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Abstract — An convenient and one-pot synthesis of pyrrolo[2,1-a]isoquinolines
via the tandem reaction of methyl(phenyl)vinylselenonium salt with isoquinoline
and 2-bromoethanones has been developed, which features very mild conditions,
available substrates, simple experimental procedures, moderate to good yields,

and wide functional group tolerance.

As a class of important nitrogen-containing heterocycles, pyrrolo[2,1-a]isoquinoline derivatives are
widely found in marine alkaloids® such as gephyrotoxin,t¢ lamellarines,Xf and jamtines,2¢ and exhibit a
wide array of biological activities,2¢ such as anti-inflammatory, cardiovascular, antidepressant,
anticancer and HIV-1 integrase inhibiting activities. Pyrrolo[2,1-a]isoquinolines also have applications in
material science as organic light-emitting devices, biological markers, and dyes.2¢ Therefore,
pyrrolo[2,1-a]isoquinolines with diverse substituents have become important synthetic targets.2 As a part
of our program on developing a convenient and efficient method to valuable pyrrolo[2,1-a]isoquinolines
using trivalent, tricoordinated selenonium salts, we were particularly interested in finding efficient
approaches to 2,3-unsubstituted pyrrolo[2,1-a]isoquinolines because they are important precursors of the
synthesis of potently cytotoxic analogues of the marine alkaloid lamellarin D.# Among the existing
synthetic protocols to pyrrolo[2,1-a]isoquinolines®® such as cycloadditions,® 1,5-electrocyclizations,® and
transition metal catalyzed carbon-nitrogen bond formation reactions,” however, the methodologies to
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directly construct 2,3-unsubstituted pyrrolo[2,1-a]isoquinolines are few and conventionally required
multiple steps and special alkene substrates such as nitroketene dithioacetals.>%? The 2,3-unsubstituted
1-acylpyrrolo[2,1-a]isoquinolines were obtained by Xu’s group via a cascade reaction between
isoquinolinium ylide and maleic anhydride, including the 1,3-dipolar cycloaddition reaction, the oxidative
bisdecarboxylation, and the subsequent dehydrogenative aromatization.2 However, this elegant method
required an excess of oxidant and high temperature. Recently, Jargensen has reported an efficient
synthesis of indolizines via 5-exo-dig aza-Conia-ene reaction, but only one example of 2,3-unsubstituted
1-acylpyrrolo[2,1-a]isoquinoline was presented.’® Xiaolr has reported a synthetic method of
2,3-unsubstituted pyrrolo[2,1-a]isoquinolines via 1,3-dipolar cycloaddition of stabilized isoquinolinium
N-ylides with diphenyl(vinyl)sulfonium salt. Inspired by Xiao’s work!! and considering that vinyl-
selenonium salts have the same reaction properties as the vinylsulfonium salts, and this kind of trivalent
and tricoordinated selenonium salts have been established as valuable and versatile intermediates;2
furthermore, the isoquinolinium N-ylides are easily formed at room temperature via the N-alkylation of
isoquinoline with 2-bromoethanones,!t we envisioned that the N-alkylation of isoquinoline and the
cascade reactions of vinylselenonium salt could be performed in one-pot procedure to access the
2,3-unsubstituted pyrrolo[2,1-a]isoquinolines efficiently. Herein, we report a tandem reaction of the
methyl(phenyl)vinylselenonium salt with isoquinoline and 2-bromoethanones to access 2,3-unsubstituted
pyrrolo[2,1-a]isoquinolines efficiently and conveniently under mild conditions and in moderate to good
yields. To the best of our knowledge, this is the first reported one-pot synthesis of the
pyrrolo[2,1-a]isoquinolines by using the methyl(phenyl)vinylselenonium salt as the Michael acceptors
against nucleophiles to produce saturated alkyl ylides, which are among the most important synthons of
the carbon-carbon bond.

Initially, isoquinoline 1 and 2-bromo-1-phenylethanone 2al® were chosen as model substrates with
methyl(phenyl)vinylselenonium tetrafluoroborate 32 as the selenium (III) source. As depicted in Table 1,
this reaction was rather sluggish in the absence of a base, and pyrrolo[2,1-a]isoquinoline 8a was formed
in less than 5% yield when 2.0 equivalents of KoCOz and 1.0 equivalent of 1,4-diazabicyclo[2.2.2]octane
(DABCO) were used (Table 1, entries 1, 20, 7, and 14). A survey of several bases and solvents revealed
that DMF was optimal and DABCO was confirmed to be better than other bases (Table 1, entries 2-12).
We then screened the amount of the base and found that at least 3.0 equivalents of DABCO was needed
in the cascade reaction, and the product 8a was obtained in 65% yield when the reaction was performed in
the presence of 3.0 or 5.0 equivalents of DABCO in DMF at room temperature for 34 hours (Table 1,
entries 17 and 19). The yield was slightly decreased when the reaction time was extended to 2 days (Table
1, entries 13 and 15) whereas the yield was less than 50% when the reaction was performed at 40 °C for

48 hours or at room temperature for one day (Table 1, entries 16 and 18).
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Scheme 1. Synthesis of pyrrolo[2, 1-a]isoquinoline 8a

Table 1. Optimization of the reaction of selenonium salt 3 with 1 and 2a?

Amount . Isolated
Entry Base of Base Solvent® Tem;())erature fime yield of 8a

(equiv) = ® (%)
1 - - DCM rt 48 nr
2 DBU 2.0 DCM rt 48 36
3 NaH 2.0 DCM rt 48 32
4 t-BuOK 2.0 DCM rt 48 33
5 CsCOs3 2.0 DCM rt 48 27
6 EtsN 2.0 DCM rt 48 18
7 K2CO3 2.0 DCM rt 48 <5
8 DABCO 2.0 DCM rt 48 18
9 DBU 2.0 DMF rt 48 46
10 DABCO 2.0 DMF rt 48 52
11 DABCO 2.0 MeCN rt 48 26
12 DABCO 2.0 THF rt 48 50
13 DABCO 3.0 DMF rt 48 60
14 DABCO 1.0 DMF rt 48 <5
15 DABCO 5.0 DMF rt 48 61
16 DABCO 3.0 DMF 40 48 42
17 DABCO 3.0 DMF rt 34 65
18 DABCO 3.0 DMF rt 24 45
19 DABCO 5.0 DMF rt 34 65
20 - - DMF rt 48 nr

®The reaction was performed on a 0.5 mmol scale in 6 mL solvent, using 1.2 equiv. of selenonium 3; the
ratio of 1 and 2a is 1:1; the solution of 1 and 2a was stirred for 10 h to form isoquinolinium bromides 4 in
situ. Then the base and selenonium 3 were added and the mixture was stirred for an additional time to
obtain the target product 8a.
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Mechanistically, isoquinolinium bromides 4 are derived in situ from isoquinoline (1) and
2-bromoethanones 2. The deprotonation of the salts 4 with DABCO as a base generates isoquinolinium
N-ylides 5 which takes part in a 1,3-dipolar cycloaddition with methyl(phenyl)vinylselenonium
tetrafluoroborate (3) to form the intermediates 6. The further elimination of methyl phenyl selenide and
deprotonation of 6 in the presence of the base yields the intermediates 7 which subsequently undergoes

aromatization to access pyrrolo[2,1-a]isoquinolines 8 (Scheme 2).
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Scheme 2. Mechanistic hypothesis for the one-pot synthesis of pyrrolo[2,1-a]isoquinolines 8 via the
tandem reaction of methyl(phenyl)vinylselenonium tetrafluoroborate (3) with isoquinoline (1) and

2-bromoethanones 2

With the optimal conditions established, the scope of the substrate 2 was explored. As summarized in
Table 2, this one-pot process appeared to be tolerant with respect to significant structural variations in
2-bromoethanones 2. Various 2-bromoethanones 2 having phenyl group and the phenyl groups with
electron-donating substituents, electron-withdrawing substituents, halogen substituents, and phenyl
substituent take part in the reaction well and furnish the corresponding pyrrolo[2,1-a]isoquinolines 8 in
moderate to good yields. (Table 2, entries 1-11, 13). Furthermore, the products 8b-8g were obtained in
good yields from the o-, m-, and p-halogen-substituted phenylethanones 2b-2h (Table 2, entries 2-7). In
addition, 2-bromo-1-(naphthalen-2-yl)ethanone 21 could be successfully utilized for this transformation
whereas the reaction of 2-bromoactonitrile 2n only gave the product 8n in 40% yield and isoquinolinium
bromides 4n was formed as the main by-product in 32% yield. Furthermore, the yield increased slightly

when 1.5 equivalents of selenonium 3 was used (Table 2, entry 1).
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Table 2. One-pot synthesis of pyrrolo[2,1-a]isoquinolines 8

N
A Me DABCO (3.0 equiv
©Q\l TOBNRE Ph/\ée/?:4 DMIi, f, 32h) \N/ "
1 2 3 8
Entry R 2 Product 8 Yield of 8 (%)?
1 CsHsCO 2a 8a 65 (66")
2 2-FCsH4CO 2b 8b 70
3 2-CICeH4CO 2¢ 8c 62
4 3-FCeH4CO 2d 8d 68
5 3-CICeH4CO 2e 8e 60
6 4-FCeH4CO 2f 8f 75
7 4-CICsH4CO 2h 89 63
8 4-BrCe¢H4CO 29 8h 68
9 4-MeOCgH4CO 2i 8i 53
10 4-MeCeH4CO 2] 8j 55
11 2,4-CICeH3CO 2k 8k 69
12 2-naphthoyl 2l 8l 62
13 4-PhCgH4CO 2m 8m 67
14 CN 2n 8n 40

®The reaction was performed on a 0.5 mmol scale in 6 mL solvent, using 1.2 equiv. of selenonium 3;
the ratio of 1 and 2 is 1:1; the products 8 were obtained in isolated yields.
®1.5 equiv. of selenonium 3 was used.

In conclusion, we have developed an efficient and one-pot synthesis of pyrrolo[2,1-a]isoquinolines by a
reaction sequence of N-alkylation/deprotonation/1,3-dipolar cyclization/deselenenylation/aromatization of
isoquinoline, 2-bromoethanones, and methyl(phenyl)vinylselenonium salt. The target products were
obtained in moderate to good yields. Furthermore, the easy workup procedure, mild reaction conditions,
and the easily available substrates provide an approach that is well-suited for constructing the
pyrrolo[2,1-a]isoquinoline frameworks. The further modifications of the pyrrolo[2,1-a]isoquinolines and

the study on their bioactivities are currently ongoing.

EXPERIMENTAL
Melting points were measured with an X-6 micro-melting apparatus and were uncorrected. *H NMR and
13C NMR spectra were recorded using Bruker Avance 400 MHz spectrometer in CDCls with TMS as the

internal standard; chemical shifts were quoted in ppm and J values were given in Hz. IR spectra were
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recorded on a Thermo Nicolet Avatar 360 spectrometer. HRMS were performed on an Agllent LC/Msd
TOF instrument. Dry CH2Cl,, DMF, and MeCN were distilled from CaH.. Dry THF was distilled from
Na. Acetone was dried over anhydrous MgSQa. Isoquinoline 1 and bromoacetonitrile 1n were purchased
from Aladdin and Tansoole. 2-Bromoacetonphenones 213 and methyl(phenyl)vinylselenonium

tetrafluoroborate 3**® were prepared according to the literatures.

Typical procedure for the synthesis of methyl(phenyl)vinylselenonium tetrafluoroborate 3132

To a THF solution of vinylmagnesium bromide (1.0 mol/L, 30 mL, 30 mmol) was added a solution of
benzeneselenenyl bromide (7.08 g, 30.0 mmol) in dry THF (10 mL) dropwise at 0 °C over 1 h. After
having been stirred for an additional 1 h the reaction mixture was warmed to room temperature and stirred
for 3 h. Then the reaction mixture was diluted with aqueous NH4ClI and extracted with Et2O (3 x 50 mL).
The ethereal solution was dried over MgSQO4 and concentrated under reduced pressure. Purification by
column chromatography (silica gel, hexane, Rs = 0.7) gave phenyl vinyl selenide (3.29 g, 60%). To a
solution of phenyl vinyl selenide (2.02 g, 11.00 mmol) in MeCN (5 mL) was added methyl iodide (5 mL,
80.32 mmol). The solution was cooled to 0 °C and silver tetrafluoroborate (2.50 g, 12.20 mmol) was
added to the solution. The mixture was stirred for 5 h during which time silver iodide was precipitated.
The precipitate was filtered and washed with CH2Clz-hexane to give 3 (2.68 g) as a white solid in 85%
yield. Mp 81-83 °C. 'H NMR (400 MHz, DMSO-ds): 8 = 8.02-7.77 (m, 2H), 7.71-7.62 (m, 3H), 7.10 (dd,
J1=16.5, 9.0 Hz, 1H), 6.48 (dd, J1 = 9.0, 2.3 Hz, 1H), 6.30 (dd, J: = 16.5, 2.3 Hz, 1H), 3.16 (s, 3H) ppm;
13C NMR (100 MHz, CDCls): § = 132.85, 132.76, 130.91, 130.84, 129.10, 127.88, 24.95 ppm; IR (KBr):
vmax = 3051, 1590, 1482, 1445, 1295, 975, 761 cm*; HRMS m/z: calcd for CoH1:Se [M]* 199.0020;
found 199.0025.

General procedure for the synthesis of 1-acylpyrrolo[2,1-a]isoquinolines (8): Isoquinoline 1 (64.6 mg,
0.5 mmol) and 2-bormoethanones (2a-2m) or 2-bormoacetonitrile (2n) (0.5 mmol, 1.0 equiv) in DMF
(0.50 mL) were stirred at room temperature in a test tube with a stopper for 10 h to form isoquinolinium
salt 4 in situ. Then further DMF (5.5 mL) and methyl(phenyl)vinylselenonium trifluoroborate (3, 159.6
mg, 0.6 mmol) were added to the tube. The mixture was stirred for 5 min and was added DABCO (168.2
mg, 1.50 mmol). After the mixture was stirred for an additional 24 h (TLC monitoring), H20 (15 mL) was
added. Then the resultant mixture was extracted with EtOAc and the combined organic layer was dried
over MgSOs. After removal of the solvent in vacuum, the residue was purified by flash chromatography
(silica gel, petroleum ether/EtOAc = 10/1) to give the desired products 8.

Phenyl(pyrrolo[2,1-a]isoquinolin-3-yl)methanone (8a)L: Yellow solid, mp 144-145 °C. *H NMR (400
MHz, CDCls): 6 = 9.62 (d, J = 7.6 Hz, 1H), 8.22-8.16 (m, 1H), 7.87-7.83 (m, 2H), 7.74 (dd, J = 7.4, 1.8
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Hz, 1H), 7.61-7.46 (m, 5H), 7.32 (d, J = 4.5 Hz, 1H), 7.14 (d, J = 7.5 Hz, 1H), 7.06 (d, J = 4.5 Hz, 1H)
ppm; IR (KBr): vmax = 1611, 1574, 1468, 1450, 878, 751, 722, 690 cm™; HRMS m/z: calcd for C19H14NO
[M+H]* 272.1075; found 272.1080.

(2-Fluorophenyl)(pyrrolo[2,1-a]isoquinolin-3-yl)methanone (8b)!: Yellow solid, mp 161-162 °C. H
NMR (400 MHz, CDCls): 6 =9.66 (d, J = 7.6 Hz, 1H), 8.19 (dd, J: = 6.0, J> = 3.2 Hz, 1H), 7.78-7.72 (m,
1H), 7.63-7.47 (m, 4H), 7.29-7.17 (m, 5H), 7.05 (d, J = 4.5 Hz, 1H) ppm; IR (KBr): vmax = 1601, 1484,
1469, 1452, 882, 746 cm™*; HRMS m/z: calcd for C19H1sFNO [M+H]" 290.0981; found 290.0982.
(2-Chlorophenyl)(pyrrolo[2,1-aJisoquinolin-3-yl)methanone (8c)!: Yellow solid, mp 206-207 °C. H
NMR (400 MHz, CDCls): & = 9.56 (d, J = 7.6 Hz, 1H), 8.22-8.18 (m, 1H), 7.80 (d, J = 2.0 Hz, 1H), 7.79
(d, J = 2.0 Hz, 1H), 7.76-7.73 (m, 1H), 7.62-7.56 (m, 2H), 7.50-7.46 (m, 2H), 7.29 (d, J = 4.6 Hz, 1H),
7.16 (d, J = 7.6 Hz, 1H), 7.07 (d, J = 4.5 Hz, 1H) ppm; IR (KBr): vmax = 1612, 1468, 1450, 786, 746 cm *;
HRMS m/z: calcd for C1gH13CINO [M+H]" 306.0686; found 306.0685.
(3-Fluorophenyl)(pyrrolo[2,1-a]isoquinolin-3-yl)methanone (8d): Yellow solid, mp 168-169 °C. H
NMR (400 MHz, CDCls): & = 9.59 (d, J = 7.5 Hz, 1H), 8.41-8.07 (m, 1H), 7.74 (dd, J = 6.7, 2.4 Hz, 1H),
7.66-7.51 (m, 4H), 7.51-7.40 (m, 1H), 7.32 (d, J = 4.6 Hz, 1H), 7.26 (d, J = 3.1 Hz, 1H), 7.15(d, J = 7.6
Hz, 1H), 7.07 (d, J = 4.5 Hz, 1H) ppm; *C NMR (100 MHz, CDCls): § = 183.64, 162.46 (d, J = 247.5
Hz), 142.72, 137.40, 129.88, 129.84 (d, J = 7.7 Hz), 128.27, 127.88, 126.99, 125.93 (d, J = 25.4 Hz),
124.86, 124.83, 124.61, 123.76, 118.04 (d, J = 21.1 Hz), 116.16, 115.93, 113.67, 102.27 ppm; IR (KBr):
vmax = 1600, 1484, 1465, 1451, 880, 790, 706 cm™*; HRMS m/z: calcd for C19H13FNO [M+H]* 290.0981;
found 290.0977.

(3-Chlorophenyl)(pyrrolo[2,1-a]isoquinolin-3-yl)methanone (8e): Yellow solid, mp 195-196 °C. 'H
NMR (400 MHz, CDCls): § = 9.59 (d, J = 7.5 Hz, 1H), 8.22-8.16 (m, 1H), 7.83-7.80 (m, 1H), 7.75-7.70
(m, 2H), 7.62-7.52 (m, 3H), 7.45-7.41 (m, 1H), 7.30 (d, J = 4.5 Hz, 1H), 7.15 (d, J = 7.6 Hz, 1H), 7.07 (d,
J = 4.5 Hz, 1H) ppm; IR (KBr): vmax = 1611, 1560, 1465, 806, 790, 726 cm!; HRMS m/z: calcd for
C19H13CINO [M+H]" 306.0686; found 306.0680.
(4-Fluorophenyl)(pyrrolo[2,1-a]isoquinolin-3-yl)methanone (8f)LL: Yellow solid, mp 189-190 °C. *H
NMR (400 MHz, CDCls): 6 = 9.56 (d, J = 7.6 Hz, 1H), 8.19 (d, J = 7.2 Hz, 1H), 7.87 (dd, J = 5.6, 8.0 Hz,
2H), 7.76-7.72 (m, 1H), 7.62-7.54 (m, 2H), 7.29 (d, J = 4.5 Hz, 1H), 7.22-7.12 (m, 3H), 7.07 (d, J = 4.5
Hz, 1H) ppm; IR (KBr): vmax = 1610, 1589, 1450, 885 cmt; HRMS m/z: calcd for C1gH13FNO [M+H]*
290.0981; found 290.0979.

(4-Chlorophenyl)(pyrrolo[2,1-a]isoquinolin-3-yl)methanone (8g)X: Yellow solid, mp 206-208 °C. 'H
NMR (400 MHz, CDClz): 6 = 9.58 (d, J = 7.6 Hz, 1H), 8.20-8.17 (m, 1H), 7.79 (d, J = 8.4 Hz, 2H),
7.76-7.72 (m, 1H), 7.61-7.54 (m, 2H), 7.48 (d, J = 8.0 Hz, 2H), 7.28 (d, J = 4.5 Hz, 1H), 7.14 (d,J = 7.6
Hz, 1H), 7.06 (d, J = 4.5 Hz, 1H) ppm; IR (KBr): vmax = 1610, 1465, 878 cm™*; HRMS m/z: calcd for
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C19H13CINO [M+H]" 306.0686; found 306.0689.
(4-Bromophenyl)(pyrrolo[2,1-a]isoquinolin-3-yl)methanone (8h): Yellow solid, mp 215-216 °C. H
NMR (400 MHz, CDCls): 6 = 9.57 (d, J = 7.6 Hz, 1H), 8.20-8.16 (m, 1H), 7.75-7.61 (m, 5H), 7.59-7.55
(m, 2H), 7.27 (d, J = 4.5 Hz, 1H), 7.14 (d, J = 7.6 Hz, 1H), 7.06 (d, J = 4.5 Hz, 1H) ppm; IR (KBr): vmax
= 1606, 1467, 878, 796 cm; HRMS m/z: calcd for C19H13BrNO [M+H]* 350.0181; found 350.0180.
(4-Methoxyphenyl)(pyrrolo[2,1-a]isoquinolin-3-yl)methanone (8i)!: Yellow solid, mp 186-188 °C. H
NMR (400 MHz, CDCIs): 6 =9.53 (d, J = 7.6 Hz, 1H), 8.16 (d, J = 7.6 Hz, 1H), 7.86 (d, J = 8.4 Hz, 2H),
7.72-7.70 (m, 1H), 7.56-7.51 (m, 2H), 7.31 (d, J = 4.4 Hz, 1H), 7.09 (d, J = 7.6 Hz, 1H), 7.04 (d, J = 4.4
Hz, 1H), 7.00 (d, J = 8.8 Hz, 2H), 3.89 (s, 3H) ppm; IR (KBr): vmax = 1604, 1451, 1175, 841, 796 cm%;
HRMS m/z: calcd for C2oH16NO2 [M+H]* 302.1181; found 302.1180.
(4-Methylphenyl)(pyrrolo[2,1-a]isoquinolin-3-yl)methanone (8j): Yellow solid, mp 168-170 °C. 'H
NMR (400 MHz, CDCl3): 6 = 9.58 (d, J = 7.6 Hz, 1H), 8.18-8.16 (m, 1H), 7.76 (d, J = 8.0 Hz, 2H),
7.73-7.70 (m, 1H), 7.59-7.53 (m, 2H), 7.33-7.28 (m, 3H), 7.11 (d, J = 7.6 Hz, 1H), 7.04 (d, J = 4.5 Hz,
1H), 2.45 (s, 3H) ppm; IR (KBr): vmax = 1601, 1466, 1452, 1348, 879 cm™; HRMS m/z: calcd for
C20H16NO [M+H]* 286.1232; found 286.1230.
(2,4-Dichlorophenyl)(pyrrolo[2,1-a]isoquinolin-3-yl)methanone (8k)%3: Yellow solid, mp 175-176 °C.
'H NMR (400 MHz, CDCls): & = 9.65 (d, J = 7.6 Hz, 1H), 8.18-8.16 (m, 1H), 7.76-7.74 (m, 1H),
7.63-7.56 (m, 2H), 7.50 (d, J = 2.0 Hz, 1H), 7.42 (d, J = 8.4 Hz, 1H), 7.35 (dd, J1 = 8.4, 2.0 Hz, 2H), 7.19
(d, J = 7.6 Hz, 1H), 7.04-7.00 (m, 2H) ppm; IR (KBr): vmax = 1606, 1464, 1451, 849, 733 cm*; HRMS
m/z: calcd for C19H12CI2NO [M+H]* 340.0296; found 340.0299.
(2-Naphthalenyl)(pyrrolo[2,1-a]isoquinolin-3-yl)methanone (81)%: Yellow solid, mp 215-216 °C. H
NMR (400 MHz, CDClz): 6 =9.64 (d, J = 7.6 Hz, 1H), 8.39 (s, 1H), 8.28-8.23 (m, 1H), 7.94-8.02 (m,
4H), 7.81-7.75 (m, 1H), 7.57-7.65 (m, 4H), 7.41 (d, J = 4.4 Hz, 1H), 7.20 (d, J = 7.6 Hz, 1H), 7.12 (d, J =
4.4 Hz, 1H) ppm; IR (KBr):. IR (KBr): vmax = 1605, 1591, 1450, 1112, 752 cm™t; HRMS m/z: calcd for
C23H1sNO [M+H]* 322.1232; found 322.1230.
(4-Phenylphenyl)(pyrrolo[2,1-a]isoquinolin-3-yl)methanone (8m)2: Yellow solid, mp 236-238 °C. 'H
NMR (400 MHz, CDCl3): & = 9.63 (d, J = 7.6 Hz, 1H), 8.24-8.17 (m, 1H), 7.95 (d, J = 8.0 Hz, 2H),
7.66-7.76 (m, 5H), 7.56-7.62 (m, 2H), 7.53-7.50 (m, 2H), 7.44 (d, J = 7.2 Hz, 1H), 7.40 (d, J = 4.4 Hz,
1H), 7.17 (d, J = 7.6 Hz, 1H), 7.11 (d, J = 4.4 Hz, 1H) ppm; IR (KBr): vmax = 1610, 1578, 1469, 1450,
879, 760, 736 cmt; HRMS m/z: calcd for CosH1sNO [M+H]* 348.1388; found 348.1385.
Pyrrolo[2,1-a]isoquinoline-3-carbonitrile (8n)2: White solid, mp 98-99 °C. *H NMR (400 MHz,
CDCl3): 8=8.09 (d, J = 7.6 Hz, 1H), 8.06 (d, J = 7.2 Hz, 1H), 7.68 (d, J = 7.6 Hz, 1H), 7.61-7.50 (m, 2H),
7.30 (d, J = 4.4 Hz, 1H), 7.06 (d, J = 7.2 Hz, 1H), 6.97 (d, J = 4.4 Hz, 1H) ppm; IR (KBr): vmax = 2217,
1455, 790, 739 cm™; HRMS m/z: calcd for C13HgN2 [M+H]* 193.0766; found 193.0765.



HETEROCYCLES, Vol. 98, No. 11, 2019 1571

ACKNOWLEDGEMENTS

This work was supported by the Program for Changjiang Scholars and Innovative Research Team in
University (IRT13095), the Natural Science Foundation of China (NSFC 21762046), the Program for
Young and Middle-Aged Academic and Technical Leaders in Yunnan Province (2014HB001), Yunnan
University Youth Talent, the Program for Yunnan Province Department of Science and
Technology-Yunnan University Joint Fund (2018FY001).

REFERENCES AND NOTES

1.

(@) C. Bailly, Curr. Med. Chem. Anti-Cancer Agents, 2004, 4, 363; (b) S. T. Handy and Y. Zhang,
Org. Prep. Proced. Int., 2005, 37, 411; (c) H. Fan, J. Peng, M. T. Hamann, and J. F. Hu, Chem. Rev.

2008, 108, 264; (d) D. Pla, F. Albericio, and M. Alvarez, Anti-Cancer Agents Med. Chem., 2008, 8,
746; (e) J. W. Daly, B. Witkop, T. Tokuyama, T. Nishikawa, and I. L. Karle, Helv. Chim. Acta.,
1977, 60, 1128; (f) R. J. Andersen, D. J. Faulkner, H. Cun-heng, G. D. Van Duyne, and J. Clardy, J.
Am. Chem. Soc., 1985, 107, 5492; (g) H. Ishibashi, S. Harada, K. Sato, M. lkeda, S. Akai, Y.
Tamura, V. U. Ahmad, A Rahman, T. Rasheed, and H. Rehman, Heterocycles, 1987, 26, 1251.

(@) B. E. Maryanoff, D. F. MeComsey, J. F. Gardocki, R. P. Shank, M. J. Constanzo, S. O. Nortey, C.
R. Schneider, and P. E. Setler, J. Med. Chem., 1987, 30, 1433; (b) E. Marco, W. Laine, C. Tardy, A.
Lansiaux, M. Iwao, F. Ishibashi, C. Bailly, and F. Gago, J. Med. Chem., 2005, 48, 3796; (c) J. Kluza,
M.-A. Gallego, A. Loyens, J.-C. Beauvillain J. M. F. Sousa-Faro, C. Cuevas, P. Marchetti, and C.
Bailly, Cancer Res., 2006, 66, 3177; (d) M. V. R. Reddy, M. R. Rao, D. Rhodes, M. S. T. Hansen, K.
Rubins, F. D. Bushman, Y. Venkateswarlu, and D. J. Faulkner, J. Med. Chem., 1999, 42, 1901; (e) I.
0. Ghinea and R. M. Dinica, In ‘Scope of Selective Heterocycles from Organic and Pharmaceutical
Perspective’, ed. by R. Varala, In Tech, Rijeka, 2016, pp. 115-143; (f) V. Sharma and V. Kumar,
Med. Chem. Res., 2014, 23, 3593; (g) J. B. Henry, R. J. MacDonald, H. S. Gibbad, H. McNab, and A.
R. Mount, Phys. Chem. Chem. Phys., 2011, 13, 5235.

See some examples: (a) A. K. Verna, T. Kesharwani, J. Singh, V. Tandon, and R. C. Larock, Angew.
Chem. Int. Ed., 2009, 48, 1138; (b) I. Yavari, M. Piltan, and L. Moradi, Tetrahedron, 2009, 65, 2067;
(c) A. Alizadeh and N Zohreh, Synthesis, 2008, 429; (d) S. Su and J. A. Porco, Jr., J. Am. Chem Soc.,
2007, 129, 7744; (e) D. J. Cyr, N. Martin, and B. A. Arndtsen, Org Lett., 2007, 9, 449; (f) J. Toth, L.
Varadi, A. Dancso, G. Blasko, L. Toke, and M. Nyerges, Synlett, 2007, 1259; (g) I. V. Seregin and V.
Gevorgyan, J. Am. Chem. Soc., 2006, 128, 12050; (h) P. Ploypradith, T. Petchmanee, P.
Sahakitpichan, N. D. Litvinas, and S. Ruchirawat, J. Org. Chem., 2006, 71, 9440.

D. Pla, A. Marchal, C. A. Olsen, A. Francesch, C. Cuevas, F. Albericio, and M. Alvarez, J. Med.
Chem., 2006, 49, 3257.



http://dx.doi.org/10.1039/C5SC00494B
http://dx.doi.org/10.1080/00304940509354977
http://dx.doi.org/10.1021/cr078199m
http://dx.doi.org/10.1021/cr078199m
http://dx.doi.org/10.2174/187152008785914789
http://dx.doi.org/10.2174/187152008785914789
http://dx.doi.org/10.1002/hlca.19770600336
http://dx.doi.org/10.1002/hlca.19770600336
http://dx.doi.org/10.1021/ja00305a027
http://dx.doi.org/10.1021/ja00305a027
http://dx.doi.org/10.3987/R-1987-05-1251
http://dx.doi.org/10.1021/jm00391a028
http://dx.doi.org/10.1021/jm049060w
http://dx.doi.org/10.1158/0008-5472.CAN-05-1929
http://dx.doi.org/10.1021/jm9806650
http://dx.doi.org/10.1007/s00044-014-0940-1
http://dx.doi.org/10.1039/c0cp02645j
http://dx.doi.org/10.1002/anie.200804427
http://dx.doi.org/10.1002/anie.200804427
http://dx.doi.org/10.1016/j.tet.2009.01.001
http://dx.doi.org/10.1055/s-2008-1032033
http://dx.doi.org/10.1021/jm9806650
http://dx.doi.org/10.1021/jm9806650
http://dx.doi.org/10.1021/ol062773j
http://dx.doi.org/10.1055/s-2007-977461
http://dx.doi.org/10.1021/ja063278l
http://dx.doi.org/10.1021/jo061810h
http://dx.doi.org/10.1021/jm0602458
http://dx.doi.org/10.1021/jm0602458

1572

10.
11.
12.

HETEROCYCLES, Vol. 98, No. 11, 2019

See some examples: (a) H. Adams, T. M. Elsunaki, I. Ojea-Jiménez, S. Jones, and A. J. H. M. Meijer,
J. Org. Chem., 2010, 75, 6252; (b) J. L. G. Ruano, A. Fraile, M. R. Martin, G. Gonzélez, C. Fajardo,
and A. M. Martin-Castro, J. Org. Chem., 2011, 76, 3296; (c) A. Fujiya, M. Tanaka, E. Yamaguchi,
N. Tada, and A. Itoh, J. Org. Chem., 2016, 81, 7262; (d) K.-L. Zheng, M.-Q. You, W.-M. Shu, Y.-D.
Wu, and A.-X. Wu, Org. Lett., 2017, 19, 2262; (e) N. E. Dontsova and A. M. Shestopalov, Russ.
Chem. Bull. Int. Ed., 2017, 66, 1030; (f) C.-G. Yu, Y.-A. Zhang, S.-L. Zhang, and W. Wang, Chem.
Commun., 2011, 47, 1036; (g) Y. Tominaga, Y. Ichihara, and A. Hosomi, Heterocycles, 1988, 27,
2345; (h) Y. Tominaga, Y. Shiroshita, T. Kurokawa, H. Gotou, Y. Matsuda, and A. Hosomi, J.
Heterocycl. Chem., 1989, 26, 477.

See some examples: (a) M. Nyerges and L. Toke, Tetrahedron Lett., 2005, 46, 7531; (b) J. Toth, A.
Nedves, A. Dancsd, G. Blasko, L. Toke, and M. Nyerges, Synthesis, 2007, 1003; (c) A. Kakehi, H.
Suga, T. Kako, T. Fujii, N. Tanaka, and T. Kobayashi, Chem. Pharm. Bull., 2003, 51, 1246.

See some examples: (a) see refs 3a, 3d, 3g; (b) A. V. Kel’in, A. W. Sromek, and V. Gevorgyan, J.
Am. Chem. Soc., 2001, 123, 2074; (c) D. Chernyak, S. B. Gadamsetty, and V. Gevorgyan, Org. Lett.,
2008, 10, 2307.

See some examples: (a) S. Vyasamudri and D.-Y. Yang, J. Org. Chem., 2019, 84, 3662; (b) M. Patel,
R. K. Saunthwal, and A. K. Verma, ACS Omega, 2018, 3, 10612; (c) T. Punirun, D. Soorukram, C.
Kuhakarn, V. Reutrakul, and M. Pohmakotr, J. Org. Chem., 2018, 83, 765; (d) W. Liu, S.-T. Du,
S.-Y. Wang, and W.-W. Liao, J. Org. Chem., 2017, 82, 4829; (e) M. Leonardi, M. Villacampa, and J.
C. Menéndez, J. Org. Chem., 2017, 82, 2570; (f) L. Ackermann, Acc. Chem. Res., 2014, 47, 281; (g)
L.-Q. Lu, J.-R. Chen, and W.-J. Xiao, Acc. Chem. Res., 2012, 45, 1278; (h) A. K. Verma, S. P.
Shukla, J. Singh, and V. Rustagi, J. Org. Chem., 2011, 76, 5670.

Y. Liu, Y. Zhang, Y.-M. Shen, H.-W. Hua, and J.-H. Xu, Org. Biomol. Chem., 2010, 8, 2449.

M. Meazza, L. A. Leth, J. D. Erickson, and K. A. Jgrgensen, Chem. Eur. J., 2017, 23, 7905.

J. An, Q.-Q. Yang, Q. Wang, and W.-J. Xiao, Tetrahedron Lett., 2013, 54, 3834.

See some examples: (a) J. Drabowica, J. Lewkowski, and J. Scianowski, In ‘Organoselenium
Chemistry: Synthesis and Reactions’, ed. by T. Wirth, In WILEY-VCH Verlag GmvH & Co. KGaA,
Weinheim, Germany, 2012, pp. 191-244; (b) S. Watanabe, T. Kusumoto, C. Yoshida, and T.
Kataoka, Chem. Commun., 2001, 839; (c) S. Watanabe, S. Asaka, and T. Kataoka, Tetrahedron Lett.,
2004, 45, 7459; (d) M. Ochiai, T. Nagaoka, T. Sueda, J. Yan, D.-W. Chen, and K. Miyamoto, Org.
Biomol. Chem., 2003, 1, 1517; (e) S. Watanabe, K. Yamamoto, Y. Itagaki, T. lwamura, T. lwama, T.
Kataoka, G. Tanabe, and O. Muraoka, J. Chem. Soc. Perkin Trans. 1, 2001, 239; (f) S. Watanabe, T.
Ikeda, T. Kataoka, G. Tanabe, and O. Muraoka, Org. Lett., 5, 2003, 565; (g) S. Watanabe, Y. Miura,
T. Iwamura, H. Nagasawa, and T. Kataoka, Tetrahedron Lett., 2007, 48, 813; (h) B. H. Rotstein, S.



http://dx.doi.org/10.1021/jo101437b
http://dx.doi.org/10.1021/jo200191c
http://dx.doi.org/10.1021/acs.joc.6b00439
http://dx.doi.org/10.1021/acs.orglett.7b00769
http://dx.doi.org/10.1007/s11172-017-1851-3
http://dx.doi.org/10.1007/s11172-017-1851-3
http://dx.doi.org/10.3987/COM-88-4682
http://dx.doi.org/10.3987/COM-88-4682
http://dx.doi.org/10.1016/j.tetlet.2005.08.165
http://dx.doi.org/10.1055/s-2007-965959
http://dx.doi.org/10.1248/cpb.51.1246
http://dx.doi.org/10.1021/ja0058684
http://dx.doi.org/10.1021/ja0058684
http://dx.doi.org/10.1021/ol8008705
http://dx.doi.org/10.1021/ol8008705
http://dx.doi.org/10.1021/acs.joc.8b03259
http://dx.doi.org/10.1021/acsomega.8b01329
http://dx.doi.org/10.1021/acs.joc.7b02783
http://dx.doi.org/10.1021/acs.joc.7b00551
http://dx.doi.org/10.1021/ol8008705
http://dx.doi.org/10.1021/ar3002798
http://dx.doi.org/10.1021/ar200338s
http://dx.doi.org/10.1021/jo200638k
http://dx.doi.org/10.1039/c000277a
http://dx.doi.org/10.1002/chem.201701820
http://dx.doi.org/10.1016/j.tetlet.2013.05.053
http://dx.doi.org/10.1002/9783527641949.ch5
http://dx.doi.org/10.1002/9783527641949.ch5
http://dx.doi.org/10.1002/9783527641949.ch5
http://dx.doi.org/10.1039/b100660f
http://dx.doi.org/10.1016/j.tetlet.2004.08.036
http://dx.doi.org/10.1016/j.tetlet.2004.08.036
http://dx.doi.org/10.1039/b212512a
http://dx.doi.org/10.1039/b212512a
http://dx.doi.org/10.1039/b007715l
http://dx.doi.org/10.1021/ol027494k
http://dx.doi.org/10.1016/j.tetlet.2006.11.150

13.

HETEROCYCLES, Vol. 98, No. 11, 2019 1573

Zaretsky, V. Rai, and A. K. Yudin, Chem. Rev., 2014, 114, 8323; (i) S. Watanabe, E. Mori, H. Nagai,
T. lwamura, T. lwama, and T. Kataoka, J. Org. Chem., 2000, 65, 8893; (j) S. Watanabe, I.
Nakayama, and T. Kataoka, Eur. J. Org. Chem., 2005, 1493.

(@) J. Z. Chen, D. Liu, N. Butt, C. Li, D. Y. Fan, Y. A. Liu, and W. B. Zhang, Angew. Chem. Int. Ed.,
2013, 52,11632; (b) Y. Watanabe, Y. Ueno, and T. Toru, Bull. Chem. Soc. Jpn., 1993, 66, 2042.



http://dx.doi.org/10.1021/cr400615v
http://dx.doi.org/10.1021/jo000640k
http://dx.doi.org/10.1002/ejoc.200400756
http://dx.doi.org/10.1002/anie.201306231
http://dx.doi.org/10.1002/anie.201306231
http://dx.doi.org/10.1246/bcsj.66.2042



