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The Diels-Alder reaction of 5,8-quinolinedione with p-(dimethylamino)styrenes gave new two kinds of
isomeric dyes, 2-(dimethylamino)naphtho[l,2-g]lquinoline-7,12-diones and 2-(dimethylamino)naphtho[2,1-

glquinoline-7,12-diones, which showed quite different metallochromic behaviors.

Upon addition of metal

salts, one of the two isomers showed drastic spectral changes to have an intense absorption band in near infrared

region.

Near infrared absorbing dyes have attracted consid-
erable attention, since these organic dyes have pros-
pect of many applications in the field of diode-laser
optical storage or in other fields such as laser printer
or color filter systems. However, organic dyes which
can absorb at near infrared light are not numerous and
are earnestly desired. Recently, we have proposed a
new synthetic design of near infrared absorbing dyes
by utilizing metallochromic properties of some quino-
noid ligands,!~4 the first absorption bands of which
were drastically shifted to longer wavelengths with a
large increase in the absorption intensity by metal
chelate complexation.

In this paper, we report the synthesis of another
type of quinonoid ligands obtained by the Diels-Alder
type reaction of 5,8-quinolinedione(l) with p-
(dimethylamino)styrenes (2a—2c). The reaction gave
two kinds of isomeric dyes, 3a—3c and 4a—4c which
can easily form metal chelate complexes with some
metal ions. Very interestingly, in spite of quite
resemblance of their absorption spectra in the free
state, only one of the two isomers showed drastic
spectral changes induced by metal chelate complexa-
tion and the resulting metal chelate complexes have
intense absorption bands in near infrared region.
The details are examined to assign the structure-color
relations for the two isomers showing different metal-
lochromic behaviors.

Results and Discussion

Syntheses of Isomeric Dyes (3a—3c and 4a—4c).

The color-structure relations were investigated.

The thermal reaction of 1,4-naphthoquinone with
some substituted styrenes is known to proceed via the
Diels-Alder type reaction and to produce benz[a]-
anthracene-7,12-dione derivatives.5>-? We examined
the reaction of 5,8-quinolinedione (1), which is an aza
analogue of 1,4-naphthoquinone, with p-(dimethyl-
amino)styrenes (2a—2c) and found that 2-(dimethyl-
amino)naphtho[1,2-g]lquinoline-7,12-diones (3a—3c)
and 2-(dimethylamino)naphtho[2,1-g]quinoline-7,12-
diones (4a—4c) were obtained as shown in Scheme 1
and Table 1. The Diels-Alder type reaction of 1 with
2¢ proceeded smoothly in a glass autoclave when
various solvents except for pyridine were used. Espe-
cially when chloroform, benzene, or ethanol were used
as solvents, the reaction proceeded efficiently to give

Table 1. The Reaction of 5,8-Quinolinedione (1)
with p-(Dimethylamino)styrenes (2a—2c)”

b) . a)
Run Styrene Solvent Temp/°C Time/h——)il—eld/;%4
1 2a  CHCls 100 55 3al3.54all.8
2 2b  CHCls 100 35 3b26.1 4b22.6
3 2¢ CHCl 65 1 3c¢33.5 4c43.8
4 2c  CH3Cl: 40 2  3c24.6 4c18.8
5 2c Benzene 80 3 3c27.0 4c 348
6 2¢ EtOH 80 2 3c28.3 4¢39.3
7 2¢  Pyridine 116 5 -4 9

a) The reactions were conducted in a glass autoclave.
b) Mole ratio; [1]:[2]=4:1. c) Isolated yield based on
2 used. d) Corresponding products were not
obtained.

Scheme 1.
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Table 2. The Analytical and Physical Data of the Two Isomers (3a—3c and 4a—4c)
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3a 3b 3c
Mp (°C) 269—271 261—262 281—282
IR (KBr); cm~! 1669, 1651 (C=0) 1667, 1652 (C=0) 1671, 1640 (C=0)
Amax (Emax) 566 (4390) 563 (4250) 563 (6040)
in THF 485 (5580)
NMR; § ppm 8.90—9.10 (2H, m, H! and H?)  8.93 (1H, dd, J=1.8, 4.6 Hz, H?) 8.95—9.05 (2H, m, H! and H?)
8.66 (1H, dd, J=1.6, 7.9 Hz, H'!) 8.71 (1H, d, J=2.6 Hz, H}) 8.62 (1H, dd, J=1.5, 8.0 Hz, H)
8.21 (1H, d, J=8.5 Hz, H¥) 8.47 (1H, dd, J=1.8, 7.9 Hz, H1?) 8.10 (1H, s, H¢)
8.06 (1H, d, J=8.5 Hz, H5) 7.80 (1H, d, J=9.4 Hz, H*) 7.97 (1H, d, J=9.6 Hz, HY)
7.79 (1H, d, J=9.2 Hz, H4) 7.71 (1H, dd, J=4.6, 7.9 Hz, H®) 7.66 (1H, dd, J=4.6, 8.0 Hz, H)
7.71 (1H, dd, J=4.6, 7.9 Hz, H9) 7.71 (1H, s, H¢) 7.44 (2H, d, J=8.9 Hz)
7.33 (1H, dd, J=2.6, 9.2 Hz, H3) 7.11 (1H, dd, J=2.6, 9.4 Hz, H3) 7.13 (1H, dd, J=2.6, 9.6 Hz, H3)
3.22 (6H, s, -NMez) 3.09 (6H, s, -NMez) 6.84 (2H, d, J=8.9 Hz)
in CDCls 2.67 (3H, s, -CHas) 3.16 (6H, s, -NMez)
in CDCl3: CDsNOz=1:1 3.05 (6H, s, -NMez)
in CDCl3
Anal. C, 75.21 (75.48) C, 75.61 (75.93) G, 76.72 (76.94)
Found (Calcd) H, 4.52 ( 4.67) H, 4.93 ( 5.10) H, 5.51 ( 5.50)
N, 9.10( 9.27) N, 8.82( 8.86) N, 9.79 ( 9.97)
Mass (m/z) 302 (M) 316 (M™) 421 (M)
4a 4b 4c
Mp (°C) 244246 266—268 264—265
IR (KBr); cm~! 1667 (C=0) 1665 (C=0) 1663 (C=0)
Amax (Emax) 566 (3950) 563 (3760) 562 (5600)
in THF 468 (5280)
NMR; 6 ppm 9.0—9.1 (2H, m, H! and H) 9.03 (1H, dd, J=1.4, 5.4 Hz, H%) 9.17 (1H, d, J=2.6 Hz, H!)
8.56 (1H, dd, J=1.8, 7.9 Hz, H8) 8.95 (1H, d, J=2.4 Hz, H?) 9.06 (1H, dd, j=1.8, 4.8 Hz, H®)
8.06 (2H, s, H5 and H¢) 8.48 (1H, dd, J=1.4, 8.1 Hz, H®) 8.54 (1H, dd, J=1.8, 7.9 Hz, H?)
7.77 (1H, d, J=9.1 Hz, HY) 7.97 (1H, d, J=9.2 Hz, H*) 8.02 (1H, s, HS)
7.66 (1H, dd, J=4.6, 7.8 Hz, H?) 7.80 (1H, s, HS) 8.00 (1H, d, J=9.5 Hz, H4)
7.32 (1H, dd, J=2.3, 9.1 Hz, H3) 7.72 (1H, dd, J=5.4, 8.1 Hz, H?) 7.63 (1H, dd, J=4.8, 7.9 Hz, H?®)
3.21 (6H, s, -NMez) 7.32 (1H, dd, J=2.4,9.2 Hz, H3) 7.44 (2H, d, J=9.0 Hz)
in CDCls 3.18 (6H, s, -NMez) 7.19 (1H, dd, J=2.6, 9.5 Hz, H3)
2.75 (3H, s, -CH3) 6.85 (2H, d, J=9.0 Hz)
in CDCls: CD3sNOg=1:1 3.20 (6H, s, ~-NMeg)
3.06 (6H, s, -NMez)
in CDCls
Anal. C, 75.33 (75.48) C, 75.81 (75.93) C, 77.11 (76.94)
Found (Calcd) H, 4.38 ( 4.67) H, 4.96 ( 5.10) H, 5.47 ( 5.50)
N, 9.21( 9.27) N, 8.83 ( 8.86) N, 10.00 ( 9.97)
Mass (m/z) 302 (M*) 316 (M*) 421 (M)
Table 3. Spectral Data for the Complex Formation of Various Metal Salts with 4a—4c in THF
Free ligand Mole ratio® Complex AJ®
AF max Metal salt [Metal] Ratio Amax B Reéem”
No. nm
nM(&max) [Ligand] Metal:Ligand nm(émax)
4a  566(3950) SnCly 1.6 1:1 824(11200) 258 2.84
4b  563(3760) Cu(ClOy4)z2-6H20 0.5 1:2 807(17500) 244 4.65
Ni (ClO4)2 - 6H20 0.4 1:3 730(21100) 167 5.61
Co(ClO4)2- 6H20 1.2 1:2 713(13800) 150 3.67
SnCly 14 1:1 819(11300) 256 3.00
SnCly - xH20 1.4 1:1 816(11400) 253 3.03
InCls - 4H20 6.0 1:1 745(6710) 182 1.78
4c  562(5600) Cu(ClOy)2- 6H20 0.5 1:2 794(26900) 232 4.80
Ni (Cl104)z - 6H20 0.4 1:3 690(38600) 128 6.89
Co(ClO4)2 - 6H20 0.8 1:2 698(18900) 136 3.38
SnCly 1.2 1:1 743(22800) 181 4.07

a) Mole ratio at which the spectral changes are saturated. b) A Amax=A max (complex)—A" max

(free ligand).

€) R &max=€max (complex)/emax (free ligand).
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Fig. 1. Chemical shift changes by addition of
Eu(fod)s.

3c and 4c in favorable yields (runs 3—6). Similarly,
with other styrene derivatives (2a and 2b) the reaction
also gave the corresponding two isomeric compounds
(3a, 3b, and 4a, 4b) in lower yields. The reactivity of
styrenes was the following order: 2a<2b<<2c. The
assignment of the structures of two isomers (3 and 4)
“was performed by the method reported in the litera-
ture;® the location of nitrogen atom was confirmed by
analyzing their 1TH NMR chemical shift changes of the
ring protons induced by addition of Eu(fod); as a
chemical shift reagent. If the structure was 3, the
coordination of europium ion between the ring 8-
nitrogen atom and 7-quinone carbonyl group would
induce larger chemical shift of Hé than that of H.
On the contrary, if the structure was 4 the coordina-
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tion of europium ion between 11-nitrogen atom and
12-quinone carbonyl group would induce larger
chemical shift of H! than that of H6. An example of
the results for compounds (3b and 4b) are shown in
Fig. 1. On the basis of results, 3b and 4b were
assigned to 2-dimethylamino-5-methylnaphtho[l,2-
glquinoline-7,12-dione  and  2-dimethylamino-5-
methylnaphtho[2,1-g]quinoline-7,12-dione,  respec-
tively. The physical and analytical data of the two
kinds of isomers (3a—3c and 4a—4c) are summarized
in Table 2. In the IR spectra small difference was
observed between the two isomers: the absorption
bands of the two C=O groups were observed separately
in the spectra of 3a—3c, whereas overlapped each
other in those of 4a—4c. The UV-VIS spectra of the
two isomers were very similar in their free states,
however, quite different spectral changes were
observed upon addition of metal salts.
Metallochromic Properties of Isomeric Dyes (3a—3c
and 4a—4c). We have found that the isomeric dyes (3
and 4) can easily form metal chelate complexes
between the ring nitrogen atom and neighboring qui-
none carbonyl group and that the absorption spectra
of these dyes are changed by the metal complexation.
Very interestingly, the features of spectral changes
were quite different between the two isomers (3 and 4).
As ‘a typical example, Fig. 2 shows the spectral
changes observed upon addition of tin(IV) chloride to
THEF solutions of 3b and 4b. In the case of 3b, a new
band appeared around 820 nm, however, only small
increase in the absorption intensity of the new band
was observed with further addition of the metal salt to
the solution. On the other hand, in the case of 4b,
the absorption band around 563 nm due to the free
ligand (4b) decreased with great increase in absorption
intensity of a new band around 820 nm. The final
absorption spectrum ([Sn4*]/[4b]=1.2) had an intense
absorption maximum at 819 nm in near infrared
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Fig. 2. Spectral changes uppon addition of SnCly to the THF solution of 3b and 4b: [3b]=[4b]=

6.25X10-5 M.
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region. Isosbestic points were observed in both cases,
which indicated the presence of a simple equilibrium
in the solution. The similar spectral changes were
also observed when other compounds (3a, 3¢ and 4a,
4c) and other metal ions were used: every 3-isomers
showed small spectral changes, whereas every 4-
isomers showed drastical spectral changes. Conse-
quently, it is concluded that the two i1somers are easily
distinguishable by comparing their spectral changes
upon addition of the metal ions. We further investi-
gated the details about the metal chelate complexa-
tions and drastic spectral changes of the isomers (4a—
4c). The ratios of metal vs. ligand of the complexes
formed in the solution were estimated by the continu-
ous variation method. In Fig. 3, continuous varia-
tion plots are illustrated. The absorption maxima
employed were those corresponding to new bands
which appeared on addition of the metal ions. Fig-
ure 3 shows that maxima appear at [ligand]/
([ligand]+{metal ion])=0.5, 0.67, and 0.75, suggesting
the formation of 1:1, 1:2, and 1 : 3 metal-ligand com-
plexes, respectively. Table 3 summarizes the spectral
data for the complex formation of the isomers (4a—4c)
with some metal ions in THF at 25°C. The molecu-
lar extinction coefficient of the free ligand (4c) was
larger than those of other free ligands (4a and 4b), and
similar tendency was also observed when they formed
complexes with metal ions. The values of bathoch-
romic shifts (Admax=A%x (complex)-Ahay (free ligand))
induced by the complex formation of 4a and 4b were
larger than that of 4c. Both the bathochromic shift
(AAmax) and the relative ratio of absorption intensity
(Rémax=¢€max (complex)/emax (free ligand)) were also

A—Cu(Cl0s)-6H20
OJ— Ni(ClOs)- 6H20
O—Co(Cl0s)6H20
A— InCl3-4H20
@ —5SnCls
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Fig. 3. Continuous variation plots for the Metal

(M™*)-Ligand (4b) complexes in THF: [M"]+
[4b]=1.25X104 M.
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dependent on the nature of metal ions participated in
chelate complexation. The Admax was in the range of
110—260 nm and the Remsx was about 2—7 times.
Especially, the Cu(II) or Sn(IV) complexes with the
ligands (4a—4c) showed a large bathochromic shift
(about 200—260 nm) and remarkable increase in the
molecular extinction coefficient, and consequently
they showed intense absorption bands in near infrared
region. These metallochromic dyes are useful not
only for practical applications but also for theoretical
investigations of light absorption of metal complex
dyes. The detailed mechanism for the drastic spectral
changes induced by metal chelate complexation is
now under investigation with the aid of MO
calculations.

Experimental

Measurements. All the melting points are uncorrected.
UV and VIS spectra were measured with a Hitachi 220A
spectrophotometer and a JASCO Ubest-30 spectrophoto-
meter equipped with a temperature controller (JASCO
EHC-363). 'HNMR spectra were taken on a Hitachi
Model R-90H spectrometer with TMS as the internal stan-
dard. IR spectra were obtained by using a JASCO FT/IR
5000 spectrometer on KBr pellets. Mass spectra were run
on a Hitachi M-80A spectrometer and elemental analyses
were recorded on a Perkin-Elmer 240 C CHN analyser.
Thin layer chromatography was performed on silica gel
(Merk kieselgel 60).

Materials. 5,8-Quinolinedione (1) was prepared accord-
ing to a procedure described in the literature.? Metal
perchlorate hexahydrates were prepared according to the
methods described in the literature.l%1) Metal chlorides
were reagent-grade and were used without further purifica-
tion. The solvents were purified by ordinary methods.

Preparation of p-(Dimethylamino)styrenes (2a—2c). A
300 ml three necked round-bottomed flask was fitted with a
reflux condenser, an addition funnel, a magnetic stirrer, and
a gas inlet tube. A gentle flow of argon through the
apparatus was maintained throughout the reaction. A hex-
ane solution of n-butyllithium (20 mmol, about 13 ml and
40 ml of anhydrous ether was added to the flask. The
solution was stirred and triphenylmethylphosphonium
bromide!? (20 mmol) was added cautiously over a 15 min
period. The solution was stirred for 4 h at room
temperature. A solution containing the corresponding
carbonyl compounds [p-(dimethylamino)benzaldehyde,
p-(dimethylamino)acetophenone, or bis[p-dimethylamino)-
phenyllketone in 100 ml of ether or benzene was added.
The mixture was stirred at 25 °C (for 2a and 2b) or at 63 °C
(for 2c). The reaction was monitored by TLC analysis, and
the existence of starting carbonyl compounds was checked
by a carbonyl detecting reagent.  After the starting carbonyl
compounds was consumed (2—9 h), the precipitate was
separated by suction filtration. The filtrate was concen-
trated in vacuo and the crude products were purified by
column chromatography (silica gel: Wakogel C-300 using
benzene as eluent).

p-(Dimethylamino)styrene (2a): Yield 42%, 'HNMR
(CDClIs) 6=2.93 (6H, s), 5.00 (1H, dd, J=1.2 and 10.8 Hz),
5.52 (1H, dd, J=1.2 and 17.6 Hz), 6.63 (1H, dd, J=10.8 and
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17.6 Hz), 6.67, 7.29 (4H, ABq, J=9.0 Hz).

2-[p-(Dimethylamino)phenyl]propene (2b): Yield 46%,
1H NMR (CDCls) 6=2.12 (3H, m), 2.95 (6H, s), 4.95 (1H, m),
5.25 (1H, m), 6.68, 7.38 (4H, ABq, J=9.0 Hz).

1,1-Bis[p-(dimethylamino)phenyljethene (2c): Yield 94%,
IHNMR (CDCls) 6=2.95 (12H, s), 5.18 (2H, s), 6.67, 7.26
(8H, ABq, J=9.0 Hz).

Reaction of 1 with 2a and 2b. The general procedure was
as follows. A mixture of 1 (2.67 mmol) and 2 (0.667 mmol)
in 10 ml of chloroform was reacted in a glass autoclave
(TEM-MYV Type: Taiatsu Glass Industry) with stirring and
heating. The reaction was monitored by TLC analysis.
After the starting material was consumed, the precipitate
was separated by suction filtration. The filtrate was con-
centrated in vacuo and the residue containing the two main
products (3 and 4) were chromatographed on activated
alumina using chloroform and then on silica gel using ethyl
acetate : benzene (=1:2) as eluent, and purified by recrystal-
lization from chloroform.

Reaction of 1 with 2c. The reaction and treatment proce-
dures were almost the same as those described above. The
crude products were washed with small amount of ethanol
and then chromatographed on silica gel using ethylace-
tate : dichloromethane (=1:1) as eluent and purified by
recrystallization from chloroform.

The yields are summarized in Table 1. The analytical
and physical data are summarized in Table 2.
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