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An environmental-benign methodology to synthesize 1-benzoylisoquinolines from 1-benzyl-3, 4-dihy-
droisoquinolines or 1-benzyl-1,2,3,4-tetrahydroisoquinolines using dioxygen as an oxidant was devel-
oped. This methodology in combination with Bischler-Napieralski reaction leads to a facile synthesis of
1-benzoylisoquinolines from phenylacetic acids and phenylethanamines.

© 2011 Elsevier Ltd. All rights reserved.

The 1-benzoylisoquinoline (BzIQ) is a common structural motif
found in a variety of naturally occurring products and pharmaceu-
ticals (Fig. 1). Some of the compounds bearing this motif display a
diverse range of biological properties including antimicrobial, anti-
malarial, antitumor, anti-HIV activities, and antioxidant capacity.'
For example, isoquinoline alkaloids lysicamine (1) and liriodenine
(2), isolated from the bark of Guatteria hispida, exhibit moderate
antimicrobial activity against S. epidermidis strain." Recently, liri-
odenine (2) was reported to possess anticancer activity as a potent
CDC25 inhibitor?? as well as anti-arrhythmic activity by influenc-
ing the production of nitric oxide in the cell.?>¢ Up to date, various
procedures have been developed for the synthesis of this motif.>
Among them, the most general synthetic strategy includes the fol-
lowing procedures: (1) condensation between phenylacetic acids
and phenylethanamines via Bischler-Napieralski reaction to form
1-benzyl-3,4-dihydroisoquinolines (BnDHIQs).* (2) oxidation of
BnDHIQs to 1-benzoyl-3, 4-dihydroisoquinolines (BzDHIQs) by
several oxidizing agents, such as dioxygen,” selenium dioxide
(Se0,),'? etc. (3) Oxidation of BzDHIQs to BzIQs by sulfur,® IBX,”
Pd/C® or activated manganese dioxide (MnO,)° et al. (Scheme 1).
Although such oxidations could be realized in one step by various
oxidants, such as chromium trioxide (CrOs) in pyridine,'® MnO,,!
lead (IV) acetate (LTA),'? ceric ammonium nitrate (CAN),!* periodic
acid (HIO4),"* iodine (I,),'®> iodobenzene diacetate (IBD),'® and
manganese (III) acetate (MTA),!” most of the above oxidants are
toxic or hazardous metal materials, which result in waste disposal
problems (Scheme 1). Therefore, developing a novel one-step oxi-
dation using green reagent is still desirable.

We recently reported an efficient environmental-benign meth-
od for the oxidation of 2-thiazolines and 2-oxazolines to thiazoles
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and oxazoles,'® in which dioxygen was used as the sole oxidant. In
continuing our research on the environmental-benign oxidation of
heterocycles, we herein describe a one-step oxidation of BnDHIQs
and 1-benzyl-1,2,3,4-tetrahydroisoquinolines (BnTHIQs) to BzIQs
using dioxygen (Scheme 1).
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Figure 1. Examples of 1-arylcarbonylisoquinolines.
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Scheme 1. Synthesis of BzIQs via a one-step oxidation of BnDHIQs using dioxygen.


http://dx.doi.org/10.1016/j.tetlet.2011.01.058
mailto:hyao@cpu.edu.cn
mailto:xmwu@cpu.edu.cn
http://dx.doi.org/10.1016/j.tetlet.2011.01.058
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet

H. Gan et al./Tetrahedron Letters 52 (2011) 1320-1324

Table 1
The screening of the reaction conditions as the sole oxidant®

MeO O MeO O X
N iti N
MeO — conditions MeO >

—_— >
® o
4a 5a

Entry Conditions T (°C) Time (h) Yield® (%)

1 DMF, K,CO5,0, 80 22 55 (32)

2 DMF, K,CO3,0, 100 22 69 (199

3 DMF, K>CO5,0, 120 6 85 (0°)

4 DMF, NaHCO5,0, 80 23 88 (0°)

5 DMF, NaHCO5,0, 100 5 87 (0°)

6 DMF, NaHCO3, O, 120 3 88 (0°)

7 DMF, NaHCOs, air 120 6 78 (0%)

8 EtOH, NaHCOs, O, Reflux 22 6 (29, 519)

9 CH3CN, NaHCO3, 0, Reflux 22 7 (869
10 Pyridine, O, Reflux 27 26 (419)

2 All reactions were performed on a 0.5 mmol scale with inorganic or organic
bases (3 equiv).

b Isolated yields after flash chromatography.

€ The recovery of the starting material.

d Isolated yields of the mono-oxidation of benzylic carbon.

We initiated our investigation using BnDHIQ 4a as the model
substrate to establish a general procedure. 4a was synthesized
through Bischler-Napieralski reaction from 3,4-dimethoxylpheny-
lethanamine and phenylacetic acid. A series of reaction conditions
were then screened and the results were summarized in Table 1.
When the reaction was conducted in DMF at 80 °C and 100 °C for
22 h, the desired product BzIQ 5a was obtained in 55% and 69%
yields, respectively, and most of the unreacted 4a could be recov-
ered (entries 1 and 2). Higher temperature remarkably shortened
the reaction time to 6 h and the yield of 5a was increased to 85%
(entry 3). Interestingly, the yields of 5a were even better when
K,CO3 was replaced by NaHCOs (entries 4-6). Compound 4a could
be fully consumed in 3 h at 120 °C and 5a was acquired in 88%
yields (entry 6). It is worth noting that the reaction also proceeded
smoothly in air under the same condition, although prolongated
reaction time was needed (entry 7). Using EtOH, CH5CN or pyridine
as solvent generated the desired product 5a in low yield, together
with the corresponding mono-oxidative product as a major prod-
uct (entries 8-10).

With the optimized condition in hand, the substrate scope of
BnDHIQs with various substituents was explored (Table 2). As
can be seen, a series of substrates (4a-4n) could be converted into
the corresponding products (5a-5n) under the optimized condi-
tion in less than 8 h (entries 1-12). Moderate to good yields of
the corresponding products could be obtained for the substrates
bearing various benzyl groups (entries 1, 3-8, 10-14). However,
relatively low yields of the corresponding products were obtained
for the substrates with 4-nitrobenzyl group at 1-postion (entries 2
and 9).

Having demonstrated that BnDHIQs could be oxidized to BzIQs,
we continued to exploit the one-step oxidation of BnTHIQs to
BzIQs with dioxygen. First, we synthesized twelve BnTHIQs
(6a-6n) from BnDHIQs (5a-5n) through a reduction using
NaBH,4.2° We then tested the oxidation of BnTHIQs. To our delight,
all substrates could be oxidized to the corresponding products un-
der the same condition in moderate yields. The results in Table 3
indicate a similar pattern about the influence of substitutions on
the 1-benzyl group.?!
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Table 2 (continued)

Entry Product Yield® (%)
MeO N
_N
9 64 (6 h)
e
O,N
2 5
MeO N
~ N
10 69 (3 h)
e
F3C
3 5
MeO N
_N
11 72 (5h)
e
Cl
5k
MeO N
N
12 65(5h
oy .
Br
51
MeO N
_N
13 65 (6 h)
e
HsC
¢ 5m
MeO N
N
14 60 (7 h)
e
MeO

o
S

2 All reactions were performed in DMF on a 0.5 mmol scale with NaHCO3;
(3 equiv) at 120 °C.
P Isolated yields after flash chromatography.

Finally, we combined this methodology with Bischler-
Napieralski reaction to lead to a facile synthesis of BzIQs
(Scheme 2). Condensation between phenylacetic acid and phenyle-
thanamines to form BnDHIQs (without purification), subsequent
oxidation using dioxygen smoothly afforded 5a, 5h, and papavera-
dine (3)?® in acceptable total yields. Thus, this procedure offers a
simple route in the synthesis of BzIQs from phenylacetic acids
and phenylethanamines.

In summary, we have developed the one-step oxidation of
BnDHIQs and BnTHIQs to BzIQs with dioxygen as a sole oxidant
in moderate to good yields. This process is milder, safer, and more
environmental-benign than the established ones. This methodol-
ogy combined with Bischler-Napieralski reaction could lead to a
facile method for the synthesis of BzIQs from phenylacetic acids
and phenylethanamines. Further investigation and synthetic appli-
cation of this protocol is now underway and will be reported in due
course.

Table 3
One-step oxidation of BnTHIQs using dioxygen®??

MeO O MeO N
NH R _N

Ri NaHCO,/DMF i
R —
(0 ° e
R2 Ry
6a-1 5a-1
Entry Product Yield® (%)
MeO ] N
MeO N
1 53 (9h)
e
5a
MeO l N
MeO N
2 l ° 23 (23 h)
O,N
ST
MeO l N
MeO N
3 29 (6 h)
e
F,C
8 5¢c
MeO l N
MeO N
4 5 54 (10h)
Cl
5d
MeO l N
MeO N
5 l ° 45 (7 h)
Br
5e
MeO ! XN
MeO N
6 47 (10h)
e
H3C
¥ st
MeO g X
MeO N
7 I o 49 (11 h)
MeO
59
MeO N
9@
8 l o 58 (8 h)
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Table 3 (continued)
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Entry Product Yield® (%)
MeO N
g®
9 24 (7h)
O o)
O,N 5
MeO N
9@
10 O o 49 (4 h)
FsC 5
MeO N
go
11 O o 60 (11 h)
Cl
5k
MeO N
9@
12 O o 59 (11 h)
Br
51
MeO N
@
13 42 (11h)
O o)
H,;C 5m
MeO N
_N
14 41 (11h)

=

]

o
LOX®,
S

O

2 All reactions were performed in DMF on a 0.5 mmol scale with NaHCO;

(3 equiv) at 120 °C.

b Isolated yields after flash chromatography.
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Scheme 2. Facile synthesis of BzIQs from phenylacetic acids and arylethanamines.
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