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Luminescent 2-(Hydroxyaryl)-1-naphth[2,3-d | imidazole Derivatives
C. M. Orlando, Jr., J. G. Wirth and D. R. Heath

General Electric Research & Development Center

The synthesis and spectroscopic properties of a new class of luminescent 1H-naphth[2,3-d |-
imidazole compounds are described. The ultraviolet spectra of 2-(hydroxyaryl)-1H-naphth|2,3-d |-
imidazole derivatives are presented and discussed. Significant effects of structure and physical state
of the luminescent compounds are observed on the measured emission wave length throughout the
visible spectrum. The luminescence quantum efficiency of one of the naphthimidazole derivatives
is reported.

The chemistry of the VH-naphth{2,3-d |imidazole sys- N
tem has been relatively unexplored even though the parent \>_R
compound was first synthesized as carly as 1935 (1). Much E

of the interest in this class of heterocyclic compounds in
the chemical literature Lo date has been in the synthesis of

a limited number of simple derivatives (2,3). Most of these
derivatives are representative examples of the 2-substituted
[H-naphth|2,3-d |imidazoles (1, R = alkyl, aryl, -O1L, -SIi,
NHRY (1,3,4). The 2-mercapto-11-naphth]2,3-d Jimid- L. Synthesis.

Results and Discussion

azole (1, R = -SH) is the only reported example of a lumi- The compounds 3 (R’ = 11, -OCll;, -OH, CgHs) and
nescent compound in this heterocyclic class (3). We now 4a were prepared according to a literature procedure (5)
d(‘,Sl',l'il)(‘, lh(,' Sylllll(?h’ib’ and Imnincsccn(‘,c pr()pcrtics ()I. d inv()lving [he [hern]al condensati()n ()f2’3-diamin0naphtha.
new series of 2-(hydroxyaryl)-1H-naphth| 2,3-d [imidazoles  fene (2) with the bisulfite adduct of the corresponding
(3 and 4). aldehydes in dimethylformamide (Scheme 1). The syn-
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thesis of 4b involved the reaction of 2 with 3-hydroxy-2-
naphthoic acid in polyphosphoric acid (6) (Scheme 1).
Presumably either method could be used to prepare com-
pounds 3 or 4 depending upon availability of aromatic
aldehyde or carboxylic acid. The products were obtained
in moderate yields and were high melting non-volatile sol-
ids. These compounds were sparingly soluble in most com-
mon organic solvents; however, alimited number displayed
moderate solubility in methylene chloride and acetic acid.
Preliminary observations indicate this class of compounds
Lo be oxidatively and thermally stable (<250°).

Il. Spectroscopic Properties. A. Ultraviolet Spectra.

The data available with respect to the ultraviolet ab-
sorption properties of the 1H-naphth|2,3-d Jimidazole sys-
tem is presently very limited. A study of the effect of pll
on the absorption properties of several derivatives of this
class of heterocyclics represents the only literature report
on this subject (3). In an effort to more fully understand
the luminescence properties of the 2-(hydroxyaryl)-1H-
naphth|2,3-d |imidazoles, it was of interest to examine the
ultraviolet spectra of the parent compound (1, R = H), the
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2-phenyl- (1, R = CgHg) and the 2-(2-hydroxyphenyl)- (3,
R" = 1) derivatives (Figure 1). The absorption spectrum of
1 (R = H) possessed some similarity to the reported spec-
trum of Z-aminonaphthalene (7). Both spectra displayed
broad band absorptions at 230-240 mu (e ~ 60,000) and
at 300-340 mu (e ~ 2000-7000) characteristic of the tran-
sition of the substituted naphthalene chromophore. In
analogy with related studies of the absorption properties of
benzazoles (8), the basic chromophore in 1 (R = H) is con-
sidered 1o be the naphthalene ring and not the heterocyclic
ring.

The spectra of the 2-aryl derivatives 1 (R = CgHs) and
3 (R' = ) were similar but differed dramaticatly from the
spectrum of the parent compound. The overall absorption
band system of the aryl substituted compounds was consid-
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erably red-shifted relative to 1 (R = 1), particularly in the
short wavelength region. In addition to the bathochromic
shift of the long wavelength bands, a significant incrcase
in intensity of these bands was noted. This stronger and
longer wavelength absorption can be ascribed to the intro-
duction of a new benzylidene-imine chromophore in both
1 (R = CgHs) and 3 (R' = H). The major difference be-
tween the absorption spectra of the two aryl 1H-naphth-
12,3-d Jimidazoles appeared in the long wavelength region.
The effect of the ortho-hydroxyl group in 3 (R’ = H) was
such as to cause a band separation presumably isolating the
benzylidene-imine chromophore at 348 my from weak
transitions of the naphthalene chromophore at ~300 mu.
Both of these transitions were present as one band system
in 1 (R = CgHs) from 300-370 mu. In spectral studies of
2-phenyl- and 2-(hydroxyphenyl)benzazoles (see Figure 2),
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similar but more pronounced effects were observed (8).
A spectral comparison of the 2<(hydroxynaphthyl)-1H-
naphth|2,3-d |imidazoles 4a and 4b and the ortho-hydroxy
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phenyl derivative 3 (R = H) indicated a basically similar
absorption band system for the three compounds (Figare
3).

3. Luminescence Spectra.

The luminescence spectra of the 2-(hydroxyaryl)-11-
naphth]2,3-d |imidazole derivatives (3 and 4) in both
methylene chloride solution and in the solid state dis-
played broad and essentially structurcless emission bands.
These data clearly demonstrate the dependence of lumines-
cence wavelength on the structure of hydroxyaryl groups

(see Table I).
TABLE 1

Luminescence Spectral [ata
(X excit 250-400 my)

Compound R’ A g(l,llill(sis mu A Cgrflg‘sb my %,'E;:ﬁl,o;‘??gt;
3 H 468 485 62
4a - 485 465 62
3 Cells 490 512 02
3 OH 515 530 05
3 OCH3 520 545 72
4b - 610 480 95

(a) Width at half height of emission band mcasured in methylene
chloride.

The effect of these structural differences upon the emission
properties in the solid state was such that luminescence
throughout the visible region from blue (468 my) to red
(610 mu) was observed. A small but systematic batho-
chromic shift of the emission wavelength was apparent in
the hydroxyaryl derivatives 3 as the R' group was succes-
sively changed from hydrogen, phenyl, hydroxyl to meth-
oxyl. This effect may be related to the electron donating
ability of the respective R’ substituents (9). Subtle struc-
tural differences between the isomeric naphthimidazoles
4a and 4b resulted in an unusually large separation of the
corresponding luminescence maxima (AN = 125 mu). Al-
though the emission band shape and wavelength maximum
of a luminescent compound is very much dependent upon
its physical state (10), the wavelength shift represented by
the band maxima of compound 4b in solution and in the
solid state is unusually large (130 mut). In addition, the
emission band ol 4b in solution exhibits a comparatively
broad band width (see Table I).

Definitive analysis of solution emission and absorption
spectra for mirror symmetry was nol possible since the
cmission bands were uncorrected. However, it was appar-
enl from the observed solution absorption and emission
data that the respective -0 bands did not overlap and
significant Stokes shifts (11) were noted (Figure 4). This
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particular phenomenon was also obscrved in some recent
spectroscopic studies of luminescent 2-(hydroxyphenyl)-
benzazole derivatives (12). It is interesting to note that
the excitation spectra of the |H-naphth[2,3-d Jimidazole
derivatives were nol identical to the corresponding absorp-
tion spectra. While the band maxima appeared at the same
wavelength, the relative intensities of the band systems
were reversed.  The absorption, emission and excitation
spectra ol 2(4-hydroxy-3-biphenylyl)-1H-naphth|2,3-d |-
imidazole (3, R = CgHs) are illustraled in Figure 4 and
are considered representative of this class of compounds.
The luminescence quantum efficiency of the latter com-
pound (3, R = CgHs) was found to be 0.50 relative Lo
fluorescein as a standard (13).

The luminescence mechanism for the photochromic azo-
methine derivatives has been extensively invesligated over
the past several years (14). Comparable studics of the
structurally analogous 2-(hydroxyphenyl)benzazoles and
related systems have not been reported in the literature o
date. The controversial mechanistic proposals for the lu-
minescenl azomethines clearly exclude any sound extrapo-
lation from these studies Lo the heterocyclic systems (14b).
Further investigation of the luminescence propertices of this
genceral class of heterocyclics is necessary for the elucida-
tion of the emission mechanism.

EXPERIMENTAL

All melting points were determined on a Mel-Temp apparatus
and are uncorrected. The ultraviolet spectra were recorded on a
Cary Model 14 spectrophotometer.  'The luminescence spectra
were recorded on an Aminco-Bowman spectrophotofluorometer
cquipped with a high pressure xcnon lamp source and a 1P-128
detector.

Reagents.

The methylene chloride used in the luminescence measurements
was redistilled reagent grade solvent. The 2,3-diaminonaphthalene,
2,5-dihydroxybenzaldehyde, 2-hydroxy-1-naphthaldehyde and 3-
hydroxy-1-naphthoic acid werc purchased from Aldrich Chemical
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Company. Both 5-methoxysalicylaldehyde (oil) and 5-phenyl-
salicylaldehyde (m.p. 97-98°) were prepared by the method of
Duff (15). 1H-Naphth|2,3-d |imidazole (m.p. 220°) was prepared
according to the literature (1).

General Synthesis of 111-Naphth[2,3-d |Jimidazole 3 and 4a.

An cquimolar mixture of 0.004 to 0.006 mole of the aldehyde
sodium bisulfite adduct and 2,3-diaminonaphthalene in 25 to 50
ml. of DMF was heated at 150° for 14 hours. The reaction mix-
ture was cooled, quenched with 50 ml. of water and the solid
which precipitated was filtered and dried. Recrystallization from
acetic acid and/or vacuum sublimation in a kugelrohr apparatus at
250-280°/0.1 mm gave analytically pure products.

2(2-Hydroxyphenyl)-1/-naphth|2.3-d |imidazole (3, R" = H).

Prepared according 1o the method described as light yellow
crystals (51%), m.p. 340-346° dec. (recrystallized from acetic acid);
A max (methylene chloride), mu (€): 263 sh (39,077), 271 (54,190),
207 (8,300), 310 (10,100), 340 sh (27,200), 350 (31,900); A
emiss: 468 myu (solid), 485 mu (methylene chloride).

Anal. Caled. for Ci7H;,N,0 (MW, 260.29): C, 78.43; H,
4.64: N, 10.7. Found: C,78.30; H, 4.70; N, 10.90.

24(2-Hydroxy-1-naphthyl)-1H{-naphth{2,3-d }imidazolc (4a).

Prepared according to the method described as soft yellow
needles (28%), m.p. 337-339° dec. (sublimed and recrystallized
from acelic acid); N max (mecthylene chloride), mu (e): 255
(42.400), 287 (13,950), 297 sh (12,600), 313 (8,900), 327
(15.900), 370 (25,700); A emiss: 485 mp (solid), 405 mu
(methylene chloride).

Anal. Caled. for Cy1HyaN, O (MW, 310.34):
4.54: N, 9.02, Found: C,80.80; H, 4.60; N, 9.04.

2-(4-Hydroxy-3-biphenylyl)-1-naphth| 2,3-d |imidazole (3, R’ =
Cells).

Prepared according to the method described as yellow crystals
(13%), m.p. 328-330° dec. (sublimed); A max (methylene chlor-
ide), mu (€): 263 (65,200), 273 (74,000), 280 sh (40,700), 308
sh (7,900), 325 sh (12,700), 355 (28,000); A emiss: 490 mu
(solid), 512 mu (CH, Cly).

Anal. Caled. for Co3H1gN,O (MW, 336.38):
4.79; N, 8.32. Found: C, 82.20; H, 4.80; N, 8.31.

24(2,5-Dihydroxyphenyl)-1/1-naphth|2,3-d Jimidazole (3, R" = OH).

C, 81.27; I,

C,82.11; H,

Prepared according to the method described as tan crystals
(33%), m.p. >380° (sublimed and recrystallized-acetic acid); A
max (95% ethanol) (16), mu (¢): 262 (40,200), 272 (55,200), 278
sh (19,300), 324 (12,900), 356 (23,900), 370 (19,400); A emiss:
515 my (solid), 530 mu (methylene chloride).

Anal. Caled. for CyqH ,NyO5 (MW, 276.29): (., 73.89; H
4.38: N, 10.1. Found: C,73.40; H, 4.33; N, 9.81.

2{2-llydroxy-5-methoxyphenyl)}-l1H-naphth|2,3-d]imidazole
(3R = OCH3).

k]

Prepared according to the method described as yellow needles
(54%), m.p. 338-342° dec. (sublimed); A max (95% cthanol)
(10), mu (e): 273 (53,900), 280 sh (24,700), 310 (7,200), 323
(11,100), 359 (26,100), 370 (23,500); A emiss: 520 mu (solid),
545 mu (methylene chloride).

Anal. Caled. for CygHy4N2Oy (MW, 290.31): €, 74.46; H
4.86: N,9.65. Found: C,74.09; I,4.78; N, 9.70.

Ll

Preparation of 24(3-Hydroxy-2-naphthyl)-1 H-naphth|2,3-d | imid-
azole. (4b) Using PPA Method.

A solution of 1.58 g. (.01 mole) of 2,3-diaminonaphthalene
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and 1.88 g. (0.01 mole) of 3-hydroxy-2-naphthoic acid in 60 g. of
PP A was heated at 200° for 24 hours. The cooled reaction mixture
was quenched with an equal volume of water and neutralized with
solid sodium hydroxide. The solid which precipitated was filtered
and vacuum sublimed at 340°/0.1 mm in a kugelrohr apparatus to
give yellow-green crystals of the naphthimidazole, 0.362 g. (12%),
m.p. 340-342°, dec.; A max (DMF) (16), mu (¢): 272 (71,900),
278 (60.700), 289 sh (30,100), 300 sh (20.,400), 335 (30,400), 349
(31,100), 375 (18,400); A emiss: 610 mu (solid), 480 mu
(methylene cholride).

Anal. Caled. for Cy1Hi4N,O (MW, 310.34):
4.54; N, 9.02. Found: C,81.60; H,4.6; N,8.92,

Preparation of 2-Phenyl-1H-naphth|2,3-d Jimidazole.

A solution of 0.415 g. (0.0026 mole) of 2,3-diaminonaphtha-
lene and 0.44 g. (0.0026 mole) of benzaldehyde sodium bisulfite
adduet in 35 ml. DMF was heated 14 hours at 150°. Quenching
the reaction mixture with water and extraction with cthyl acetate
gave the naphthimidazole, 0.10 g. (14%), m.p. 215-217°; A max
(95% ethanol), mu (¢): 264 (34,500), 273 (30,000), 327 sh
(13,000), 338 (17,000).

Anal. Caled. for C7H,,N, (MW, 244.29): C, 83.57; H, 4.95;
N, 11.43. Found: C,83.30; H,4.94; N, 11.16.

C, 81.26: H,
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measured in methylene chloride, but due to problems of in-
solubility, only the positions of the absorption maxima and not
the corresponding extinction cocfficients were obtained in this
solvent. 'The absorption spectra of compounds 3 (R' = OH) and
3 (R’ = OCH3) in 95% cthanol and of 4b in DMF were very
similar to the corresponding spectra taken in methylene chloride
except for the position of the longest wavelength maxima; A max
(methylene chloride), 3 (R’ = OH), 357 mu; 3 (R' = OCl3),
300 mu; 4b, 348 my.
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