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Abstract—A series of substituted N-arylphthalamic acids 3a—i has been synthesized by the reaction of phthalic anhydride 1 and
aryl- or heterocyclic amines 2a—i, in the absence of solvents, in a domestic microwave oven. The formation of nine N-arylphthal-
amic acids was accomplished in 1-3 min giving excellent yields for compounds 3a—g, but moderate yield of compounds 3h and 3i,
respectively. Compounds 3h and 3i are new. Interestingly, N-arylphthalamic acids 3a—i induced hyperlipidemia in Swiss white mice
and also increased animals’ body weight. © 2001 Elsevier Science Ltd. All rights reserved.

Phthalamic acids are an interesting class of compounds
due to their application and biological activities. For
example, some phthalamic acids have negative geo-
tropic effect in germinating roots.! The phytotropin, N-
(1-naphthyl)phthalamic acid, inhibits rooting if applied
during the first three days after the cutting is made, but
does not affect auxin concentration or metabolism at
the rooting site.? It has also been shown that intrave-
nous administration of N-benzylimidazole phthalamic
acid decreases the blood pressure,> and other phtha-
lamic acids possess diuretic properties in rats.* Phtha-
lamic acids may be obtained by the ring-opening
reaction of phthalic anhydride with amines by using
conventional heating,'>° which takes longer time and
requires more laboratory work than by using the
method described in this study. The use of microwaves
has been reported for organic synthesis, in oxidation
reactions,” aromatic substitutions,® N-alkylations,”°
pericyclic reactions,'!"'? and others,!3~1> but very little
work appeared about microwave-mediated synthesis of
phthalamic acids. The literature cites two works where
the anhydride rings were opened by such radiation.
First, a review!® describes the application of microwave
dielectric heating effects to synthetic problems in chem-
istry. In this report, a small section deals with the reac-
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tion of benzophenone tetracarboxylic acid dianhydride
(BTDA) with 3,3’-diaminodiphenylsulfone (DDS). Sec-
ond, the synthesis of phthalimides by microwave irra-
diation of alkylamines with phthalic anhydride gave
excellent yields, but in some cases, the yields were low
because of the formation of phthalamic acids,!”
although the major products were phthalimides. In this
communication, we report a clean and practical synth-
esis of amic acids 3a—i (Scheme 1), without any con-
tamination of phthalimides. Besides this, we found an
interesting pharmacological property of these acids 3a—i,
because they cause hyperlipidemia and an increase in
animals’ body weight.

The reaction for obtaining N-arylphthalamic acids is
based on the principle that two solid reagents with low
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Table 1. Reaction time, melting point and yield of compounds 3a—i*

Compd MW Observed Yield Conventional reaction Phthalimide, Lit.
reaction time (min) mp (°C) (%) time (min) correspondent mp (°C)

3a? 1 206-206.6 99 240 205-207 1

3b° 2 135.2-136.1 88 180 140-142 1

3c 2 158-157.8 96 180 163-164 1

3d° 2 194-195.6 95 180 194-196 1

3e® 2 140-140.4 88 180 184-186 1

3 2 203-203.3 91 180 200-201 1

3gb 2 183-184 94 180 180-182 1

3h° 3 305-307 51 — — This work
3i° 3 269.7-270.4 55 — — This work

Solvent of crystallization: a=EtOH; b=CH;COCHj3; c=MeOH.

4The melting points of phthalamic acids cannot be determined correctly because they cyclize on heating. Therefore, all melting points reported are

close to their corresponding phthalimides.

melting points or a solid and a liquid reagent are able to
melt rapidly, giving a polar liquid that is more prone to
microwave absorption. In these conditions, the tem-
perature can be around 135°C and the reaction can
occur when phthalic anhydride dissolves in amines.!”
The acids (3a—i) were obtained by mixing an equimolar
quantity of phthalic anhydride (1.35 mmol) and an
appropriate aromatic amine (2a-g) or heterocyclic
amine 2h or 2i (1.35 mmol). The mixture was heated for
1-3 min in a domestic microwave oven operating at
1350 W and 2450 MHz. Each amic acid was crystallized
from an appropriate solvent. The beauty of the reaction
is that it does not require any catalyst.

The ring opening occurs simply through the nucleo-
philic attack of the amine nitrogen atom on carbonyl
carbon and the formation of arylphthalamic acids
(Scheme 1). This way, nine N-arylphthalamic acids (3a—i)
have been synthesized (Table 1),"¢ seven of them (3a-g)
gave excellent yields (88-99%) and two of them (3h and
3i) gave moderate yields (51 and 55%, respectively).!8

To our knowledge, the last two compounds, namely, 3h
and 3i (Fig. 1), have not been reported in the literature.
All compounds were characterized by their infrared, 'H
NMR spectra, and elemental analysis. The infrared
spectra of compounds 3a—i exhibit absorptions between
3326 and 3265 cm~!, which are characteristic of the NH
group; two strong absorptions between 1720 and 1679
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Figure 1.

are due to the stretching frequencies of carbonyl groups.
The O-H stretching vibration appeared in the region
30002500 cm~!'. The '"H NMR spectra of these com-
pounds show interesting features, which allow the iden-
tification of the nature of the protons. The —OH protons
of 3a—g appeared between & 10.5 and 9.3 ppm, but the
OH protons of 3h and 3i absorbed between & 14.65 and
12.00 ppm, respectively. A broad peak corresponding to
NH proton showed up between 6 2.91 and 3.42 ppm for
compounds 3a-g. The amide proton of 3h and 3i pre-
sumably absorbed around 6 4.00 ppm, and NH of tria-
zole ring appears to be in the aromatic region (& 8.05
ppm) (Table 1). The aromatic protons of all compounds
had correct integration. The H-5 of 3h displayed a
singlet at & 8.74 ppm, wherecas H-3 and H-5 of 3i
produced only one singlet at 8.66 ppm, respectively.

N-Arylphthalamic acids, as discussed above, possess
hypotensive® and diuretic* effects, but there are no
reports about their effects on lipid levels. However,
phthalimide itself and N-arylphthalimides, cyclic pro-
ducts resulting from dehydration of N-arylphthalamic
acids, have been reported to influence lipid metabolism
reducing the plasma cholesterol and triglyceride levels in
rodents,' among other activities.?>?! We thought to
examine these acids to find whether they also possess
such activity, but to our surprise amic acids produced
the opposite effect. When we evaluated the pharmaco-
logical activity of N-arylphthalamic acids (3a—i) in nor-
molipidemic Swiss white male mice, treated with 20 mg/
kg/day for 14 days, interestingly these amic acids sig-
nificantly increased cholesterol, triglycerides, and ani-
mals’ body weight (Table 2).

Intraperitoneal administration of a 1% solution of car-
boxymethylcellulose (CMC) to the animals during 14
days produced no significant changes in mice plasma
cholesterol and triglyceride levels or body weight (Table 2).
N-Phenylphthalamic acid (3a) caused a significant
increase in plasma cholesterol and triglyceride levels by
13 and 22%, respectively, after 14 days of treatment.
Substitution of the phenyl ring showed mixed results.
The substitution of chlorine atom at ortho, meta, and
para positions exhibited a significant increase in plasma
cholesterol and triglyceride levels, where the ortho com-
pound (3b) showed better activity, increasing cholesterol
and triglyceride levels by 15 and 25%, respectively. In
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Table 2. Effect of N-arylphthalamic acid treatment on mice plasma cholesterol and triglyceride levels

Compd Cholesterol (mmol/L) Triglycerides (mmol/L) Weight (g)
Before After Before After Before After
a 2.71+£0.26 3.06+0.23* 1.07+0.16 1.30+0.24* 284+5.7 29+5.7
b 2.1140.30 2.4340.32% 1.06+0.30 1.324+0.31* 26+4.2 29+4.4*
c 2.17+£0.43 2.48+£0.54% 1.04+0.29 1.28+£0.33* 24+5.1 28£5.7*
d 2.30+£0.25 2.51+£0.22% 0.86+0.20 1.06+0.22% 25+4.1 28+3.5
e 3.06+£0.54 3.40+£0.53* 0.9440.26 1.234+0.27* 26+4.1 30+5.0%
f 3.02+0.57 3.284+0.54* 1.01+£0.08 1.35+£0.08* 26+2.3 29+2.9%
g 2.66+0.35 3.17+£0.22* 1.26+0.12 1.48+0.10* 20+3.5 25+6.1%
h 2.454+0.22 2.78£0.25%** 1.144+0.23 1.584+0.32%* 354+0.0 38+£0.83%%*
i 2.46+0.33 2.95+£0.32%** 1.12+0.17 1.49+£0.26%* 35+2.7 394£2.82%**
CMC 2.3240.41 2.30+0.40 1.0940.12 1.0940.12 29+.1.7 30+1.0

Values represent the mean=+SD for six animals in each group. Significant differences: *p <0.05, **p <0.005 and ***p+0.001.

the fluorophenyl series, p-fluorophenylphthalamic acid
(3g) was found to be more active in increasing the cho-
lesterol level; although meta-fluorophenylphthalamic
acid (3f) has been less effective in terms of increasing
cholesterol (9% elevation), it proved to be the most
active in developing hypertriglyceridemia (34%
increase). On the other hand, the new compound N-
[1,2,4]triazol-4-yl-phthalamic acid (3i) afforded the best
hypercholesterolemic activity (20% increase), whilst the
best hypertriglyceridemic activity was found with com-
pound N-(1H-[1,2,4]triazol-3-yl)phthalamic acid (3h)
(39% increase). Except for the control group and com-
pounds 3a and 3d, the mice body weight was sig-
nificantly increased after 14 days of drugs’ treatment
(Table 2).

The preliminary results suggest that these drugs are able
to develop hyperlipidemia in mice, which may be of
interest for experimental purposes, like inducing
hypercholesterolemia and hypertriglyceridemia in ani-
mals followed by testing of new hypolipidemic drugs.
This is based on the fact that hyperlipidemic animal
models have been largely used to study coronary artery
disease, and it would be advantageous to test the biolo-
gical effect of antihyperlipidemic drugs. It is important
to mention that in recent years attempts to induce
hyperlipidemia in various animals species have been
partially successful using a variety of exogenous com-
pounds, for example: administration of polychlorinated
biphenyls,?? nicotine,?® triton WR 1339 (a polyethylene
ether of alkyl phenol),>* among others;>>>?° amic acids
may also be worth investigating.

The compounds tested (3a—i) were suspended in 1%
CMC and administered intraperitoneally to Swiss white
mice; the groups contained six animals weighing about
26 g each for 14 days, at a dose of 20 mg/kg/day. The
dose was chosen based on the previous experiments with
the animals treated with phthalimides resulting from
dehydration of phthalamic acids.?’” The animals were
kept on fasting about 16 h before puncturing the retro-
orbital plexus for blood collection. Blood samples were
withdrawn into tubes containing -ethylenediamine-
tetraacetic acid (EDTA) disodium salt (1 mg/mL)
before and after 14 days of treatment, and the plasma
was separated by centrifugation at 2500g/min. The ani-
mals were weighed every day during the treatment.

Samples of plasma were used in duplicate to determine
the plasma cholesterol and triglyceride levels by using
enzymatic assay CHOD-PAP?® (by the action of cho-
lesterol esterase, cholesterol oxidase and peroxidase
contained in Merck test 1.14830.0001), Ecoline 25
reagents (diagnostica-Merck KGaA, Darmstadt, Ger-
many) and GPO-PAP? (by the enzymes lipase, glycer-
okinase, glycerol phosphate oxidase and peroxidase
present in Merck test 1.19706.0001 System Multi-Test)
according to the manufacturer’s instructions, respectively.

The results are expressed as the mean+standard error
and they were evaluated statistically using the paired
Student ¢-test and p<0.05 as the criterion of statistical
significance.
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