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A convenient, one-pot three-component synthesis of novel N-phenyl isoquinolone-1-phosphonates
(4a-4g) using Kabachnik-Fields reaction, starting from ethyl 2-(2-formyl-4,5-dimethoxyphenyl) acetate
(1) and anilines (2a-2g) is described. The aldehyde (1) on reaction with substituted anilines (2a-2g) and
triethyl phosphite in acetonitrile using trifluroacetic acid as catalyst provides N-phenyl isoquinolone-

1-phosphonates (4a-4g) in good yields.
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Recently, a-aminophosphonates have attracted the attention of
organic chemists due to their biological activities, such as antibi-
otic, enzyme inhibitor, HIV protease and as anti-tumor agents.'
The a-aminophosphonates are considered to be structural ana-
logues of a-amino acids and transition state mimics of peptide
hydrolysis.? In agrochemistry oi-aminophosphonates are used as
plant growth regulators, herbicides, insecticides and fungicides.?
Several ai-aminophosphonates have also been used in organic syn-
thesis. For example, phosphorylated allenes are used as versatile
building blocks in organic synthesis.” Lennoxamine alkaloid
and its analogues have been synthesized using phosphorylated
isoindolinone.”® Couture et al. have used phosphorylated o-aroyl
and heteroaroyl benzamides for the synthesis of 4-aryl and
heteroaryl-1(2H)-isoquinolones.>® In view of this several methods
involving Kabachnik-Fields reaction and Pudovik reactions have
been reported for the synthesis of o-aminophosphonates.® In
Kabachnik-Fields reaction carbonyl compounds, amines are reacted
with dialkyl or trialkyl phosphites in presence of catalysts to obtain
a-aminophosphonates (Scheme 1).

In Pudovik reaction the o-aminophosphonates are obtained
from the aldehyde in two steps (Scheme 2).

Although various methods have been reported for the synthesis
of simple oi-aminophosphonates very few efforts have been made
for the synthesis of N-aryl or N-phenyl tetrahydroisoquinoline-
1-phosphonates. Recently, some methods have been developed for
a-phosphorylation of N-aryl or N-phenyl tetrahydroisoquinolines.
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One of the methods involves molybdenum trioxide catalyzed oxi-
dative cross dehydrogenative coupling (CDC) approach’ for C-H
functionalization of N-aryl or N-phenyl tetrahydroisoquinolines.
The other method makes use of DDQ mediated phosphonation of
N-aryl or N-phenyl tetrahydroisoquinolines. Both these methods
make use of pre-formed tetrahydroisoquinolines. Thus, a few
methods described above are available for the synthesis of simple
o-aminophosphonates and for N-aryl or N-phenyl tetrahydroiso-
quinoline-1-phosphonates. However, there is not a single method
found in the literature for the synthesis of N-phenyl
isoquinolone-1-phosphonates. Considering the above aspects,
herein we report a convenient, one-pot three-component method
for the synthesis of novel N-phenyl isoquinolone-1-phosphonates
without using pre-formed isoquinolones as starting materials.
Recently one-pot multicomponent reactions have been reviewed
by Singh and Chowdhury.®

Initially it was decided to synthesize the parent N-phenyl
isoquinolone-1-phosphonate (4a) in two steps starting from ethyl
2-(2-formyl-4,5-dimethoxyphenyl) acetate (1) via the intermedi-
acy of o-aminophosphonate (3a) as shown in Scheme 3. Thus, a
solution of ethyl 2-(2-formyl-4,5-dimethoxyphenyl) acetate (1),
4-fluroaniline (2a), and triethylphosphite in dry acetonitrile was
stirred at room temperature in presence of 4 A molecular sieves
and catalytic amount of TFA (20 mol %) to obtain a-aminophosph-
onate (3a) in 72% yield. In IR (KBr) spectrum it showed peaks at
3292 and 1712 cm™! for -NH and ester carbonyl group. In 'H
NMR (CDCl3) spectrum it showed absence of aldehyde proton,
present in 1 and appearance of benzylic proton at 4.97 § as doublet
(Ju-p=22.3 Hz). In 'H NMR spectrum it also showed a broad singlet
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Scheme 1. Kabachnik-Fields reaction for the synthesis of a-aminophosphonates.
0O Table 1
-p- One-pot synthesis of N-phenyl isoquinolone-1-phosphonates (4a-4g)
R H gROZR2 R NHR,
y <alda (9 o
R-CHO + R-NH, HJ\\NRI R,0-P-0 Product R Time (h) Yield® (%) mp (°C)
OR2 RT + Reflux
4a 4-F 6 17 70 212-214
Scheme 2. Pudovik reaction for the synthesis of o-aminophosphonates in two ab 4-Cl 6 17 69 218-220
steps. 4c H 5 17 74 206-208
4d 4-Br 6 16 68 202-204
4e 3-Cl 7 19 66 220-222
at 4.60 ¢ for -NH, a multiplet at 4.04-4.15 ¢ for four protons of two af 4-CH; 7 18 71 216-218
P-OCH,-CH5 and another multiplet at 3.92-3.97 & for ~-OCH»-CHs. ag 4-CHs 8 19 64 148-150

The methyl protons of two P-OCH,-CH3 groups appeared as multi-
plet at 1.22-1.30 6 and the methyl protons of -OCH,-CH3 group ap-
peared as triplet at 1.12 4. In formation of 3a, from 1 and 2a using
triethylphosphite, one-pot three-component Kabachnik-Fields
reaction, occurs. The starting compound (1) was prepared from
the commercially available 3,4-dimethoxyphenyl acetic acid, using
the reported procedure.’

The next step was the cyclization of o-aminophosphonates
(3a) to obtain the corresponding N-phenyl isoquinolone-
1-phosphonate (4a). TFA was used as a catalyst in acetonitrile for
cyclization. Under refluxing condition the desired product
N-phenyl isoquinolone-1-phosphonate (4a) was obtained in 61%
yield. The structure of 4a was determined on the basis of analytical
and spectral data. In IR (KBr) spectrum it showed a peak at
1660 cm™! for lactam carbonyl which indicated the cyclization of
3a to 4a. In 'H NMR (CDCl5) spectrum it showed a multiplet at
3.91-3.99 6 for two methoxyl, one P-OCH,-CH3 and one methylene
proton of P-OCH,-CHs. The remaining one methylene proton of
P-OCH>-CH3 appeared as multiplet at 3.67-3.71 6. Two triplets
were seen at 1.16 6 and 1.13 ¢ for two methyl groups of
P-OCH,-CH;. When the methylene protons were irradiated at
3.91-3.99 6 region the two triplets which appeared at 1.16 ¢ and
1.13 § collapsed in to a singlet and triplet, respectively. This
showed that one methylene group of P-OCH,-CH3; has merged in
the multiplet which appeared at 3.91-3.99 4. The structure 4a
was confirmed by 'H-1H COSY and HSQC NMR techniques. In

2 Isolated yield.

TH-1H COSY NMR spectrum the two benzylic protons were found
in different environment and observed at 3.58 § and 4.13-4.23 4.
Interestingly, the methylene protons of one of the two P-OCH,-CHs
groups are found in different environments. Thus, one of the
methylene protons is observed at 3.67-3.71 ¢ and the other is
merged in a multiplet at 3.91-3.99 § along with another methylene
protons of P-OCH,-CHs. From HSQC spectrum it is confirmed that
the methylene carbon of one of the P-OCH,-CHs3 correlates with
two methylene protons observed at different places. Two benzylic
protons observed at 3.58 ¢ and 4.13-4.23 § on the proton axis
correlates with benzylic carbon at 38.11 §. The carbon at 63.40 §
(Je_p=153.2 Hz) on the carbon axis correlates with one benzylic
proton at 5.03 & (Jy_p=15.7 Hz).

Though the desired N-phenyl isoquinolone-1-phosphonate (4a)
was obtained in good overall yield in two steps, to improve further,
the yield and efficiency of the approach, a one-pot procedure with-
out isolation of o-aminophosphonates (3a) was visualized as
shown in Scheme 4.

In this approach'® a mixture of ethyl 2-(2-formyl-4,5-
dimethoxyphenyl) acetate (1), 4-fluroaniline (2a) and triethyl
phosphite in dry acetonitrile was stirred at room temperature for
6 h in presence of 4 A molecular sieves and catalytic amount of TFA
(20 mol %) under nitrogen atmosphere. Additional amount of TFA

COOC,H; NH COOC,H;
HSCOJ@( TFA (20 mol %) H;CO - H;CO O
CH;CN /RT TFA / Reflux N
H,CO CHO —2—2 H,cOo N — - HCO
’ 4A MS C,H;0-P=0 ¢ CHiCN C,Hs0-P=0
OC2H5 OCZHS
P(OC2H5)3 3a 4a
Scheme 3. Two-step synthesis of N-phenyl isoquinolone-1-phosphonate (4a).
COOC,Hj NH, 1) TgA (20 mol %)
HCo N CH,ON /RT H,Co 0
+ I J + POCHy; _ —B=717% N
H,CO CHO X 2 TFA/ Rel H,CO \@
R cliux C,H;0-P=0 "¢
OC,Hs; R
1 2 4

Scheme 4. One-pot synthesis of N-phenyl isoquinolone-1-phosphonates (4a-4g).
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(6 mmol) was added to it and refluxed to obtain N-phenyl
isoquinolone-1-phosphonate (4a) in 70% yield. Hence it was
decided to synthesize N-phenyl isoquinolone-1-phosphonates
(4b-4g) using the one-pot method. Under these conditions the
N-phenyl isoquinolone-1-phosphonates (4a-4g) were obtained in
a single step and in good yield (Table 1). It is observed that aniline
and 4-methyl anilines provided the desired products in better
yields as compared to halogenated anilines.

In conclusion a convenient one-pot three-component method
has been developed for the synthesis of novel N-phenyl
isoquinolone-1-phosphonates (4a-4g) from easily available
anilines. Our method does not require pre-formed isoquinolones
and provide the final products with good yields.
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