Hz, 0.5H), 2.59-2.34 (m, 4.5H), 2.13 (dd, J = 13.9, 
3.3 Hz, 0.5H), 1.81-1.65 (m, 4.5H), 1.49-1.30 (m, 2H). 13C 
NMR (100 MHz, CDCl3) δ 173.7, 173.5, 150.5, 150.3, 
144.4, 144.4, 142.6, 140.9, 140.4, 139.8, 139.7, 132.2, 
132.1, 131.1, 130.7, 125.7, 125.5, 125.1, 125.1, 124.7, 
120.0, 119.9, 119.5, 118.8, 115.8, 115.7, 76.0, 75.3, 67.2, 
67.2, 48.5, 48.4, 47.5, 47.3, 31.4, 31.0, 30.8, 30.0, 26.0, 
25.4, 24.7, 24.6, 21.8, 21.8. HRMS (ESI), m/z calcd. for 
C23H25N2O2 ([M+H]+) 361.1911, found: 361.1919. 

2,4-dichloro-5-methyl-5-((tetrahydrofuran-2-
yl)methyl)benzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-
one (3u). Flash column chromatography (petroleum 
ether/ethyl acetate = 50:1) gave 50 mg of product as a 
white solid in 41% yield; mp: 97-98 oC; 1H NMR (400 
MHz, CDCl3) δ 8.59 (d, J = 2.2 Hz, 0.65H), 8.54 (d, J = 
2.2 Hz, 0.35H), 8.41-8.30 (m, 1H), 7.86-7.78 (m, 1H), 7.55 
(d, J = 2.2 Hz, 1H), 7.48-7.41 (m, 2H), 3.61-3.47 (m, 1H), 
3.37-3.25 (m, 1.65H), 3.18-3.09 (m, 1.35H), 2.67 (dd, J = 
14.2, 11.8 Hz, 0.65H), 2.55 (dd, J = 14.3, 5.5 Hz, 0.35H), 
1.95 (s, 1H), 1.89-1.76 (m, 3.5H), 1.68-1.47 (m, 2.5H). 13C 
NMR (100 MHz, CDCl3) δ 173.1, 172.9, 148.2, 148.1, 
144.1, 144.0, 136.6, 135.6, 134.5, 134.3, 134.2, 134.0, 
131.8, 131.4, 127.5, 126.5, 126.4, 126.2, 125.9, 125.6, 
125.2, 120.2, 120.0, 116.0, 115.8, 76.4, 75.7, 67.7, 67.3, 
49.2, 43.7, 42.7, 31.5, 31.2, 25.8, 25.5, 25.5, 25.0. HRMS 
(ESI), m/z calcd. for C21H19Cl2N2O2 ([M+H]+) 401.0818, 
found: 401.0811. 

1,3-dichloro-5-methyl-5-((tetrahydrofuran-2-
yl)methyl)benzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-
one (3v). Flash column chromatography (petroleum 
ether/ethyl acetate = 10:1) gave 102 mg of product as a 
white solid in 85% yield; mp: 185-186 oC; 1H NMR (400 
MHz, CDCl3) δ 8.47-8.28 (m, 1H), 7.98-7.81 (m, 1H), 
7.62-7.51 (m, 1H), 7.50-7.33 (m, 3H), 3.59-3.27 (m, 2.5H), 
3.15 (dd, J = 14.8, 7.2 Hz, 0.5H), 2.74 (dd, J = 13.6, 11.6 
Hz, 0.5H), 2.52 (dd, J = 14.0, 6.0 Hz, 0.5H), 2.30 (dd, J = 
14.0, 6.8 Hz, 0.5H), 2.12 (dd, J = 14.0, 3.2 Hz, 0.5H), 
1.85-1.48 (m, 6.5H), 1.35-1.28 (m, 0.5H). 13C NMR (100 
MHz, CDCl3) δ 171.8, 171.7, 146.7, 146.1, 145.6, 144.0, 
143.9, 136.6, 136.4, 134.5, 134.3, 131.1, 131.0, 130.5, 
126.5, 126.2, 126.1, 125.9, 125.6, 125.4, 120.8, 120.7, 
120.3, 119.6, 115.7, 75.7, 74.8, 67.5, 67.4, 48.6, 48.4, 48.3, 
47.8, 31.6, 31.4, 30.5, 29.3, 25.6, 25.4. HRMS (ESI), m/z 
calcd. for C21H19Cl2N2O2 ([M+H]+) 401.0818, found: 
401.0823. 

5-((1,4-dioxan-2-yl)methyl)-5-
methylbenzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-one 
(3w). Flash column chromatography (petroleum ether/ethyl 
acetate = 5:1) gave 82 mg of product as a white solid in 
79% yield; mp: 99-100 oC; 1H NMR (400 MHz, CDCl3) δ 
8.55-8.42 (m, 1H), 8.41-8.27 (m, 1H), 7.86-7.74 (m, 1H), 
7.63-7.52 (m, 1H), 7.52-7.35 (m, 4H), 3.50-3.10 (m, 5H), 
3.12-2.79 (m, 2H), 2.63 (dd, J = 14.0, 11.2 Hz, 0.5H), 2.43 
(dd, J = 14.0, 4.8 Hz, 0.5H), 2.19 (dd, J = 14.4, 6.4 Hz, 
0.5H), 1.95 (dd, J = 14.0, 2.4 Hz, 0.5H), 1.74 (s, 1.5H), 
1.72 (s, 1.5H). 13C NMR (100 MHz, CDCl3) δ 173.2 173.0, 
150.0, 150.0, 144.2, 144.0, 141.7, 140.8, 131.8, 131.7, 
131.5, 128.0, 127.9, 126.6, 126.2, 126.1, 126.0, 125.7, 
125.7, 125.5, 123.5, 122.8, 119.9, 119.7, 115.8, 115.7, 73.1, 
72.7, 70.7, 70.5, 66.5, 66.5, 66.2, 66.0, 47.5, 46.5, 44.2, 
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43.8, 29.6, 29.3. HRMS (ESI), m/z calcd. for C21H21N2O3 
([M+H]+) 349.1547, found: 349.1553. 

5-methyl-5-((tetrahydro-2H-pyran-2-
yl)methyl)benzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-
one (3x). Flash column chromatography (petroleum 
ether/ethyl acetate = 15:1) gave 70 mg of product as a 
white solid in 68% yield; mp: 180-181 oC; 1H NMR (400 
MHz, CDCl3) δ 8.63-8.26 (m, 2H), 7.90-7.68 (m, 1H), 
7.63-7.34 (m, 5H), 3.46 (d, J = 9.2 Hz, 0.5H), 3.01 (dd, J = 
10.8, 3.6 Hz, 1H), 2.88 (td, J = 11.2, 2.4 Hz, 0.5H), 2.68 
(dd, J = 13.6, 11.2 Hz, 0.5H), 2.54 (t, J = 10.4 Hz, 0.5H), 
2.48-2.37 (m, 1H), 2.26 (dd, J = 14.2, 7.6 Hz, 0.5H), 2.02 
(dd, J = 14.0, 2.0 Hz, 0.5H), 1.82-1.68 (m, 3H), 1.41-0.98 
(m, 6H). 13C NMR (100 MHz, CDCl3) δ 173.6, 173.4, 
150.3, 150.1, 144.2, 144.0, 142.5, 141.5, 131.9, 131.6, 
127.7, 127.5, 126.7, 126.4, 125.9, 125.8, 125.5, 125.5, 
125.4, 123.6, 122.6, 119.8, 119.5, 115.9, 115.7, 75.3, 74.9, 
68.2, 68.1, 50.2, 49.1, 47.8, 46.9, 31.9, 31.4, 29.0, 28.8, 
25.5, 25.1, 23.3, 23.1. HRMS (ESI), m/z calcd. for 
C22H23N2O2 ([M+H]+) 347.1754, found: 347.1759. 

5-((1,3-dioxolan-2-yl)methyl)-5-
methylbenzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-one 
(3y). Flash column chromatography (petroleum ether/ethyl 
acetate = 8:1) gave 74 mg of product as a white solid in 
74% yield; mp: 135-136 oC; 1H NMR (400 MHz, CDCl3) 
δ 8.48 (d, J = 7.6 Hz, 1H), 8.43-8.35(m, 1H), 7.86-7.78(m, 
1H), 7.60-7.53 (m, 1H), 7.53-7.40 (m, 4H), 4.56 (dd, J = 
7.6, 2.4 Hz, 1H), 3.61 (dd, J = 14.0, 6.8 Hz, 1H), 3.53 (dd, 
J = 14.0, 7.2 Hz, 1H), 3.43-3.32 (m, 2H), 2.87 (dd, J = 
14.0, 7.2 Hz, 1H), 2.51 (dd, J = 14.0, 2.4 Hz, 1H), 1.71 (s, 
3H). 13C NMR (100 MHz, CDCl3) δ 173.0 149.9, 144.1, 
141.0, 131.7, 131.6, 127.8, 126.7, 126.0, 125.7, 125.5, 
122.8, 119.7, 115.8, 101.53, 65.0, 64.5, 46.2, 45.1, 30.4. 
HRMS (ESI), m/z calcd. for C20H19N2O3 ([M+H]+) 
335.1390, found: 335.1397. 
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