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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to photochromic materials that include a photochromic compound that includes
a photochromic substituent selected from photochromic pyrans, photochromic oxazines and photochomic fulgides (e.g.,
an indeno-fused naphthopyran) and at least one pendent silane group bonded to the photochromic substituent. The
pendent silane groups are selected from certain pendent siloxy-silane groups and/or pendent alkoxy-silane groups. The
photochromic materials of the present invention provide a desirable combination of molar absorption coefficients, acti-
vation times, fade times and linear fade relative to comparable photochromic materials (e.g., the photochromic substit-
uents thereof alone). The photochromic materials of the present invention have improved compatibility with compositions
into which they may be incorporated, for example, coating compositions, such as urethane coating compositions.

BACKGROUND OF THE INVENTION

[0002] Inresponse to certain wavelengths of electromagnetic radiation (or "actinic radiation"), photochromic materials,
such as indeno-fused naphthopyrans, typically undergo a transformation from one form or state to another form, with
each form having a characteristic or distinguishable absorption spectrum associated therewith. Typically, upon exposure
to actinic radiation, many photochromic materials are transformed from a closed-form, which corresponds to an unac-
tivated (or bleached, e.g., substantially colorless) state of the photochromic material, to an open-form, which corresponds
to an activated (or colored) state of the photochromic material. In the absence of exposure to actinic radiation, such
photochromic materials are reversibly transformed from the activated (or colored) state, back to the unactivated (or
bleached) state. Compositions and articles, such as eyewear lenses, that contain photochromic materials or have pho-
tochromic materials applied thereto (e.g., in form of a photochromic coating composition) typically display colorless (e.g.,
clear) and colored states that correspond to the colorless and colored states of the photochromic materials contained
therein or applied thereto.

[0003] Upon exposure to actinic radiation (e.g., sunlight), the photochromic material typically is transformed from the
unactivated (or bleached) state to the activated (or colored) state over a period of time that is referred to as an activation
time. Correspondingly, when exposure to actinic radiation is halted (e.g., due to shielding of sunlight), the photochromic
material typically is transformed from the activated (or colored) state to the unactivated (or bleached) state over a period
of time that is referred to as a fade time. It is generally desirable that the activation time and the fade time associated
with a photochromic material in each case be minimized. In addition, it is desirable that the fade rate associated with a
photochromic material be substantially linear. With photochromic eyewear, such as photochromic lenses, a linear fade
rate allows the wearer’s eyes to adjust more smoothly and less noticeably to the wearer as the lenses transform from
a colored to a bleached state.

[0004] The amount of a photochromic material required to achieve a desired optical effect when incorporated into a
composition or article typically depends, at least in part, on the amount of actinic radiation that the photochromic material
is capable of absorbing on a per molecule basis. The amount of actinic radiation that a particular photochromic material
absorbs on a per molecule basis is quantitatively referred with regard to the molar absorption coefficient (or "extinction
coefficient") of the photochromic material. Photochromic materials having a relatively high molar absorption coefficient
are more likely to transform from a closed-form to an open-form upon exposure to actinic radiation, than photochromic
materials having a relatively lower molar absorption coefficient. Correspondingly, photochromic materials having a higher
molar absorption coefficient may be used in lower concentrations in photochromic compositions and articles, than pho-
tochromic materials having a lower molar absorption coefficient, without compromising the desired optical effect.
[0005] Insome applications, a photochromic material having a relatively high and desirable molar absorption coefficient
may have limited solubility in the composition or material into which it is to be incorporated (e.g., a coating composition).
As such, compositions or materials in which the photochromic material has low solubility, may be capable of having
incorporated therein only a limited and relatively low amount of photochromic material. With a limited and relatively low
amount of photochromic material incorporated therein, the resulting photochromic composition would have reduced
photochromic properties (e.g., having reduced absorbance when fully activated), than if more photochromic material
were capable of being incorporated therein. Accordingly, increasing the solubility of a photochromic material in a particular
composition, such as a coating composition, may be desirable in some applications.

[0006] It would be desirable to develop new photochromic materials that provide a desirable combination of molar
absorption coefficients, activation times, fade times and linear fade relative to comparable photochromic materials. In
addition, it would also be desirable that such newly developed photochromic materials have improved solubility in certain
compositions, for example coating compositions.

[0007] JP-A-2000 226571 discloses photochromic compounds having pendant groups which might be regarded as
being similar to the those of general formula | of present invention, but its photochromic moiety is not selected from
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pyrans, oxazines and fulgides.
SUMMARY OF THE INVENTION
[0008] In accordance with the present invention, there is provided a photochromic material comprising,
a photochromic compound comprising a photochromic substituent selected from photochromic pyrans, photochromic
oxazines and photochomic fulgides and at least one pendent silane group bonded to said photochromic substituent,

each pendent silane group being selected independently from the group consisting of,

(i) pendent silane groups represented by the following general formula |,

¢y

- n

-

L Si 0]

HD——N—23T
2

-

(R)m

- n

wherein Z for each n is independently Si or C, R is selected from hydrogen or C4-C,y hydrocarbyl, each Ry is
independently selected from C4-C, hydrocarbyl and halo substituted C4-C4 hydrocarbyl, mis 0 or 1, niis 2 or 3,
provided that the sum of m and n is 3, and L is a bond or a divalent linking group comprising at least one divalent
moiety selected from the group consisting of divalent organic moieties, divalentinorganic moieties and combinations
thereof,

(ii) pendent silane groups represented by the following general formula I,

{n

L—si R2—Si——0——7—R,

and combinations thereof,

wherein Z, R, Ry, m, n and L are each independently as described with regard to general formula (I), R? is a divalent
linking group selected from divalent organic moieties, RP is selected from hydrogen or C4-C4, hydrocarbyl, tis 0, 1 or
2,and yis 1, 2 or 3, provided that the sum of tand y is 3.

[0009] As used herein and in the claims, the term "actinic radiation" means electromagnetic radiation that is capable
of transforming a photochromic material from one form or state to another.

[0010] As used herein, the term "photochromic" means capable of exhibiting a light-induced reversible change of color,
for example, exhibiting a reversible change of color in response to at least actinic radiation. Further, as used herein the
term "photochromic material" means any substance that is adapted to display photochromic properties, i.e. adapted to
change color in response to light, for example, actinic radiation, and which includes at least one photochromic compound.
[0011] Asused herein and in the claims, the term "photochromic substituent" and similar terms, such as "photochromic
moiety" and "photochromic substrate," means a photochromic group that by itself has photochromic properties in the
absence of one or more pendent silane groups bonded thereto. The photochromic compounds of the present invention
have enhanced properties (e.g., improved matrix solubility and/or improved optical density and/or improved fade rates)
relative to the photochromic substituents thereof alone. It should be understood that the at least one pendent silane
group bonded to the photochromic substituent of the photochromic compound can be bonded directly to the "core"
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photochromic moiety (for example, at one of the numbered positions of the photochromic compound represented by
general formula (Ill) hereinbelow), or, where applicable, bonded to a substituent which is bonded directly to the core
photochromic moiety (e.g. subsitutent R%, R®, R7, R8, R9, R10, R11 and/or R'2 described with respect to the photochromic
compound represented by general formula (IlI) hereinbelow).

[0012] The term "closed-form absorption spectrum," as used herein and in the claims, means the absorption spectrum
of a photochromic material in the closed-form or unactivated state of the photochromic material, and more particularly,
the wavelength(s) of electromagnetic radiation that cause a photochromic material to undergo the desired closed-form
to open-form transformation.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013]

Figure 1 is a representative schematic diagram of a synthetic reaction scheme for making an intermediate material
that may be used in forming photochromic materials according to the present invention;

Figure 2 is a representative schematic diagram of a synthetic reaction scheme depicting the preparation of an
indeno-fused naphthopyran to which a pendent silane group may be bonded to form a photochromic compound
according to the present invention;

Figure 3 is a representative schematic diagram of a synthetic reaction scheme depicting the preparation of indeno-
fused naphthopyrans having a hydroxyl group at Position-13 thereof, to which a pendent silane group may be bonded
to from a photochromic compound according to the present invention;

Figure 4 is a representative schematic diagram of a synthetic reaction scheme depicting the preparation of an
indeno-fused naphthopyran having a methylenol group at Position-13 thereof, to which a pendent silane group may
be bonded to from a photochromic compound according to the present invention;

Figure 5 is a representative schematic diagram of a synthetic reaction scheme depicting the preparation of a pho-
tochromic compound according to the present invention in which a pendent silane group represented by general
formula (l) is bonded to a Position-13 hydroxyl of an indeno-fused naphthopyran prepared in accordance with the
synthetic reaction scheme of Figure 3;

Figure 6 is a representative schematic diagram of a synthetic reaction scheme depicting the preparation of a pho-
tochromic compound according to the present invention in which a pendent silane group represented by general
formula (1) is bonded to a Position-13 methylenol group of an indeno-fused naphthopyran prepared in accordance
with the synthetic reaction scheme of Figure 4;

Figure 7 is a representative schematic diagram of a synthetic reaction scheme depicting the preparation of a pho-
tochromic compound according to the present invention in which a pendent silane group represented by general
formula (1) is bonded to a B group of an indeno-fused naphthopyran prepared in accordance with the synthetic
reaction scheme of Figure 2;

Figure 8 is a representative schematic diagram of a synthetic reaction scheme depicting the preparation of a pho-
tochromic compound according to the present invention in which a pendent silane group represented by general
formula (1) is bonded to each of the B and B’ groups of an indeno-fused naphthopyran prepared in accordance with
the synthetic reaction scheme of Figure 2;

Figure 9 is a representative schematic diagram of a synthetic reaction scheme depicting the preparation of a pho-
tochromic compound according to the present invention in which a pendent silane group represented by general
formula (l) is bonded to a Position-13 hydroxyl of an indeno-fused naphthopyran prepared in accordance with the
synthetic reaction scheme of Figure 3;

Figure 10 is a representative schematic diagram of a synthetic reaction scheme depicting the preparation of a
photochromic compound according to the present invention in which a pendent silane group represented by general
formula (I) is bonded to Position-11 of an indeno-fused naphthopyran prepared in accordance with the synthetic
reaction scheme of Figure 2;

Figure 11 is a representative schematic diagram of a synthetic reaction scheme depicting the preparation of a
photochromic compound according to the present invention in which a pendent silane group represented by general
formula (l) is bonded to a Position-13 hydroxyl of an indeno-fused naphthopyran prepared in accordance with the
synthetic reaction scheme of Figure 3; and

Figure 12 is a representative schematic diagram of a synthetic reaction scheme depicting the preparation of a
photochromic compound according to the present invention in which a pendent silane group represented by general
formula (Il) is bonded to a Position-13 hydroxyl of an indeno-fused naphthopyran prepared in accordance with the
synthetic reaction scheme of Figure 3.
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DETAILED DESCRIPTION OF THE INVENTION

[0014] The photochromic material of the present invention includes a photochromic compound that includes a photo-
chromic substituent selected from photochromic pyrans, photochromic oxazines and photochomic fulgides having bonded
thereto at least one pendent silane selected from one or more of the pendent silanes represented by general formulas
(I) and/or (I1). The R group of formulas (I) and/or (I1) may in each case and for each m be independently selected from
hydrogen, C4-C, hydrocarbyl.

[0015] As used herein and in the claims the term "hydrocarbyl" and similar terms, such as "hydrocarbyl substituent,”
means: linear or branched C4-C, alkyl (e.g., linear or branched C4-C alkyl); linear or branched C,-C, alkenyl (e.g.,
linear or branched C,-C, alkenyl); linear or branched C,-C,q alkynyl (e.g., linear or branched C,-C,, alkynyl); C5-C4»
cycloalkyl (e.g., C3-C4, cycloalkyl); C5-Cy4, heterocycloalkyl (having at least one hetero atom in the cyclic ring); C5-C4g
aryl (including polycyclic aryl groups) (e.g., C5-Cy4q aryl); C5-C4g heteroaryl (having at least one hetero atom in the
aromatic ring); and C4-C,, aralkyl (e.g., C4-Cyq aralkyl).

[0016] Representative alkyl groups include but are not limited to methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-
butyl, tert-butyl, pentyl, neopentyl, hexyl, heptyl, octyl, nonyl and decyl. Representative alkenyl groups include but are
not limited to vinyl, allyl and propenyl. Representative alkynyl groups include but are not limited to ethynyl, 1-propynyl,
2-propynyl, 1-butynyl, and 2-butynyl. Representative cycloalkyl groups include but are not limited to cyclopropyl, cy-
clobutyl, cyclopentyl, cyclohexyl, and cyclooctyl substituents. Representative heterocycloalkyl groups include but are
not limited to tetrahydrofuranyl, tetrahydropyranyl and piperidinyl. Representative aryl groups include but are not limited
to phenyl and naphthyl. Representative heteroaryl groups include but are not limited to furanyl, pyranyl and pyridinyl.
Representative aralkyl groups include but are not limited to benzyl, and phenethyl.

[0017] The term hydrocarbyl as used herein and in the claims is inclusive of halohydrocarbyl (or halo substituted
hydrocarbyl) substituents. By halohydrocarbyl (or halo substituted hydrocarbyl) is meant that at least one hydrogen atom
of the hydrocarbyl (e.g., of the alkyl, alkenyl, alkynyl, cycloalky, aryl and aralkyl groups) is replaced with a halogen atom
selected from chlorine, bromine, fluorine and iodine. The degree of halogenation can range from at least one hydrogen
atom being replaced by a halogen atom (e.g., a fluoromethyl group) to full halogenation (perhalogenation) wherein all
replaceable hydrogen atoms on the hydrocarbyl group have been replaced by a halogen atom (e.g., trifluoromethyl or
perfluoromethyl). Perhalohydrocarbyl groups as used herein and in the claims include perhalogenated phenyl and alkyl
groups.

[0018] The R, groups of the pendent silane groups represented by formulas () and/or (Il) may in each case and for
each n be independently selected from C4-C 4 hydrocarbyl and halo substituted C4-C,q hydrocarbyl. The terms hydro-
carbyl and halo substituted hydrocarbyl relative to R, are as described previously herein with regard to R. Typically,
each R of formulas (1) and (ll) is independently selected from hydrogen or linear or branched C4-C4, alkyl (e.g., methyl
and ethyl), and more typically from hydrogen or methyl. Typically, each R, of formulas (1) and (1) is selected independently
from linear or branched C4-C,, alkyl (e.g., methyl or ethyl), and more typically is methyl. In an embodiment of the present
invention for the pendent silane groups represented by formulas (I) and (ll), mis 0, n is 3 and each R is independently
methyl or ethyl.

[0019] The RP group of the pendent silane group represented by formula (I1) may be selected from hydrogen or C4-Cy,
hydrocarbyl. The term hydrocarbyl relative to RP is as described previously herein with regard to R. Typically, each RP
of formula (Il) is selected from hydrogen or linear or branched C4-C4, alkyl (e.g., methyl or ethyl), and more typically
hydrogen or methyl. In an embodiment of the present invention, for the pendent silane group represented by formula
(N:tisOandyis 3; mis 0 and n is 3; and each R, is independently methyl or ethyl.

[0020] The divalent linking group L of the pendent silane groups represented by formulas (1) and (ll) may in each case
independently be a bond or a divalent linking group comprising at least one divalent moiety selected from one or more
divalent organic moieties and/or one or more divalent inorganic moieties. The divalent linking group L may comprise a
plurality of divalent organic moieties and a plurality of divalent inorganic moieties. As used herein and in the claims, the
term "divalent organic moieties/moiety" and similar terms, such as "divalent organic group(s)" may also be described
as "divalent hydrocarbylene moieties." More particularly, as used herein and in the claims, the term "divalent organic
moieties/moiety" and similar terms, such as "divalent organic group(s)" means substituted or unsubstituted linear or
branched C4-C,q alkylene, substituted or unsubstituted linear or branched C,-C, alkenylene, substituted or unsubsti-
tuted, linear or branched C,-C, alkynyl, substituted or unsubstituted C5-C,q cycloalkylene, substituted or unsubstituted
C5-C4o heterocycloalkylene (having at least one hetero atom in the cyclic ring), substituted or unsubstituted arylene
(e.g., C4-Cyg aryl, including polycyclic arylene groups), substituted or unsubstituted heteroarylene (having at least one
hetero atom in the cyclic arylene ring or rings).

[0021] With regard to the divalent organic moieties from which the divalent linking group L may be selected, repre-
sentative divalent alkylene groups include but are not limited to methylene (-CH,-), ethylene (-CH,CH,-), propylene
(-CH,CH,CH,-), isopropylene (e.g., -CH,CH(CHs)-), butylene (-CH,CH,CH,CH,-), isobutylene, sec-butylene, tert-buty-
lene, pentylene, neopentylene, hexylene, heptylene, octylene, nonylene and decylene. Representative divalent alke-



10

15

20

25

30

35

40

45

50

55

EP 2 494 408 B9

nylene groups include but are not limited to vinylene (-CH=CH-), and propenylene (e.g., -C(CH3)=CH-). Representative
divalent alkynylene groups include but are not limited to ethynylene (-CC-), propynylene (-CC-CH,-), and butynylene
(e.g., -CC-CH(CH,)-). Representative divalent cycloalkylene groups include but are not limited to cyclopropylene, cy-
clobutylene, cyclopentylene, cyclohexylene, and cyclooctylene. Representative divalent heterocycloalkylene groups
include but are not limited to tetrahydrofuranylene, tetrahydropyranylene and piperidinylene. Representative divalent
arylene groups include but are not limited to phenylene, naphthylene and anthracenylene. Representative divalent
heteroarylene groups include but are not limited to furanylene, pyranylene and pyridinylene. Representative divalent
aralkylene groups include but are not limited to benzylene, and phenethylene.

[0022] The term "substituted" with regard to the various divalent moieties from which the divalent organic moiety may
be selected means that at least one of the substitutable hydrogens of the divalent organic moiety is substituted with
anothergroup. For example, a substituted C,-C, alkylene group may be substituted with atleast one substituent selected
from alkenyl groups, alkynyl groups, cycloalkyl groups, heterocycloalkyl groups, aryl groups and heteroaryl groups.
Examples of substituents of the substituted divalent organic moieties include, but are not limited to: alkyl groups (e.g.,
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, neopentyl, hexyl, heptyl, octyl, nonyl and
decyl); alkenyl groups (e.g., vinyl, allyl and propenyl); alkynyl groups (e.g., ethynyl, 1-propynyl, 2-propynyl, 1-butynyl,
and 2-butynyl); cycloalkyl groups (e.g., cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and cyclooctyl); heterocycloalkyl
groups (e.g., tetrahydrofuranyl, tetrahydropyranyl and piperidinyl); aryl groups (e.g., phenyl, biphenyl, naphthyl and
anthracenyl); arakyl groups (e.g., benzyl and phenethyl) and heteroaryl groups (e.g., furanyl, pyranyl and pyridinyl); halo
or halogen groups (e.g., chloro, bromo, fluoro and iodo); ketones (e.g., hydrocarbyl ketones); carboxylic acid esters
(e.g., hydrocarbyl carboxylates); hydroxyl; thiol; amino groups (e.g., -NH,); ethers (e.g., hydrocarbyl ethers); thio ethers
(e.g., hydrocarbyl thio ethers); and combinations thereof.

[0023] The term "unsubstituted" with regard to the various divalent moieties from which the divalent organic moiety
may be selected means that none of the substitutable hydrogens of the divalent organic moiety are substituted with
another group (e.g., a halogen).

[0024] Additional divalent groups from which the divalent organic moieties, of the divalent linking group L of the pendent
silane groups represented by formulas (l) and (ll), may be selected include, but are not limited to: -N(R,)-;
-C(R3)(R4)-C(0)-O-; -C(R5)(Re)-C(0)-N(R7)-; -C(O)-N(R7)-;

—oléas——o-}—
P >

and -Rq-O-. With these additional divalent organic moieties, Ry, Rs3, R4, Rs, Rg and R; may each independently be
selected from substituted or unsubstituted, linear or branched C4-C,q alkyl, substituted or unsubstituted C5-C, cycloalkyl,
substituted or unsubstituted C3-C, heterocycloalkyl, substituted or unsubstituted aryl, and substituted or unsubstituted
heteroaryl. The R3, R4, R5 and Rg groups may each independently also be hydrogen. When R, and R, are each hydrogen,
the related divalent linking groups, -N(R,)- and -C(O)-N(R5)-, are characterized herein more so as divalent inorganic
linking groups, as further recited and categorized below.

[0025] With regard to the divalent organic moiety represented by the following general formula,

—ofn—e)

the Rg group, for each p, may independently be selected from substituted or unsubstituted, linear or branched C4-C,,
alkylene, substituted or unsubstituted, linear or branched C,-C,, alkenylene, substituted or unsubstituted, linear or
branched C,-C, alkynylene, and substituted or unsubstituted C3-C4q cycloalkylene (in which the terms substituted,
unsubstituted, alkylene, alkenylene, alkynylene and cycloalkylene are as described previously herein). The subscript
"p" may be aninteger of at least 1, for example from 1t0 100, or 1 to 50, or 1 to 25 or 1 to 10, inclusive of the recited numbers.
[0026] With regard to the divalent organic moiety -Rqy-O-, Rg may be selected from, for example, substituted or un-
substituted, linear or branched C4-C,, alkylene, substituted or unsubstituted, linear or branched C,-C,, alkenylene,
substituted or unsubstituted, linear or branched C,-C, alkynylene, substituted or unsubstituted C5-C4, cycloalkylene,
and substituted or unsubstituted arylene (in which the terms substituted, unsubstituted, alkylene, alkenylene, alkynylene
and cycloalkylene are as described previously herein).

[0027] The divalent inorganic linking group, of the divalent linking group L of the pendent silane groups represented
by formulas (1) and (ll), may be selected from, for example, at least one of: -O-; -S-; Si(R4),- in which each R; is
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independently as described with regard to formulas (I) and (Il); -NH-; -C(O)-; -C(0O)-O-; -O-C(0O)-O-; -C(O)-NH-;-NH-
C(0)-0O-; -NH-C(0)-S-; -NH-C(S)-O-; and -NH-C(S)-S-.

[0028] The divalent linking group R?@ of the pendent silane group represented by general formula (ll) is selected from
divalent organic moieties. The divalent organic moieties from which divalent linking group R2 may be selected include
one or more of those classes and examples of divalent organic moieties as recited previously herein with regard to the
divalent linking group L. For example, the divalent linking group R2 may be selected from linear or branched C4-C4,
alkylene, eg., methylene (-CH,-), ethylene (-CH,CH,-), propylene (-CH,CH,CH,-), isopropylene (e.g., -CH,CH(CHs)-),
butylene (-CH,CH,CH,CH,-), isobutylene, sec-butylene, tert-butylene, pentylene, neopentylene, hexylene, heptylene,
octylene, nonylene and decylene.

[0029] Inanembodiment of the presentinvention, the divalent linking group L of the pendent silane groups represented
by general formulas (I) and (ll) in each case independently comprises at least one divalent moiety selected from -O-,
-S-, -Si(Ry),~, -N(Ry)-, -C(O)-, -C(0)-O-, -0-C(0)-O-, -C(R3)(Ry)-C(0)-O-, -C(R5)(Rg)-C(O)-N(R7)-, -C(O)-N(Ry)-, -NH-
C(0)-0O-, -NH-C(0)-S-, -NH-C(S)-0O-, -NH-C(S)-S-,

oo

2

-Rg-O-, substituted or unsubstituted, linear or branched C,-C, alkylene, substituted or unsubstituted, linear or branched
C,-C, alkenylene, substituted or unsubstituted, linear or branched C,-C, alkynylene, substituted or unsubstituted
C5-Cy cycloalkylene, substituted or unsubstituted C5-C 4, heterocycloalkylene, substituted or unsubstituted arylene,
substituted or unsubstituted heteroarylene, and combinations of two or more thereof. The Ry, Ry, R3, R4, Rs, Rg, Ry,
Rg and Rq groups are each as described previously herein. The subscript p is as described previously herein (e.g., from
1 to 100). In this particular embodiment, the divalent linking group R@ of formula (ll) is selected from linear or branched
C4-C,q alkylene.

[0030] Each divalent linking group L may be formed from, or composed of, a single divalent organic moiety, a single
divalent inorganic moiety, combinations of two or more divalent organic moieties, combinations of two or more divalent
inorganic moieties, or combinations of one or more divalent organic moieties and one or more divalent inorganic moieties
(in each case selected from, for example, those classes and examples of divalent linking groups as recited previously
herein). For example, a divalent linking group represented by the following general formula,

-0-C(0)-Rg4-C(0)-O-,

may be described as being composed of: a divalent organic moiety -O-C(O)-; for example, a divalent substituted or
unsubstituted, linear or branched C4-C, or C4-C4q alkylene group for -Rg-; and another divalent organic moiety -O-
C(O)-. For purposes of further illustration, a divalent linking group represented by the following general formula,

-0-C(0)-Rg-C(O)-NH-,

may be described as being composed of: a divalent organic moiety -O-C(O)-; for example, a divalent substituted or
unsubstituted, linear or branched C4-C,q or C4-C44 alkylene group for -Rg-; and a further divalent organic moiety
-C(O)-N(R5)-, where R is hydrogen. An example of a combination of a divalent arylene moiety (e.g., phenylene) and a
divalent heterocycloalkyl moiety (e.g., N-piperidinylene), is represented by the following general formula,

[0031] In a further embodiment, the divalent linking group L, of the pendent silane groups represented by general
formulas (I) and (Il), in each case independently comprises at least one divalent moiety selected from -O-,
-Si(Ry);~-C(0)-0-,
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-—O—GRS—O%—
p 9

-Rg-O-, substituted or unsubstituted, linear or branched C4-C4, alkylene, substituted or unsubstituted, linear or branched
C,-C4o alkenylene, substituted or unsubstituted, linear or branched C,-C4y alkynylene, -O-C(O)-Rq4-C(O)-O-, -O-
C(0)-Rg-C(0O)-NH-,

— SN

X J X/ LA

> > >

and combinations of two or more thereof. With this particular embodiment, Rg for each p is independently selected from
substituted or unsubstituted, linear or branched C4-C, alkylene, substituted or unsubstituted, linear or branched C,-C,
alkenylene, substituted or unsubstituted, and linear or branched C,-C, alkynylene, and p is from 1 to 10. Each divalent
Rq group, in this particular embodiment, is selected independently from substituted or unsubstituted, linear or branched
C4-Cy alkylene, substituted or unsubstituted, linear or branched C,-C,, alkenylene, substituted or unsubstituted, linear
or branched C,-C,, alkynylene, substituted or unsubstituted C5-C,q cycloalkylene, and substituted or unsubstituted
arylene.

[0032] Each divalent linking group L, of the pendent silane groups represented by general formulas (1) and (Il), may
further be independently selected from,

- C(O)-NH-R4q-,

—-—-o—(—Ra—-o—)-Si(m)g-—R,o—

P

k4
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Rg——0

_'/”\’/
X/

and

/\\ / O+Rg—O$p—.

[0033] In this particular embodiment, Rg for each p is independently selected from substituted or unsubstituted, linear
or branched C4-C, alkylene, substituted or unsubstituted, linear or branched C,-C, alkenylene, substituted or unsub-
stituted, and linear or branched C,-C, alkynylene. Each divalent Rq group, in this particular embodiment, is selected
independently from substituted or unsubstituted, linear or branched C4-C, alkylene, substituted or unsubstituted, linear
or branched C,-C, alkenylene, substituted or unsubstituted, linear or branched C,-C,, alkynylene, substituted or un-
substituted C5-C, cycloalkylene, and substituted or unsubstituted arylene. Each divalent R4 group is independently
selected from substituted or unsubstituted, linear or branched C4-C, alkylene, substituted or unsubstituted, linear or
branched C,-C,q alkenylene, substituted or unsubstituted, linear or branched C,-C, alkynylene, substituted or unsub-
stituted C3-C 4 cycloalkylene, and substituted or unsubstituted arylene. Regarding the subscripts: p is from 1 to 10; p’
is from 1 to 10 (e.g., from 2 to 10), and q is from 1 to 10.

[0034] For purposes of further illustrating that each divalent linking group L may be formed from, or composed of,
combinations of those classes and examples of divalent linking groups as recited previously herein, the following divalent
linking group,

may be described as being composed of the following divalent moieties:

—et

2

-0-C(0)-Rg-C(0)-NH-; and, for example, a substituted or unsubstituted, linear or branched C4-C,, or C4-C,q alkylene
group for -Ryq-.
[0035] Similarly, the following divalent linking group,

I
—éo—naa—o——o—ﬂg——c—o ‘RS—O+R10—

P P

?
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may be described as being composed of the following divalent moieties:

—ofr—o) —o{r—o)-

P ;.0-C(0)-Ro-C(0)-O-;

and for example, a substituted or unsubstituted, linear or branched C4-C, or C4-C,, alkylene group for -Rq-.

[0036] In a particular embodiment of the present invention, for the pendent silane groups represented by formulas (1)
and (I1): each Ry isindependently linear or branched C4-C,qalkyl (e.g., methyl or ethyl); each Ris independently hydrogen
or linear or branched C4-C4 alkyl (e.g., methyl or ethyl); and RP, of formula (11) is hydrogen or linear or branched C4-C,
alkyl (e.g., hydrogen, methyl or ethyl).

[0037] Non-limiting examples of pendent silane groups, of the photochromic materials of the present invention, are
described in further detail herein with reference to the following general formulas, in which the symbol PC represents a
photochromic substituent to which the various pendent silane groups are bonded. In the following general formulas,
while a single pendent silane group is depicted as being bonded to the photochromic substituent, a plurality of (e.g., 2
or more) pendent silane groups, which may be the same or different, may be bonded to the photochromic substituent.
[0038] A photochromic compound according to the present invention, in which the pendent silane group is represented
by general formula (1), is represented by the following general formula (1),

(1)

Pc—o+CHonzo);Si O—Si—éCHs)
3 '3
3

in whichmis 0, nis 3, Z is Si, each R is methyl, and L is a divalent linking group represented by the following general
formula (1a),

(la)
fO—éCHZCHzO);—.

[0039] Another photochromic compound according to the present invention, in which the pendent silane group is
represented by general formula (1), is represented by the following general formula (2),

)

Pc—o+oH20H209—Si o—c—QCHQ)
3 3 3

in whichmis 0, nis 3, Zis C, each Ry is methyl, and L is a divalent linking group represented by the following general
formula (1a),

(1a)

—O+CHZCH209—
3

10
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[0040] A further photochromic compound according to the present invention, in which the pendent silane group is
represented by general formula (1), is represented by the following general formula (3),

(3)
PC— CHy—O— Si—-0—Si~-CH
2 _6 3)3 :

in whichm s 0, nis 3, Z is Si, each Ry is methyl, and L is a divalent linking group represented by the following general
formula (3a),

(3a) -CH,-O-.

[0041] Inanembodiment, a photochromic compound according to the present invention having a pendent silane group
represented by general formula (1), is represented by the following general formula (4),

€Y
PC—(CHyp)y;—0O—Si O—Si—{tCH
| (CHa)4 _6 3)3 :

in whichm s 0, nis 3, Z is Si, each Ry is methyl, and L is a divalent linking group represented by the following general
formula (4a),

(4a) -(CH)44-O-.

[0042] In another embodiment, a photochromic compound according to the present invention having a pendent silane
group represented by general formula (1), is represented by the following general formula (5),

)

PC——0—Si(CHg);=—CHyCH,—Si o—Si-(-CHa)
3
3

in whichm s 0, nis 3, Z is Si, each Ry is methyl, and L is a divalent linking group represented by the following general
formula (5a),

(5a) -0-Si(CHg),-CH,CH,-.

[0043] In afurther embodiment, a photochromic compound according to the present invention having a pendent silane
group represented by general formula (1), is represented by the following general formula (6),

(6)

PC—O—Q—CH?_CHZOé—Si(C Hg)o——CH,CH,=—Si O—Si-{CHa)
' 3
3

3

in whichm s 0, nis 3, Z is Si, each Ry is methyl, and L is a divalent linking group represented by the following general
formula (6a),

1"



10

15

20

25

30

35

40

45

50

55

EP 2 494 408 B9

(62)
——-_o—éCHZCHzoa—Si(o'Hs)z—CHonz—
3 _

[0044] A photochromic compound according to the present invention, in which the pendent silane group is represented
by general formula (1), is represented by the following general formula (7),

(7

PC—— O—CH,CHyO—Si(CH)y— CH,CH,—Si o—sa-'(-oHa)
3
3

in whichmiis 0, nis 3, Z is Si, each R is methyl, and L is a divalent linking group represented by the following general
formula (7a),

(7a)
—0—CH,CH,0—Si(CH3),=—CH,CH,—

[0045] Another photochromic compound according to the present invention, in which the pendent silane group is
represented by general formula (1), is represented by the following general formula (8),

®)

PC———C—NH—(CH,);—Si o—sa-eoHs)
3
| . ,
CH,

in whichmis 1, Ris methyl, nis 2, Zis Si, each R, is methyl, and L is a divalent linking group represented by the following
general formula (8a),

(82)

——C—NH—(CHy)3—

[0046] A further photochromic compound according to the present invention, in which the pendent silane group is
represented by general formula (1), is represented by the following general formula (9),

9
ﬁ O

2
CH,

12
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inwhichmis 1, Ris methyl, nis 2, Z is Si, each R, is methyl, and L is a divalent linking group represented by the following
general formula (9a),

(9a)
0

3

[0047] Inanembodiment, a photochromic compound according to the present invention having a pendent silane group
represented by general formula (1), is represented by the following general formula (10),

(10)

PC—0=—CH,CH,0—C—CH,CH,—C—NH—CH,CH,CH,—Si o—Si—foHa)

3
2
CHa

in whichmis 1, Ris methyl, nis 2, Zis Si, each R, is methyl, and L is a divalent linking group represented by the following
general formula (10a),

(10a)

—— 0—CH,CH,0—C—CHyCH;—C—NH—CH,CH,CH,—

[0048] A photochromic compound according to the present invention, in which the pendent silane group is represented
by general formula (1), is represented by the following general formula (11),

(11)

PC‘—O—(-CHgCHp_O-)—Si(CHg)g—CHZCHg— Si O—Si—CHs
3
2

CHs (CHoCH,CF,CF,CF,CF3),

inwhichmis 1, Ris methyl, nis 2, Zis Si, one R, is methyl, the remaining R, groups are each -CH,CH,CF,CF,CF,CF,
and L is a divalent linking group represented by the following general formula (11a),

(11a)
s _

[0049] In another embodiment, a photochromic compound according to the present invention having a pendent silane
group represented by general formula (1), is represented by the following general formula (13),

13
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(13)

PCOCHZ_O_ s—to—sifon

in whichmiis 0, nis 3, Z is Si, each Ry is methyl, and L is a divalent linking group represented by the following general

formula (13a),

(13a)

CHy—0—

[0050] A further photochromic compound according to the present invention, in which the pendent silane group is
represented by general formula (1), is represented by the following general formula (14),

(14)

)

3
3
3

QCHQ—O— Si—[-o—Si—QCHg)
3
Y 3

PC

in whichm is 0, nis 3, Z is Si, each Ry is methyl, and L is a divalent linking group represented by the following general

formula (14a),

(14a)

CH,—O0—

[0051] A photochromic compound according to the present invention, in which the pendent silane group is represented

by general formula (1), is represented by the following general formula (15),

(15)

PC—Si O—C—(-CH3)3

14
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in which mis 0, nis 3, Zis Si, each R, is methyl, and L is a bond.
[0052] A photochromic compound according to the present invention, in which the pendent silane group is represented
by general formula (l1), is represented by the following general formula (16),

(16)
PC—O—GCHZ_CHQO)—Si{CchHz—Si—%O—Si—éCHQ
3 3
3

inwhichtis 0,yis 3, mis 0, nis 3, Zis Si, each R, is methyl, R2is -CH,CH,-, and L is a divalent linking group represented
by the following general formula (1a),

(1a)
—oforno)—

[0053] A further photochromic compound according to the present invention, in which the pendent silane group is
represented by general formula (1), is represented by the following general formula (17),

a7

PC——Si—t-CH,CH,—Si O—Si-(-'CHg)
- 3
I : 3

in which tis 0, yis 3, mis 0, nis 3, Z is Si, each R is methyl, R? is -CH,CH,-, and L is a bond.

[0054] The photochromic substituent of the photochromic compound of the present invention is selected from photo-
chromic pyrans (including photochromic spiropyrans), photochromic oxazines (including spiro-oxazines), photochromic
fulgides and combinations (e.g., mixtures) of two or more thereof.

[0055] Examples of photochromic pyrans, include but are not limited to: benzopyrans; naphthopyrans, e.g., naph-
tho[1,2-b]pyrans, naphtho[2,1-b]pyrans; indenonaphthopyrans, such as those disclosed in U.S. Pat. No. 5,645,767 at
col. 2, line 16 to col. 12, line 57; heterocyclic-fused naphthopyrans, such as those disclosed in U.S. Pat. No. 5,723,072
at col. 2, line 27 to col. 15, line 55; U.S. Pat. No. 5,698,141 at col. 2, line 11 to col. 19, line 45, U.S. Pat. No. 6,153,126
at col. 2, line 26 to col. 8, line 60, and U.S. Pat. No. 6,022,497 at col. 2, line 21 to col. 11, line 46, spiro-9-fluoreno[1,2-
blpyrans; phenanthropyrans; quinolinopyrans; fluoroanthenopyrans; and spiropyrans, e.g., spiro(benzindoline)naph-
thopyrans, spiro(indoline)benzopyrans, spiro(indoline)naphthopyrans, and spiro(indoline)pyrans. Further examples of
naphthopyrans, include but are not limited to those described in U.S. Pat. No. 5,658,501 at col. 1, line 64 to col. 13, line
17. Spiro(indoline)pyrans are also described in the text, Techniques in Chemistry, Volume Ill, "Photochromism", Chapter
3, Glenn H. Brown, Editor, John Wiley and Sons, Inc., New York, 1971.

[0056] Examples of photochromic oxazines include, but are not limited to, benzoxazines; naphthoxazines; and spiro-
oxazines, e.g., spiro(indoline)naphthoxazines, spiro(indoline)pyridobenzoxazines, spiro(benzindoline)pyridobenzox-
azines, spiro(benzindoline)naphthoxazines, spiro(indoline)benzoxazines, spiro(indoline)fluoranthenoxazines, and
spiro(indoline)quinoxazines.

[0057] Examples of thermally reversible photochromic fulgides include, but are not limited to, those fulgides that are
disclosed in U.S. Pat. No. 4,685,783 at col. 1, line 57 to col. 5, line 27.

[0058] The photochromic substituent of the photochromic materials and compounds according to the present invention,
may include combinations (e.g., mixtures) of two or more of any of the classes and examples of photochromic substit-
uents/moieties described herein-above.

15



10

15

20

25

30

35

40

45

50

55

EP 2 494 408 B9

[0059] Inaparticularembodiment of the presentinvention, the photochromic substituent of the photochromic compound
is selected from one or more indeno-fused naphthopyrans. At least one position of the indeno-fused naphthopyran has
a pendent silane group represented by formulas (1) and/or (II) bonded thereto. (It should be understood that for purposes
of the present invention, the at least one pendent silane group can be bonded directly to the "core" photochromic
substituent or bonded to a substituent which is bonded directly to the core photochromic substituent as described in
more detail below.) As will be discussed in further detail herein, an indeno-fused naphthopyran typically has 10 to 12
available positions to which a pendent silane group may be bonded. Two of the 10 to 12 available positions of an indeno-
fused naphthopyran may have two pendent silane groups bonded thereto. While all available positions of the indeno-
fused naphthopyran may have a pendent silane group represented by formulas (I) and/or (Il) bonded thereto, typically
at least one and less than all available positions of the indeno-fused naphthopyran have a pendent silane group bonded
thereto. In an embodiment, the indeno-fused naphthopyran has 1 or 2 pendent silane groups represented by formulas
(I) and/or (1) bonded thereto.

[0060] In an embodiment, the photochromic material includes, as the photochromic substituent of the photochromic
compound, an indeno-fused naphthopyran, for example as represented by the following general formula (ll1), in which
the ring atoms are numbered as shown,

1)

R12

.

The B and B’ groups of the indeno-fused naphthopyran represented by general formula (lll) are each independently
selected from substituted and unsubstituted aromatic groups, and substituted and unsubstituted heteroaromatic groups,
or B and B’ taken together form an unsubstituted or substituted fluoren-9-ylidene.

[0061] The indeno-fused naphthopyran represented by general formula (lll) has at least one pendent silane group
represented by formula (I) and/or formula (IlI) bonded thereto. As discussed previously herein, the B and B’ groups of
the indeno-fused naphthopyran are each independently selected from aromatic groups, heteroaromatic groups, or to-
gether form a fluoren-9-ylidene group. As such, the pendent silane group(s) may be described as: (i) being bonded to
a B group and/or a B’ group; or (ii) the divalent linking group L of the pendent silane group includes a divalent aromatic,
or heteroaromatic or fluoren-9-ylidene moiety that is bonded directly to the 3 position of the indeno-fused naphthopyran
represented by general formula (lII).

[0062] Aswas mentioned previously, the at least one pendent silane group can be bonded directly to the indeno-fused
naphthopyran at the positions numerically designated in general formula (1), and/or the at least one pendent silane
group can be bonded, where applicable, to one of the substitutents (e.g. R5, R, R7, R8, R9, R10, R'1, or R'2) which is
bonded directly to the indeno-fused naphthopyran.

[0063] Whileindeno-fused naphthopyrans according to the presentinvention have bonded thereto at least one pendent
silane group (e.g., 1 or 2 pendent silane group) represented by general formulas (I) and/or (Il), the 1 and 2 positions of
the indeno-naphthopyran, e.g., represented by general formula (1), are each typically free of a pendent silane group
bonded thereto. With the indeno-fused naphthopyrans according to the present invention, for example as represented
by general formula (Ill): (a) at least one of R5, R6, R7, R8, R9, R10, R1!, R12, R13 and R4 is a pendent silane group
represented by formula (I) and/or formula (1), as described previously herein; and/or (b) at least one of B and B’ has
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bonded thereto at least one pendent silane group represented by general formula (I) and/or general formula (1I).
[0064] The indeno-fused naphthopyran represented by general formula (lll) may be referred to as an inde-
no[2’,3":3,4]naphtho[1,2-b]pyran. The indeno-naphthopyran may be selected from one or more indeno[2’,3":3,4]naph-
tho[1,2-b]pyrans represented by general formula (lll), and/or one or more indeno[1°,2’:4,3]naphtho[2,1-b]pyrans repre-
sented by the following general Formula-(IV), in which the ring atoms are numbered as shown,

av)
RS

R R12

The R5 through R4, B and B’ groups of the indeno[1’,2:4,3]naphtho[2,1-b]pyran represented by the following general
Formula-(1V) are each as described herein with regard to the indeno[2’,3’:3,4]naphtho[1,2-b]pyran represented by general
formula (Ill). While indeno-fused naphthopyrans according to the present invention have bonded thereto at least one
pendent silane group (e.g., 1 or 2 pendent silane group) represented by general formulas (I) and/or (ll), the 3 and 4
positions of the indeno[1’,2":4,3]naphtho[2,1-b]pyran represented by general formula (V) are each typically free of a
pendent silane group bonded thereto.

[0065] While the indeno-naphthopyran may be selected from one or more indeno[2’,3’:3,4]naphtho[1,2-b]pyrans rep-
resented by general formula (lll), and/or one or more indeno[1’,2”:4,3]naphtho[2,1-b]pyrans represented by general
Formula-(1V), it is typically selected from indeno[2’,3":3,4]naphtho[1,2-b]pyrans represented by general formula (lIl).
[0066] Withtheindeno-fused naphthopyrans according to the presentinvention, forexample as represented by general
formulas (lIl) and/or (IV), RS, R8, R7, R8, R?, R10, R'1 and R'2 may each independently be selected in each case from:
a reactive substituent; a compatibilizing substituent; hydrogen; fluoro; chloro; C4-Cg alkyl; C3-C; cycloalkyl; substituted
or unsubstituted phenyl; -OR4y’ or -OC(=0)R,y’, wherein R4q’ is hydrogen, C4-Cg alkyl, phenyl(C4-C3)alkyl, mo-
no(C4-Cg)alkyl substituted phenyl(C4-Cj)alkyl, mono(C4-Cg)alkoxy substituted phenyl(C4-Cs)alkyl,
(C4-Cg)alkoxy(C,-C,)alkyl, C5-C5 cycloalkyl, or mono(C4-C,)alkyl substituted C5-C5 cycloalkyl. The phenyl substituents
(i.e., the substituents of the substituted phenyl) may be selected from hydroxyl, halogen, carbonyl, C,-Cg4 alkoxycarbonyl,
cyano, halo(C4-Cg)alkyl, C4-Cg alkyl or C4-Cg alkoxy.

[0067] Alternatively or in addition to the previously recited classes and examples, R®, R8, R7, R8, R9, R10, R and
R12 may each independently be selected in each case from: -N(R44")R45’, wherein R;4" and R4’ are each independently
hydrogen, C4-Cg alkyl, phenyl, naphthyl, furanyl, benzofuran-2-yl, benzofuran-3-yl, thienyl, benzothien-2-yl, benzothien-
3-yl, dibenzofuranyl, dibenzothienyl, benzopyridyl, fluorenyl, C4-Cg alkylaryl, C5-C, cycloalkyl, C4-C, bicycloalkyl, Cx-
C, tricycloalkyl or C4- C,q alkoxyalkyl, wherein said aryl group is phenyl or naphthyl, or R;;’ and R;,’ come together
with the nitrogen atom to form a C5-C, hetero-bicycloalkyl ring or a C4-C, hetero-tricycloalkyl ring.

[0068] Each R%, R8 R7, R8, R9 R10 R and R'2 group may independently be selected in each case from, a nitrogen
containing ring substituent represented by the following general (or graphic) formula VA:
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(VA)

\«

With the nitrogen ring substituent represented by general formula VA, each -Y- is independently chosen for each occur-
rence from -CH,-, -CH(R43')-, -C(R43')2-, -CH(aryl)-, -C(aryl),-, and -C(R43’)(aryl)-, and Z is -Y-, -O-, -S-, -S(0)-, -SO,-,
-NH-,-N(R3")-, or-N(aryl)-, wherein each R43’isindependently C4-Cg alkyl, each arylis independently phenyl or naphthyl,
m is an integer 1, 2 or 3, and p is an integer 0, 1, 2, or 3 and provided that when p is 0, Z is -Y-.

[0069] Additionally, each RS, R, R7, R8, R9, R10, R11 and R'2 group may independently be selected in each case
from a nitrogen containing ring substituent represented by general formula (VB) and/or general formula (VC):

(VB) ‘ (VG

Ve

| @

For the nitrogen containing ring substituents represented by general formulas (VB) and (VC), R45, R4, and Ry are each
independently selected from hydrogen, C;-Cg alkyl, phenyl, or naphthyl, or the groups R,5 and R4 together form a ring
of 5 to 8 carbon atoms and each R4 is independently for each occurrence selected from C4-Cg alkyl, C4-Cg alkoxy, fluoro
or chloro, and Q is an integer 0, 1, 2, or 3.

[0070] Each R5, R8, R7, R8, R9, R10, R and R'2 group may also independently be selected in each case from
unsubstituted, mono-, or di-substituted C4-C4g spirobicyclic amine, or unsubstituted, mono-, and di-substituted C4-C4g
spirotricyclic amine. The substituents of the spirobicyclic amines and the spirotricyclic amines may in each case be
independently selected from aryl, C4-Cgq alkyl, C4-Cg alkoxy, or phenyl(C4-Cg)alkyl.

[0071] In an embodiment of the present invention, R® and R7, of the indeno-fused naphthopyran, may together form
a group represented by the following general formula (VD) or general formula (VE),

(VD) (VE)

T JPtias Ry T Lot
R15>< -
Ri¢ .~ AN

T A N Ryg T ™

With the groups represented by general formulas (VD) and (VE), T and T’ are each independently oxygen or the group
-NR44-, where Ry4, R45, and Ryg are each as set forth and described previously herein.

[0072] The R'3 and R4 groups of the indeno-fused naphthopyran according to the present invention, e.g., the inde-
no[2’,3":3,4]naphtho[1,2-b]pyran represented by general formula (1), and/or the indeno[1’,2":4,3]naphtho[2,1-b]pyran
represented by general formula-(IV), may each be independently selected from: a reactive substituent; a compatibilizing
substituent; hydrogen; hydroxy; C4-Cg alkyl; hydroxy(C4-Cg )alkyl; C3-C; cycloalkyl; allyl; substituted or unsubstituted
phenyl; substituted or unsubstituted benzyl; chloro; fluoro; the group -C(=0)W’, wherein W’ is hydrogen, hydroxy, C4-Cg
alkyl, C4-Cg alkoxy, the unsubstituted, mono-or di-substituted aryl groups phenyl or naphthyl, phenoxy, mono- or
di-( C4-Cg)alkoxy substituted phenoxy, mono- or di-(C4-Cg)alkoxy substituted phenoxy, amino, mono(C,-Cg)alkylamino,
di(C4-Cg)alkylamino, phenylamino, mono- or di-( C4-Cg)alkyl substituted phenylamino, or mono- or di-(C4-Cg)alkoxy
substituted phenylamino. The phenyl, benzyl, or aryl group substituents (e.g., the substituents of the substituted phenyl,
substituted benzyl and substituted aryl groups) are each independently selected from C4-Cg alkyl or C4-Cg alkoxy.
[0073] The R'3and R4 groups of the indeno-fused naphthopyran according to the present invention may each inde-

18



10

15

20

25

30

35

40

45

50

EP 2 494 408 B9

pendently also be an -OR g group, in which R4 is selected from C4-Cg4 alkyl, phenyl(C4-Cj)alkyl, mono(C4-Cg)alkyl
substituted phenyl(C4-C3)alkyl, mono(C4-Cg)alkoxy substituted phenyl(C4-C5)alkyl, C4-Cg alkoxy(C,-C,)alkyl, C3-C; cy-
cloalkyl, mono(C4-Cy)alkyl substituted C5-C; cycloalkyl, C4-Cg chloroalkyl, C4-Cg fluoroalkyl, allyl, or the group
-CH(R49)Y’, wherein Rygq is hydrogen or C4-C5 alkyl and Y’ is CN, CF3, or COOR,,, wherein Ry is hydrogen or C4-C5
alkyl, or R4y is the group, - C(=O)W", wherein W" is hydrogen, C4-Cgq alkyl, C4-Cg alkoxy, the unsubstituted, mono- or
di-substituted aryl groups phenyl or naphthyl, phenoxy, mono-, or di-( C4-Cg)alkyl substituted phenoxy, mono- or
di-(C4-Cg)alkoxy substituted phenoxy, amino, mono(C4-Cg)alkylamino, di(C4-Cg)alkylamino, phenylamino, mono- or
di-(C4-Cg)alkyl substituted phenylamino, or mono- or di-(C4-Cg)alkoxy substituted phenylamino. The phenyl, benzyl, or
aryl group substituents (e.g., the substituents of the substituted phenyl, substituted benzyl and substituted aryl groups)
are each independently selected from C4-Cg alkyl or C4-Cg alkoxy.

[0074] The R'3 and R4 groups of the indeno-fused naphthopyran of the present invention may each independently
also be a mono-substituted phenyl, in which the phenyl has a substituent located at the para position thereof. The
substituent of the mono-substituted phenyl may be: a dicarboxylic acid residue or derivative thereof, a diamine residue
or derivative thereof, an amino alcohol residue or derivative thereof, a polyol residue or derivative thereof, -CHs-, -(CH,);-,
or -[O-(CH,)i,-. in which (t) is selected from an integer of 2, 3, 4, 5 or 6, and k is an integer selected from 1 to 50. The
substituent of the mono-substituted phenyl is connected to an aryl group on another photochromic material.

[0075] Alternatively, R13 and R4 may together form an oxo group, a spiro-carbocyclic group containing 3 to 6 carbon
atoms, or a spiro-heterocyclic group containing 1 to 2 oxygen atoms and 3 to 6 carbon atoms including the spirocarbon
atom. The spiro-carbocyclic and spiro-heterocyclic groups are annellated with 0, 1 or 2 benzene rings.

[0076] The B and B’ groups of the indeno-fused naphthopyran of the present invention may each be independently
selected from: a substituted phenyl; a substituted aryl; a substituted 9-julolidinyl; a substituted heteroaromatic group
chosen from pyridyl, furanyl, benzofuran-2-yl, benzofuran-3-yl, thienyl, benzothien-2-yl, benzothien-3-yl, dibenzofuranyl,
dibenzothienyl, carbazoyl, benzopyridyl, indolinyl, and fluorenyl, wherein the phenyl, aryl, 9-julolidinyl, or heteroaromatic
substituent is the reactive substituent R; an unsubstituted, mono-, di-, or tri-substituted phenyl or aryl group; 9-julolidinyl;
or an unsubstituted, mono- or di-substituted heteroaromatic group chosen from pyridyl, furanyl, benzofuran-2-yl, ben-
zofuran-3-yl, thienyl, benzothien-2-yl, benzothien-3-yl, dibenzofuranyl, dibenzothienyl, carbazoyl, benzopyridyl, indolinyl,
and fluorenyl.

[0077] The phenyl, aryl and heteroaromatic substituents (i.e., the substituents of the substituted phenyl, aryl and
heteroaromatic groups) of the B and B’ groups may each be independently selected from: hydroxyl, a group -C(=0)R,4,
wherein R, is -OR,, - N(R53)Ry4, piperidino, or morpholino, wherein R,, is allyl, C4-Cg alkyl, phenyl, mono(C4-Cg)alkyl
substituted phenyl, mono(C4-Cg)alkoxy substituted phenyl, phenyl(C4-Cs)alkyl, mono(C4-Cg)alkyl substituted phe-
nyl(C4-C5)alkyl, mono(C4-Cg)alkoxy substituted phenyl(C4-C5)alkyl, C4-Cg alkoxy(C,-C,)alkyl or C4-Cg haloalkyl, Ry
and Ry, are each independently C4-Cgq alkyl, C5-C; cycloalkyl, phenyl or substituted phenyl, the phenyl substituents
being C4-Cg alkyl or C4-Cq alkoxy, and said halo substituent is chloro or fluoro, aryl, mono(C4-C,5)alkoxyaryl,
di(C4-C,5)alkoxyaryl, mono(C4-C,,)alkylaryl, di(C4-Cj,)alkylaryl, haloaryl, C5-C- cycloalkylaryl, C5-C; cycloalkyl, C5-C,
cycloalkyloxy, C3-C; cycloalkyloxy(C4-Cyy)alkyl, C5-C; cycloalkyloxy(C4-C45)alkoxy, aryl(C4-Cy)alkyl, ar-
yl(C4-C45)alkoxy, aryloxy, aryloxy(C4-C45)alkyl, aryloxy(C4-C4,)alkoxy, mono- or di(C4-C4,)alkylaryl(C4-C45)alkyl, mono-
or di-(C4-C45)alkoxyaryl(C4-C4o)alkyl, mono- or di-(C4-C45)alkylaryl(C4-C5)alkoxy, mono- or di-(C4-C45)alkoxyar-
yl(C4-C45)alkoxy, amino, mono- or di-(C4-C4,)alkylamino, diarylamino, piperazino, N-(C4-C,5)alkylpiperazino, N-aryl-
piperazino, aziridino, indolino, piperidino, morpholino, thiomorpholino, tetrahydroquinolino, tetrahydroisoquinolino, pyr-
rolidyl, C4-C4, alkyl, C4-C4, haloalkyl, C4-C4, alkoxy, mono(C4-C,)alkoxy(C4-C,, )alkyl, acryloxy, methacryloxy, or
halogen.

[0078] The B and B’ groups may also each independently be an unsubstituted or mono-substituted group chosen from
pyrazolyl, imidazolyl, pyrazolinyl, imidazolinyl, pyrrolinyl, phenothiazinyl, phenoxazinyl, phenazinyl, and acridinyl. The
substituents of these mono-substituted groups are each independently selected from C4-C, alkyl, C4-C,, alkoxy, phenyl,
or halogen.

[0079] In addition, the B and B’ groups may each be independently selected from a group represented by the following
general formulas (VIA) or (VIB),

(VIA) (VIB)
Z K R26 e K R26
I X ]
R T/‘ M Ry [ ,}/ M™ Ry,
[ 25[u or R2s1,

Independently with each of general formulas (VIA) and (VIB), K is -CH,- or -O-, and M is -O- or substituted nitrogen,
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provided that when M is substituted nitrogen, K is -CH,-. The substituted nitrogen substituents are hydrogen, C4-C4,
alkyl, or C4-C4, acyl. Each Ry5 is independently selected for each occurrence from C4-C4, alkyl, C4-C45 alkoxy, hydroxy,
and halogen, and each u is independently an integer ranging from 0 to 2. The Ry and R,7 groups are each independently
hydrogen or C4-C4, alkyl.

[0080] Each B and B’ group may independently be a group represented by the following general formula (VII),

(VID)

N.__ -1
Jc=C{

Rog Ry

[0081] Withthe grouprepresented by general formula (VI1), Rgis hydrogenor C4-C,5 alkyl, and R,g is an unsubstituted,
mono- or di-substituted group chosen from naphthyl, phenyl, furanyl, and thienyl. The substitutents of the mono- or di-
substituted naphthyls, phenyls, furanyls, and thienyls, are in each case independently selected from C4-C 4, alkyl, C4-C45
alkoxy, or halogen.

[0082] The B and B’ groups may together form a member selected from, a fluoren-9-ylidene, a mono-substituted
fluoren-9-ylidene, or a di-substituted fluoren-9-ylidene. The substituents of the mono-substituted fluoren-9-ylidene, and
the di-substituted fluoren-9-ylidene may in each case be independently selected from C,-C,, alkyl, C4-C,, alkoxy, or
halogen.

[0083] As discussed previously herein, the indeno-fused naphthopyrans of the photochromic material according to
the present invention, for example as represented by general formulas (Ill) and/or (IV): (a) at least one of R5, R, R?,
R8, RY, R10, R11, R12, R13 and R4 is a pendent silane group represented by formula (1) and/or formula (ll), as described
previously herein; and/or (b) at least one of B and B’ has bonded thereto at least one pendent silane group represented
by formula (1) and/or formula (l1). Typically, at least one and, at the same time, less than all available positions of the
indeno-fused naphthopyran have a pendent silane group bonded thereto. In an embodiment, for example, the indeno-
fused naphthopyran of the photochromic material according to the present invention has bonded thereto 1 or 2 pendent
silane groups represented by formula (l) and/or formula (Il).

[0084] In an embodiment, with the indeno-fused naphthopyran of the photochromic material of the present invention:
(i) at least one of R11, R13 and R4 is a pendent silane group represented by formulas (I) and/or (ll); and/or (ii) at least
one of B and B’ has bonded thereto at least one pendent silane group, represented by formulas (I) and/or (Il). The
indeno-fused naphthopyran typically has bonded thereto 1 or 2 of such pendent silane groups.

[0085] In a particular embodiment the indeno-fused naphthopyran has bonded thereto one (i.e., a single) pendent
silane group represented by general formula (I) or (Il). More particularly, with the indeno-fused naphthopyran of this
embodiment: the R group is the pendent silane group; RS, R8, R9, R10 and R'2 are each hydrogen; R® and R” are
each independently selected from hydrogen, linear or branched C4-Cg alkyl, and -OR,,’ where R, is C4-Cg alkyl; R13
and R4 are each independently selected from linear or branched C4-Cg alkyl, and C4-C, cycloalkyl; and B and B’ are
each independently selected from aryl substituted with C,-Cg alkoxy, and aryl substituted with morpholino.

[0086] In a further embodiment, the indeno-fused naphthopyran has bonded thereto one (i.e., a single) pendent silane
group represented by general formula (1) or (Il), and, in particular, the R13 group thereof is the pendent silane group.
The remaining groups of the indeno-fused naphthopyran, in which R13is a pendent silane group are described as follows:
R5, R8, R9, R10 and R'2 are each hydrogen; R6 and R7 are each inde