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(57) ABSTRACT 
An optical information-recording medium Which contains a 
dye having at least tWo chromophores bonded to each other 
Without any conjugated bond intervening between those 
chromophores. 
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OPTICAL INFORMATION-RECORDING MEDIUM, 
NOVEL OXONOL COMPOUND AND METHOD OF 

RECORDING INFORMATION 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a heat-mode infor 
mation recording medium and an information recording 
method Which enable Write (record) and read (playback) of 
information by use of high energy density laser light. More 
speci?cally, the invention relates to a heat-mode information 
recording medium, such as a recordable digital versatile disc 
(DVD-R), Which is suitable for recording information by use 
of visible laser light. 

[0003] 2. Description of the Related Art 

[0004] Information recording media on Which information 
is recordable only once by use of laser light (optical discs) 
have been long knoWn. The information recording media of 
such a type are referred to as recordable CDs (the so-called 
CD-R) as Well. These discs have an advantage in that they 
can be rapidly delivered in loW quantities at reasonable 
prices, compared With traditional CDs, and the demand for 
them has been groWing as personal computers have come 
into Widespread use recently. A typical structure of CD-R 
type of information recording media is a laminate in Which 
a transparent disk-shape substrate, a recording layer con 
taining organic dyes, a re?ective layer made of metal such 
as gold and a protective layer made of resin are arranged in 
the order of mention. 

[0005] And such optical discs can have information 
recorded thereon by being irradiated With laser light in the 
near infrared region (generally laser light of Wavelengths in 
the vicinity of 780 nm) and undergoing local heat generation 
and deformation in their respective recording layers. On the 
other hand, reading (playback) of information from discs is 
generally performed by irradiating the discs With laser light 
of the same Wavelength as the laser light used for recording 
has, and detecting differences in re?ectivities betWeen the 
areas deformed by heat generation (recorded area) and the 
areas remaining undeformed (unrecorded area) in the 
recording layers. 

[0006] In recent years information recording media have 
been required to have higher recording densities. In order to 
heighten the recording densities, it is knoWn to be e?‘ective 
that the diameter of laser light used for irradiation is nar 
roWed doWn. Moreover, irradiation With laser light of shorter 
Wavelengths is knoWn to be theoretically more advantageous 
to further increase in recording density, because the diameter 
of laser light can be made more narroW the shorter the laser 
light is in Wavelength. Therefore, the development of optical 
discs suitable for record and playback With laser light of 
Wavelengths shorter than hitherto used 780 nm has been 
pursued. For instance, optical discs referred to as recordable 
digital video discs (the so-called DVD-R) have been offered. 
These optical discs are each manufactured so as to have a 
structure that tWo disks Which each have on a l20-mm-dia 
or 80-mm-dia transparent disk-shape substrate, Wherein is 
formed a pregroove having a 0.8-um track pitch smaller than 
1.6 um adopted as the track pitch of CD-R, a dye-containing 
recording layer, a re?ective layer and a protective layer in 
the order of mention are bonded together With the recording 
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layers inside, or one disk as described above and a disk 
shape protective substrate having almost the same dimen 
sions are bonded together With the recording layer inside. 
And the record and the playback of DVD-R are performed 
by irradiation With visible laser light (generally in the 
Wavelength range of 600 to 700 nm). Therefore, DVD-R is 
considered to enable high-density recording, compared With 
CD-R type of optical discs. 

[0007] As the information recording medium of DVD-R 
type can record information several times as much as that of 
a hitherto used information recording medium of CD-R 
type, it is desired that the information recording medium of 
DVD-R type has not only high recording sensitivity but also 
a loW incidence of errors even in high-speed recording made 
out of necessity to process rapidly high-volume information 
in particular. In addition, it is desired to develop a recording 
layer capable of retaining its properties With stability for a 
long time even under exposure to light or heat, because a 
dye-containing recording layer is generally not so stable to 
prolonged exposure to heat or light. 

[0008] JP-A-l0-226l70 discloses the DVD-R type of 
information recording medium having on a substrate a 
recording layer containing a certain cyanine dye. Therein, it 
is stated that the cyanine dye compound as speci?ed can 
ensure high recording sensitivity and high re?ectivity in the 
information recording medium. Further, JP-A-200l-287456 
discloses the information recording medium having on a 
substrate a recording layer containing a cyanine dye of a 
speci?c structure, and states that such a cyanine dye enables 
the recording medium to have excellent recording charac 
teristics and retain its recording characteristics With stability 
for a long time. On the other hand, JP-A-63-209995 dis 
closes the CD-R type of information recording medium 
having an oxonol dye-containing recording layer provided 
on a substrate, and states that the use of such a dye 
compound enables long-term retention of steady record and 
playback characteristics. Therein, the oxonol dye com 
pounds having ammonium ions introduced therein for form 
ing salts are disclosed. In addition, JP-A-2000-52658 dis 
closes the oxonol dye compounds providing optical 
information-recording media With high light resistance and 
durability as Well as excellent recording characteristics. 

SUMMARY OF THE INVENTION 

[0009] The present Inventors used various cyanine dye 
compounds and oxonol dye compounds as disclosed in the 
documents cited above in optical information-recording 
media of DVD-R type and studied performance capabilities 
of the resulting recording media. As a result, it has been 
found that While the DVD-R type of optical information 
recording media containing those dye compounds in their 
respective recording layers shoWed very excellent recording 
characteristics in the loW-speed recording at equivalent or 
double speed, they fell short of delivering practically su?i 
cient performances in respects of modulation factor and 
re?ectivity although they can shoW comparatively excellent 
recording characteristics at the time of high-speed recording 
at quadruple or higher speed. The use of a dye having an 
optical characteristic that the complex refractive index 
(n+ik) of the dye is greater in the real part n than those of 
dyes for loW-speed recording use and its imaginary part k is 
almost the same as or smaller than those of dyes for 
loW-speed recording use can serve the purpose of obtaining 
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an optical information-recording medium Which can main 
tain satisfactory recording characteristics in the recording at 
a loW speed such as an equivalent or double speed and, at the 
same time, can satisfy recording performances, including 
su?icient re?ectivity and modulation factor in particular, 
even in the recording at a high speed such as a quadruple or 
higher speed. HoWever, it Was very difficult to obtain dyes 
shoWing complex refractive indexes great in real part n and 
almost equal or small in imaginary part k, compared With 
those of dyes for loW-speed recording use, While maintain 
ing satisfactory loW-speed recording characteristics. There 
fore, an object of the invention is to provide a dye having a 
complex refractive index great in real part n and almost 
equal or small in imaginary part k, compared With those of 
dyes for loW-speed recording use, and thereby ensuring a 
high re?ectivity and a high modulation factor even in 
high-speed recording at quadruple or higher speed as it 
maintains satisfactory recording characteristics in loW-speed 
recording at equivalent to double speed. Another object of 
the invention is to provide a dye attaining su?iciently loW 
jitter at a Wide range of recording speeds covering from 
equivalent- to octuple-speed recording. 

[0010] As a result of our intensive studies, it has been 
found that the desired optical characteristics as mentioned 
above can be achieved by imparting the folloWing speci?c 
molecular structures to dyes. 

[0011] The folloWing are embodiments of the invention: 

[0012] (1) An optical information-recording medium, 
comprising a dye having at least tWo chromophores that are 
bonded to each other Without any conjugated bond inter 
vening betWeen the chromophores (preferably in a recording 
layer). The optical information-recording medium is prefer 
ably a heat-mode optical information-recording medium 
having on a substrate a recording layer capable of recording 
information by irradiation With laser light. 

[0013] (2) A heat-mode optical information-recording 
medium as described in (1), having a thickness of 1.2102 
mm and comprising tWo laminates each containing a record 
ing layer including the dye, in Which the tWo laminates are 
bonded each other so that each of the recording layers is 
inside, Wherein each of the laminates includes a transparent 
disk-shape substrate having a pregroove formed With a track 
pitch of 0.6 to 0.9 pm and measuring one of 12013 mm and 
8013 mm in diameter and 0610.1 mm in thickness; and the 
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recording layer provided on the pregroove-formed side of 
the transparent disk-shape substrate; or a heat-mode optical 
information-recording medium as described in (1), having a 
thickness of 1.2102 mm, the optical information-recording 
medium comprising a laminate containing a recording layer 
including the dye and a disk-shape protective plate, in Which 
the laminate and the disk-shape protective plate are bonded 
each other so that the recording layer is inside, Wherein the 
laminate includes a transparent disk-shape substrate having 
a pregroove formed With a track pitch of 0.6 to 0.9 pm and 
measuring one of 12013 mm and 8013 mm in diameter and 
0610.1 mm in thickness; and the recording layer provided 
on the pregroove-formed side of the transparent disk-shape 
substrate. 

[0014] (3) An optical information-recording medium as 
described in (1) or (2), Wherein the dye is represented by the 
folloWing formula (1): 

Wherein Dyell, Dyel2 and Dye2K each independently rep 
resents a dye residue having a chromophore, L11 and L2k 
each independently represent a divalent linkage group form 
ing no J's-conjugated system betWeen chromophores linked 
thereby, n represents an integer of 0 to 10, k represents every 
integer in the 0 to n range, Q represents an ion neutralizing 
electric charge, and y is a number required for neutralization 
of electric charge. 

[0015] (4) An optical information-recording medium as 
described in (3), Wherein the chromophore forming the dye 
residue represented by any of Dyell, Dyel2 and Dye2k is at 
least one of cyanine dyes, merocyanine dyes and oxonol 
dyes. 
[0016] (5) An optical information-recording medium as 
described in (3) or (4), Wherein all the chromophores form 
ing the dye residues represented by Dyell, Dyel2 and Dye2k 
are oxonol dyes. 

[0017] (6) An optical information-recording medium as 
described in any of (1) to (5), Wherein the dye is of a 
structure represented by the folloWing formula (6): 

(6) 

Wherein Zazl, Za22, Za23 and Za24 each independently rep 
resents atoms forming an acidic nucleus, Mazl, Ma22, Ma23, 
Ma24, Ma25 and Ma26 each represent a substituted or unsub 
stituted methine group independently, L11 is a divalent 
linkage group forming no J's-conjugated system together With 
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its tWo bonds, Ka21 and Ka22 each represent an integer of 0 
to 3 independently, and Q represents a univalent cation for 
neutralizing electric charge or 2Q represents a divalent 
cation; and Ma2ls, Ma22s, Ma25 s and Ma26s present When 
Ka and Ka22 are each 2 or 3 may be the same or different. 

[0018] (7) An oxonol compound represented by the fol 
loWing formula (2): 

O R 
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Wherein R11, R12, R13 and R14 each independently represents 
a hydrogen atom, a substituted or unsubstituted alkyl group, 
a substituted or unsubstituted aryl group or a substituted or 

unsubstituted heterocyclic group, R21, R22 and R3 each 
independently represents a hydrogen atom, a substituted or 
unsubstituted alkyl group, a substituted or unsubstituted 
alkoxy group, a substituted or unsubstituted aryl group, a 
substituted or unsubstituted aryloxy group, a substituted or 

unsubstituted heterocyclic group, a halogen atom, a carboxyl 
group, a substituted or unsubstituted alkoxycarbonyl group, 
a cyano group, a substituted or unsubstituted acyl group, a 

substituted or unsubstituted carbamoyl group, an amino 
group, a substituted amino group, a sulfo group, a hydroxyl 
group, a nitro group, a substituted or unsubstituted alkyl 
sulfonylamino group, a substituted or unsubstituted arylsul 
fonylamino group, a substituted or unsubstituted carbamoy 
lamino group, a substituted or unsubstituted alkylsulfonyl 
group, a substituted or unsubstituted arylsulfonyl group, a 
substituted or unsubstituted alkylsul?nyl group, a substi 
tuted or unsubstituted arylsul?nyl group or a substituted or 

unsubstituted sulfamoyl group, In represents an integer of 0 
or more, R3 s may be the same or different When m is 2 or 

more, ZX+ represents a cation, and x represents an integer of 
l or more. 

[0019] (8) An optical information-recording medium as 
described in any of (l) to (6), Wherein the dye is an oxonol 
compound represented by formula (2) de?ned in (7). 

[0020] (9) A method of recording information comprising 
recording information on an optical information-recording 
medium as described in any of (l) to (6) and (8) by 
irradiation With laser light having a Wavelength of 600 to 
700 nm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is a diagram shoWing recording strategies 
used in Example and Comparative Examples. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0022] The invention is illustrated beloW in detail. Addi 
tionally, When a speci?c moiety is referred to as “a group” 
in the invention, the term “group” means that the moiety 
may have at least one (to the greatest possible number) 
substituent or no substituent unless otherWise indicated. For 

instance, the term “an alkyl group” is intended to include 
substituted and unsubstituted alkyl groups. Moreover, the 
substituents usable in the present compounds may include 
any substituents Whether they further have substituents or 
not. And When a speci?c moiety is referred to as “a ring” or 

“a group” contains “a ring” in the invention, the “ring” may 
be a single ring or a condensed ring, or it may be substituted 
or unsubstituted, unless otherWise indicated. For instance, 
“an aryl group” may be a phenyl group, or a naphthyl group, 
or a substituted phenyl group. 

[0023] In formula (1), Dyell, Dyel2 and Dye2k each rep 
resent a dye residue having a chromophores independently. 
The chromophore forming the dye residue represented by 
Dyell, Dyel2 and Dye2k each has no particular restrictions. 
Included among its examples are cyanine dyes, styryl dyes, 
merocyanine dyes, phthalocyanine dyes, oxonol dyes, aZo 
dyes, aZamethine dyes, squarylium dyes and metal chelate 
compolex dyes. Suitable examples of chromophores form 
ing dye residues forming Dyell, Dyel2 and Dye2k include 
cyanine dyes, merocyanine dyes, oxonol dyes, phthalocya 
nine dyes, or metal chelate dyes. Of these dyes, cyanine 
dyes, merocyanine dyes or oxonol dyes, especially cyanine 
dyes or oxonol dyes, are preferred over the others as the 
chrolrznophores forming dye residues represented by Dyell, 
Dye and Dye2k. The chromophores forming dye residues 
represented by Dyell, Dyel2 and Dye2k may be different 
from one another, but it is preferable that they are the same. 

[0024] When the chromophores forming dye residues rep 
resented by Dyell, Dyel2 and Dye2k are cyanine dyes, the 
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cyanine dyes are preferably those represented by the fol 
lowing formula (3): 
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(3) 

[0025] In the above formula, Zal and Za2 each represent 
atoms forming a 5- or 6-membered nitrogen-containing 
heterocyclic ring Which may further be fused together With 
a benZene ring, a benZofuran ring, a pyridine ring, a pyrrole 
ring, an indole ring or a thiophene ring. 

[0026] Ral and Ra2 each represent any of a hydrogen 
atom, a substituted or unsubstituted alkyl group (preferably 
containing 1 to 20 carbon atoms, With examples including 
methyl, ethyl, n-propyl, isopropyl, n-butyl, n-pentyl, benZyl, 
3-sulfopropyl, 4-sulfopropyl, 3-methyl-3-sulfopropyl, 
2'-sulfobenZyl, carboxymethyl and 5-carboxypentyl 
groups), a substituted or unsubstituted alkenyl group (pref 
erably containing 2 to 20 carbon atoms, With examples 
including vinyl and allyl groups), a substituted or unsubsti 
tuted aryl group (preferably containing 6 to 20 carbon atoms, 
With examples including phenyl, 2-chlorophenyl, 4-meth 
oxyphenyl, 3-methylphenyl and l-naphthyl groups) and a 
substituted or unsubstituted heterocyclic group (preferably 
containing 1 to 20 carbon atoms, With examples including 
pyridyl, thienyl, furyl, thiaZolyl, imidaZolyl, pyraZolyl, pyr 
rolidino and morpholino groups), preferably any of a hydro 
gen atom, a substituted or unsubstituted alkyl group and a 
substituted or unsubstituted sulfoalkyl group, far preferably 
either of a substituted or unsubstituted alkyl group or a 
substituted or unsubstituted sulfoalkyl group. 

[0027] Ma1 to Ma7 each represent a methine group inde 
pendently. The methine group may have a substituent. 
Suitable examples of such a substituent include a l-20C 
alkyl group (e.g., methyl, ethyl, i-propyl), a halogen atom 
(e.g., chlorine, bromine, iodine, ?uorine), a nitro group, a 
l-20C alkoxy group (e.g., methoxy, ethoxy), a 6-26C aryl 
group (e.g., phenyl, 2-naphthyl), a 0-20C heterocyclic group 
(e.g., 2-pyridyl, 3-pyridyl), a 6-20C aryloxy group (e.g., 
phenoxy, l-naphthoxy, 2-naphthoxy), a l-20C acylamino 
group (e.g., acetylamino, benZoylamino), a l-20C carbam 
oyl group (e.g., N,N-dimethylcarbamoyl), a sulfo group, a 
hydroxyl group, a carboxyl group, a l-20C alkylthio group 
(e.g., methylthio) and a cyano group. In addition, the 
methine group may form a ring together With another 
methine group, or it can form a ring in combination With an 
auxochrome. 

[0028] It is preferable that Mal to Ma7 are each an unsub 
stituted methine group, an ethyl-substituted methine group 
or a methyl-substituted methine group independently. 

[0029] nal and na2 each represent 0 or 1 independently, 
and it is preferable that they are each 0. ka1 represents an 
integer of 0 to 3, preferably an integer of 0 to 2, far 
preferably 1 or 2. When kal is 2 or 3, Ma3s and Ma4s may 

be the same or different. Q represents an ion neutralizing 
electric charge, and y is a number required for neutralization 
of electric charge. 

[0030] Incidentally, the dye residue formed by removing a 
hydrogen atom from any of Zal, Za2, Ral, Ra2 and Ma1 to 
Ma7 in formula (3) can be chosen as a dye residue in formula 
(1) and enter into combination With the linkage group L11 or 
L2k in formula (1). 

[0031] When the chromophores forming dye residues rep 
resented by Dyell, Dyel2 and Dye2k are merocyanine dyes, 
the merocyanine dyes are preferably those represented by 
the folloWing formula (4): 

(4) 

[0032] In the above formula, Za3 represents atoms forming 
a 5- or 6-membered nitrogen-containing heterocyclic ring 
Which may further be fused together With a benZene ring, a 
benZofuran ring, a pyridine ring, a pyrrole ring, an indole 
ring or a thiophene ring. Za4 represents atoms forming an 
acidic nucleus. Ra3 represents any of a hydrogen atom, a 
substituted or unsubstituted alkyl group, a substituted or 
unsubstituted alkenyl group, a substituted or unsubstituted 
aryl group and a substituted or unsubstituted heterocyclic 
group (suitable examples of these groups include the same 
groups as recited for Ral and Ra2). Ma8 to Mall each 
represent a methine group independently (suitable examples 
of this group include the same groups as recited for Ma1 to 
Ma7). na3 is 0 or 1. ka2 represents an integer of 0 to 3, 
preferably an integer of 0 to 2. Q represents an ion neutral 
iZing electric charge, and y is a number required for neu 
traliZation of electric charge. 

[0033] When ka2 is 2 or 3, Malos and Malls may be the 
same or different. Incidentally, the dye residue formed by 
remsoving a hydrogen atom from any of Za3, Za4, Ra3 and 
Ma to Mall in formula (4) can be chosen as a dye residue 
in formula (1) and enter into combination With the linkage 
group L11 or L2k in formula (1). 

[0034] When the chromophores forming dye residues rep 
resented by Dyell, Dyel2 and Dyezk are oxonol dyes, the 
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oxonol dyes are preferably those represented by the folloW 
ing formula (5): 

(5) 

[0035] In the above formula, Za5 and Za6 each represent 
atorlns forming an acidic nucleus independently. Mal2 to 
Ma each represent a substituted or unsubstituted methine 
group independently (suitable examples of this group 
include the same groups as recited for Ma1 to Ma7). ka3 
represents an integer of 0 to 3, preferably an integer of 0 to 
2, far preferably 1 or 2. When ka3 is 2 or 3, Mal2s and Mal3s 
may be the same or different. 

[0036] Q represents an ion neutraliZing electric charge, 
and y is a number required for neutralization of electric 
charge. 
[0037] Incidentally, the dye residue formed by removing a 
hydrogen atom from any of Zas, Za6 and Ma12 to Mal4 in 
formula (5) can be chosen as a dye residue in formula (1) and 
enter into combination With the linkage group L11 or L2k in 
formula 

[0038] Examples of groups Which Zal, Za2 and Za3 con 
stitute respectively include groups derived from 3-25C 
oxaZole nuclei (e. g., 2-3-methyloxaZolyl, 2-3 -ethyloxaZolyl, 
2-3,4-diethyloxaZolyl, 2-3 -methylbenZoxaZolyl, 2-3-ethyl 
benZoxaZolyl, 2-3-sulfoethylbenZoxaZolyl, 2-3-sulfopropyl 
benZoxaZolyl, 2-3-methylthioethylbenZoxaZolyl, 2-3-meth 
oxyethylbenZoxaZolyl, 2-3-sulfobutylbenZoxaZolyl, 2-3 
methyl-[3-naphthoxaZolyl, 2-3-methyl-0t-naphthoxaZolyl, 
2-3-sulfopropyl-[3-naphthoxaZolyl, 2-3-sulfopropyl-0t-naph 
thoxaZolyl, 2-3-(3 -naphthoxyethyl)benZoxaZolyl, 2-3,5 
dimethylbenZoxaZolyl, 2-6-chloro-3-methylbenZoxaZolyl, 
2-5-bromo-3-methylbenZoxaZolyl, 2-3 -ethyl-5-methoxy 
benZoxaZolyl, 2-5-phenyl-3-sulfopropylbenZoxaZolyl, 2-5 
(4-bromophenyl)-3-sulfobutylbenZoxaZolyl, 2-3-methyl-5, 
6-dimethylthiobenZoxaZolyl), groups derived from 3-25C 
thiaZole nuclei (e.g., 2-3-methylthiaZolyl, 2-3 -ethylthiaZ 
olyl, 2-3-sulfopropylthiaZolyl, 2-3-sulfobutylthiaZolyl, 2-3, 
4-dimethylthiaZolyl, 2-3,4,5-trimethylthiaZolyl, 2-3-car 
boxyethylthiaZolyl, 2-3 -methylbenZothiaZolyl, 2-3 - 
ethylbenZothiaZolyl, 2-3 -butylbenZothiaZolyl, 2-3 - 
sulfopropylbenZothiaZolyl, 2-3-sulfobutylbenZothiaZolyl, 
2-3 -methyl-[3-naphthothiaZolyl, 2-3-sulfopropyl-y-naph 
thothiaZolyl, 2-3 -(1-naphthoxyethyl)benZothiaZolyl, 2-3 ,5 - 
dimethylbenZothiaZolyl, 2-6-chloro-3-methylbenZothiaZ 
olyl, 2-6-iodo-3 -ethylbenZothiaZolyl, 2-5-bromo-3 
methylbenZothiaZolyl, 2-3-ethyl-5-methoxybenZothiaZolyl, 
2-5-phenyl-3-sulfopropylbenZothiaZolyl, 2-5-(4-bromophe 
nyl)-3-sulfobutylbenZothiaZolyl, 2-3 -methyl-5,6-dimeth 
ylthiobenZothiaZolyl), groups derived from 3-25C imidaZole 
nuclei (e.g., 2-1,3-diethylimidaZolyl, 2-1,3-dimethylimida 
Zolyl, 2-1-methylbenZimidaZolyl, 2-1,3,4-triethylimida 
Zolyl, 2-1,3-diethylbenZimidaZolyl, 2-1 ,3 ,5 -trimethylimida 
Zolyl, 2-6-chloro-1,3 -dimethylbenZimidaZolyl, 2-5 ,6 
dichloro-1,3-diethylbenZimidaZolyl, 2-1,3-disulfopropyl-5 
cyano-6-chlorobenZimidaZolyl), groups derived from 
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10-30C indolenine nuclei (e.g., those derived from 3,3 
dimethylindolenine), groups derived from 9-25C quinoline 
nuclei (e.g., 2-1-methylquinolyl, 2-1-ethylquinolyl, 2-1-me 
thyl-6-chloroquinolyl, 2-1,3-diethylquinolyl, 2-1-methyl-6 
methylthioquinolyl, 2-1 -sulfopropylquinolyl, 4-1-meth 
ylquinolyl, 4-1-sulfoethylquinolyl, 4-1 -methyl-7 
chloroquinolyl, 4-1,8-diethylquinolyl, 4-1-methyl-6 
methylthioquinolyl, 4- 1 -sulfopropylquinolyl), groups 
derived from 3-25C selenaZole nuclei (e.g., 2-3-methylben 
ZoselenaZolyl) and groups derived from pyridine nuclei 
(e.g., 2-pyridyl). Other examples of heterocyclic nuclei 
formed by Zal, Za2 and Za3 respectively include tiaZoline 
nuclei, oxaZoline nuclei, selenaZoline nuclei, tetraZoline 
nuclei, telluraZole nuclei, benZotelluraZole nuclei, imidaZo 
line nuclei, imidaZo[4,5-quinoxaline] nuclei, oxadiaZole 
nuclei, thiadiaZole nuclei, tetraZole nuclei and pyrimidine 
nuclei. These nuclei may have substituents. Suitable 
examples of such substituents include alkyl groups (e.g., 
methyl, ethyl, propyl), halogen atoms (e.g., chlorine, bro 
mine, iodine, ?uorine, a nitro group, alkoxy groups (e.g., 
methoxy, ethoxy), aryl groups (e.g., phenyl), heterocyclic 
groups (e.g., 2-pyridyl, 3-pyridyl, 1-pyrrolyl, 2-thienyl), 
aryloxy groups (e.g., pehnoxy), acylamino groups (e.g., 
acetylamino, benZoylamino), carbamoyl groups (e.g., N,N 
dimethylcarbamoyl), a sulfo group, sulfonamido groups 
(e.g., methanesulfonamido), sulfamoyl groups (e.g., N-me 
thylsulfamoyl), a hydroxyl group, a carboxyl group, alky 
lthio groups (e.g., methylthio) and a cyano group. Of the 
nuclei recited above, the oxaZole nuclei, the imidaZole 
nuclei and the thiaZole nuclei are preferred over the others. 
These nuclei may further be fused together With other rings. 
Examples of rings to be fused include benZene rings, ben 
Zofuran rings, pyridine rings, pyrrole rings, indole rings and 
thiophene rings. 
[0039] Za4, Za5 and Za6 each represent atoms required for 
forming an acidic nucleus as de?ned in The Theory of the 
Photographic Process, 4th edition edited by James, page 
198, Macmillan Publishing Co., Inc. (1997). Examples of 
such an acidic nucleus include pyraZol-5-one, pyraZolidine 
3,5-dione, imidaZoline-5-one, hydantoin, 2- or 4-thiohydan 
toin, 2-iminooxaZolidine-4-one, 2-oxaZoline-5-one, 
2-thiooxaZoline-2,4-dione, isorhodanine, rhodanine, 
thiophene-3-one, thiophene-3-one-1,1-dioxide, indoline-2 
one, indoline-3-one, 2-oxoindaZolium, 5,7-dioxo-6,7-dihy 
drothiaZolo[3,2-a]pyrimidine, 3,4-dihydroisoquinoline-4 
one, 1,3-dioxane-4,6-dione (e.g., meldrum’s acid), 
barbituric acid, 2-thiobarbituric acid, coumarin-2,4-dione, 
indaZoline-2-one, pyrido[1,2-a]pyrimidine-1,3-dione, pyra 
Zolo[1 ,5 -b ]quinaZolone, pyraZolopyridone, 3 -dicyanometh 
ylidenyl-3-phenylpropionitrile and 5- or 6-membered car 
bon ring (e.g., hexane-1,3-dione, pentane-1,3-dione, indane 
1,3-dione). Of these nuclei, pyraZole-5-one, barbituric acid, 
2-thiobarbituric acid and 1,3-dioxane-4,6-dione are pre 
ferred over the others. 

[0040] Examples of cyanine dyes, merocyanine dyes and 
oxonol dyes include those described in F. M. Harmer, 
Helerocyclic compoundsicyanine Dyes and Related Com 
pounds, Jhon & Wiley & Sons, NeW York, London (1964). 

[0041] In formula (1), L11 and L2k each represent a diva 
lent linkage group independently, and have no particular 
restriction except that each of the linkage groups forms no 
J's-conjugated system betWeen the chromophores linked 
thereto, With suitable examples including 0-100C, prefer 
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ably l-20C, linkage groups made up of one or more groups 
selected from among alkylene groups (those containing 1 to 
20 carbon atoms, such as methylene, ethylene, propylene, 
butylene and pentylene), arylene groups (those containing 6 
to 26 carbon atoms, such as phenylene and naphthylene), 
alkynylene groups (those containing 2 to 20 carbon atoms, 
such as ethynylene and propnylene), iCOiN(RlO1)i, 
iCOiOi, iSO2iNi(RlO2)i, iSO2ADi, 
iN(RlO3)%OiN(RlO4)i, SOZi, iSOiSi, ADi, 
iCOi, iN(R1O5)i and heterylene groups (those con 
taining l to 26 carbon atoms, such as 6-chloro-l,3,5-triaZyl 
2,4-diyl and pyrimidine-2,4-diyl). Herein, R101, R102, R103, 
R104 and R105 each independently represent any of a hydro 
gen atom, a substituted or unsubstituted alkyl group and a 
substituted or unsubstituted aryl group. In addition, When L1 
and L2k are each a combination of tWo or more of the linkage 
groups as recited above, at least tWo (preferably tWo) of the 
linkage groups may combine With each other to form a ring. 

[0042] As L11 and L2k each, the linkage group formed by 
bonding tWo alkylene groups (preferably including ethyl 
ene) together to form a ring, especially a 5- or 6-membered 
ring (preferably a cyclohexane ring), is preferred. 

[0043] In formula (1), n is an integer of 0 to 10, preferably 
0 to 5, far preferably 0 to 3, particularly preferably 0 to 2. 

[0044] In formula (1), k represents all integers in the 0 to 
n range. For instance, When n is 2, k represents three integers 
of 0, l and 2, Dye2k represents three independent chro 

O 
O 0 

mophores DyeZO, Dye21 and Dye22, and L2k represents three 
independent linkage groups L20, L21 and L22. When n is an 
integer greater than one, tWo or more chromophores repre 
sented by Dye2k may be the same or different, and tWo or 
more linkage groups represented by L2k may be the same or 
different. 

[0045] In formula (1), Q represents an ion neutraliZing 
electric charge, and y is a number required for neutraliZation 
of electric charge. Whether a certain compound is a cation 
or an anion, or Whether it has net ionic charge or not, 
depends on What kind of substituent the compound has. In 
formulae (1), (3), (4) and (5) each, the ion represented by Q 
has three cases depending on the electric charge of its 
counter dye molecule: a case Where it is a cation, a case 
Where it is an anion, and a case Where Q is absent When the 
dye molecule has no electric charge. The ion represented by 
Q has no particular restrictions, but it may be an ion derived 
from an inorganic compound or an ion derived from an 
organic compound. In addition, the electric charge of an ion 
represented by Q may be univalent or polyvalent. Examples 
of a cation represented by Q include metal ions such as 
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sodium ion and potassium ion, and onium ions such as 
quaternary ammonium ions, oxonium ions, sulfonium ions, 
phosphonium ions, selenonium ions and iodonium ions. 
Examples of an anion represented by Q include halide 
anions such as chloride ion, bromide ion and ?uoride ion, 
heteropoly acid ions such as sulfate ion, phosphate ion and 
hydrogen phosphate ion, organic polyvalent anions such as 
succinate ion, maleate ion, fumarate ion and aromatic dis 
ulfonate ions, tetra?uoroborate ion and hexa?uorophosphate 
1on. 

[0046] The ions suitable as cation represented by Q are 
onium ions, especially quaternary ammonium ions. Of the 
quaternary ammonium ions, the 4,4'-bipyridinium cations 
represented by formula (1-4) in JP-A-2000-52658 and the 
4,4'-bipyridinium cations disclosed in JP-A-2000-59652 are 
preferred in particular. 

[0047] The ions suitable as anion represented by Q are 
tetra?uoroborate ion, hexa?uorophosphate ion and organic 
polyvalent anions, especially 2- or 3-valent organic anions 
derived from naphthalenedisulfonic acid derivatives. Of the 
2- or 3-valent organic anions, the naphthalenedisulfonic acid 
anions disclosed in JP-A-l0-226l70 are preferred in par 
ticular. 

[0048] Of the dyes represented by formula (1), dyes hav 
ing structures represented by the folloWing formula (6) are 
preferred over the others as the dye used in the present 
optical information-recording medium: 

Z524 
I 

Wherein Zazl, Za22, Za23 and Za24 each represent atoms 
forming an acidic nucleus independently, and as concrete 
examples of Zazl, Za22, Za23 and Za24, the acidic nuclei 
described for Za5 and Za6 in formula (5) described above are 
exempli?ed. Also, the preferred examples thereof are the 
same as in the above described Za5 and Za6. 

[0049] Mazl, Ma22, Ma23, Ma“, Ma25 and Ma26 each 
represent a substituted or unsubstituted methine group inde 
pendently, and as concrete examples of Mazl, Ma22, Ma23, 
Ma24, Ma25 and Ma26 have the same meaning as described 
for Ma1 to Ma7 in formula (3) described above. 

[0050] L11 is a divalent linkage group forming no J'lZ-COII 
jugated system together With its tWo bonds, and as concrete 
examples of L11, ones described for L11 and L2k in formula 
(1) described above are exempli?ed. 

[0051] Ka21 and Ka22 each represent an integer of 0 to 3, 
preferably 0 to 2 and more preferably 1 or 2, independently; 
and Mazls, Ma22s, Ma25 s and Ma26s present in a case Where 
Ka21 and Ka22 are each 2 or 3 may be the same or different. 

[0052] Q represents a univalent cation for neutraliZing 
electric charge, or 2Q represents a divalent cation, and as 
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concrete examples and preferred examples of Q, ones 
described in a case Where Q in formula (1) is a cation are 
exempli?ed, respectively. 

[0053] It is most advantageous for the present optical 
information-recording medium to contain a dye having a 
structure represented by formula (2) as the dye represented 
by formula (1). 

[0054] In formula (2), R11, R12, R13 and R14 each inde 
pendently represent any of a hydrogen atom, a substituted or 
unsubstituted alkyl group, a substituted or unsubstituted aryl 
group and a substituted or unsubstituted heterocyclic group. 
Examples of substituted or unsubstituted alkyl groups rep 
resented by Rll, R12, R13 and R14 respectively include 
l-20C alkyl groups (e.g., methyl, ethyl, propyl, butyl, i-bu 
tyl, t-butyl, i-amyl, cyclopropyl, cyclohexyl, benZyl, phene 
tyl). When R11, R12, R13 and R14 are each an alkyl group, 
carbon rings (e.g., cyclopropane, cyclobutane, cyclopentane, 
cyclohexane, 2-methylcyclohexane, cycloheptane, cyclooc 
tane) or heterocyclic rings (e.g., pyridine, chroman, mor 
pholine) may be formed by combining R11 with R12 and, at 
the same time, combining R13 with R14. The alkyl group 
suitable as R11, R12, R13 and R14 each is a l-8C open-chain 
or cyclic alkyl group, especially a l-5C open-chain (straight 
or branched) alkyl group, an alkyl group capable of forming 
a l-8C ring (preferably a cyclohexane ring) as a combination 
of R11 and R12 or as a combination of R13 and R14, or a 
l-20C substituted alkyl group (e.g., benZyl, phenetyl). 

[0055] Examples of a substituted or unsubstituted aryl 
group represented by R11, R12, R13 and R14 each in formula 
(2) include 6-20C aryl groups (e.g., phenyl, naphthyl). The 
aryl group suitable as R11, R12, R13 and R14 each is a 6-10C 
aryl group. 

[0056] The substituted or unsubstituted heterocyclic group 
represented by R11, R12, R13 and R14 each in formula (2) is 
a 5- or 6-membered saturated or unsaturated heterocyclic 
group made up of carbon atoms and nitrogen, oxygen or/and 
sulfur atom(s), With examples including a pyridyl group, a 
pyrimidyl group, a pyridaZyl group, a piperidyl group, a 
triaZyl group, a pyrrolyl group, an imidaZolyl group, a 
triaZolyl group, a furanyl group, a thiophenyl group; a 
thiaZolyl group, an oxaZolyl group, an isothiaZolyl group 
and an isoxaZolyl group. Further, the heterocyclic group may 
be a group formed by fusing each of the above-recited 
groups together With a benZene ring (such as a quinolyl 
group, a benZimidaZolyl group, a benZothiaZolyl group or a 
benZoxaZolyl group). The substituted or unsubstituted het 
erocyclic group suitable as R11, R12, R13 and R14 each is a 
6-10C substituted or unsubstituted heterocyclic group. 

[0057] Examples of a substituent present in the substituted 
or unsubstituted alkyl group, the substituted or unsubstituted 
aryl group and the substituted or unsubstituted heterocyclic 
group represented by each of R11, R12, R13 and R14 in 
formula (2) include a group S of substituents as recited 
beloW. 

[0058] In the group S are included l-20C alkyl groups 
(e.g., methyl, ethyl, propyl, carboxymethyl, ethoxycarbon 
ylmethyl), 7-20C aralkyl groups (e.g., benZyl, phenetyl), 
l-8C alkoxy groups (e.g., methoxy, ethoxy), 6-20C aryl 
groups (e.g., phenyl, naphthyl), 6-20C aryloxy groups (e.g., 
phenoxy, naphthoxy), heterocyclic groups (e.g., pyridyl, 
pyrimidyl, pyridaZyl, benZimidaZolyl, benZothiaZolyl, ben 
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ZoxaZolyl, 2-pyrrolidinone-l-yl, 2-piperidone-l-yl, 2,4-di 
oxyimidaZolidine-3-yl, 2,4-dioxyoxaZolidine-3-yl, succin 
imido, phthalimido, maleimido), halogen atoms (e.g., 
?uorine, chlorine, bromine, iodine), a carboxyl group, 2- 10C 
alkoxycarbonyl groups (e.g., methoxycarbonyl, ethoxycar 
bonyl), a cyano group, 2-l0C acyl groups (e.g., acetyl, 
pivaloyl), l-lOC carbamoyl groups (e.g., carbamoyl, meth 
ylcarbamoyl, morpholinocarbamoyl), an amino group, 
l-20C substituted amino group (e.g., dimethylamino, 
diethylamino, bis(methylsulfonylethyl)amino, N-ethyl-N' 
sulfoethylamino), a sulfo group, a hydroxyl group, a nitro 
group, l-lOC sulfonamido groups (e.g., methanesulfona 
mido), l-lOC ureido groups (e.g., ureido, methylureido), 
l-lOC sulfonyl groups (e.g., methanesulfonyl, ethanesulfo 
nyl), l-lOC sul?nyl groups (e.g., methanesul?nyl), and 
O-lOC sulfamoyl groups (e.g., sulfamoyl, methanesulfa 
moyl). When the substituent is a carboxyl group or a sulfo 
group, it may be in a salt state. 

[0059] In formula (2), R21, R22 and R3 each independently 
represent any of a hydrogen atom, a substituted or unsub 
stituted alkyl group, a substituted or unsubstituted alkoxy 
group, a substituted or unsubstituted aryl group, a substi 
tuted or unsubstituted aryloxy group, a substituted or unsub 
stituted heterocyclic group, a halogen atom, a carboxyl 
group, a substituted or unsubstituted alkoxycarbonyl group, 
a cyano group, a substituted or unsubstituted acyl group, a 
substituted or unsubstituted carbamoyl group, an amino 
group, a substituted amino group, a sulfo group, a hydroxyl 
group, a nitro group, a substituted or unsubstituted alkyl 
sulfonylamino group, a substituted or unsubstituted carbam 
oylamino group, a substituted or unsubstituted alkylsulfonyl 
group, a substituted or unsubstituted arylsulfonyl group, a 
substituted or unsubstituted sul?nyl group, and a substituted 
or unsubstituted sulfamoyl group. It is appropriate that R21, 
R22 and R3 be each a hydrogen atom, a substituted or 
unsubstituted l-20C alkyl group, a substituted or unsubsti 
tuted 2-20C heterocyclic group, a substituted or substituted 
l-20C alkoxy group, a substituted or substituted 6-20C aryl 
group, or a halogen atom. Further, any of a hydrogen atom, 
a substituted or unsubstituted l-lOC alkyl group, a sub 
situted or unsubstituted l-lOC alkoxy group, a substituted or 
unsubstituted 2-l0C heterocyclic group and a halogen atom, 
especially any of a hydrogen atom, a substituted or unsub 
stituted l-5C alkyl group, a substituted or unsubstituted 
l-5C alkoxy group, a substituted or unsubstituted 2-6C 
heterocyclic group and a halogen atom, is preferred as R21, 
R22 and R3 each. The groups that R21, R22 and R3 represent 
may further have substituents, and examples of such sub 
stituents include the group S mentioned above. 

[0060] It is preferable that m is 0 and both R21 and R22 are 
hydrogen atoms, or m is l and all of R21, R22 and R3 are 
hydrogen atoms. 

[0061] min formula (2) represents an integer of 0 or more, 
preferably an integer of 0 to 5, far preferably an integer of 
0 to 3, particularly preferably an integer of 0 to 2. 

[0062] When In is 2 and above, R3s in formula (2) may be 
the same or different and each represent a hydrogen atom or 
the above-mentioned substituent independently. 

[0063] ZX+ in formula (2) represents a cation, and x 
represents an integer of l or greater. 
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[0064] Examples of a cation represented by Zx+ include [0065] Dyes represented by the present formula (2) are 
the cations recited as examples of Q in formula (1)_ The novel compounds synthesized by the present Inventors for 
cations suitable as Zx+ are quaternary ammonium ions, the ?rst time 

Preferahly the 4,4"hiPyridihhhh eatiehs represented by for‘ [0066] Examples of compounds represented by the present 
hhha (1'4) ih JP'A'2000'52658 and the 4,4'-hiPyridihium formula (1) or formulae (2) and (6) are illustrated beloW, but 
Cations disclosed in JP-A-2000-59652- X in fOrmllla (2) is these examples should not be construed as limiting the scope 
preferably an integer of l or 2. of the invention. 

(1) 
G) 9 

O O O 

O O O O 

O O O O 

O O O O 

HO 3 — — % OH 

\ / \ / 

(2) 

o 0o O O O 

O O O 

O O O O 

O O O O 

HO (l?I— —§ OH 
\/\/ 

(3) 

6 9 
O O O 

O O O O 

O O O O 

O O O O 

@— —e 
N HO \ / \ / N OH 



US 2007/0020562 A1 

-continued 

O O O 

O ////O><:><O ////O 
O O O O 

H3C 0 0 0 0 

&>— —@ 

6 
H3 0 C 

O 

O 

C H3 CH3 0 0 O 

\/ \/ 

9 6 
O O O O 

O O O O 

“x WW0 NHW HSCZ CZHS 
O O O O 

O O O O 

\/ \/ 

CH3 

9 
0 0 0 CH3 

0 o 0 

0 0 0 

0 H3C CH3 

Jan. 25, 2007 

(4) 

(5) 

(6) 





US 2007/0020562 A1 Jan. 25, 2007 
11 

-continued 

(10) 

O O O 

N / / / / O00 / / / / Ow 
C3H7n C3H7n 

O O O O 

O O O 

\ / \ / 

9 G 
O O O O 

O O O O 

/ / / / ><:>< / / / / 
O O O O 

H3C 0 0 0 0 CH3 

\ / \ / 

9 6 

0 CH3 0 0 CH3 0 

U NW0 0 O O O 

O O O O 

\ / \ / 

(13) 

6 6 
O O O O O 

O O O O O 

U / 
O O O O O 

O O O O O 

(11) 

(12) 





US 2007/0020562 A1 Jan. 25, 2007 
13 

-continued 

(16) 
9 e 

0 CH3 0 0 CH3 0 

0 0 0 0 

H3C§< / / / / >/\< / / / / ><CH3 
C3H7“ C3H7“ 

0 0 0 0 

0 0 0 0 

\ / \ / 

(17) 



US 2007/0020562 A1 Jan. 25, 2007 
14 

-continued 

(13) 

(19) 



US 2007/0020562 A1 Jan. 25, 2007 
15 

-continued 

(20) 

(21) 



US 2007/0020562 A1 
16 

-continued 

CH2 

CH3 

Jan. 25, 2007 

(22) 

(23) 



US 2007/0020562 A1 Jan. 25, 2007 
17 

-continued 

(24) 

(25) 



Jan. 25, 2007 US 2007/0020562 A1 
18 

-continued 

(26) 

(27) 

9 H 4 C O 




































