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(57) ABSTRACT 

Novel chrornene compounds having various substituents to 
exhibit a high color-developing sensitivity and a high den 
sity even When dispersed in a high-molecular matrix; and 
exhibiting a large fading rate; less color When deteriorated; 
and excellent light resistance in the photochrornic proper 
ties; photochrornic materials containing the chrornene com 
pounds; and use thereof. 
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CHROMENE COMPOUNDS 

TECHNICAL FIELD 

[0001] The present invention relates to novel chromene 

compounds and the use of the chromene compounds. 

BACKGROUND ART 

[0002] Photochromism is a reversible action of a com 

pound Which quickly changes its color When it is irradiated 
With light containing ultraviolet rays and resumes its initial 

color When it is no longer irradiated With light but is placed 

in a dark place. The compound having this property is called 
photochromic compound. Various compounds have so far 
been synthesiZed. Among these photochromic compounds, 
the chromene compounds exhibit good light resistance and 
develop colors of a Wide variety of tones such as yelloW 

color to blue color, and have been vigorously studied in 

recent years. Some of the chromene compounds that are 

developed have already been put into practice as photochro 
mic materials for organic photochromic lenses. 

[0003] The organic photochromic lens stands for a lens 
that develops color in an environment Where it is irradiated 

With ultraviolet rays such as outdoors and can be used as 

sunglasses, and loses its color and returns to its colorless or 

slightly tinted state in an environment Where it is irradiated 

With Weak ultraviolet rays, such as indoors. The organic 

photochromic lens must satisfy such requirements that it 
develops a color quickly and densely upon the irradiation 
With ultraviolet rays and quickly loses color upon the 
interruption of ultraviolet rays, that it is not colored after 

faded, and that it exhibits excellent light resistance. 

[0004] Some chromene compounds found so far exhibit 
excellent photochromic properties, such as quick color 
developing/fading rate and a high color density in a solution. 
When dispersed in a high-molecular matrix such as a plastic 
material, hoWever, the chromene compound fails to exhibit 
its intrinsic excellent photochromic properties to a sufficient 
degree arousing such problems as decreased color density, 
decreased fading rate and decreased light resistance. These 
problems appear conspicuously When the chromene com 
pound is dispersed in a rigid high-molecular matrix, dete 
riorating the fading rate to a conspicuous degree. No method 
for effectively solving the above problems has been knoWn, 
and no chromene compound has, either, been knoWn Which 
can be dispersed in a plastic lens that must have a large 
strength and a hardness to exhibit photochromic properties 
to a sufficient degree. 
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[0005] For example, the speci?cation of PCT Patent 
Application WO96/14596 discloses a chromene compound 
represented by the folloWing formula (A), 

(A) 

[0006] When dispersed in a high molecular matrix, hoW 
ever, the above chromene compound exhibits a loW color 
developing sensitivity, a loW fading rate, and is colored (also 
called coloring upon deterioration) even in a state of not 
irradiated With light When it is used as, for example, a 
photochromic material for extended periods of time and, 
further, develops color of a decreased density When irradi 
ated With light. 

[0007] The speci?cation of PCT Patent Application 
WO97/48762 discloses a chromene compound represented 
by the folloWing formula (B), 

(B) 

[0008] HoWever, this chromene compound, too, has a 
problem of sloW fading rate When it is dispersed in a 
high-molecular matrix. 
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[0009] Further, German Application Publication 
DE19902771A1 discloses a chromene compound repre 
sented by the following formula (C), 

(C) 

ocH3 

[0010] When dispersed in a high-molecular matrix, hoW 
ever, the above chromene compound exhibits a fading rate 
Which is not of a satisfactory level. 

[0011] Us. Pat. No. 6,113,814 discloses a chromene com 
pound represented by the folloWing formula (D), 

(D) 

ocH3 

[0012] having a polyalkyleneoxy group With a polymer 
iZable group bonded to one terminal thereof so as to be 
copolymeriZable With a monomer that serves as a high 

molecular matrix. This compound, hoWever, has a problem 
of sloW fading rate When it is copolymeriZed With a mono 
mer that imparts a high hardness or is dispersed in a 
high-molecular matrix having a high hardness. 

DISCLOSURE OF THE INVENTION 

[0013] It is therefore an object of the present invention to 
provide a chromene compound Which, When dispersed in a 
high-molecular matrix, exhibits further improved photo 
chromic properties, a high color-developing sensitivity, a 
high fading rate, less color upon deterioration, and permits 
photochromic properties to be deteriorated little that is 
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represented by a drop in the color density, i.e., exhibits 
photochromic properties maintaining excellent light resis 
tance. 

[0014] The present inventors have conducted keen study 
in an effort to develop a chromene compound that exhibits 
excellent photochromic properties in a high molecular 
matrix. As a result, the inventors have discovered a novel 
chromene compound Which exhibits a high color-develop 
ing sensitivity and a high color density even When it is 
dispersed in a high-molecular matrix, and exhibits a high 
fading date, less color upon deterioration and exhibits pho 
tochromic properties maintaining excellent light resistance, 
and have completed the present invention. 

[0015] That is, the present invention is concerned With a 
chromene compound represented by the folloWing general 
formula (1), 

(1) 

U4 

[0016] Wherein a group represented by the folloWing 
formula (2), 

(2) 

[0017] is an aromatic hydrocarbon group or an 
unsaturated heterocyclic group; 

[0018] R1 is a hydroxyl group, an alkyl group, a 
tri?uoromethyl group, an alkoxy group, an 
alkoxycarbonyl group, a carboxyl group, an 
alkoxymethyl group, a hydroxymethyl group, an 
aralkoxy group, an amino group, a substituted 
amino group, a cyano group, a nitro group, a 
halogen atom, an aralkyl group, a substituted or 
unsubstituted aryl group, a substituted or unsub 
stituted heteroaryl group, a substituted or unsub 
stituted heterocyclic group having a nitrogen atom 
as a hetero atom and in Which the nitrogen atom 
and an indene ring are coupled together, or a 
condensed heterocyclic group in Which the het 
erocyclic group is condensed With an aromatic 
hydrocarbon ring or an aromatic heterocyclic ring, 
and p is an integer of 0 to 3; 

[0019] R2 is a hydroxyl group, an alkyl group, a 
tri?uoromethyl group, an alkoxy group, an 
alkoxycarbonyl group, a carboxyl group, an 
alkoxymethyl group, a hydroxymethyl group, an 
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aralkoXy group, an amino group, a substituted 
amino group, a cyano group, a nitro group, a 
halogen atom, an aralkyl group, a substituted or 
unsubstituted aryl group, a substituted or unsub 
stituted heteroaryl group, a substituted or unsub 
stituted heterocyclic group having a nitrogen atom 
as a hetero atom and in Which the nitrogen atom 
and a ring of the group represented by the above 
formula (2) are bonded together, or a condensed 
heterocyclic group in Which the heterocyclic 
group is condensed With an aromatic hydrocarbon 
ring or an aromatic heterocyclic ring, and q is an 
integer of 0 to 3; 

[0020] R3 and R4 are, independently from each 
other, a group represented by the folloWing for 
mula (3), 

[0021] Wherein R5 is a substituted or unsubstituted 
aryl group, or a substituted or unsubstituted het 
eroaryl group, R6 is a hydrogen atom, an alkyl 
group or a halogen atom, and n is an integer of 1 
to 3, 

[0022] a group represented by the following formula 
(4), 

—(—CEC—)E.—R7 (4) 
[0023] Wherein R7 is a substituted or unsubstituted 

aryl group, or a substituted or unsubstituted het 
eroaryl group, and m is an integer of 1 to 3, 

[0024] a substituted or unsubstituted aryl group, a 
substituted or unsubstituted heteroaryl group, or an 
alkyl group, or R3 and R4 together may constitute an 
aliphatic hydrocarbon ring or an aromatic hydrocar 
bon ring; and 

[0025] a cyclic group spiro-bonded to a ?rst posi 
tion of an indene ring represented by the folloWing 
formula (5), 

(5) 

[0026] is an aliphatic hydrocarbon cyclic group 
Which is an unsubstituted monocyclic ring having 
7 to 20 carbon atoms in the ring, an aliphatic 
hydrocarbon cyclic group Which is a monocyclic 
ring having 4,to 20 carbon atoms in the ring and 
has at least one substituent selected from alkyl 
group, alkoXy group, amino group, substituted 
amino group, substituted or unsubstituted aralkyl 
group and substituted or unsubstituted aryl group, 
a crosslinked cyclic or spiro-cyclic aliphatic 
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hydrocarbon cyclic group Which may have at least 
one substituent selected from the group consisting 
of alkyl group, alkoXy group, amino group, sub 
stituted amino group, substituted or unsubstituted 
aralkyl group and substituted or unsubstituted aryl 
group, or a substituted or unsubstituted cyclic 
group having 4 to 20 carbon atoms in the ring, the 
cyclic group having at least any one of the fol 
loWing groups in a number of 1 or 2 or more (but 
not containing tWo oXy groups), 

—NH—> —NR—> —O—> —s—> 

—C—> —CO—> —NHC— 

|| || n 
O O 

[0027] Wherein R is an alkyl group, a substituted or 
unsubstituted aryl group, a substituted or unsub 
stituted aralkyl group, a carboXyl group or an 
alkoXycarbonyl group. 

[0028] The chromene compound according to the present 
invention has, in the molecules thereof, no polyalkyleneoXy 
group With a polymeriZable group bonded at one terminal 
thereof. Therefore, When the chromene compound is miXed 
With, for eXample, a monomer to be polymeriZed so as to be 
dispersed in a high-molecular matriX of a high hardness, the 
molecular motion is suppressed little, and the isomeriZation 
takes place smoothly Without causing the fading rate to be 
greatly decreased. 
[0029] Among the above-mentioned chromene com 
pounds of the present invention, a high fading rate is 
exhibited by the chromene compound in Which a cyclic 
group spiro-bonded to a ?rst position of the indene ring 
represented by the above formula (5) is (D an aliphatic 
hydrocarbon cyclic group Which is an unsubstituted mono 
cyclic ring having 7 to 15 carbon atoms in the ring, @ an 
aliphatic hydrocarbon cyclic group Which is a monocyclic 
ring having 4 to 15 carbon atoms in the ring and having at 
least one substituent selected from alkyl group, alkoXy 
group, amino group, substituted amino group, substituted or 
unsubstituted aralkyl group and substituted or unsubstituted 
aryl group, and, particularly, the one having a substituent at 
the [3-position of Spiro carbon, and ® a bicyclic group or 
a tricyclic group having 4 to 15 carbon atoms in the ring 
Which may have at least one substituent selected from the 
group consisting of alkyl group, alkoXy group, amino group, 
substituted amino group, substituted or unsubstituted aralkyl 
group and substituted or unsubstituted aryl group, or @ a 
substituted or unsubstituted cyclic group having 4 to 15 
carbon atoms in the ring, the cyclic group having one or tWo 
of at least one kind of group selected from the group 
consisting of —NH— group, —NR— group (Where R is an 
alkyl group, a substituted or unsubstituted aryl group, sub 
stituted or unsubstituted aralkyl group, a carboXyl group or 
an alkoXycarbonyl group), —S— group, —O— group, 
—C(=O) — group, —C(=O)O— group and 
—NHC(=O)— group (but not containing tWo oXy groups). 
[0030] Another invention is concerned With a photochro 
mic material containing the above chromene compound of 
the present invention. Among the photochromic materials, 
those containing an ultraviolet-ray stabiliZer exhibit a par 
ticularly high light resistance. 
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[0031] The chromene compound of the present invention 
or the photochromic material of the present invention exhib 
its excellent photochromic properties even When it is dis 
persed in a high-molecular matrix and, particularly, in a 
high-molecular matrix having a high hardness, and can, 
hence, be favorably used as a photochromic optical material. 
Therefore, the photochromic optical material containing the 
chromene compound of the present invention in the high 
molecular matrix and, particularly, the one in Which the 
high-molecular matrix has a Rockwell hardness of 80 to 120, 
is useful as an optical material such as plastic photochromic 
spectacle lenses that require a mechanical strength. 

[0032] Such an optical material can be obtained by poly 
meriZation-curing, for example, a polymeriZable monomer 
and a photochromic curable composition of the present 
invention containing a photochromic material of the present 
invention. 

[0033] Further, the photochromic material of the present 
invention exhibits a high color density and a high light 
resistance and, hence, exhibits excellent photochromic prop 
erties even When it is dispersed in a high molecular matrix 
having a small thickness, such as a ?lm. For example, a layer 
containing the photochromic material of the present inven 
tion is laminated on at least one surface of the lens to obtain 
an excellent photochromic lens. 

BRIEF DESCRIPTION OF DRAWING 

[0034] The draWing is a proton nuclear magnetic reso 
nance spectrum of a compound of Example 1. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0035] In the above-mentioned general formula (1), the 
group represented by the folloWing formula (2), 

(2) 

[0036] is an aromatic hydrocarbon group or an unsaturated 
heterocyclic group. 

[0037] Though there is no particular limitation, the above 
aromatic hydrocarbon group is preferably the one having 6 
to 18 carbon atoms. Preferred examples of the aromatic 
hydrocarbon group include phenylene group, naphthylene 
group, phenanthrene group, tolylene group, and xylene 
having one benZene ring or a condensed ring of 2 to 4 
benZene rings. 

[0038] There is no particular limitation on the unsaturated 
heterocyclic group. Preferably, hoWever, the unsaturated 
heterocyclic group is a 5-membered ring, a 6-membered ring 
including an oxygen atom, a sulfur atom or a nitrogen atom, 
or a heterocyclic group thereof condensed With a benZene 
ring. Preferred examples of the unsaturated heterocyclic 
group include nitrogen-containing heterocyclic groups such 
as pyridylene group, quinolylene group, pyrrolylene group 
and indolylene group, oxygen-containing heterocyclic 
groups such as furylene group and benZofurylene group, and 
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sulfur-containing heterocyclic groups such as thienylene 
group and benZothienylene group. 

[0039] In the aromatic hydrocarbon group and in the 
unsaturated heterocyclic group, further, 1 to 3 hydrogen 
atoms may be substituted by R2. Here, R2 is a hydroxyl 
group, an alkyl group, a tri?uoromethyl group, an alkoxy 
group, an alkoxycarbonyl group, a carboxyl group, an 
alkoxymethyl group, a hydroxymethyl group, an aralkoxy 
group, an amino group, a substituted amino group, a cyano 
group, a nitro group, a halogen atom, an aralkyl group, a 
substituted or unsubstituted aryl group, a substituted or 
unsubstituted heteroaryl group, a substituted or unsubsti 
tuted heterocyclic group having a nitrogen atom as a hetero 
atom and in Which the nitrogen atom and a ring of the group 
represented by the above formula (2) are bonded together, or 
a condensed heterocyclic group in Which the heterocyclic 
group is condensed With an aromatic hydrocarbon ring or an 
aromatic heterocyclic ring. 

[0040] Described beloW are the groups other than the 
hydroxyl group, tri?uoromethyl group, carboxyl group, 
hydroxymethyl group, amino group, cyano group and nitro 
group of Which the structures have been knoWn. 

[0041] Though there is no particular limitation, it is 
desired that the alkyl group R2 is generally the one having 
1 to 4 carbon atoms. Preferred examples of the alkyl group 
include methyl group, ethyl group, n-propyl group, isopro 
pyl group, n-butyl group, sec-butyl group and t-butyl group. 

[0042] Though there is no particular limitation, the alkoxy 
group is generally the one having 1 to 5 carbon atoms. 
Preferred examples of the alkoxy group include methoxy 
group, ethoxy group, n-propoxy group, isopropoxy group, 
n-butoxy group, sec-butoxy group and t-butoxy group. 

[0043] Though there is no particular limitation, the 
alkoxycarbonyl group is usually the one having 2 to 6 carbon 
atoms. Preferred examples of the alkoxycarbonyl group 
include methoxydarbonyl group, ethoxycarbonyl group, 
n-propoxycarbonyl group, isopropoxycarbonyl group, n-bu 
toxycarbonyl group, sec-butoxycarbonyl group and t-bu 
toxycarbonyl group. 

[0044] Though there is no particular limitation, the 
alkoxymethyl group is usually the one having 2 to 6 carbon 
atoms. Preferred examples of the alkoxymethyl group 
include methoxymethyl group, ethoxymethyl group, n-pro 
poxymethyl group, isopropoxymethyl group, n-butoxym 
ethyl group, sec-butoxymethyl group and t-butoxymethyl 
group. 

[0045] Though there is no particular limitation, the 
aralkoxy group is preferably the one having 6 to 10 carbon 
atoms. Preferred examples of the aralkoxy group include 
phenoxy group and naphthoxy group. 

[0046] Though there is no particular limitation, the sub 
stituted amino group is preferably the one having alkyl 
group or aryl group as substituent, such as alkylamino 
group, dialkylamino group, arylamino group and diary 
lamino group. Preferred examples of the substituted amino 
group include methylamino group, ethylamino group, phe 
nylamino group, dimethylamino group, diethylamino group 
and diphenylamino group. 

[0047] As the halogen atom, there can be exempli?ed 
?uorine atom, chlorine atom, bromine atom or iodine atom. 
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[0048] Though there is no particular limitation, the aralkyl 
group is preferably the one having 7 to 11 carbon atoms. 
Preferred examples of the aralkyl group include benZyl 
group, phenylethyl group, phenylpropyl group and phenyl 
butyl group. 
[0049] Though there is no particular limitation, the unsub 
stituted aryl group is the one having 6 to 10 carbon atoms. 
Preferred examples of the unsubstituted aryl group include 
phenyl group and naphthyl group. 
[0050] The substituted aryl group may be the one in Which 
at least one of the hydrogen atoms in the unsubstituted aryl 
group is substituted by a substituent. Like the above, the 
substituent in this case Will be a hydroxyl group, an alkyl 
group, a tri?uoromethyl group, an alkoxy group, an aralkoxy 
group, an alkoxycarbonyl group, a carboxyl group, an 
alkoxymethyl group, a hydroxymethyl group, an amino 
group, a substituted amino group, a cyano group, a nitro 
group, a halogen atom, an aryl group or an aralkyl group, as 
Well as a heteroaryl group, a substituted or unsubstituted 
heterocyclic group having a nitrogen atom as a hetero atom 
and in Which the nitrogen atom is bonded to the aryl group, 
a condensed heterocyclic group in Which the heterocyclic 
group is condensed With an aromatic hydrocarbon ring or an 
aromatic heterocyclic ring {same as the substituted or 
unsubstituted heterocyclic group that Will be described later 
having a nitrogen atom as a hetero atom and in Which the 
nitrogen is bonded to a ring of the group represented by the 
above formula (2), except that the ring that is bonded is a 
ring of the aryl group, or is the same as the condensed 
heterocyclic group in Which the heterocyclic group is con 
densed With an aromatic hydrocarbon ring or an aromatic 
heterocyclic ring; this also holds true in the folloWing 
description irrespective of the ring or the group that is 
bonded}. 
[0051] Though there is no particular limitation, the unsub 
stituted heteroaryl group is the one having 4 to 12 carbon 
atoms. Concrete examples include thienyl group, furyl 
group, pyrrolinyl group, pyridyl group, benZothienyl group, 
benZofuranyl group and benZopyrrolinyl group. 
[0052] As the substituted heteroaryl group, there can be 
exempli?ed the one in Which at least hydrogen atom of the 
unsubstituted heteroaryl group is substituted by a substitu 
ent. The substituent in this case may be the same substituent 
for the above-mentioned substituted aryl group. 

[0053] There is no particular limitation on the substituted 
or unsubstituted heterocyclic group having the nitrogen 
atom as a hetero atom and in Which the nitrogen atom is 
boned to a ring of the group represented by the above 
formula (2), or on the condensed heterocyclic group in 
Which the heterocyclic group is condensed With an aromatic 
hydrocarbon ring or With an aromatic heterocyclic ring. It is, 
hoWever, desired that the heterocyclic group is constituted 
by 2 to 10 carbon atoms and, particularly, by 2 to 6 carbon 
atoms. The heretocyclic ring may contain a hetero atom in 
addition to the nitrogen atom bonded to the ring of the group 
represented by the above formula Though there is no 
particular limitation on the hetero atom, it is desired to use 
an oxygen atom, a sulfur atom or a nitrogen atom. As the 
substituent of the group, there can be exempli?ed the 
substituents same as those for the above-mentioned substi 
tuted aryl group. 
[0054] Described beloW are concrete examples of the 
substituted or unsubstituted heterocyclic group having a 
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nitrogen as a hetero atom and in Which the nitrogen atom is 
bonded to a ring of the group represented by the above 
formula (2), or concrete examples of the condensed hetero 
cyclic group in Which the heterocyclic group is condensed 
With an aromatic hydrocarbon ring or an aromatic hetero 
cyclic ring. That is, the 

[0055] examples are morpholino group, piperidino group, 
hexamethyleneimino group, thiomorpholino group, pyrrolyl 
group, tetrahydroquinolyl group, carbaZole group, indole 
group, pyrrolidinyl group, piperadino group, N-methylpip 
eradino group and indolinyl group. 

[0056] q is an integer of 0 to 3 and represents the number 
of the substituents R2. There is no limitation on the position 
to Where R2 is bonded and there is no limitation, either, on 
the total number of the positions. HoWever, it is desired that 
the number of the positions is not larger than 2. When q is 
2 or 3, the substituents R2 may be different from each other. 

[0057] In the above-mentioned general formula (1), R1 is 
a hydroxyl group, an alkyl group, a tri?uoromethyl group, an 
alkoxy group, an aralkoxy group, an alkoxycarbonyl group, 
a carboxyl group, an alkoxymethyl group, a hydroxymethyl 
group, an amino group, a substituted amino group, a cyano 
group, a nitro group, a halogen atom, an aralkyl group, a 
substituted or unsubstituted aryl group, a substituted or 
unsubstituted heteroaryl group, a substituted or unsubsti 
tuted heterocyclic group having a nitrogen atom as a hetero 
atom and in Which the nitrogen atom is bonded to an indene 
ring, or a condensed heterocyclic group in Which the het 
erocyclic group is condensed With an aromatic hydrocarbon 
ring or an aromatic heterocyclic ring. As the groups, there 
can be exempli?ed those represented by R2. 

[0058] p Which represents the number of the substituents 
R1 is an integer of 0 to 3. There is no limitation on the 
position to Where R1 is bonded and there is no limitation, 
either, on the total number of the positions. HoWever, it is 
desired that the number of the positions is not larger than 2. 
When p is 2 or 3, the substituents R1 may be different from 
each other. 

[0059] In the above-mentioned general formula (1), R3 
and R4 are, independently from each other, a group repre 
sented by the folloWing formula (3), 

[0060] Wherein R5 is a substituted or unsubstituted 
aryl group, or a substituted or unsubstituted het 
eroaryl group, R6 is a hydrogen atom, an alkyl group 
or a halogen atom, and n is an integer of 1 to 3, 

[0062] Wherein R7 is a substituted or unsubstituted 
aryl group, or a substituted or unsubstituted het 
eroaryl group, and m is an integer of 1 to 3, 

a group represented by the folloWing formula (4), 

[0063] a substituted or unsubstituted aryl group, a substi 
tuted or unsubstituted heteroaryl group, or an alkyl group. 
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[0064] Further, not being limited thereto only, R3 and R4 
together may constitute an aliphatic hydrocarbon ring or an 
aromatic hydrocarbon ring. 
[0065] In the above formula (3), R5 is a substituted or 
unsubstituted aryl group, or a substituted or unsubstituted 
heteroaryl group. As the substituted or unsubstituted aryl 
group, there can be exempli?ed the groups same as those 
substituted or unsubstituted aryl groups denoted by R1 and 
R2. 
[0066] In the substituted aryl group, there is no particular 
limitation on the position to Where the substituent is bonded 
and there is no particular limitation, either, on the total 
number of the positions. When the aryl group is a phenyl 
group, hoWever, the third position or the fourth position is 
preferred and, When the aryl group is a naphthyl group, the 
fourth position or the sixth position is preferred. 

[0067] Though there is no particular limitation, it is 
desired that the unsubstituted heteroaryl group is the one 
having 4 to 12 carbon atoms. Concrete examples include 
thienyl group, furyl group, pyrrolinyl group, pyridyl group, 
benZothienyl group, benZofuranyl group and benZopyrroli 
nyl group. As the substituted heteroaryl group, further, there 
can be exempli?ed those in Which one or tWo or more 
hydrogen atoms of the unsubstituted heteroaryl group are 
substituted by the groups same as the substituents in the 
substituted aryl group of R1 or R2. There is no particular 
limitation on the position to Where these substituents are 
bonded and there is no particular limitation, either, on the 
total number thereof. 

[0068] In the above formula (3), R6 is a hydrogen atom, an 
alkyl group or a halogen atom. Preferred examples of the 
alkyl group include methyl group, ethyl group and propyl 
group. Concrete examples of the halogen atom include 
?uorine atom, chlorine atom, bromine atom and iodine 
atom. 

[0069] In the above formula (3), n is an integer of 1 to 3. 
HoWever, it is desired that n is 1 from the standpoint of 
obtaining the starting materials. 
[0070] Concrete examples of the group represented by the 
above formula (3) include phenyl-ethylenyl group, (4-(N, 
N-dimethylamino)phenyl)-ethenyl group, (4-N,N-diethy 
lamino)phenyl)-ethenyl group, (4-morpholinophenyl)-ethe 
nyl group, (4-piperidinophenyl)-ethenyl group, 
(4-eurolidinophenyl)-ethenyl group, (4-methoxyphenyl) 
ethenyl group, (4-methylphenyl)-ethenyl group, (2-(N,N 
dimethylamino)phenyl)-ethenyl group, (2-methoxyphenyl) 
ethenyl group, phenyl-1-methylethenyl group, (4-(N,N 
dimethylamino)phenyl)-1-methylethenyl group, 
(4-methoxyphenyl)-1-methylethenyl group, phenyl-1-?uo 
roethenyl group, (4-(N,N-dimethylamino)phenyl)-1-?uoro 
ethenyl group, 2-thienyl-ethenyl group, 2-furyl-ethenyl 
group, 2-(N-methyl)pyrrolinyl-ethenyl group, 2-benZothie 
nyl-ethenyl group, 2-benZofuranyl-ethenyl group and 2-(N 
methyl)indolyl-ethenyl group. 
[0071] In the above formula (4), R7 is a substituted or 
unsubstituted aryl group or a substituted or unsubstituted 
heteroaryl group. These groups are the same as those 
denoted by RS‘ 
[0072] In the above formula (4), there is no particular 
limitation on m Which is an integer of 1 to 3. It is, hoWever, 
desired that m is 1 from the standpoint of easily obtaining 
the starting materials. 
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[0073] Concrete examples of the group represented by the 
above formula (4) include phenyl-ethylinyl group, (4-(N,N 
dimethylamino)phenyl)-ethenyl group, (4-(N,N-diethylami 
no)phenyl)-ethenyl group, (4-morpholinophenyl)-ethenyl 
group, (4-piperidinophenyl)-ethenyl group, (4-eurolidi 
nophenyl)-ethenyl group, (4-methoxyphenyl)-ethenyl 
group, (4-methylphenyl)-ethenyl group, (2-(N,N-dimethy 
lamino)phenyl)-ethenyl group, (2-methoxyphenyl)-ethenyl 
group, 2-thienyl-ethenyl group, 2-furyl-ethenyl group, 2-(N 
methyl)pyrrolinyl-ethenyl group, 2-benZothienyl-ethyl 
group, 2-benZofuranyl-ethenyl group and 2-(N-methyl)in 
dolyl-ethenyl group. 

[0074] Further, the substituted or unsubstituted aryl group 
or the substituted or unsubstituted heteroaryl group repre 
sented by R3 and R4 are the same as the groups represented 
by R6. 

[0075] The alkyl groups represented by R3 and R4 are the 
same as those represented by R1. 

[0076] There is no particular limitation on the aliphatic 
hydrocarbon ring formed by R3 and R4 together. HoWever, 
preferred examples of the ring include adamantilidene ring, 
bicyclononylidene ring, and norbornylidene ring. 

[0077] There is no particular limitation on the aromatic 
hydrocarbon ring formed by R3 and R4 together. HoWever, a 
?uorene ring can be exempli?ed as a preferred ring. 

[0078] Here, it is desired that at least either R3 or R4 is a 
substituted or unsubstituted aryl group or substituted or 
unsubstituted heteroaryl group, or a group having those 
groups. 

[0079] It is further particularly desired that at least one of 
R3 and R4 is a group described in any one of to beloW; 
i.e., 

[0080] a substituted aryl group or a substituted 
heteroaryl group having a substituted amino group as 
a substituent; 

[0081] (ii) a substituted aryl group or a substituted 
heteroaryl group having, as a substituent, a substi 
tuted or unsubstituted heterocyclic group With a 
nitrogen atom as a hetero atom and in Which the 
nitrogen atom is bonded to the aryl group or the 
heteroaryl group; 

[0082] (iii) a substituted aryl group or a substituted 
heteroaryl group having, as a substituent, a con 
densed heterocyclic group in Which the substituted or 
unsubstituted heterocyclic group of (ii) above is 
condensed With an aromatic hydrocarbon ring or an 
aromatic heterocyclic ring; 

[0083] (iv) a group represented by the formula (3) in 
Which R5 is a substituted aryl group or a substituted 
heteroaryl group having a substituted amino group as 
a substituent; 

[0084] (v) a group represented by the formula (3) in 
Which R5 is a substituted aryl group or a substituted 
heteroaryl group having, as a substituent, a substi 
tuted or unsubstituted heterocyclic group With a 
nitrogen atom as a hetero atom and in Which the 
nitrogen atom is bonded to the aryl group or to the 
heteroaryl group; 
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[0085] (vi) a group represented by the formula (3) in 
Which R5 is a substituted aryl group or a substituted 
heteroaryl group having, as a substituent, a con 
densed heterocyclic group in Which the substituted or 
unsubstituted heterocyclic group in (v) above is 
condensed With an aromatic hydrocarbon ring or an 
aromatic heterocyclic ring; 

[0086] (vii) a group represented by the formula (4) in 
Which R7 is a substituted aryl group or a substituted 
heteroaryl group having a substituted amino group as 
a substituent; 

[0087] (viii) a group represented by the formula (4) in 
Which R7 is a substituted aryl group or a substituted 
heteroaryl group having, as a substituent, a substi 
tuted or unsubstituted heterocyclic group that has a 
nitrogen atom as a hetero atom and in Which the 
nitrogen atom is bonded to the aryl group or to the 
heteroaryl group; or 

[0088] a group represented by the formula (4) in 
Which R7 is a substituted aryl group or a substituted 
heteroaryl group having, as a substituent, a con 
densed heterocyclic group in Which the substituted or 
unsubstituted heterocyclic group in (viii) above is 
condensed With an aromatic hydrocarbon ring or an 
aromatic heterocyclic ring. 

[0089] In the substituted aryl groups in to (iii) above, 
there is no particular limitation on the position at Where the 
substituent is substituted and there is no limitation, either, on 
the total number of the positions. When the aryl group is a 
phenyl group, hoWever, it is desired that the position of 
substitution is the third position or the fourth position and 
the number of the place is one. Preferred examples of the 
substituted aryl group include 4-(N,N-dimethylamino)phe 
nyl group, 4-(N,N-diethylamino)phenyl group, 4-(N,N-di 
n-propylamino)phenyl group, 4-(N,N-di-isopropylami 
no)phenyl group, 4-(N,N-di-n-butylamino)phenyl group, 
4-(N,N-di-t-butylamino)phenyl group, 4-(N,N-dipheny 
lamino)phenyl group, 4-morpholinophenyl group, 4-piperi 
dinophenyl group, 3-(N,N-dimethylamino)phenyl group, 
4-thiomorpholinophenyl group, and 4-piperidinophenyl 
group. 

[0090] In the substituted heteroaryl groups in to (iii) 
above, further, there is no particular limitation on the posi 
tion to Where the substituent is substituted and there is no 
limitation, either, on the total number of the positions. It is, 
hoWever, desired that the number is 1. Preferred examples of 
the substituted heteroaryl group include 4-(N,N-dimethy 
lamino)thienyl group, 4-(N,N-diethylamino)furyl group, 
4-(N,N-diphenylamino)thienyl group, 4-morpholinopyrroli 
nyl group, 6-piperidinobenZothienyl group and 6-(N,N-dim 
ethylamino)benZofuranyl group. 
[0091] In the group represented by the formula (3) men 
tioned in (iv) to (vi) above, further, R5 in the formula (3) is 
the same as the substituted aryl group or substituted het 
eroaryl group in to (iii) above. Preferred examples of the 
group represented by the formula (3) include (4-(N,N 
dimethylamino)phenyl)-ethenyl group, (4-(N,N-diethylami 
no)phenyl)-ethenyl group, (4-morpholinophenyl)-ethenyl 
group, (4-piperidinophenyl)-ethenyl group, (4-eurolidi 
nophenyl)-ethenyl group, (2-(N,N-dimethylamino)phenyl) 
ethenyl group, (4-(N,N-dimethylamino)phenyl)-1-methyl 
ethenyl group and (4-(N,N-dimethylamino)phenyl)-1 
?uoroethenyl group. 
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[0092] In the group represented by the formula (4) in (vii) 
to above, further, R7 in the formula (4) is the same as the 
substituted aryl group or the substituted heteroaryl group in 
(i) to (iii) above. Preferred examples of the group repre 
sented by the formula (4) include (4-(N,N-dimethylami 
no)phenyl)-ethenyl group, (4-(N,N-diethylamino)phenyl) 
ethenyl group, (4-morpholinophenyl)-ethenyl group, 
(4-piperidinophenyl)-ethenyl group, (4-eurolidinophenyl) 
ethenyl group, (2-(N,N-dimethylamino)phenyl)-ethenyl 
group, 2-(N-methyl)indolyl-ethenyl group, and (4-(N-meth 
ylpiperadino)phenyl)-ethenyl group. 

[0093] In the above-mentioned general formula (1), the 
cyclic group represented by the folloWing formula (5), 

(5) 

[0094] has at least one carbon atom (spiro carbon) as a 
spiro atom, the spiro carbon being a carbon atom at the ?rst 
position of the indene ring of the above-mentioned formula 
(1) to form a spiro bond at this position. 

[0095] In the above-mentioned general formula (1), the 
cyclic group represented by the folloWing formula (5) is (a) 
an aliphatic hydrocarbon cyclic group Which is an unsub 
stituted monocyclic ring having 7 to 20 carbon atoms in the 
ring, (b) an aliphatic hydrocarbon cyclic group Which is a 
monocyclic ring having 4 to 20 carbon atoms in the ring and 
having at least one substituent selected from alkyl group, 
alkoxy group, amino group, substituted amino group, sub 
stituted or unsubstituted aralkyl group and substituted or 
unsubstituted aryl group, (c) a crosslinked cyclic or spiro 
cyclic aliphatic hydrocarbon cyclic group Which may have at 
least one substituent selected from the group consisting of 
alkyl group, alkoxy group, amino group, substituted amino 
group, substituted or unsubstituted aralkyl group and sub 
stituted or unsubstituted aryl group, or (d) a substituted or 
unsubstituted cyclic group having 4 to 20 carbon atoms in 
the ring, the cyclic group having any one of the folloWing 
groups in a number of 1 or 2 or more (but not containing tWo 
oxy groups), 

[0096] Wherein R is an alkyl group, a substituted or 
unsubstituted aryl group, a substituted or unsubstituted 
aralkyl group, a carboxyl group or an alkoxycarbonyl group. 

[0097] There is no particular limitation on the aliphatic 
hydrocarbon ring in the aliphatic hydrocarbon cyclic group 
that may have a, substituent in (a) to (c) above. HoWever, 
concrete examples of the aliphatic hydrocarbon ring include, 
as monocyclic groups, rings having 4 to 15 carbon atoms, 
such as cyclobutane ring, cyclopentane ring, cyclohexane 
ring, cycloheptane ring, cyclooctane ring, cyclononane ring, 
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cyclodecane ring, cycloundecane ring, cyclododecane ring, 
cyclotridecane group, cyclopentadodecane group and 2,4,6 
cyclopentatriene; include, as bicyclic rings, rings having 7 to 
15 carbon atoms, such as bicyclo[2.2.1]heptane ring, bicyclo 
[2.2.2]octane ring, bicyclo[3.2.0]heptane ring, octahydro 
pentalene ring, bicyclo[3.1.1]heptane ring, bicyclo[3.2.1] 
octane ring, bicyclo[3.3.1]nonane ring, bicyclo[3.3.2] 
decane ring, bicyclo[3.3.3]undecane ring, bicyclo[4.2.2] 
decane ring, bicyclo[4.3.2]undecane ring, bicyclo[4.3.3] 
dodecane ring, bicyclo[4.1.0]heptane ring, bicyclo[4.1.1] 
octane ring, bicyclo[4.2.1]nonane ring, bicyclo[4.2.0]octane 
ring, octahydroindene ring, bicyclo[4.3.1]dodecane ring, 
decahydro-naphthalene ring and dodecahydro-benZocy 
clononane ring; and include, as tricyclic rings, rings having 
7 to 15 carbon atoms, such as tricycloheptane ring, adaman 
tane ring, dodecahydro-phenalene ring, dodecahydro-cyclo 
pentapantalene ring, dodecahydro-?uorene ring, tet 
radecahydro-anthracene ring, tricyclododecane ring and 
tricyclopentadecane ring. Here, the number of carbon atoms 
must be 7 to 20 in the ring of the aliphatic hydrocarbon 
cyclic group When it has no substituent. The fading rate 
becomes small When the number of carbon atoms is 4 to 6. 
The spiro carbon that is spiro-bonded to the indene ring may 
exist at any position on the aliphatic hydrocarbon ring. 
Further, the groups represented by R1 can be exempli?ed as 
alkyl group, alkoxy group, amino group, substituted amino 
group, substituted or unsubstituted aralkyl group, and sub 
stituted or unsubstituted aryl group that may be substituted 
for the aliphatic hydrocarbon ring. As the substituted or 
unsubstituted aryl group, there can be particularly preferably 
exempli?ed an aryl group having 6 to 10 carbon atoms, such 
as phenyl group or naphthyl group. There is no particular 
limitation on the position of substitution or on the total 
number of the substitutions. Among these cyclic groups, it is 
particularly desired, from the standpoint of improving the 
fading rate, to use (D an aliphatic hydrocarbon cyclic group 
Which is an unsubsituted monocyclic ring having 7 to 15 
carbon atoms in the ring, @ an aliphatic hydrocarbon cyclic 
group Which is a monocyclic ring having 4 to 15 carbon 
atoms in the ring and having at least one substituent selected 
from alkyl group, alkoxy group, amino group, substituted 
amino group, substituted or unsubstituted aralkyl group and 
substituted or unsubstituted aryl group and, particularly, the 
one having a substituent at the [3-position of the spiro 
carbon, and ® a bicyclic group or a tricyclic group having 
4 to 15 carbon atoms in the ring and may have at least one 
substituent selected from the group consisting of alkyl 
group, alkoxy group, amino group, substituted amino group, 
substituted or unsubstituted aralkyl group and substituted or 
unsubstituted aryl group. Further, among the monocyclic 
rings having 7 to 15 carbon atoms of the rings of (D above, 
those having 7 to 10 carbon atoms are particularly preferably 
used since they Work to improve the fading rate. 

[0098] The substituted or unsubstituted cyclic group hav 
ing 4 to 15 carbon atoms in the ring of (d) above is the one 
in Which one or tWo or more and, preferably, one or tWo 

methylene groups constituting: 
[0099] a cycloalkane monocyclic ring having 4 to 15 

carbon atoms (Without including carbon atoms of the 
substituent), such as cyclobutane, cyclopentane, 
cyclohexane, cycloheptane, cyclooctane ring, 
cyclononane ring, cyclodecane ring, cycloundecane 
ring, cyclododecane ring, cyclotridecane group or 
cyclopentadodecane group; 
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[0100] a bicyclic ring having 4 to 15 carbon atoms 
(Without including carbon atoms of the substituent), 
such as bycyclo[2.2.1]heptane ring, bicyclo[2.2.2] 
octane ring, bicyclo[3.2.0]heptane ring, octahydro 
pentalene ring, bicyclo[3.1.1]heptane ring, bicyclo 
[3.2.1]octane ring, bicyclo[3.3.1]nonane ring, 
bicyclo[3.3.2]decane ring, bicyclo[3.3.3]undecane 
ring, bicyclo[4.2.2]decane ring, bicyclo[4.3.2]unde 
cane ring, bicyclo[4.3.3]dodecane ring, bicyclo 
[4.1.0]heptane ring, bicyclo[4.1.1]octane ring, bicy 
clo[4.2.1]nonane ring, bicyclo[4.2.0]octane ring, 
octahydroindene ring, bicyclo[4.3.1]dodecane ring, 
decahydro-naphthalene ring or dodecahydro-benZo 
cyclononane ring; or 

[0101] a tricyclic ring, such as tricycloheptane ring, 
adamantane ring, dodecahydro-phenalene ring, 
dodecahydro-cyclopentapentalene ring, dodecahy 
dro-?uorene ring, tetradecahydro-anthracene ring, 
tricyclododecane ring or tricyclopentadecane ring; 

[0102] are substituted by at least one group selected from 
the group consisting of imino group (—NH—), imino group 
(—NR—) in Which the substituent R is an alkyl group, a 
substituted or unsubstituted aryl group, a substituted or 
unsubstituted aralkyl group, a carboxyl group or an alkoxy 
carbonyl group, oxy group (—O—), thio group (—S—), 
carbonyl group {—C(=O)—}, carbonyloxy group 
{—C(=O)—O—} and amido group {—NH—C(=O)—}. 
Here, hoWever, the oxy groups are not contained in a number 
of tWo. 

[0103] Among the cyclic groups of (d) above, there is 
preferably used a monocyclic group having 4 to 7 carbon 
atoms in the ring, a bicyclic group having 7 to 10 carbon 
atoms in the ring, and a tricyclic group having 10 to 13 
carbon atoms in the ring from the standpoint of improving 
the fading rate and easy synthesis. 

[0104] Concrete examples of the rings include oxygen 
containing rings such as tetrahydrofuran ring and pyran ring; 
nitrogen-containing rings such as pyrrolidine ring, piperi 
dine ring, morpholine ring, thiomorpholine ring, piperaZine 
ring, and hexamethyleneimine ring; carbonyl-containing 
rings such as cyclopentanone ring and cyclohexanone ring; 
ester-containing rings or oxygen-containing/carbonyl-con 
taining mixed rings such as butylolactone ring, tetrahydro 
furanone ring and tetrahydropyranone ring; monocyclic 
rings such as amido-containing rings or nitrogen-containing/ 
carbonyl-containing mixed spiro rings, like pyrrolidinone 
ring, piperidinone ring and oxohexamethyleneimine ring; 
bicyclic rings such as aZa-bicyclo[2.2.2]octane ring, decahy 
dro-cyclopentaaZepin ring, 8-aZa-bicyclo[3.2.1]octane ring, 
and octahydro-quinoliZine; and tricyclic rings such as 
decahydro-pyrridinoquinoline ring and aZa-tricyclounda 
cane ring. 

[0105] The hydrogen atom in the monocyclic ring may be 
substituted by a substituent. The substituent in this case may 
be alkyl group, alkoxy group, amino group, substituted 
amino group, substituted or unsubstituted aralkyl group, or 
substituted or unsubstituted aryl group. These groups are the 
same as those denoted by R1. 

[0106] From the standpoint of effects according to the 
present invention, it is desired that the chromene compound 
has a cyclic group represented by the above-mentioned 
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formula (5) as described in (a) to (d), and is the one 
represented by the following formula (6), 

(6) 

[0107] Wherein R8 and R9 are, independently from each 
other, tri?uoromethyl groups, alkyl groups, alkoXy groups, 
alkoXycarbonyl groups, carboXyl groups, alkoXymethyl 
groups, hydroXymethyl groups, aralkoXy groups, substituted 
amino groups, cyano groups, substituted or unsubstituted 
aryl groups, halogen atoms, aralkyl groups, substituted or 
unsubstituted heterocyclic groups having a nitrogen atom as 
a hetero atom and in Which the nitrogen atom is bonded to 
an indene ring or to a naphthalene ring, or condensed 
heterocyclic groups in Which the heterocyclic groups are 
condensed With an aromatic hydrocarbon ring or an aromatic 
heterocyclic ring, R10 and R11 are, independently from each 
other, substituted or unsubstituted aryl groups, or substituted 
or unsubstituted heteroaryl groups, and the cyclic roup 
represented by the above-mentioned formula (5) is 5D an 
aliphatic hydrocarbon cyclic group Which is an unsubstituted 
monocyclic ring having 7 to 15 carbon atoms in the ring, 
an aliphatic hydrocarbon cyclic group Which is a monocyclic 
ring having 4 to 15 carbon atoms in the ring and having at 
least one substituent selected from alkyl group, alkoXy 
group, amino group, substituted amino group, substituted or 
unsubstituted aralkyl group and substituted or unsubstituted 
aryl group and, particularly, the one having a substituent at 
the [3-position of the spiro carbon, a bicyclic group or a 
tricyclic group having 4 to 14 carbon atoms in the ring and 
Which may have at least one substituent selected from the 
group consisting of alkyl group, alkoXy group, amino group, 
substituted amino group, substituted or unsubstituted aralkyl 
group and substituted or unsubstituted aryl group, or GD a 
substituted or unsubstituted cyclic group having 4 to 15 
carbon atoms in the ring, the cyclic group having one or tWo 
of at least one kind of group (but not containing tWo oXy 
groups) selected from the group consisting of —NH— 
group, —NR— group (Wherein R is an alkyl group, a 
substituted or unsubstituted aryl group, a substituted or 
unsubstituted aralkyl group, a carboXyl group or an alkoXy 
carbonyl group), —S— group, —O— group, —C(=O)— 
group, —C(C=O)O— group, and —NHC(=O)— group, 
and, particularly, R10 is an aryl group or a heteroaryl group 
having an amino group as a substituent; an aryl group or a 
heteroaryl group having, as a substituent, a substituted or 
unsubstituted heterocyclic group having a nitrogen atom as 
a hetero atom and in Which the nitrogen atom is bonded to 
an aryl group or to a heteroaryl group; or a substituted aryl 
group or a substituted heteroaryl group having, as a sub 
stituent, a condensed heterocyclic group in Which a substi 
tuted or unsubstituted heterocyclic group is condensed With 
an aromatic hydrocarbon ring or an aromatic heterocyclic 
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ring, the substituted or unsubstituted heterocyclic group 
having a nitrogen atom as a hetero atom and in Which the 

nitrogen atom is bonded to the aryl group or to the heteroaryl 
group. 

[0108] Concrete examples of the chromene compound are 
as described beloW. 
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-continued 

[0109] The chromene compound represented by the above 
general formula (1) of the present invention usually exists as 
a solid or a viscous liquid Which is colorless or is pale yelloW 
at normal temperature and under normal pressure, and can 
be con?rmed by the following means (a) to 

[0110] (a) A proton nuclear magnetic resonance spectrum 
(lH-NMR) indicates peaks based on aromatic protons and 
protons of an alkene near 65.0 to 9.0 ppm and peaks based 
on the protons of an alkyl group and of an alkylene group 
near 61.0 to 4.0 ppm. Further, a comparison of the spectral 
intensities teaches the number of protons of the bonded 
groups. 

[0111] (b) A composition of a corresponding product can 
be determined by the elemental analysis. 

[0112] (c) A 13C-nuclear magnetic resonance spectrum 
(13C-NMR) indicates peaks based on the carbon atoms of an 
aromatic hydrocarbon group near 6110 to 160 ppm, peaks 
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based on the carbon atoms of an alkene and an alkyne near 

680 to 140 ppm, and peaks based on the carbon atoms of an 

alkyl group and an alkylene group near 620 to 80 ppm. 

[0113] There is no particular limitation on the method of 
preparing chromene compounds represented by the general 
formula (1) and any synthesiZing method can be employed. 
Described beloW are representative methods that are usually 
favorably employed. 

[0114] Amethod of reacting a hydroXy-?uorenone deriva 
tive represented by the folloWing general formula (7), 

(7) 

HO 

[0115] Wherein R1, R2, a cyclic group containing X 
(corresponds to the cyclic group represented by the 
above-mentioned general formula (5)), p, q and a 
group represented by the folloWing formula, 

(2) 

[0116] are as de?ned in the above-mentioned general 
formula (1), 

[0117] With a propargyl alcohol derivative represented by 
the folloWing general formula, 

(8) 

CH 

[0118] Wherein R3 and R4 are as de?ned in the above 
mentioned general formula (1), 

[0119] in the presence of an acid catalyst. 

[0120] There is no particular limitation on the method of 
synthesiZing the hydroXy-?uorene derivative represented by 
the above general formula (7) and on the method of syn 
thesiZing the propargyl alcohol derivative represented by the 
above general formula The hydroXy-?uorene derivative 
represented by the above general formula (7) can be syn 
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thesiZed by, for example, subjecting a carboXylic acid 
derivative represented by the following general formula (9), 

(9) 

[0121] Wherein R1, R2, p, q and a group represented 
by the folloWing formula 

(2) 

[0122] are as de?ned in the above-mentioned general 
formula (1), 

[0123] to the Curtius rearrangement, to the Hofmann 
rearrangement or to the Lossen rearrangement to convert the 

carboXylic acid into an amine, converting a diaZonium salt 
thereof into a bromide thereof through the Sandmeyer 
reaction, reacting the obtained bromide With magnesium or 
lithium to prepare an organometallic reagent, reacting the 
organometallic reagent With a ketone represented by the 
folloWing formula (10), 

0%. 
[0124] Wherein a cyclic group containing X bonded 

to the oXygen atom (O) is as de?ned in the above 
mentioned general formula (5), 

(10) 

[0125] at —10 to 70° C. for 10 minutes to 4 hours to obtain 
an alcohol derivative represented by the folloWing formula 

(11) 

J an. 22, 2004 

[0126] Wherein R1, R2, p, q and groups represented 
by the folloWing formulas, 

and 

[0127] are as de?ned in the above-mentioned general 
formula (1), 

[0128] and reacting the alcohol derivative under a neutral 
to acidic condition at 10 to 120° C. for 20 minutes to 2 hours 
to turn the alcohol into a Spiro form. Here, When there is 
used a hydroXy-?uorenone derivative having a substituent 
on a ring containing Y (hereinafter also called Y-ring) of the 
hydroXy-?uorenone derivative, there can be synthesiZed a 
chromene compound having a substituent on the respective 
Y-rings. 
[0129] The reaction ratio of the organometallic reagent 
that is prepared to the ketone represented by the above 
formula (10) can be selected over a Wide range. Generally, 
hoWever, the reaction ratio is selected over a range of from 
1:10 to 10:1 (molar ratio). The reaction temperature is 
usually from —10 to 70° C., and the solvent that is used is a 
nonprotonic organic solvent such as diethyl ether, tetrahy 
drofurane, benZene or toluene. 

[0130] Thereafter, the alcohol derivative that is obtained is 
turned into a spiro form under a neutral to acidic condition. 
As the acid catalyst, in this case, there can be preferably used 
acetic acid, hydrochloric acid, sulfuric acid, benZenesulfonic 
acid, p-toluenesulfonic acid or acidic alumina in an amount 
of from 0.1 to 10 parts by Weight per 100 parts by Weight of 
the alcohol derivative represented by the above formula 
(11). The reaction temperature is usually 10 to 120° C., and 
the solvent is, or example, acetic acid, tetrahydrofurane, 
benZene or toluene. 

[0131] The propargyl alcohol derivative represented by 
the above-mentioned general formula (8) can be synthesiZed 
by, for eXample, reacting a ketone derivative corresponding 
to the above general formula (8) With a metal acetylene 
compound such as lithium acetylide. 

[0132] The compound represented by the above general 
formula (7) is reacted With the compound represented by the 
general formula (8) in the presence of an acid catalyst in a 
manner, for eXample, as described beloW. 

[0133] That is, the reaction ratio of these tWo compounds 
is selected over a Wide range of, generally, from 1:10 to 10:1 
(molar ratio). As the acid catalyst, there is used sulfuric acid, 
benZenesulfonic acid, p-toluenesulfonic acid, or acidic alu 
mina in an amount of from 0.1 to 10 parts by Weight per the 
total amount of 100 parts by Weight of the compound 
represented by the above general formula (7) and the com 
pound (reaction substrate) represented by the general for 
mula The reaction temperature is usually from 0 to 200° 
C., and the solvent is a nonprotonic organic solvent, such as 
N-methylpyrrolidone, dimethylformamide, tetrahydrofuran, 
benZene or toluene. 

[0134] There is no particular limitation on the method of 
purifying the product. For eXample, a silica gel column 
purifying is conducted, folloWed by the recrystalliZation to 
purify the product. 
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[0135] The chromene compound of the present invention 
represented by the above general formula (1) dissolves Well 
in a general organic solvent such as toluene, chloroform or 
tetrahydrofuran. When the chromene compound of the 
present invention is dissolved in such a solvent, the solvent 
generally exhibits a favorable photochromic action; i.e., the 
solvent is nearly colorless and transparent, quickly develops 
a color When it is irradiated With sunlight or ultraviolet rays, 
and reversibly and quickly returns to the initial colorless 
state When the irradiation With light is interrupted. 

[0136] The above-mentioned photochromic action of the 
chromene compound of the present invention is similarly 
exhibited even in a high-molecular solid matrix. Therefore, 
the chromene compound of the present invention can be 
favorably used as a photochromic material for imparting 
photochromic properties to the high-molecular matrix. In 
particular, the chromene compound of the present invention 
exhibits a high color-developing sensitivity, a high color 
density, a large fading rate and a high light resistance even 
When it is dispersed in the high-molecular matrix having 
such a high hardness as the Rockwell hardness of 80 to 120, 
and is superior to the conventional chromene compounds in 
the above respects. The chromene compound of the present 
invention is useful as a photochromic material for the optical 
materials that require a high mechanical strength, such as 
plastic photochromic lenses for spectacles. 

[0137] There can be used any high-molecular solid matrix 
provided it permits the chromene compound of the present 
invention to be homogeneously dispersed therein. Optically 
preferred examples include such thermoplastic resins as 
methyl polyacrylate, ethyl polyacrylate, methyl poly 
methacrylate, ethyl polymethacrylate, polystyrene, poly 
acrylonitrile, polyvinyl alcohol, polyacrylamide, poly(2-hy 
droxyethylmethacrylate), polydimethylsiloxane and 
polycarbonate. 

[0138] There can be further exempli?ed multi-valent 
acrylic acids and multi-valent methacrylic acid ester com 
pounds, such as ethylene glycol diacrylate, diethylene glycol 
dimethacrylate, triethylene glycol dimethacrylate, tetraeth 
ylene glycol dimethacrylate, ethylene glycol bisglycidyl 
methacrylate, bisphenol A dimethacrylate, 2,2-bis(4-meth 
acryloyloxyethoxyphenyl)propane, 2,2-bis(3,5-dibromo-4 
methacryloyloxyethoxyphenyl)propane, trimethylolpropane 
trimethacrylate, and pentaerithritol tetramethacrylate; multi 
valent allyl compounds, such as diallyl phthalate, diallyl 
terephthalate, diallyl isophthalate, diallyl tartarate, diallyl 
epoxysuccinate, diallyl fumarate, diallyl chloroendoate, 
diallyl hexaphthalate, diallyl carbonate, and allyl diglycol 
carbonate; multi-valent thioacrylic acid and multi-valent 
thiomethacrylic acid ester compounds such as 1,2-bis 
(methacryloylthio)ethane, bis(2-acryloylthioethyl)ether, and 
1,4-bis(methacryloylthiomethyl)benZene; acrylic acid ester 
compounds and methacrylic acid ester compounds, such as 
glycidyl acrylate, glycidyl methacrylate, [3-methylglicidyl 
methacrylate, bisphenol A-monoglycidylether methacrylate, 
4-glycidyloxy methacrylate, 3-(glicidyl-2-oxyethoxy)-2-hy 
droxypropyl methacrylate, 3-(glycidyloxy-1-isopropyloxy) 
2-hydroxypropyl acrylate, 3-glycidyloxy-2-hydroxypropy 
loxy)-2-hydroxypropyl acrylate and methoxypolyethylene 
glycol methacrylate; and thermosetting resins obtained by 
polymeriZing radically polymeriZable polyfunctional mono 
mers such as divinyl benZene and the like. 
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[0139] There can be further exempli?ed copolymers of 
these monomers With unsaturated carboxylic acids such as 
acrylic acid, methacrylic acid and maleic anhydride; acrylic 
acid and methacrylic acid ester compounds such as methyl 
acrylate, methyl methacrylate, benZyl methacrylate, phenyl 
methacrylate, and 2-hydroxyethyl methacrylate, methyl 
ether polyethylene glycol methacrylate and y-methacryloy 
loxypropyltrimethoxy silane; fumaric acid ester compounds 
such as diethyl fumarate and diphenyl fumarate; thioacrylic 
acid and thiomethacrylic acid ester compounds such as 
methylthio acrylate, benZylthio acrylate and benZylthio 
methacrylate; or radically polymeriZable monofunctional 
monomers such as vinyl compounds like styrene, chlorosty 
rene, methyl styrene, vinyl naphthalene, ot-methylstyrene 
dimer, bromostyrene, and methoxypolyethylene glycol allyl 
ether. 

[0140] There is no particular limitation on the method of 
dispersing the chromene compound of the invention in the 
high-molecular solid matrix, and any generally employed 
method can be used. For example, the above thermoplastic 
resin and the chromene compound are kneaded together in 
a molten state and are dispersed in a resin. Or, the chromene 
compound is dissolved in the polymeriZable monomer fol 
loWed by the addition of a polymeriZation catalyst so as to 
be polymeriZed by heat or light, and is dispersed in the resin. 
Or, the surfaces of the thermoplastic resin and the thermo 
setting resin are dyed With the chromene compound so that 
it disperses in the resin. 

[0141] The chromene compound of the present invention 
can be used as a photochromic material over a Wide range, 
and is useful as various optical materials inclusive of the 
above-mentioned plastic photochromic lenses for spec 
tacles. For example, the chromene compound of the inven 
tion can be used as various memory materials to substitute 
for the silver salt photosensitive material, copying material, 
photosensitive material for printing, memory material for 
cathode-ray tubes, photosensitive material for laser and 
photosensitive material for holography. Further, the photo 
chromic material using the chromene compound of the 
present invention can be used as an optical ?lter material, a 
display material, an actinometer, an ornament, a coating 
?lm, etc. 

[0142] When the chromene compound of the present 
invention is used as a photochromic material, there can be 
further used additives such as ultraviolet-ray stabiliZer, 
ultraviolet-ray absorber, surfactant, antioxidant, radical 
trapping agent, tint-preventing agent, antistatic agent, ?uo 
rescent dye, dye, pigment and perfume in order to improve 
light resistance of the photochromic compound, to improve 
color-developing rate and to improve color-fading rate. As 
the additives, knoWn compounds can be used Without any 
limitation. There is, either, no limitation on the form of use. 
Generally, hoWever, it is desired that the tWo are used in a 
liquid medium in Which the tWo dissolve homogeneously to 
come into favorable contact With each other so that the effect 
of the additive can be highly exhibited, or are used in the 
high-molecular matrix obtained by curing the liquid poly 
meriZable monomer in Which the tWo are homogeneously 
dissolved. 

[0143] In general, the chromene compound is deteriorated 
by photo-oxidation. When used in a medium having excel 
lent oxygen permeability or in a thin ?lm in Which oxygen 
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easily diffuses, the chromene compound tends to lose its 
photochromic property. The chromene compound of the 
present invention exhibits excellent light resistance com 
pared With the conventional chromene compounds. When 
used in a form described above, hoWever, it is desired to also 
use an ultraviolet-ray stabiliZer. Use of the ultraviolet-ray 
stabiliZer helps obtain a higher light resistance. There is no 
problem in the light resistance When the chromene com 
pound of the present invention is used being dispersed in a 
high molecular matrix having a thickness of not smaller than 
1 mm. When used being dispersed in the high-molecular 
matrix having a thickness of smaller than 1 mm, furthermore 
smaller than 0.1 mm, hoWever, it is desired that the 
chromene compound of the present invention is used 
together With the ultraviolet-ray stabiliZer. 

[0144] As the preferred ultraviolet-ray stabiliZer, there can 
be used any knoWn ultraviolet-ray stabiliZer Without limi 
tation. From the standpoint of improving the light resistance, 
hoWever, it is desired to use an extinguishing agent of 
oxygen in a singlet state and a hindered amine photo 
stabiliZer (inclusive of a photo stabiliZer having a hindered 
amine structure and a hindered phenol structure in a mol 

ecule). 
[0145] The extinguishing agent of oxygen in the singlet 
state that is favorably used in the present invention may be 
a complex of Ni2+ and an organic ligand, a cobalt (III)-tris 
di-n-butyldithio carbamate, an iron (III)-diisopropyldithio 
carbamate and cobalt (II)-diisopropyldithio carbamate. 
Among these extinguishing agents of oxygen of the singlet 
state, the complex of Ni2+ and the organic ligand is particu 
larly preferred. Concrete examples of the complex include 
[2,2‘-thiobis(4-(1,1,3,3-tetramethylbutyl)phenolato)bu 
tylamine]nickel, nickel-bis[o-ethyl(3,5-di-tert-butyl-4-hy 
droxybenZyl)]phosphonate, nickel-dibutyldithiocarbamate, 
bis[2,2‘-thiobis-4-(1,1,3,3-tetramethylbutyl)phenolato] 
nickel, and various Ni complexes placed in the market by 
Ferro Corporation in the trade names of UV-Check AM-105, 
UV-Check AM-126 and UV-Check AM-205. 

[0146] Concrete examples of the preferred hindered amine 
photostabiliZer include bis(1,2,2,6,6-pentamethyl-4-pip 
eridyl) sebacate, bis(2,2,6,6-tetramethyl-4-piperidyl) seba 
cate, 1-[2-{3-(3,5-di-t-butyl-4 
hydroxyphenyl)propionyloxy}ethyl]-4-{3-(3,5-di-t-butyl-4 
hydroxyphenyl)propionyloxy]-2,2,6,6-tetramethyl 
piperidine, 2-methyl-acrylic acid 1,2,2,6,6-pentamethyl-pi 
peridine-4-il ester, 2-methyl-acrylic acid 2,2,6,6-tetram 
ethyl-piperidine-4-il ester, succinic acid-bis(2,2,6,6-tetram 
ethyl-4-piperidinyl)ester, 2-(3,5-di-t-butyl-4 
hydroxybenZyl)-2-n-butylmalonic acid bis(1,2,2,6,6 
pentamethyl-4-piperidyl), propanedionic acid, [(4 
methoxyphenyl)-methylene] and bis(1,2,2,6,6-pentamethyl 
4-piperidinyl)ester. 
[0147] As the hindered amine photo stabiliZer, there can 
be exempli?ed Sumisorb LS-2000 and LS-2001 (trade 
names) manufactured by Sumitomo Kagaku Co. 

[0148] Though there is no particular limitation on the ratio 
of blending the ultraviolet-ray stabiliZer, it is desired to use 
it in an amount of from 0.01 to 10000 parts by Weight and, 
particularly, from 10 to 500 parts by Weight per 100 parts by 
Weight of the chromene compound of the present invention. 

[0149] As the additive other than the ultraviolet-ray sta 
biliZer, the folloWing compounds can be used. That is, the 
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surfactant may be any one of the nonionic type, anionic type 
or cationic type. As the antioxidant, radical-trapping agent 
and ultraviolet-ray absorber, there can be favorably used 
hindered phenol antioxidant, phenol-type radical-trapping 
agent, sulfur-type antioxidant, benZotriaZole compound, and 
benZophenone compound. These surfactants, antioxidants, 
radical-trapping agents and ultraviolet-ray absorbers may be 
used in tWo or more kinds for the photochromic material of 
the present invention. It is desired that the surfactants, 
antioxidants, radical-trapping agents and ultraviolet-ray 
absorbers are added in amounts of from 0.01 to 10000 parts 
by Weight per 100 parts by Weight of the chromene com 
pound of the present invention. 

[0150] There is no particular limitation on the method of 
using the photochromic material of the present invention 
comprising the chromene compound of the present invention 
as a photochromic lens provided a homogeneous dimming 
performance is obtained. Examples of the method that can 
be preferably used include a method according to Which a 
polymer ?lm in Which the photochromic material of the 
present invention is homogeneously dispersed is sand 
Wiched in a lens, a method according to Which the photo 
chromic material of the present invention is dispersed in the 
above-mentioned polymeriZable monomer and is polymer 
iZed according to a predetermined method, a method accord 
ing to Which a plastic lens is immersed in a solution obtained 
by dissolving the photochromic material of the present 
invention in a solvent such as a silicone oil, treated at 150 
to 200° C. for 10 to 60 minutes so that the surfaces of the 
lens is impregnated With the chromene compound and, then, 
the surfaces are covered With a curable material, and a 
method according to Which a polymer ?lm in Which the 
photochromic material of the present invention is homoge 
neously dispersed is stuck to the surface of the plastic lens, 
and the surface is coated With a curable material. 

[0151] Among the above-mentioned methods, a particu 
larly useful method is the one Which cures by polymeriZa 
tion the photochromic curable composition (composition of 
the present invention) containing a polymeriZable monomer 
and the photochromic material of the present invention, 
since it makes it possible to stably and ef?ciently obtain 
lenses of high quality. 

[0152] There is no particular limitation on the polymeriZ 
able monomer used for the composition of the present 
invention provided it dissolves the chromene compound of 
the present invention, and there can be used a mixture of a 
polyfunctional isocyanate and a polyfunctional mercapto 
compound, a mixture of a polyfunctional isocyanate and a 
polyfunctional hydroxy compound, a polyfunctional epoxy 
compound and a radically polymeriZable monomer. Among 
them, from the standpoint of obtaining optical products such 
as photochromic plastic lenses, it is desired to use the 
radically polymeriZable monomer and, particularly, the 
above-mentioned (meth)acrylate radically polymeriZable 
monomer because of its excellent transparency, mechanical 
strength and photochromic properties of the cured product. 

[0153] In the composition of the present invention, there is 
no particular limitation on the amount of adding the photo 
chromic compound. Generally, hoWever, the photochromic 
compound is added in an amount of from 0.001 to 10 parts 
by Weight per 100 parts by Weight of the total polymeriZable 
monomers. When the amount of addition of the photochro 
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mic compound is not larger than 0.001 part by Weight, the 
color density often becomes loW. When the amount of 
addition is not smaller than 10 parts by Weight, on the other 
hand, the photochromic compound is not suf?ciently dis 
solved in the polymeriZable monomer and becomes inho 
mogeneous developing shading in the color density. 

[0154] There is no particular limitation on the method of 
curing the photochromic polymeriZable composition of the 
present invention, and a knoWn polymeriZation method can 
be employed depending upon the kind of the monomer that 
is used. The polymeriZation can be initiated by using a 
radical polymeriZation initiator such as various peroxides 
and am compounds, by the irradiation With ultraviolet rays, 
ot-rays, [3-rays or y-rays, or by utiliZing both of them. 

[0155] There is no particular limitation, either, on the 
polymeriZation method. When the photochromic polymer 
iZable composition is used as an optical material such as a 
photochromic lens, hoWever, it is desired to employ the cast 
polymeriZation. A representative cast polymeriZation 
method Will noW be described in detail. 

[0156] According to this method, the curable composition 
of the present invention to Which the radically polymeriZable 
initiator is added, is poured into betWeen the molds held by 
an elastomer gasket or a spacer, heated in an air furnace so 
as to be cured by polymeriZation, and is taken out therefrom. 

[0157] There is no particular limitation on the radical 
polymeriZation initiator, and knoWn ones can be used. 
Representative examples include diallyl peroxides such as 
benZoyl peroxide, p-chlorobenZoyl peroxide, decanoyl per 
oxide, lauroyl peroxide and acetyl peroxide; peroxy esters 
such as t-butylperoxy-2-ethyl hexanoate, t-butylperoxy 
dicarbonate, cumylperoxy neodecanate, and t-butylperoxy 
benZoate; percarbonates such as diisopropylperoxy dicar 
bonate, di-2-ethylhexylperoxy dicarbonate and di-sec-buty 
loxy carbonate; and am compounds such as 2,2‘-aZobi 
sisobutylonitrile, 2,2‘-aZobis(4-dimethylvaleronitrile), 2,2‘ 
aZobis(2-methylbutylonitrile) and 1,1‘-aZobis(cyclohexane 
1-carbonitrile), etc. 
[0158] The amount of the radical polymeriZation initiator 
varies depending upon the polymeriZation conditions, kind 
of the initiator, and kind and composition of the curable 
composition of the present invention, and cannot be de? 
nitely stated. Generally, hoWever, the radical polymeriZation 
initiator is used in an amount of from 0.001 to 10 parts by 
Weight per 100 parts by Weight of the Whole polymeriZable 
monomers. 

[0159] Among the polymeriZation conditions, the tem 
perature, in particular, affects the properties of the obtained 
resin. The temperature conditions vary depending upon the 
kind and amount of the initiator and the kind of the mono 
mer, and cannot be de?nitely stated. Generally, hoWever, a 
so-called tapered tWo-stage polymeriZation is conducted by 
starting the polymeriZation at a relatively loW temperature, 
sloWly raising the temperature and curing the composition at 
a high temperature at the time When the polymeriZation has 
?nished. 

[0160] The polymeriZation time, too, varies depending 
upon various factors like the temperature and it is desired to 
determine an optimum time in advance depending upon the 
conditions. Generally, hoWever, it is desired to so select the 
condition that the polymeriZation is completed in 2 to 40 
hours. 
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[0161] Further, the cast polymeriZation can be similarly 
conducted even by the knoWn photo polymeriZation using 
ultraviolet rays. As the photopolymeriZation initiator, in this 
case, there can be used 2,4,6-trimethylbenZoyldiphe 
nylphosphine oxide, bis(2,6-dimethoxybenZoyl)-2,4,4-trim 
ethyl-pentylphosphine oxide, benZoin, benZoinmethyl ether, 
benZoinbutyl ether, benZophenol, acetophenone 4,4-dichlo 
robenZophenone, diethoxyacetophenone, 2-hydroxy-2-me 
thyl-1-phenylpropane-1-one, benZylmethyl ketal, 1-(4-iso 
propylphenyl)-2-hydroxy-2-methylpropane-1-one, 
1-hydroxycyclohexylphenyl ketone, and 2-isopropylthiox 
anthone. In general, these photopolymeriZation initiators are 
used in an amount of from 0.001 to 5 parts by Weight per 100 
parts by Weight of the Whole monomers. 

[0162] The high molecular matrix obtained by curing the 
photochromic polymeriZable monomer of the invention 
obtained by the method described above can be put to the 
folloWing treatment depending upon the use. That is, a dying 
using a dye such as a dispersion dye; a hard-coating treat 
ment by using a hard-coating agent comprising chie?y a 
silane coupling agent and a sol of an oxide of silicon, 
Zirconium, antimony or aluminum, or a hard-coating agent 
comprising chie?y an organic high-molecular material; a 
re?ection-preventing treatment by depositing a thin ?lm of 
a metal oxide such as SiO2, TiO2, or ZrO2 or by applying a 
thin ?lm of an organic high-molecular material; antistatic 
treatment; and secondary treatment. 

EXAMPLES 

[0163] The present invention Will be described in further 
detail by Way of Examples to Which only, hoWever, the 
invention is in no Way limited. 

Example 1 

[0164] 1.0 Grams (0.0032 mols) of the folloWing S-hy 
droxy-(7H)benZo(c)?uorene derivative 

OH 

[0165] and 0.94 g (0.0032 mols) of the folloWing propar 
gyl alcohol derivative 

N 

// OH 
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[0166] Were dissolved in 50 ml of toluene followed by the 
addition of 0.05 g of p-toluenesulfonic acid, and Were 
heated, re?uxed and stirred for 30 minutes. After the reac 

tion, the solvent Was removed, and the reaction product Was 
re?ned by chromatography on silica gel to obtain 0.6 g of a 
pale yelloWish poWdery product, yield, 32%. 

[0167] Elemental analysis of the product shoWed C, 
86.05%; H, 6.46%; N, 2.21%; O, 5.28%; Which Were in very 
good agreement With the calculated values of C, 85.83%; H, 
6.35%; N, 2.38%; O, 5.44%; of C42H37NO2. 

[0168] A measurement of a proton nuclear magnetic reso 
nance spectrum indicated, as shoWn in FIG. 1, peaks of 10H 
based on a methine and a methylene proton of nor 

bornylidene group near 61.0 to 3.0 ppm, peaks of 8H based 
on a methylene proton of morpholino group near 63.0 to 4.0 
ppm, and peaks of 19H based on an aromatic proton and an 
alkene proton near 65.6 to 9.0 ppm. 

[0169] In FIG. 1, highly intense peaks appearing at about 
67.2 and 1.5 ppm are those stemming from impurities in the 
DCCl3 used as a solvent. 

[0170] Further, a measurement of a 13C-nuclear magnetic 
resonance spectrum indicated a peak based on a carbon atom 

of an aromatic ring near 6110 to 160 ppm, a peak based on 
a carbon atom of an alkene near 680 to 140 ppm, and a peak 

based on a carbon atom of an alkyl at 620 to 60 ppm. 
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[0171] From the above results, it Was con?rmed that the 
isolated product Was a compound represented by the fol 
loWing structural formula, 

Examples 2 to 84 

[0172] Chromene compounds shoWn in Tables 1 to 21 
Were synthesiZed in the same manner as in Example 1. The 
obtained products Were analyZed for their structures relying 
on the same means for con?rming structure as that of 
Example 1. It Was con?rmed that the obtained products Were 
the compounds represented by the structural formulas shoWn 
in Tables 1 to 21. Tables 22 to 27 shoW values of elemental 
analysis of these compounds, values calculated from the 
structural formulas of these compounds, and characteristic 
spectra in 1H-NMR spectra. 

TABLE 1 

Ex. Starting material 

No. Benzo?uorene derivative Propargyl alcohol derivative 

2 OCH3 O/\ 

O V 
I 4 

e ‘ // OH HC 

H3CO 

OH 

3 CH3 O/\ 

O V 

a. // OH HC 

H3C 
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TABLE l-continued 

HC// OH 
OH 

ocH3 

HC// OH 

Yield 

(0/0) 

EX. 

product 

30 

32 
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TABLE l-continued 

28 

26 

[0173] 

TABLE 2 

EX. starting material 

N0. Benzo?uorene derivative Propargyl alcohol derivative 

OH 

7 Q (H3C)2N 

060g. OH 
OH 
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TABLE 2-c0ntinued 

8 

// OH 
HC 

9 

N 

// OH 
HC 

HO 

EX Yield 

No. product (%) 






















































































