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SYNTHESIS OF HYDROXYL
CONTAINING N-IMIDES

OF 4-SUBSTITUTED
NAPHTHALIC ACID

R. A. Minakova, A. 1. Bedrik, V. M. Shershukov, Yu. N. Surov, and N. S. Pivnenko

A convenient, one-step method for synthesis of the N-(3-hvdroxypropyl)imide of 4-(3'-hvdroxypropvi)-
aminonaphtalic acid is proposed. It has been found that ethviene glvcol monoethyl ether can be successfully
used to replace solvents previously used for these reactions.

Naphthalic acid derivatives are widely uscd as efficient luminophores with a yellow-green luminescence,
especially high values being shown for derivatives in this series which contain groups like amino, sulfamido,
carboxy ctc. [1, 2]. Amongst these, the most important position is occupied by hydroxy! containing naphthalimide
derivatives. We have synthesized N-(3-hydroxypropyl)imides of 4-substituted naphthalic acids la-g containing
electron donor substituents (including hydroxypropyl) in the naphthalene ring.
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Substituted naphthalimides are usually synthesized in two stages [3]. In the first there i1s formed an imide
through the reaction of 4-chloronaphthalic anhydride and a primary amine and in the second the prepared imide is
hcated in DMF with the corresponding amine. It is noteworthy that 1-aminopropan-3-ol undergoes reaction with
chloronaphthalic anhydride (III) with significantly greater difficulty (yield 25%) than various aliphatic and even
aromatic amines. Using IR spectroscopy, we have shown that a prolonged reaction time gives rise to an increase in
the probability of an alternative rcaction involving the hydroxyl group in acetic acid medium, i.e. formation of a
compound with an cster group. Moreover, in the second stage there arises the possibility of halogen atom exchange
for a dimethylamino group in DMF. This reaction becomes predominant upon lowering the basicity of the amine
used in the reaction [4]. Because both stages involve bimolecular nucleophilic substitution reactions, the reaction
rate can be increascd by increasing the dielectric constant and the polarity of the solvent. We conclude that the
optimal solvent appropriate for technological use must be ethyl cellosolve which has a higher dielectric constant
and dipole moment that acetic acid, DMF, and N-methylpyrrole, while remaining a proton donor. In fact, use of
ethyl cellosolve in the synthesis of the naphthalimide Ia give good results (yield 70%).
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For the synthesis of N-(3-hydroxypropyl)imides of the 4-substituted naphthalic acids Ib,c,d,f,g which do
not contain a hydroxyl group in the naphthalene ring, the first stage is carried out in ethyl cellosolve and the
second (depending on the basicity of the amine) can be carried out both in ethyl cellosolve and in DMF. Aqueous
solutions of the amines (methylamine, dimethylamine) are employed in a two to threefold excess. In the case of
N-imides of 4-chloronaphthalic anhydride where the reaction with ammonia occurs only under pressure,
compound Ib was synthesized by reduction of the N-(3-hydroxypropyl)imide of 4-nitronaphthalic acid.

Besides the fact that the use of ethyl cellosolve excludes secondary reactions, it has a number of
advantages in a technical sense.

The IR spectra of the synthesized compounds show a marked lowering of the stretching frequency for the
carbony| group when compared with the starting anhydride and this agrees well with literature data [5] for cyclic
imides of dicarboxylic acids. Substituents in the naphthalene ring have little effect on vc-0. The PMR spectra of
the investigated compounds shown characteristic multiplets for the naphthalene fragment, the methylene chain of
the aminopropanol, and the proton containing groups of the substituent (see Experimental section). Investigation of
the absorption spectra in toluene confirm the structure of the compounds prepared since they absorb in the region
390-417 nm which is a characteristic of imides of substituted naphthalic acids (Table 1).

EXPERIMENTAL

PMR spectra were obtained on a Tesla BS-487A spectrophotometer at 80 MHz using TMS as internal
standard and CDCl; as solvent. IR Spectra were recorded on a Specord IR-75 instrument for KBr tablets.
Absorption spectra were measured on a Specord M-40 instrument using toluene as solvent.

N-(3-Hydroxypropyl)imide of 4-(3'-Hydroxypropyl)aminonaphthalic Acid (la). A mixture of
4-chloronaphthalic anhydride (11.6 g, 0.05 mol), 1-aminopropan-3-ol (12 ml, 0.16 mol), and ethyl cellosolve (60
ml) was refluxed for 6 h. The reaction mixture was cooled, slowly poured into iced water (300 ml), and held at
room temperature for 15 h. The precipitate formed was filtered off and refluxed for 30 min in an aqueous solution
of sodium carbonate (3%, 300 ml). The precipitate was filtered off, washed with water to a neutral and dried. Yield
11.3 g(70%); mp 203-204°C (benzene). Found, %: N 8.50. C;gH20N>O4. Calculated, %: N 8.53.

N-(3-Hydroxypropyl)imide of 4-Nitronaphthalic Acid. A mixture of 4-nitronaphthalic anhydride (4.8 g,
0.02 mol) and 1-aminopropan-3-ol (1.9 g, 0.025 mol) was refluxed for 6 h in ethyl celiosolve (50 ml). The reaction
mixture was cooled and slowly poured into cold water (200 ml). The precipitate formed was filtered off, washed
with water, and refluxed for 30 min in aqueous sodium carbonate solution (3%, 100 ml). The hot mixture was
filtered, the precipitate was washed with water to neutrality using a solution of hydrochloric acid (7%) and then
water. Yield 4 g (70%); mp 132°C (propan-2-ol). Found, %: N 9.10. C;5H;:N,0s. Calculated, %: N 9.33.

N-(3-Hydroxypropyl)imide of 4-Chloronaphthalic Acid (II) was obtained similarly. Yield 64%; mp 95°C.
Found, %: N 4.60; C1 12.10. C;sH;2NOsCl. Calculated, %: N 4.83; C1 12.26.

N-(3-Hydroxypropyl)imide of 4-Aminonaphthalic Acid (Ib). A hot solution of SnCl; (28 g, 0.14 mol) in
conc. hydrochloric acid (28 g) was added gradually to a refluxing solution of the N-(3-hydroxypropyl)imide of
4-nitronaphthalic acid (7 g, 0.023 mol) in propanol (200 ml). The mixture was refluxed for 3 h, cooled, and
filtered. The precipitate was refluxed in aqueous NaOH solution (10%, 100 ml), filtered, and washed with water to
neutrality. Yield 2.2 g (35%); mp 198-199°C (toluene). Found, %: N 10.20. C;sH,4N,O;. Calculated, %: N 10.37.

N-(3-Hydroxypropyl)imide of 4-Methylaminonapthalic Acid (Ic). Aqueous methylamine solution
(33%, 5.4 ml, 0.06 mol) was added in four portions (once per hour) to a refluxing solution of hydroxyimide II (5.8
g, 0.02 mol) in ethyl cellosolve (40 ml). After the addition of the last portion of methylamine, the reaction mixture
was refluxed for 3 h, cooled, poured into iced water (200 ml), and left for 15 h. The precipitate was filtered off and
dried. Yield 3.4 g (60%); mp 229-230°C (toluene). Found, %: N 9.72. Ci¢HsN,O;. Calculated, %: N 9.85.

The remaining N-(3-hydroxypropyl)imides of 4-Naphthalic Acids were obtained similarly but an
equimolar amount of the amine was added at once (see Table 1). PMR spectrum (compound Id): 2.90 (1H, s,
OH); 2.05 (2H, m, 2'-CH,); 3.10 (6H, s, N(CH3),); 4.17 (2H, t, J= 7.3 Hz, OCHy); 4.26 (2H, t, J = 6.2 Hz, CH,);
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7.11 (1H, d, 3-H); 7.64 (1H, dd, 6-H); 8.43 (1H, d, 5-H); 8.4 (1H, d, 2-H); 8.53 ppm (1H, d, 7-H). (Compound If):
2.90 (1H, s, OH); 2.05 (2H, m, 2'-CH.); 1.80 (6H, m, (CHy)s; 3.26 (4H, m, N(CH,),); 4.17 (2H, m, N-CH,); 4.26
(2H, t, OCHy); 7.66 (1H, dd, 6-H); 8.39 (1H, d, 5-H); 7.18 (1H, d, 3-H); 8.48 (1H, d, 2-H); 8.56 ppm (1H, d, 7-H).
(Compound Ig): 2.90 (1H, s, OH); 2,05 (2H, m, 2'-CH,); 3.26 (4H, m, N(CH,),); 4.03 (4H, m, O(CH,),); 4.17 (2H,
t, N-CH,); 4.26 (2H, t, OCH,); 7.69 (1H, dd, 6-H); 8.41 (1H, d, 5-H); 7.23 (1H, d, 3-H); 8.51 (IH, d, 2-H);
8.56 ppm (1H, d, 7-H).
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