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One-pot synthesis of benzo[a]phenanthridin-5-ones and benzo[k]phenanthridin-6-ones in fairly good
yields was achieved by the photocycloaddition reactions of 3-chloroisoquinolin-1-ones and 3-chloro-
quinolin-2-ones with styrenes. The reactions were proceeded via photoinduced dechlorinative coupling
of 3-chloroisoquinolin-1-ones and 3-chloroquinolin-2-ones with styrenes and subsequent photocycliza-
tion, oxidative aromatization.

� 2010 Elsevier Ltd. All rights reserved.
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Scheme 1. Reactions of 3-chloroisoquinolin-1-ones with styrenes.
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The photochemistry of aryl halides has long received great
attention due to their values in the organic synthesis and the reac-
tion mechanistic investigation.1 Photoinduced addition reactions
of aryl halogens to alkenes and arenes have become useful tools
for the synthesis of aryl-substituted alkylamines, alkanols, ketones,
and biaryls.2 In this strategy, photochemistry could offer a conve-
nient access to the formation of aryl-C bonds under mild condi-
tions, via fragmentation of an Ar–X bond in aromatic derivatives
to give a trappable intermediate (e.g., an aryl radical or cation).
Recently, Albini and co-workers were engaged in the extensive re-
search on the inter- and intramolecular photoaddition reactions of
amino- and alkoxy-substituted aryl halogens to electron-rich al-
kenes, alkynes, and arenes.2a–e We have focused on inter- or intra-
molecular reactions of halogenated heterocycles with alkenes as
they hold promise for a tin-free route to polycyclic heterocycles.3

Although the photoreactions of halogenated heterocycles such as
5-halofurfural and 5-halothaphene with styrenes were investi-
gated by others,4 only stilbene-like coupling products were pro-
duced. We found that high yields of polycyclic aromatic
heterocycles benzo[a]phenanthridin-5-ones and benzo[k]phenan-
thridin-6-ones could be obtained in the photoreactions of 3-chlo-
roisoquinolin-1-ones and 3-chloroquinolin-2-ones with styrenes
(Schemes 1 and 2).

Procedures for the synthesis of benzo[a]phenanthridines and
benzo[k]phenanthridines are of interest since these compounds
ll rights reserved.
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have similar skeletons to the benzophenanthridine alkaloids and
have many pharmacological properties5a–c and some applications
in material sciences.5d,e A variety of methods was reported for
the synthesis of benzo[a]phenanthridines and benzo[k]phenan-
thridines, such as photocyclization of N-(2-iodiophenyl)-2-naph-
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Scheme 2. Reactions of 3-chloro-1-methylquinolin-2-one with styrenes.
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Table 1
Photoreaction of 3-chloroisoquinolin-1-one (1a) and styrene (2a) under different conditions

Entry Solvent k >300 nm k >200 nm

Time (h) Convna (%) Yield b (%) Time (h) Convna (%) Yield b (%)

1 CH2Cl2 32 77 52 25 88 65
2 CH2Cl2/C5H5N 30 86 61 25 95 69
3 CH3COCH3 30 84 28 25 93 35
4 CH3OH — — — 25 92 30
5 C6H6 — — — 25 95 28

a Conversion was calculated on the basis of 1a.
b Yield of isolated product based on consumed 1a.

Figure 1. X-ray crystal structure of 3h.

Table 3
Photoreaction of 3-chloroquinolin-2-one (5a) and styrenes (2a–c)

Entry Reactant Product Time (h) Convna (%) Yieldb (%)

R1 R2

1 5a Me 2a H 6a 18 98 57
2 5a Me 2b Me 6b 20 97 65
3 5a Me 2c Ph 6c 20 97 68

a Conversion was calculated on the basis of 5a.
b Yield of isolated product based on consumed 5a.
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thalenecarboxamide ions via SRN1 reactions;6a Bu3SnH-mediated
radical cyclization of 3-(2-iodiophenylethenyl)quinoline;6b SmI2-
mediated radical cyclization of N-(2-iodiophenyl)-2-naphthalene-
carboxamide;6c cyclocondensation of lithiated N,N-diethyl-2-tol-
uamides with benzaldimines and subsequent bromination and
AgBF4-catalyzed rearrangements of spirodihydroisoquinolones6d

and photocyclization of 3-(2-phenylethenyl)quinolin-2-ones.6e De-
spite of these developments, to the best of our knowledge, there
has been no procedure for a direct synthesis of benzo[a]phenan-
thridines and benzo[k]phenanthridines by the photocycloaddition
of isoquinolin-1-one and quinolin-2-one with olefins. Herein we
report the first one-pot synthesis of benzo[a]phenanthridin-5-ones
and benzo[k]phenanthridin-6-ones by the photochemical annula-
tion of readily available 3-chloroisoquinolin-1-one and 3-chloro-
quinolin-2-one with styrenes (Schemes 1 and 2).

We surveyed the effects of reaction conditions on the photore-
action of 3-chloroisoquinolin-1-one (1a) with styrene (2a). No
great difference was found for the photoreaction of 1a and 2a un-
der oxygen or air in solutions, but the photoreaction was greatly af-
fected by the solvents as shown in Table 1. Mixtures were
produced in all selected solvents in short time, but the yield of
3a in dichloromethane was increased after the irradiation was con-
tinued for a longer time. Solvent-mediated reaction products were
detected in methanol and benzene, which resulted in the decrease
of the yield of 3a. The conversion of 1a and the yield of 3a were in-
creased a little with the addition of base such as pyridine. More-
over the conversion of 1a and the yield of 3a were also
influenced by the reaction vessels as indicated in Table 1. A mix-
ture was produced in dichloromethane in Pyrex tubes under irradi-
ation of a medium-pressure mercury lamp (500 W), but 3a was
obtained as a main product when quartz tubes were used. Thus
irradiation in dichloromethane in quartz tubes with the addition
of pyridine was selected as the standard condition for the photore-
actions of all substrates.

A spectrum of 3-chloroisoquinolin-1-ones (1a–c) and styrenes
(2a–c) was first examined to explore the generality of this new
one-pot photochemical cycloaddition reaction. The photoreactions
Table 2
Photoreaction of 3-chloroisoquinolin-1-ones (1a–c) and styrenes (2a–c)

Entry Reactant Product Time (h) Convna (%) Yieldb (%)

R1 R2

1 1a H 2a H 3a 25 95 69
2 1a H 2b Me 3b + 4a 18 93 25 + 50
3 1a H 2c Ph 3c 25 96 71
4 1b Me 2a H 3d 25 85 60
5 1b Me 2b Me 3e + 4b 28 90 23 + 46
6 1b Me 2c Ph 3f 36 96 82
7 1c Ph 2a H 3g 40 80 50
8 1c Ph 2b Me 3h + 4c 35 85 22 + 44
9 1c Ph 2c Ph 3i 35 90 63

a Conversion was calculated on the basis of 1a–c.
b Yield of isolated product based on consumed 1a–c.
were conducted under above-mentioned reaction conditions for
18–40 h and the expected benzo[a]phenanthridin-5-ones 3a–i
were obtained as major products in all cases (Table 2). The prod-
ucts were fully identified by 1H NMR, 13C NMR, and MS,7 and the
structure of 3h was further confirmed by the X-ray analysis as de-
picted in Figure 1.8 It was noticed that the conversion of 1a–c and
the yields of 3a–i were increased when the time of irradiation was
prolonged. Intermediates were produced during the reactions of
1a–c with 2a–c and these intermediates could be converted to
3a–i after prolonged irradiation except the intermediates 4a–c
which were produced in the reactions of 1a–c with 2b and led to
the great decrease of the yields of 3b, 3e, and 3h. The presence
of substituents (R1 = Me, Ph) in 1b and 1c retarded the photoreac-
tions, but substituents (R2 = Me, Ph) in 2b and 2c favored the con-
version of 1a–c.

To expand the scope of this one-pot photochemical synthesis of
polycyclic compounds, we next examined the reactions of another
reactant 3-chloroquinolin-2-one (5a) with 2a–c under similar con-
ditions (Scheme 2). As shown in Table 3, the results were very sim-
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Scheme 3. Proposal mechanism for the photoreaction 3-chloroisoquinolin-1-one with styrene.
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ilar to those obtained from 3-chloroisoquinolin-1-one (1a–c) that
the photoreactions of 5 with 2a–c afforded benzo[k]phenanthri-
din-6-ones (6a–c) as the main products from dechlorinative cou-
pling, cyclization, and oxidative aromatization. All products were
fully identified by 1H NMR, 13C NMR, and MS.

A plausible mechanism for the formation of benzo[a]phenan-
thridin-5-one (3a) via the photoreaction of 1a with 2a is shown
in Scheme 3. The coupling of 1a with 2a was initiated by the
photoinduced C–Cl bond cleavage in 1a and subsequent addition
of the produced 3-isoquinolinyl radical to double bond of sty-
rene (2a). The homolysis of C–Cl bond to produce 3-isoquinolinyl
radical could be confirmed from the formation of the coupling
product 3-phenylisoquinolin-1-one while the photoreaction of
1a with 2a was conducted in benzene. The adduct 3-(2-chloro-
2-phenylethyl)isoquinolin-1-one (8) could be converted to cou-
pling product 3-(2-phenylethenyl)isoquinolin-1-one (10) upon
prolonged irradiation via homolysis of C–Cl bond and subsequent
electron transfer and deprotonation. Photoisomerization, photo-
cyclization, and oxidation aromatization of 10 afforded the prod-
uct 3a. It was supposed that the light of k <300 nm would be
helpful to the homolysis of 8 because the yield of 3a was higher
in quartz tube than that in Pyrex tube. In fact benzyl cation
could be easily produced from photolysis of benzyl chloride un-
der 254 nm irradiation in polar solvents and transformed to stil-
bene as observed by Sket9 and the cation-trapping product 9
was also separable when the photoreaction of 1a and 2a was
conducted in acetone–water.

In summary, an efficient one-pot synthesis of benzo[a]phe-
nanthridin-5-one and benzo[k]phenanthridin-6-one derivatives
by the photoreactions of 3-chloroisoquinolin-1-ones and 3-chlo-
roquinolin-2-ones with styrenes has been developed. To the best
of our knowledge, this is the first report on the synthesis of
these compounds via photoinduced dechlorinative annulation
of 3-chloroisoquinolin-1-ones and 3-chloroquinolin-2-ones with
styrenes.
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