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ABSTRACT 

A series of 3-substituted-I-pyrenylpropenone and 2-methyl-3-cyano-4- 
substituted-Gpyrenylpyridine derivatives were synthesized; IR, ‘H-NMR 
and mass spectra data of these compounds were measured, and their 
structure was confirmed by IR, ‘H-NMR and elemental analysis. The 
electronic absorption spectra and fluorescence behaviour of the 2-methyl- 
3-cyano-4-substituted-Gpyrenylpyridine derivatives were also studied. 

1 INTRODUCTION 

Many structural types of aromatic and heteroaromatic systems can be 
used as components in fluorescent whitening agents or dyes, and find 
wide application in textile and paper industries. One of these structural 
classes comprises a pyrene moiety in combination with heteroaromatic 
systems, such as 2-phenyl-5-( 1 -pyrenyl)- 1,3,4-oxadiazole’ and 2,4-d& 
methoxy-6-( 1 -pyrenyl)- 1,3,5_triazine. 2-3 These compounds act as fluores- 
cent whitening agents suitable for polyester fabrics, but have only 
moderate fastness. We report here the preparation and properties of 
some derivatives of pyrenylpyridines; these compounds were synthesised 
using a modified synthetic method used for pyridine derivatives.“7 

2 RESULTS AND DISCUSSION 

2.1 Preparation and structure determination 

The reaction routes to the 2-methyl-3-cyano4substituted-6-pyrenylpyridines 
(7a-7h) are shown in Scheme 1. 3-Acetylpyrene (3) was prepared by the 
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reaction of pyrene (1) with acetyl chloride (2) in the presence of alu- 
minium chloride as catalyst,&12 and was then condensed with aromatic 
and heteroaromatic aldehydes (4a4h) in an alkali/ethanol medium to give 
the 3-substituted-1-pyrenylpropenone (5a-5h).“313 The desired 2-methyi- 
3-cyano-4-substituted-6-pyrenylpyridine compounds (7a-7h) were subse- 
quently obtained by cyclization of 5a-5h with p-aminocrotonitrile (6) in 
the presence of potassium t-butoxide as catalyst at room temperature. 
The structure of the compounds was confirmed by elemental analysis and 
by IR and ‘H-NMR. 

The IR spectra of 3-acetylpyrene (3) showed a characteristic absorp- 
tion band at 1666 cm’ due to the carbonyl group. The ‘H-NMR spectra 
data of compound 3 in CDCl, showed a singlet at S = 2.88 ppm, 
attributed to the 3H of the methyl group; a 1H doublet at S = 8.33- 
8.35 ppm was attributed to the proton at the 2-position of the pyrene 
ring and the other pyrene protons showed as a multiplet (8H) at S = 
7.92-8.27 ppm. According to Dean and Gumprecht,‘“r5 the acetyl group 
is in the 3-position of the pyrene ring. 

The IR spectra of the 3-substituted-1-pyrenylpropenones (5&h) showed 
well-defined bands at 1641-1691 cm-’ due to the carbonyl group; 
compound 5c also showed typical cyano absorption at 2223 cm-‘. The 
‘H-NMR spectra of compounds 5a-5h in CDCl, showed two doublets at 
6 = 6.62-7.82 ppm, attributed,to the two protons of the -CH=CH- 
group. Compound 5b showed a singlet at 6 = 3.0 ppm, attributed to 
the six protons of the methyl group of the dimethylamino substituent. 
Compound 5d showed a singlet at S = 3.81 ppm, attributed to the three 
protons of the methoxy group in the phenyl ring. Characteristic data for 
compounds 5a-5h are given in Table 1. 

The IR spectra of 2-methyl-3-cyano-4-substituted-6-pyrenylpyridines 
(7a-7h) showed a sharp absorption band at 2216-2228 cm-’ correspond- 
ing to the cyano group in the pyridine ring. The ‘H-NMR spectra of 
compounds 7a-7h in CDCI, showed a singlet at S = 2.97-3.07 ppm, 
attributed to 3H of the methyl group at the 2-position of the pyridine 
ring, and a singlet at S = 7.68-7.88 ppm attributed to 1H at the 5-posi- 
tion of the pyridine ring; spectra data of compounds 7a-7h are listed in 
Tables 2-3. 

2.2 Electron spectra 

The electronic spectra of 4-aryl-6-pyrenylpyridines (7a-7e) and 4-hetero- 
aryl-6-pyrenylpyridines (7f-7h) were measured in ethyl acetate solution 
and the absorption maxima and the fluorescence emission maxima are 
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TABLE 1 
IR and ‘H-NMR Data for 3-Acetylpyrene (3) and 3-Substituted-1-Pyrenylpropenones (5&h) 

Compound IR ‘H-NIUR : 6 (ppm) 

No. vKBr (cm-‘) (CDCr,) 

3 1666 [-C=O] 

5a 1656 [-C=O] 

5b 1641 [-C=O] 

5c 

5d 

1659 [-C=O] 
2223 [--C=N] 

1662 [-C=O] 

5e 1651 [--C=O] 

5f 1655 [-C=O] 

5g 1691 [-C=O] 

5b 1666 [-C=O] 

2.88 [s, 3H, COCH3 on phenyl] 

7.968.24 [m, 8H, pyrene] 

8.33-8.35 [d, lH, H-2 on pyrene] 

7.38-1.65 [m, 7H, C6H, and -CH=CH-] 

8.01-8.26 [m, 8l-L wenel 
8.58-8.61 [d, lH, H-2 on pyrene] 

3.00 
6.62 
1.19-7.54 
7.99-8.22 
8.51-8.54 

[s, 6H, -N(CH3)* on phenyl] 
[m, 6H, CbH4 and -CH=CH-_I 

[m, 8I-L wren4 

[d, lH, H-2 on pyrene] 

7.5&166 [m, 6H, C6H4 and -CH=CH-_I 
8.00-8.26 [m, 8H, wenel 
8.63-8.67 [d, lH, H-2 on pyrene] 

3.81 
6.86-6.91 
7.29-1.59 
1.95-8.23 
8.55-8.58 

[s, 3H, OCH3 on phenyl] 
[m, 6H, C6H, and -CH=CH-] 

bn. 8H, pyrenel 
[d, lH, H-2 on pyrene] 

1.48-1.92 [m, 8H, naphthalene and -CH=CH-] 

8.02-8-35 [m. 8H, we4 
8.5@-8.55 [d, lH, H-2 on naphthalene] 
8.69-8.12 [d, lH, H-2 on pyrene] 

6.47-6.49 [q, lH, H-4 on furan] 
666-6~61 [d, lH, H-3 on furan] 
1.51-1.52 [d, lH, H-5 on furan] 

7.33-1.46 [dd, 2H, -CH=CH-] 

7.95-8.36 b, 8I-L pyrenel 
8.62-8.65 [d, lH, H-2 on pyrene] 

7.03-7.06 
7.22-7.78 
8.00-8.22 
8.58-8.61 

[q, lH, H-4 on thiene] 
[m, 4H, H-3 and H-5 on thiene and -CH=CH-] 

[m, 8H, pyrenel 
[d, lH, H-2 on pyrene] 

7.2k7.28 
1.45-1.73 
8.W8.35 
8.65-8.67 
8.70-873 

[q, lH, H-5 on pyridine] 
[m, 4H, H-3 and H-4 on pyridine and -CH=CH-] 

[m, 8H, wrenel 
[d, lH, H-2 on pyrene] 
[d, lH, H-6 on pyridine] 
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TABLE 2 
IR and ‘H-NMR Data for 2-Methyl-3-Cyano-4-Su~ti~~~~yl pyridines (7a-7d) 

Compound IR ‘H-NMR : 6 (ppm) 

No. vKBr (cm-') (CDCI,) 

7a 

7b 

7c 

7d 

2221 [-ckNj 

2217 [-C=Nj 

2219 [-4%Nj 
2228 

2221 [--cbNj 

3.02 [s, 3H, CH, on pyridine] 
7.X-1.72 [m, 6H, C6H, and H-5 on pyridine] 
8W-8.27 [m. 8H, pyrenel 
8.40-8.43 [d, lH, H-2 on pyrene] 

2.98 [s, 3H, CH3 on pyridine] 
3.03 [s, 6H, -N(CH3)* on phenyl] 
7.6%7,68 [dd, 4H, C6H4] 
1.99-8.26 [m, 8H, wren4 
8.38-8.41 [d, lH, H-2 on pyrene] 

3.03 [s, 3H, CH, on pyridine] 
7.68 [m, 3H, H-5 on pyridine] 
7.76-7.85 [dd, 4H, CsjH41 
8.01-8.27 bn. 8H, wenel 
8.37-840 [d, lH, H-2 on pyrene] 

3xlo [s, 3H, CH3 on pyridine] 
3.86 [s, 3H, 0CH3 on phenyl] 
7XW7.67 [dd, 4H, C6H4] 
7.68 [s, IH, H-2 on pyridine] 
7.99-8.26 [m, 8l-L wrenel 
8.34-8.41 [d, lH, H-2 on pyridine] 

listed in Table 4. It was found that substituents such as the NJ-dimethyl- 
amino group in 7h, and the methoxy group in 7d in the phenyl moiety at 
the 4-position of the pyridine ring had little influence on the absorption 
maxima compared to that of compound 7a. The absorption maxima of 
compounds 7a-7e were in the general range 360-372 nm. Replacement of 
the phenyl ring in 7a by a heteroaryl ring, as in 7f, 7g and 7h, caused a 
bathochromic shift of S-10 nm, the absorption maxima of 7f-7h being 
in the range 368-370 nm. Fluorescence emission maxima of 4-aryl-6- 
pyrenylpyridines (7a, 7d and 7e) were in the range 440446 nm and these 
compounds showed intense blue fluorescence in ethyl acetate solution. 
Compound 7c, with a cyano group as substituent in the phenyl ring, 
showed a strong bluish-green fluorescence with fluorescence emission 
maxima at 476 nm. Compound 7h, containing an NJ-dimethylamino 
group in the phenyl ring, had the largest fluorescence emission maxima 
at 520 nm, but showed a weak green fluorescence. The 4-heteroaryl-6- 
pyrenylpyridines (7f-7h) had fluorescence emission in the 453-460 nm 
range and showed greenish-blue fluorescence. 
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TABLE 3 
IR and ‘H-NMR Data for 2-Methyl-3-Cyano4Substituted-6-~nyl Pyridines (W7h) 

Cornpod 
No. 

IR 
vKBr (cm-‘) 

‘H-NMR : 8 (ppm) 

(CDCl3) 

7e 2220 [-c%Ivl 

7f 2219 [-Nj 

7g 2217 [-C=Nl 

7h 2216 [-C=Nj 

3.07 [s, 3H, CH3 on pyridine] 

7.53-7.62 [m, 6H, naphthalene] 
7.78 [s, lH, H-5 on pyridine] 
7.99-8.24 [m, 9H, pyrene and H-2 on naphthalene] 
8.48-8.51 [d, lH, H-2 on pyrene] 

2.97 [s, 3H, CH, on pyridine] 
663-644 [q, lH, H-4 on furan] 
7.61-7.62 [d, lH, H-3 on furan] 
7.66-7.67 [d, lH, H-5 on furan] 

8.00-8.27 [m, 8H, mm4 
8.368.39 [d, lH, H-2 on pyrene] 

2.99 [s, 3H, CH3 on pyridine] 
7.22-7.23 [m, lH, H-4 on thiene] 
7.53 [d, lH, H-3 on thiene] 
7.54-7.55 [d, lH, H-5 on thiene] 

7.78 [s, lH, H-5 on pyridine] 
7.97-8.27 b, 8H, wren4 
8.35-8.39 [d, lH, H;2 pyrene] 

3.04 [s, 3H, CH3 on pyridine] 

7.4&7&I [s, 2H, H-3’ and H-5’ on pyridine] 
7.88-7.91 [m, 2H, H-4’ and H-5 on pyridine] 
7.9W3.26 [m, 8H, pyrenel 
8.39-8.42 [d, lH, H-2 on pyrene] 

8.81-8.82 [d, lH, H-6’ on pyridine] 

3 EXPERIMENTAL 

All melting points are uncorrected. IR spectra were recovered on a 
JASCO Hc-2 FT-IR/IR-3 (KBr). ‘H-NMR spectra were determined with 
a JUM-FX-100 (JEOL) FT-NMR spectrometer using TMS as internal 
standard; mass spectra were determined on a JEOL JMS-D-300; absorp- 
tion spectra on a Shimadzu UV-240 and fluorescence spectra on a 
Perkin-Elmer LS 50. The concentration of the ethyl acetate solution used 
for these measurements was 5 X lo-* M. 

3.1 3Acetylpyrene (3) 

Acetyl chloride (7.8 g, 0.1 mole) and aluminium trichloride (13.3 g, 
0.1 mole) were added to dichloromethane (200 ml), and the mixture was 
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TABLE 4 
Absorption and Fluorescence Spectra Data for 2-Methyl-3-Cyano4Substituted-6-Pyrenyl- 

pyridines (%I-7h) in Ethyl Acetate 

Compound 
No. 

hIax Log E klu 
tnm) (nm) 

7a 360 4.40 446 
7b 365 4.63 520 
7c 372 4.43 476 
76 360 4.52 440 
7e 362 4.52 443 
7f 370 4.43 453 

7k! 369 4.52 453 
7b 368 4,45 460 

cooled to below 5°C. The mixture was stirred vigorously and pyrene 
(20.2 g, 0.1 mole) in dichloromethane (70 ml) was slowly added over I h. 
The resulting solution was stirred at 20°C for 34 h and the mixture then 
poured into 800 g ice-water. The organic layer was dried (MgSO& 
solvent removed and the resultant oil crystallized from ethanol to give 
greenish-yellow crystals (75%), m.p. 67-70°C (P’ at m/e 244). Calculated 
for C,,H,,O: C, 88.52; H, 4.92. Found: C, 88.10; H, 50.1. 

3.2 Compounds Sa-5h 

To prepare 3-phenyl- 1-pyrenylpropenone (5a), a mixture of 3-acetyl- 
pyrene (4.88 g, 0.2 mole), benzaldehyde (2.12 g, 0.02 mole), ethanol 
(50 ml) and sodium hydroxide (0.6 g, 0.015 mole) was stirred at room 
temperature overnight. During the reaction, a yellow product precipitated. 
The crude product was filtered and recrystallized from ethanol to give 
yellow crystals (710/o), m.p. 9698°C (P+ at m/e 332). Calculated for 
&H,,O: C, 90.36; H, 4.82. Found: C, 89.81; H, 5.34. 

Similarly prepared were compounds SlAh: 
3-(4_Dimethylaminophenyl)- 1 -pyrenylpropenone (Sb) was recrystallized 

from ethanol as orange crystals (90%), m.p. 170-173°C (P’ at m/e 375). 
Calculated for C,,H,,NO: C, 86.40; H, 5.60; N, 3~70. Found: C, 86.16; 
H, 5.62; N, 3.41. 

3-(4Cyanophenyl)- 1 -pyrenylpropenone (5c) was recrystallized from 
ethanol as yellow crystals (70%), m.p. 175-180°C (P’ at m/e 357). Calcu- 
lated for C,6H,5NO: C, 87.39; H, 4.20; N, 3.92. Found: C, 86.72; H, 4.58; 
N, 3.58. 

3-(4_Methoxyphenyl)- 1 -pyrenylpropenone (5d) was recrystallized from 
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ethanol as yellow crystals (65O), m.p. 120-125°C (P’ at m/e 362). Calcu- 
lated for CZ6H1s02: C, 86.18; H, 4.97. Found: C, 85.83; H, 5.12. 

3-( 1 -Naphthyl)- 1-pyrenylpropenone (Se) was recrystallized from ethanol 
as yellow crystals (90%), m.p. 119-120°C (P’ at m/e 382). Calculated for 
CZ9H,,0: C, 91.09; H, 4.71. Found: C, 90.89; H, 4.88. 

3-(2-Furyl)-l-pyrenylpropenone (5f) was recrystallized from ethanol as 
yellow crystals (83%), m.p. 144146°C (P’ at m/e 322). Calculated for 
CZ3H1402: C, 85.71; H, 4.34. Found: C, 85.19; H, 4.48. 

3-(2-Thienyl)-1-pyrenylpropenone (5g) was recrystallized from ethanol 
as yellow crystals (88O), m.p. 155-157°C (P’ at m/e 338). Calculated for 
C2,HI,0S: C, 81.65; H, 4.14, Found: C, 81.63: H, 4.41. 

3-(2-Pyridyl)-1-pyrenylpropenone (5h) was recrystallized from ethanol 
as yellow crystals (600), m.p. 72-75°C (P’ at m/e 333). Calculated for 
&H,,NO. C, 86.48; H, 4.50; N, 4.20. Found: C, 85.80; H, 4.89; N, 4.06. 

3.3 Compounds 7a-7h 

To prepare 2-methyl-3-cyano-4-phenyl-6-pyrenylpyridine (7a), a mixture 
of 3-phenyl- 1 -pyrenylpropenone @a; 1 g, OX@3 mole), &aminocrotonitrile 
(2.5 g, 0.03 mole) and potassium t-butoxide (0.6 g) in acetonitrile (50 ml) 
was stirred at room temperature overnight. The resultant precipitate was 
filtered, dried and recrystallized from acetone to give yellow-green crystals 
(65%), m.p. 178-179°C (P’ at m/e 394). Calculated for CZ9H18N2: C, 
88.32; H, 4.56; N, 7.10. Found: C, 87.81; H, 4.88; N, 7.05. 

Compounds 7b7h were similarly prepared: 
2-Methyl-3cyano4(4-dimethylaminophenyl)-6-pyrenylpyridine (7h) was 

recrystallized from acetone as yellow-green crystals (80%), m.p. 221-229°C 
(P’ at m/e 437). Calculated for C3,HZ3N3: C, 85.12; H, 5.26; N, 9.61. 
Found: C, 84.81; H, 5.24; N, 9.22. 

2-Methyl-3-cyano-4-(4-cyanophenyl)-6-pyrenylpyridine (7~) was recrys- 
tallized from acetone as yellow crystals (71%), m.p. 220-223°C (P’ at 
m/e 419). Calculated for C&H17N3: C, 85.91; H, 4.05; N, 10.02. Found: 
C, 85.45; H, 4.20; N, 9.89. 

2-Methyl-3-cyano-4-(4-methoxyphenyl)-6-pyrenylpyri (7d) was re- 
crystallized from acetone as yellow-green crystals (61%), m.p. 168-171°C 
(P’ at m/e 424). Calculated for C3,,H2,,N20: C, 84.90; H, 4.71; N, 6.60. 
Found: C, 84.21; H, 4.97; N, 6.39. 

2-Methyl-3-cyano-4-( 1 -naphthylphenyl)-6-pyrenylpyridine (7e) was re- 
crystallized from acetone as yellow-green crystals (60%), m.p. 20421O’C 
(P’ at m/e 444). Calculated for CS3HZ0N2: C, 89.18; H, 4.50; N, 6.3 1. 
Found: C, 8864; H, 4.84; N, 644. 

2-Methyl-3-cyano-4-(2-furyl)-6-pyrenylpyridine (7f) was recrystallized 
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from acetone as yellow-green crystals (81%), m.p. 207-210°C (P’ at 
m/e 384). Calculated for CZ7H16N,0: C, 84.37; H, 4.16; N, 7.29. Found: 
C, 84.10; H, 4.28; N, 7.00. 

2-Methyl-3-cyano-4-(2-thienyl)-6-pyrenylpyridine (7g) was recrystal- 
lized from acetone as yellow-green crystals (77%), m.p. 206210°C 
(P’ at m/e 400). Calculated for CZ7H,,NzS: C, 81.00; H, 4.00; N, 7.00. 
Found: C, 80.41; H, 4.19; N, 6.84. 

2-Methyl-3-cyano-4-(2-pyridyl)-6-pyrenylpyridine (7h) was recrystal- 
lized from acetone as yellow-green crystals (59%), m.p. 224228°C (P’ at 
m/e 395). Calculated for C28H,7N3: C, 85.06: H, 4.30; N, 10.63. Found: 
C. 84.55; H. 4.59; N, 10.32. 
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