
OPHTHALMIC DEVICES COMPRISING PHOTOCHROMIC MATERIALS
HAVING EXTENDED PI-CONJUGATED SYSTEMS BACKGROUND [001]
Various non-limiting embodiments disclosed herein
relate to certain ophthalmic devices comprising
photochromic materials having an extended piconjugated
system. [002] Many conventional photochromic
materials, such as indeno-fused naphthopyrans, can
undergo a transformation in response to certain
wavelengths of electromagnetic radiation (or "actinic
radiation") from one form (or state) to another, with
each form having a characteristic absorption spectrum.
As used herein the term "actinic radiation" refers to
electromagnetic radiation that is capable of causing a
photochromic material to transform from one form or
state to another. For example, many conventional
photochromic materials are capable of transforming
from a closed-form, corresponding to a "bleached" or
"unactivated" state of the photochromic material, to
an open-form, corresponding to a "colored" or
"activated" state of the photochromic material, in
response to actinic radiation, and reverting back to
the closed-form in the absence of the actinic
radiation in response to thermal energy. Photochromic
compositions and articles that contain one or more
photochromic materials, for example photochromic
lenses for eyewear applications, may display clear and
colored states that generally correspond to the states
of the photochromic material(s) that they contain.
[003] Typically, the amount of a photochromic material
needed to achieve a desired optical effect when
incorporated into a composition or article will
depend, in part, on the amount of actinic radiation
that the photochromic material absorbs on a per
molecule basis. That is, the more actinic radiation
that the photochromic material absorbs on a per
molecule basis^ the more likely (i.e., the higher the
probability) the photochromic material will transform
from the closed-form to the open-form. Photochromic
compositions and articles that are made using
photochromic materials having a relatively high molar
absorption coefficient (or "extinction coefficient")
for actinic radiation may generally be used in
lowerconcentrations than photochromic materials having
lower molar absorption coefficients, while still
achieving the desired optical effect. [004] For some
applications, such as ophthalmic devices which reside
in or on the eye, the amount of photochromic material
that can be incorporated into the article may be
limited due to the physical dimensions of the article.
Accordingly, the use of conventional photochromic
materials that have a relatively low molar absorption
coefficient in such articles may be impractical
because the amount photochromic material needed to
achieve the desired optical effects cannot be
physically accommodated in the article. Further, in
other applications, the size or solubility of the
photochromic material itself may limit the amount of
the photochromic material that can be incorporated
into the article. [005] Accordingly, for ophthalmic
devices which reside in or on the eye, it may be
advantageous to develop photochromic materials that
can display hyperchromic absorption of actinic
radiation, which may enable the use of lower
concentrations of the photochromic material while
still achieving the desired optical effects. As used
herein, the term "hyperchromic absorption" refers to
an increase in the absorption of electromagnetic
radiation by a photochromic material having an
extended piconjugated system on a per molecule basis
as compared to a comparable photochromic material that
does not have an extended pi-conjugated system. [006]
Additionally, as mentioned above, typically the
transformation between the closed-form and the
open-form requires that the photochromic material be
exposed to certain wavelengths of electromagnetic
radiation. For many conventional photochromic
materials, the wavelengths of electromagnetic
radiation that may cause this transformation typically
range from 320 nanometers ("nm") to 390 nm.
Accordingly, conventional photochromic materials may
not be optimal for use in applications that are
shielded from a substantial amount of electromagnetic
radiation in the range of 320 nm to 390 nm. For
example, lenses for eyewear applications that are made
using conventional photochromic materials may not
reach their fullycolored state when used in an
automobile. This is because a large portion of
electromagnetic radiation in the range of 320 nm to
390 nm can be absorbed by thewindshield of the
automobile before it can be absorbed by the
photochromic material(s) in the lenses. Therefore, for
ophthalmic devices which reside in or on the eye, it
may be advantageous to develop photochromic materials
that can have a closed-form absorption spectrum for
electromagnetic radiation that is shifted to longer
wavelengths, that is "bathochromically shifted." As
used herein the term "closed-form absorption spectrum"
refers to the absorption spectrum of the photochromic
material in the closed-form or unactivated state. For
example, in applications involving behind the
windshield use of photochromic materials, it may be
advantageous if the closed-form absorption spectrum of
the photochromic material were shifted such that the
photochromic material may absorb sufficient
electromagnetic radiation having a wavelength greater
than 390 nm to permit the photochromic material to
transform from the closed-form to an open-form. BRIEF
SUMMARY OF THE DISCLOSURE [007] Various non-limiting
embodiments disclosed herein relate to ophthalmic
devices comprising photochromic materials comprising:
(i) an indeno-fused naphthopyran; and (ii) a group
that extends the pi-conjugated system of the
indenofused naphthopyran bonded at the 11-position of
thereof, provided that if the group bonded at the
11-position of the indeno-fused naphthopyran and a
group bonded at the 10-position or 12-position of the
indeno-fused naphthopyran together form a fused group,
said fused group is not a benzo-fused group; and
wherein the 13- position of the indeno-fused
naphthopyran is unsubstituted, mono-substituted or
disubstituted, provided that if the 13-position of the
indeno-fused naphthopyran is disubstituted, the
substituents do not together form norbornyl. [008]
Other non-limiting embodiments relate to ophthalmic
devices comprising photochromic materials comprising
an indeno-fused naphthopyran, wherein the 13- position
of the indeno-fused naphthopyran is unsubstituted,
mono-substituted or disubstituted, 



provided that if the 13-position of the indeno-fused
naphthopyran is disubstituted, the substituents do not
together form norbornyl, and wherein the photochromic
material has an integrated extinction coefficient
greater than 1.0 x 106 nm x mol 1 x cm 1 as determined
by integration of a plot of extinction coefficient
ofthe photochromic material vs. wavelength over a
range of wavelengths ranging from 320 nm to 420 nm,
inclusive. [009] Still other non-limiting embodiments
relate to ophthalmic devices comprising photochromic
materials comprising: an indeno-fused naphthopyran
chosen from an indeno[2',3':3,4]naphtho[l,2-b]pyran,
an indeno[l',2':4,3]naphtho[2,l-b]pyran, and mixtures
thereof, wherein the 13-position of the indeno-fused
naphthopyran is unsubstituted, mono-substituted or
disubstituted, provided that if the 13-position of the
indeno-fused naphthopyran is disubstituted, the
substituent groups do not together form norbornyl; and
a group that extends the pi-conjugated system of the
indeno-fused naphthopyran bonded at the 11-position
thereof, where said group is a substituted or
unsubstituted aryl, a substituted or unsubstituted
heteroaryl, or a group represented by -X=Y or -X'  Y',
wherein X, X', Y and Y' are as described herein below
and as set forth in the claims; or the group that
extends the pi-conjugated system of the indeno-fused
naphthopyran bonded at the 11-position of the
indeno-fused naphthopyrans together with a group
bonded at the 12-position of the indeno-fused
naphthopyran or together with a group bonded at the
10-position of the indeno-fused naphthopyran form a
fused group, said fused group being indeno,
dihydronaphthalene, indole, benzofuran, benzopyran or
thianaphthene. [010] Yet other non-limiting
embodiments relate to ophthalmic devices comprising
photochromic materials represented by:or a mixture
thereof, wherein R4, R5, R6, R7, R8, B and B'
represent groups as described herein below and as set
forth in the claims. [Oil] Still other non-limiting
embodiments relate to methods of making ophthalmic
devices comprising photochromic materials according to
various nonlimiting embodiments disclosed herein. For
example, one specific non-limiting embodiment relates
to an ophthalmic device adapted for use behind a
substrate that blocks a substantial portion of
electromagnetic radiation in the range of 320 nm to
390 nm, the ophthalmic device comprising a
photochromic material comprising an indeno-fused
naphthopyran and a group that extends the
pi-conjugated system of the indeno-fused naphthopyran
bonded at the 11-position thereof connected to at
least a portion of the ophthalmic device, wherein the
at least a portion of the ophthalmic device absorbs a
sufficient amount of electromagnetic radiation having
a wavelength greater than 390 nm passing through the
substrate that blocks a substantial portion of
electromagnetic radiation in the range of 320 nm to
390 nm such that the at least a portion of the
ophthalmic device transforms from a first state to a
second state. BRIEF DESCRIPTION OF THE DRAWING(S)
[012] Various non-limiting embodiments disclosed
herein may be better understood when read in
conjunction with the drawings, in which: Fig. 1 shows
the absorption spectra obtained for a photochromic
material according to one non-limiting embodiment
disclosed herein at two different concentrations and
the absorption spectra of a conventional photochromic
material;Figs. 2a, 2b, 3a and 3b are representations
of photochromic materials according to various
non-limiting embodiments disclosed herein; Fig. 4 is a
schematic diagram of a reaction scheme for making an
intermediate material that may be used in forming
photochromic materials according to various
non-limiting embodiments disclosed herein; and . Figs.
5-8 are schematic diagrams of reaction schemes that
may be used in making photochromic materials according
to various non-limiting embodiments disclosed herein.
DETAILED DESCRIPTION [013] As used in this
specification and the appended claims, the articles
"a," "an," and "the" include plural referents unless
expressly and unequivocally limited to one referent.
[014] Additionally, for the purposes of this
specification, unless otherwise indicated, all numbers
expressing quantities of ingredients, reaction
conditions, and other properties or parameters used in
the specification are to be understood as being
modified in all instances by the term "about."
Accordingly, unless otherwise indicated, it should be
understood that the numerical parameters set forth in
the following specification and attached claims are
approximations. At the very least, and not as an
attempt to limit the application of the doctrine of
equivalents to the scope of the claims, numerical
parameters should be read in light of the number of
reported significant digits and the application of
ordinary rounding techniques urther, while the
numerical ranges and parameters setting forth the
broad scope of the invention are approximations as
discussed above, the numerical values set forth in the
Examples section are reported as precisely as
possible. It should be understood, however, that such
numerical values inherently contain certain errors
resulting from the measurement equipment and/or
measurement technique. [015] As used herein in the
terms "lens" and "ophthalmic device" refer to devices
that reside in or on the eye. These devices can
provide optical correction, wound care, drug delivery,
diagnostic functionality, cosmetic enhancement or
effect or a combination of these properties. The terms
lens and ophthalmic device include butare not limited
to soft contact lenses, hard contact lenses,
intraocular lenses, overlay lenses, ocular inserts,
and optical inserts. [016] Photochromic materials
suitable for use in the ophthalmic devices according
to various non-limiting embodiments of the invention
will now be discussed. As used herein, the term
"photochromic" means having an absorption spectrum for
at least visible radiation that varies in response to
absorption of 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 have an absorption
spectrum for at least visible radiation that varies in
response to absorption of at least actinic radiation.
As previously discussed, as used herein the term
"actinic radiation" refers to electromagnetic
radiation that is capable of causing a 



photochromic material transform from one form or state
to another. [017] Various non-limiting embodiments
disclosed herein relate to ophthalmic devices
comprising photochromic materials comprising: (i) an
indeno-fused naphthopyran; and (ii) a group that
extends the pi-conjugated system of the indenofused
naphthopyran bonded at the 11-position of thereof,
provided that if the group bonded at the 11-position
of the indeno-fused naphthopyran and a group bonded at
the 10-position or 12-position of the indeno-fused
naphthopyran together form a fused group, said fused
group is not a benzo-fused group; and wherein the 13-
position of the indeno-fused naphthopyran is
unsubstituted, mono-substituted or disubstituted,
provided that if the 13-position of the indeno-fused
naphthopyran is disubstituted, the substrtuent groups
do not together form norbornyl (also known as
bicyclo[2.2.1]heptyl or 8,9,10-trinorbornyl). As used
herein the term "fused" means covalently bonded in at
least two positions. [018] As used herein, the terms
"10-position," " 11-position," "12-position," "13-
position," etc. refer to the 10-, 11-, 12- and 13-
position, etc. of the ring atoms of the indeno-fused
naphthopyran, respectively. For example, according to
one nonlimiting embodiment, wherein the indeno-fused
naphthopyran is an
indeno[2',3':3,4]naphtho[l,2-b]pyran, the ring atoms
of the indeno-fused naphthopyran are numbered as shown
below in (I). According to another nonlimiting
embodiment, wherein the indeno-fused naphthopyran is
an indeno[r,2':4,3]naphtho[2,l-b]pyran, the ring atoms
of the indeno-fused naphthopyran are numbered shown
below in (II). [019] Further, according to various
non-limiting embodiments disclosed herein, the
indeno-fused naphthopyrans may have group(s) that can
stabilize the open-form of the indeno-fused
naphthopyran bonded to the pyran ring at an available
position adjacent the oxygen atom (i.e., the
3-position in (I) above, or the 2-position in (II)
above). For example, according to one non-limiting
embodiment, the indeno-fused naphthopyrans may have a
group that can extend the pi-conjugated system of the
open-form of the indeno-fused naphthopyran bonded to
the pyran ring adjacent the oxygen atom. Non-limiting
examples of groups that may be bonded to the pyran
ring as discussed above are described in more detail
herein below with reference to B and B'. [020]
Further, as discussed in more detail herein below, in
addition to the group that extends the pi-conjugated
system of the indeno-fused naphthopyran bonded at the
11-position of the indeno-fused naphthopyran, the
photochromic materials according to various
non-limiting embodiments disclosed may include
additional groups bonded or fused at various positions
on the indeno-fused naphthopyran other than the
11-position. [021] As used herein the terms "group" or
"groups" mean an arrangement of one or more atoms. As
used herein, the phrase "group that extends the
pi-conjugated system of the indeno-fused naphthopyran"
means a group having at least one pibond (p-bond) in
conjugation with the pi-conjugated system of the
indeno-fused naphthopyran. It will be appreciated by
those skilled in the art that in such system,the
pi-electrons in the pi-conjugated system of the
indeno-fused naphthopyran can be de-localized over the
combined pi-system of the indeno-fused naphthopyran
and the group having at least one pi-bond in
conjugation with the pi-conjugated system of the
indeno-fused naphthopyran. Conjugated bond systems may
be represented by an arrangement of at least two
double or triple bonds separated by one single bond,
that is a system containing alternating double (or
triple) bonds and single bonds, wherein the system
contains at least two double (or triple) bonds.
Non-limiting examples of groups that may extend the
pi-conjugated system of the indeno-fused naphthopyran
according to various non-limiting embodiments
disclosed herein are set forth below in detail. [022]
As previously discussed, the more actinic radiation
that a photochromic material absorbs on a per molecule
basis, the more likely the photochromic material will
be to make the transformation from the closed-form to
the open-form. Further, as previously discussed,
photochromic materials that absorb more actinic
radiation on a per molecule basis may generally be
used in lower concentrations than those that absorb
less actinic radiation on a per molecule basis while
still achieving the desired optical effects. [023]
Although not meant to be limiting herein, it has been
observed by the inventors that the indeno-fused
naphthopyrans that comprise a group that extends the
pi-conjugated system of the indeno-fused naphthopyran
bonded at the 11-position thereof according to certain
non-limiting embodiments disclosed herein may absorb
more actinic radiation on a per molecule basis than a
comparable indeno-fused naphthopyran without a group
that extends the pi-conjugated system of the
comparable indeno-fused naphthopyran bonded at the
11-position thereof. That is, the indeno-fused
naphthopyrans according to certain non-limiting
embodiments disclosed herein may display hyperchromic
absorption of actinic radiation. As discussed above,
as used herein the term "hyperchromic absorption"
refers to an increase in the absorption of
electromagnetic radiation by a photochromic material
having an extended pi-conjugated system on a per
molecule basis as compared to a comparable
photochromic material that does not have an extended
pi-conjugatedsystem. Thus, while not meant to be
limiting herein, it is contemplated that the
indeno-fused naphthopyrans according to certain
non-limiting embodiments disclosed herein may be
advantageously employed in ophthalmic devices wherein
it may be necessary or desirable to limit the amount
of the photochromic material employed. [024] The
amount of radiation absorbed by a material (or the
"absorbance" of the material) can be determined using
a spectrophotometer by exposing the material to
incident radiation having a particular wavelength and
intensity and comparing the intensity of radiation
transmitted by the material to that of the incident
radiation. For each wavelength tested, the absorbance
("A") of the material is given by the following
equation: A=log I0/I wherein "Io" is the intensity of
the incident radiation and "I" is the intensity of the
transmitted radiation. An absorption spectrum for the
material can be obtained by 



plotting the absorbance of a material vs. wavelength.
By comparing the absorption spectrum of photochromic
materials that were tested under the same conditions,
that is using the same concentration and path length
for electromagnetic radiation passing through the
sample (e.g., the same cell length or sample
thickness), an increase in the absorbance of one of
the materials at a given wavelength can be seen as an
increase in the intensity of the spectral peak for
that material at that wavelength. [025] Referring now
to Fig. 1, there is shown the absorption spectra for
two different photochromic materials. Absorption
spectra I a and I b were obtained from .22 cm x 15.24
cm x 15.24 cm acrylic chips that were made by adding
0.0015 molal (m) solutions of a photochromic material
to be tested to a monomer blend, and subsequently
casting the mixture to form the acrylic chips.
Absorption spectrum I c was obtained from a .22 cm x
15.24 cm x 15.24 cm acrylic chip that was obtained by
adding 0.00075 m solution of the same photochromic
material used to obtain spectrum I a to the
above-mentioned monomer blend and casting. The
preparation of acrylic test chips is described in more
detail in the Examples.[026] More particularly,
absorption spectrum I a is the absorption spectrum at
"full concentration" (i.e., 0.0015 m) for an
indeno-fused naphthopyran according to one
non-limiting embodiment disclosed herein comprising a
group that extends the piconjugated system of the
indeno-fused naphthopyran bonded at the 11-position
thereof. Specifically, absorption spectrum I a is the
absorption spectrum for a 3,3-
di(4-methoxyphenyl)-6,7-dimethoxy-
11-(4-(phenyl)phenyl)- 13,13-dimethyl-
3H,13H-indeno[2',3':3,4]naphtho[l,2-b]pyran. Since the
absorbance of this photochromic material exceeded the
maximum detection limit over the range of wavelengths
tested, a plateau in absorbance is observed in
absorption spectrum Ia. Absorption spectrum I b is the
absorption spectrum at "full concentration" (i.e.,
0.0015 m) for a comparable indeno-fused naphthopyran
without a group that extends the pi-conjugated system
of the comparable indeno-fused naphthopyran bonded at
the 11-position thereof. Specifically, absorption
spectrum I b is the absorption spectrum for a
3,3-di(4-methoxyphenyl)-6,7-dimethoxy-13,13-dimethyl-3
H,13Hindeno[ 2',3':3,4]naphtho[l,2-b]pyran. [027] As
can be seen from absorption spectra I a and I b in
Fig. 1, the indeno-fused naphthopyran comprising the
group that extends the pi-conjugated system of the
indeno-fused naphthopyran bonded at the 11-position
thereof (spectrum Ia) according to one non-limiting
embodiment disclosed herein displays an increase in
absorption of electromagnetic radiation having a
wavelength ranging from 320 nm to 420 nm (i.e.,
displays hyperchromic absorption of electromagnetic
radiation) as compared to a comparable indeno-fused
naphthopyran without the group that extends the
pi-conjugated system of the comparable indeno-fused
naphthopyran bonded at the 11-position thereof
(spectrum Ib). [028] Referring again to Fig. 1, as
previously discussed, absorption spectrum I c is the
absorption spectrum for the same indeno-fused
naphthopyran as spectrum Ia, but was obtained from a
sample having one-half of the full-concentration used
to obtain absorption spectrum Ia. As can be seen by
comparing spectra I c and Ib in Fig. 1, at one-half
the concentration of the comparable photochromic
material, the indeno-fused naphthopyran comprising the
group that extends the pi-conjugatedsystem of the
indeno-fused naphthopyran bonded at the 11-position
thereof according to one non-limiting embodiment
disclosed herein displays hyperchromic absorption of
electromagnetic radiation having a wavelength from 320
ran to 420 nm as compared to the comparable
indeno-fused naphthopyran without the group that
extends the pi-conjugated system of the comparable
indeno-fused naphthopyran at the 11-position thereof
at full concentration. [029] Another indication of the
amount of radiation a material can absorb is the
extinction coefficient of the material. The extinction
coefficient ("e") of a material is related to the
absorbance of the material by the following equation:
e = A / (c x 1) wherein "A" is the absorbance of the
material at a particular wavelength, "c" is the
concentration of the material in moles per liter
(mol/L) and "1" is the path length (or cell thickness)
in centimeters. Further, by plotting the extinction
coefficient vs. wavelength and integrating over a
range of wavelengths (e.g., =Je(l)dl) it is possible
to obtain an "integrated extinction coefficient" for
the material. Generally speaking, the higher the
integrated extinction coefficient of a material, the
more radiation the material will absorb on a per
molecule basis. [030] The photochromic materials
according to various non-limiting embodiments
disclosed herein may have an integrated extinction
coefficient greater than 1.0 x 106 nm/(mol x cm) or
(nm x mol 1 x cm 1) as determined by integration of a
plot of extinction coefficient of the photochromic
material vs. wavelength over a range of wavelengths
ranging from 320 nm to 420 nm, inclusive. Further, the
photochromic materials according to various
non-limiting embodiments disclosed herein may have an
integrated extinction coefficient of at least 1.1 x
106nm x mol 1 x cm 1, or at least 1.3 x 106 nm x mol 1
x cm 1 as determined by integration of a plot of
extinction coefficient of the photochromic material
vs. wavelength over a range of wavelengths ranging
from 320 nm to 420 nm, inclusive. For example,
according to various nonlimiting embodiments, the
photochromic material may have an integrated
extinction coefficient ranging from 1.1 x 106 to 4.0 x
106 nm x mol 1 x cm 1 (or greater) as determined by
integration of a plot of extinction coefficient of the
photochromicmaterial vs. wavelength over a range of
wavelengths ranging from 320 nm to 420 nm, inclusive.
However, as indicated above, generally speaking the
higher the integrated extinction coefficient of a
photochromic material, the more radiation the
photochromic material will absorb on a per molecule
basis. Accordingly, other nonlimiting embodiments
disclosed herein contemplate photochromic materials
having an integrated extinction coefficient greater
than 4.0 x 10 nm x mol x cm . [031] As previously
discussed, for many conventional photochromic
materials, the wavelengths of electromagnetic
radiation required to cause the material to
transformation from a closed-form (or unactivated
state) to an open-form (or activated state) may range
from 320 nm to 390 nm. Thus, conventional photochromic
materials may not achieve their fully-colored state
when used in 



applications that are shielded from a substantial
amount of electromagnetic radiation in the range of
320 nm to 390 nm. Although not meant to be limiting
herein, it has been observed by the inventors that
indeno-fused naphthopyrans comprising a group that
extends the pi-conjugated system of the indeno-fused
naphthopyran at the 11- position thereof according to
certain non-limiting embodiments disclosed herein may
have a closed-form absorption spectrum for
electromagnetic radiation that is bathochromically
shifted as compared to a closed-form absorption
spectrum for electromagnetic radiation of a comparable
indeno-fused naphthopyran without the group that
extends the pi-conjugated system of the comparable
indeno-fused naphthopyran bonded at the 11-position
thereof. As discussed above, as used herein the term
"closed-form absorption spectrum" refers to the
absorption spectrum of the photochromic material in
the closed-form or unactivated state. [032] For
example, referring again to Fig. 1, absorption
spectrum Ia, which is the absorption spectrum for an
indeno-fused naphthopyran according to one nonlimiting
embodiment disclosed herein, is bathochromically
shifted- that is, the absorption spectrum is displaced
toward longer wavelengths- as compared to absorption
spectrum Ib. Since absorption spectrum I a has an
increased absorption in the 390 nm to 420 nm range as
compared to absorption spectrum Ib, it is contemplated
the photochromic material from which absorption
spectrum I a wasobtained may be advantageously
employed in applications wherein a substantial amount
of electromagnetic radiation in the range of 320 nm to
390 nm is shielded or blocked- for example, in
applications involving use behind a windshield. [033]
As discussed above, the photochromic materials
according to various nonlimiting embodiments disclosed
herein comprise an indeno-fused naphthopyran and a
group that extends the pi-conjugated system of the
indeno-fused naphthopyran bonded at the 11-position
thereof. Non-limiting examples of groups that may
extend the pi-conjugated system of the indeno-fused
naphthopyran according to various non-limiting
embodiments disclosed herein, include a substituted or
unsubstituted aryl group, such as, but not limited to,
phenyl, naphthyl, fluorenyl, anthracenyl and
phenanthracenyl; a substituted or unsubstituted
heteroaryl group, such as, but not limited to,
pyridyl, quinolinyl, isoquinolinyl, bipyridyl,
pyridazinyl, cinnolinyl, phthalazinyl, pyrimidinyl,
quinazolinyl, pyrazinyl, quinoxalinyl,
phenanthrolinyl, triazinyl, pyrrolyl, indolyl,
furfuryl, benzofurfuryl, thienyl, benzothienyl,
pyrazolyl, indazolyl, imidazolyl, benzimidazolyl,
triazolyl, benzotriazolyl, tetrazolyl, oxazolyl,
benzoxazolyl, isoxazolyl, benzisoxazolyl, thiazolyl,
benzothiazolyl, isothiazolyl, benzisothiazolyl,
thiadiazolyl, benzothiadiazolyl, thiatriazolyl,
purinyl, carbazolyl and azaindolyl; and a group
represented by (III) or (IV) (below). [034] With
reference to (III) above, non-limiting examples of
groups that X may represent according to various
non-limiting embodiments disclosed herein include -
CR1, -N, -NO, -SR1, -St=O)R 1 and -Pt=O)R 1. Further
according to various nonlimiting embodiments disclosed
herein, if X represents -CR1 or -N, Y may represent a
group such as, but not limited to, C(R2)2, NR2, O and
S. Still further, according to various non-limiting
embodiments disclosed herein, if X represents -NO,
-SR1, -S(=O)R1 or -P(=O)R 1, Y may represents a group
such as, but not limited to, O. Non-limiting examples
of groups that R1may represent include amino, dialkyl
amino, diaryl amino, acyloxy, acylamino, a substituted
or unsubstituted C2-C2 alkyl, a substituted or
unsubstituted C2-C20 alkenyl, a substituted or
unsubstituted C2-C2Oalkynyl, halogen, hydrogen,
hydroxy, oxygen, a polyol residue (such as, butnot
limited to, those discussed herein below with respect
to -G-), a substituted or unsubstituted phenoxy, a
substituted or unsubstituted benzyloxy, a substituted
or unsubstituted alkoxy, a substituted or
unsubstituted oxyalkoxy, alkylamino, mercapto,
alkylthio, a substituted or unsubstituted aryl, a
substituted or unsubstituted heteroaryl, a substituted
or unsubstituted heterocyclic group (e.g., piperazino,
piperidino, morpholino, pyrrolidino etc.), a reactive
substituent, a compatiblizing substituent, and a
photochromic material. Non-limiting examples of groups
from which each R2 group discussed above may be
independently chosen include those groups discussed
above with respect to R . [035] With reference to (IV)
above, according to various non-limiting embodiments
disclosed herein, X' may represent a group including,
but not limited to, -C or -N+, and Y' may represent a
group including, but not limited to, CR3 or N.
Non-limiting examples of groups that R3 may represent
include those groups discussed above with respect to
R1. [036] Alternatively, as discussed above, according
to various non-limiting embodiments disclosed herein,
the group that extends the pi-conjugated system of the
indeno-fused naphthopyran bonded at the 11-position of
the indeno-fused naphthopyran together with a group
bonded at the 12-position of the indeno-fused
naphthopyran or together with a group bonded at the
10-position of the indeno-fused naphthopyran may form
a fused group, provided that the fused group is not a
benzofused group. According to other non-limiting
embodiments, the group bonded at the 11-position
together with a group bonded at the 12-position or the
10-position may form a fused group, provided that the
fused group extends the pi-conjugated system of the
indeno-fused naphthopyran at the 11-position, but does
not extend the piconjugated system of the indeno-fused
naphthopyran at the 10-position or the 12- position.
For example, according to various non-limiting
embodiments disclosed herein, if the group bonded at
the 11-position of the indeno-fused naphthopyran
together with a group bonded at the 10-position or
12-position of the indeno-fused naphthopyran forms a
fused group, the fused group may be indeno,
dihydronaphthalene, indole, benzofuran, benzopyran or
thianaphthene.[037] According to various non-limiting
embodiments disclosed herein, the group that extends
the pi-conjugated system of the indeno-fused
naphthopyran bonded at the 11-position thereof may be
a substituted or unsubstituted C2-C20 alkenyl; a
substituted or unsubstituted C2-C2 alkynyl; a
substituted or unsubstituted aryl; a substituted or
unsubstituted heteroaryl; -C(=O)R1, wherein R1may
represent a group as set forth above; or -N(=Y) or
-N+(SY'), wherein Y may represent a group such as, but
not limited to, C(R2)2, NR2, O and S, and Y' may
represent a group such as, but not limited to, CR3 and
N, wherein R2 and R3 may represent groups such as
those discussed above. Substituents that may be bonded
to the substituted C2-C20 alkenyl, 



substituted C2-C2 alkynyl, substituted aryl, and
substituted heteroaryl groups according to these and
other non-limiting embodiments disclosed herein
include groups, which may be substituted or
unsubstituted, such as, but not limited to, alkyl,
alkoxy, oxyalkoxy, amide, amino, aryl, heteroaryl,
azide, carbonyl, carboxy, ester, ether, halogen,
hydroxy, oxygen, a polyol residue, phenoxy, benzyloxy,
cyano, nitro, sulfonyl, thiol, a heterocyclic group, a
reactive substituent, a compatiblizing substituent,
and a photochromic material. Further, according to
various non-limiting embodiments disclosed herein
wherein the group that extends the pi-conjugated
system of the indeno-fused naphthopyran comprises more
than one substituent, each substituent may be
independently chosen from those groups discussed
above. [038] For example, according to one
non-limiting embodiment, the group that extends the
pi-conjugated system of the indeno-fused naphthopyran
bonded at the 11-position thereof may be an aryl group
or a heteroaryl group that is unsubstituted or
substituted with at least one of a substituted or
unsubstituted alkyl, a substituted or unsubstituted
alkoxy, a substituted or unsubstituted oxyalkoxy,
amide, a substituted or unsubstituted amino, a
substituted or unsubstituted aryl, a substituted or
unsubstituted heteroaryl, azide, carbonyl, carboxy,
ester, ether, halogen, hydroxy, a polyol residue, a
substituted or unsubstituted phenoxy, a substituted or
unsubstituted benzyloxy, cyano, nitro, sulfonyl,
thiol, a substituted or unsubstituted heterocyclic
group, a reactive substituent, a compatiblizing
substituent or a photochromic material. Further, if
the aryl group or the heteroaryl group comprisesmore
than one substituent, each substituent may be the same
as or different from one or more of the remaining
substituents. [039] According to another non-limiting
embodiment, the group that extends the pi-conjugated
system of the indeno-fused naphthopyran bonded at the
11-position thereof may be -C(MD)R1, and R1may
represent acylamino, acyloxy, a substituted or
unsubstituted C1-C2O alkyl, a substituted or
unsubstituted alkoxy, a substituted or unsubstituted
oxyalkoxy, amino, dialkyl amino, diaryl amino, a
substituted or unsubstituted aryl, a substituted or
unsubstituted heteroaryl, a substituted or
unsubstituted heterocyclic group, halogen, hydrogen,
hydroxy, oxygen, a polyol residue, a substituted or
unsubstituted phenoxy, a substituted or unsubstituted
benzyloxy, a reactive substituent or a photochromic
material. [040] Further, the photochromic materials
comprising a group that extends the piconjugated
system of the indeno-fused naphthopyran bonded at the
11-position according to various non-limiting
embodiments disclosed herein may further comprise
another photochromic material that is linked, directly
or indirectly, to the group that extends the
pi-conjugated system or another position on the
photochromic material. For example, although not
limiting herein, as shown in Fig. 2a, the group that
extends the pi-conjugated system of the indeno-fused
naphthopyran bonded at the 11-position thereof may be
represented by -X=Y, wherein X represents -CR1 and Y
represents O (i.e., -C(K))R 1), wherein R1 represents
a heterocyclic group (e.g., a piperazino group as
shown in Fig. 2a) that is substituted with a
photochromic material (e.g., a
3,3-diphenyl-6,ll-dimethoxy-13,13-dimethyl-3H,13Hinden
o[ 2',3':3,4]naphtho[l,2-b]pyran as shown in Fig. 2a).
According to another non-limiting embodiment shown in
Fig. 2b, the group that extends the pi-conjugated
system of the indeno-fused naphthopyran bonded at the
11-position thereof may be represented by -X=Y,
wherein X represents -CR1 and Y represents O (i.e.,
-C(=O)R 1), wherein R1 represents an oxyalkoxy (e.g.,
an oxyethoxy as shown in Fig. 2b) that is substituted
with a photochromic material (e.g., a 3,3-diphenyl-6,l
1-
dimethoxy-13,13-dimethyl-3H,13H-indeno[2',3':3,4]napht
ho[l,2-b]pyran as shown in Fig. 2b).[041] Although not
limiting herein, according to various non-limiting
embodiments wherein the photochromic material
comprising the group that extends the pi-conjugated
system bonded at the 11-position thereof comprises an
additional photochromic material that is linked
thereto, the additional photochromic material may be
linked to the photochromic material comprising the
group that extends the pi-conjugated system bonded at
the 1 1-position thereof by an insulating group. As
used herein, the term "insulating group" means a group
having at least two consecutive sigma (s) bonds that
separate the pi-conjugated systems of the photochromic
materials. For example, and without limitation herein,
as shown in Figs. 2a and 2b, the additional
photochromic material may be linked to the
photochromic material comprising the group that
extends the pi-conjugated system bonded at the
11-position thereof by one or more insulating
group(s). Specifically, although not limiting herein,
as shown in Fig. 2a, the insulating group may be the
alkyl portion of a piperazino group, and, as shown in
Fig. 2b, the insulating group may be the alkyl portion
of an oxyalkoxy group. [042] Still further, and as
discussed in more detail below, according to various
nonlimiting embodiments, the group that extends the
pi-conjugated system of the indeno-fused naphthopyran
bonded at the 11-position may comprise a reactive
substituent or a compatiblizing substituent. As used
herein the term "reactive substituent" means an
arrangement of atoms, wherein a portion of the
arrangement comprises a reactive moiety or a residue
thereof. As used herein, the term "moiety" means a
part or portion of an organic molecule that has a
characteristic chemical property. As used herein, the
term "reactive moiety" means a part or portion of an
organic molecule that may react to form one or more
covalent bond(s) with an intermediate in a
polymerization reaction, or with a polymer into which
it has been incorporated. As used herein the term
"intermediate in a polymerization reaction" means any
combination of two or more monomer units that are
capable of reacting to form one or more bond(s) to
additional monomer unit(s) to continue a
polymerization reaction or, alternatively, reacting
with a reactive moiety of the reactive substituent on
the photochromic material. For example, although
notlimiting herein, the reactive moiety may react with
an intermediate in a polymerization reaction of a
monomer or oligomer as a co-monomer in the
polymerization reaction or may react as, for example
and without limitation, a nucleophile or electrophile,
that adds into the intermediate. Alternatively, the
reactive moiety may react with a group (such as, but
not limited to a hydroxyl group) on a polymer. 



[043] As used herein the term "residue of a reactive
moiety" means that which remains after a reactive
moiety has been reacted with a protecting group or an
intermediate in a polymerization reaction. As used
herein the term "protecting group" means a group that
is removably bonded to a reactive moiety that prevents
the reactive moiety from participating in a reaction
until the group is removed. Optionally, the reactive
substituents according to various non-limiting
embodiments disclosed herein may further comprise a
linking group. As used herein the term "linking group"
means one or more group(s) or chain(s) of atoms that
connect the reactive moiety to the photochromic
material. [044] As used herein the term
"compatiblizing substituent" means an arrangement of
atoms that can facilitate integration of the
photochromic material into another material or
solvent. For example, according to various
non-limiting embodiments disclosed herein, the
compatiblizing substituent may facilitate integration
of the photochromic material into a hydrophilic
material by increasing the miscibility of the
photochromic material in water or a hydrophilic
polymeric, oligomeric, or monomelic material.
According to other non-limiting embodiments, the
compatiblizing substituent may facilitate integration
of the photochromic material into a lipophilic
material. Although not limiting herein, photochromic
materials according to various non-limiting
embodiments disclosed herein that comprise a
compatiblizing substituent that facilitates
integration into a hydrophilic material may be
miscible in hydrophilic material at least to the
extent of one gram per liter. Nonlimitng examples of
compatibilizing subsubstiuents include those
substituents comprising the group -J, where - J
represents the group - K or hydrogen, which are
discussed herein below. When the ophthalmic device of
the present invention isformed from a hydrogel,
non-limiting examples of suitable compatilibilizing
groups include, but are not limited to -SO3 , -Cl,
-OH, aniline groups, morpholino groups and
combinations thereof, which may be in any position, so
long as the Pi conjugated system of the indeno-fused
naphthapyran bonded at the 11 position is retained.
[045] Further, it should be appreciated that some
substituents may be both compatiblizing and reactive.
For example, a substituent that comprises hydrophilic
linking group(s) that connects a reactive moiety to
the photochromic material may be both a reactive
substituent and a compatiblizing substituent. As used
herein, such substituents may be termed as either a
reactive substituent or a compatiblizing substituent.
It should also be appreciated that the photochromic
material may contain a plurality of reactive
substituents, compatibilizing substituents or both.
[046] As discussed above, various non-limiting
embodiments disclosed herein relate to photochromic
materials comprising an indeno-fused naphthopyran and
a group that extends the pi-conjugated system of the
indeno-fused naphthopyran bonded at the 11-position
thereof, provided that if the group bonded at the 11-
position of the indeno-fused naphthopyran together
with a group bonded at the 10- position or 12-position
of the indeno-fused naphthopyran forms a fused group,
said fused group is not a benzo-fused group; and
wherein the 13-position of the indenofused
naphthopyran is unsubstituted, mono-substituted or
di-substituted, provided that if the 13-position of
the indeno-fused naphthopyran is di-substituted, the
substituent groups do not together form norbornyl.
Further, according to other nonlimiting embodiments,
the indeno-fused naphthopyran may be free of
spiro-cyclic groups at the 13-position of the
indeno-fused naphthopyran. As used herein the phrase
"free of spiro-cyclic groups at the 13-position" means
that if the 13-position of the indeno-fused
naphthopyran is di-substituted, the substituent groups
do not together form a spiro-cyclic group.
Non-limiting examples of suitable groups that may be
bonded at the 13-position are set forth with respect
to R7 and R8 in (XTV) and (XV) herein below.[047]
Further, various non-limiting embodiments disclosed
herein relate to photochromic materials comprising an
indeno-fused naphthopyran and a group that extends the
pi-conjugated system of the indeno-fused naphthopyran
bonded at the 11-position thereof (as discussed
above), wherein the indeno-fused naphthopyran is an
indeno[2',3':3,4]naphtho[l,2-b]pyran, and wherein the
6-position and/or the 7- position of the indeno-fused
naphthopyran may each independently be substituted
with a nitrogen containing group or an oxygen
containing group; and the 13-position of the
indeno-fused naphthopyran may be di-substituted.
Non-limiting examples of substituents that may be
bonded at the 13-position according to this
non-limiting embodiment include hydrogen, C1-C alkyl,
C3-C7 cycloalkyl, allyl, a substituted or unsubstitued
phenyl, a substituted or unsubstituted benzyl, a
substituted or unsubstituted amino and -C(O)R30.
Non-limiting examples of groups that R30 may represent
include hydrogen, hydroxy, C1-C6 alkyl, C1-C alkoxy,
the unsubstituted, mono-or di-substituted aryl groups
phenyl or naphthyl, phenoxy, mono- or di-(Ci- C6)
alkyl substituted phenoxy or mono- and di-(CrC
6)alkoxy substituted phenoxy. Suitable non-limiting
examples of nitrogen containing groups and oxygen
containing groups that may be present at the
6-position and/or the 7-position of the indeno-fused
naphthopyran according to these and other non-limiting
embodiments disclosed herein include those that are
set forth with respect to R6 in (XIV) and (XV) herein
below. [048] Other non-limiting embodiments disclosed
herein relate to photochromic materials comprising an
indeno-fused naphthopyran, wherein the 13-position of
the indeno-fused naphthopyran is unsubstituted,
mono-substituted or di-substituted, provided that if
the 13-position of the indeno-fused naphthopyran is
di-substituted, the substituent groups do not together
form norbornyl, and wherein the photochromic material
has an integrated extinction coefficient greater than
1.0 x 106 ran x mol 1 x cm"1 as determined by
integration of a plot of extinction coefficient of the
photochromic material vs. wavelength over a range of
wavelengths ranging from 320 ran to 420 nm, inclusive.
Further, according to these non-limiting embodiments
the integrated extinction coefficient may range from
1.1 x 106 to 4.0 x 106 nm x mol1x cm 1 as determined
by integration of a plot of extinction coefficient of
the photochromic material vs. wavelength over a range
of wavelengths ranging from 320 nm to 420 nm,
inclusive. Still further, the photochromic materials
according these non-limiting embodiments may comprise
a group that extends the piconjugated 



system of the indeno-fused naphthopyran bonded at the
11-position thereof. Non-limiting examples of groups
bonded at the 11-position of the indenofused
naphthopyran that extend the pi-conjugated system of
the indeno-fused naphthopyran include those discussed
above. [049] One specific non-limiting embodiment
disclosed herein provides a photochromic material
comprising: (i) an indeno-fused naphthopyran chosen
from an indeno[2',3':3,4]naphtho[l,2-b]pyran and an
indeno[l',2':4,3]naphtho[2,lb] pyran, and mixtures
thereof, wherein the 13-position of the indeno-fused
naphthopyran is unsubstituted, mono-substituted or
di-substituted, provided that if the 13-position of
the indeno-fused naphthopyran is di-substituted, the
substituent groups do not together form norbornyl; and
(ii) a group that extends the piconjugated system of
the indeno-fused naphthopyran bonded at the
11-position thereof, wherein said group may be a
substituted or unsubstituted aryl, a substituted or
unsubstituted heteroaryl, or a group represented by
-X=Y or -X'  Y' . Nonlimiting examples of groups that
X, X', Y and Y' may represent are as set forth above.
[050] Alternatively, the group that extends the
pi-conjugated system of the indenofused naphthopyran
bonded at the 11-position of the indeno-fused
naphthopyran together with a group bonded at the
12-position of the indeno-fused naphthopyran or
together with a group bonded at the 10-position of the
indeno-fused naphthopyran form a fused group, said
fused group being indeno, dihydronaphthalene, indole,
benzofuran, benzopyran or thianaphthene. Further,
according to this non-limiting embodiment, the
indeno-fused naphthopyran may be free of spiro-cyclic
groups at the 13-position thereof. [051] As previously
discussed, the photochromic materials according to
various non-limiting embodiments disclosed herein may
comprise at least one of a reactivesubstituent and/or
a compatiblizing substituent. Further, according to
various nonlimiting embodiments disclosed herein
wherein the photochromic material comprises multiple
reactive substituents and/or multiple compatiblizing
substituents, each reactive substituent and each
compatiblizing substituent may be independently
chosen. Non-limiting examples of reactive and/or
compatiblizing substituents that may be used in
conjunction with the various non-limiting embodiments
disclosed herein may be represented by one of: -A'
-D-E-G-J (V); -G-E-G-J (VI); -D-E-G-J (VII); -A'-D-J
(VIII); -D-G-J (IX); -D-J (X); -A' -G-J (XI); -G-J
(XII); and -A'-J (XIiI). [052] With reference to
(V)-(XIII) above, non-limiting examples of groups that
-A'- may represent according to various non-limiting
embodiments disclosed herein include -O-, -C(=O)-,
-CH2-, -OC(=O)- and -NHC(O)-, provided that if -A'-
represents -0-, -A'- forms at least one bond with -J.
[053] Non-limiting examples of groups that -D- may
represent according to various non-limiting
embodiments include a diamine residue or a derivative
thereof, wherein a first amino nitrogen of said
diamine residue may form a bond with -A'-, the group
that extends the pi-conjugated system of the
indeno-fused naphthopyran bonded at the 11-position
thereof, or a substituent or an available position on
the indeno-fused naphthopyran, and a second amino
nitrogen of said diamine residue may form a bond with
-E-, -G- or -J; and an amino alcohol residue or a
derivative thereof, wherein an amino nitrogen of said
amino alcohol residue may form a bond with -A'- , the
group that extends the pi-conjugated system of the
indeno-fused naphthopyran bonded at the 11-position
thereof, or a substituent or an available position on
the indeno-fused naphthopyran, and an alcohol oxygen
of said amino alcohol residue may form a bond with
-E-, -G- or -J. Alternatively, according to various
nonlimiting embodiments disclosed herein the amino
nitrogen of said amino alcohol residue may form a bond
with -E-, -G- or -J, and said alcohol oxygen of said
amino alcohol residue may form a bond with -A'-, the
group that extends the pi-conjugatedsystem of the
indeno-fused naphthopyran bonded at the 11-position
thereof, or a substituent or an available position on
the indeno-fused naphthopyran. [054] Non-limiting
examples of suitable diamine residues that -D- may
represent include an aliphatic diamine residue, a
cyclo aliphatic diamine residue, a diazacycloalkane
residue, an azacyclo aliphatic amine residue, a
diazacrown ether residue, and an aromatic diamine
residue. Specific non-limiting examples diamine
residues that may be used in conjunction with various
non-limiting embodiments disclosed herein include the
following: [055] Non-limiting examples of suitable
amino alcohol residues that -D- may represent include
an aliphatic amino alcohol residue, a cyclo aliphatic
amino alcohol residue, an azacyclo aliphatic alcohol
residue, a diazacyclo aliphatic alcohol residue and an
aromatic amino alcohol residue. Specific non-limiting
examples amino alcohol residues that may be used in
conjunction with various non-limiting embodiments
disclosed herein include the following: [056] With
continued reference to (V)-(XIII) above, according to
various nonlimiting embodiments disclosed herein, -E-
may represent a dicarboxylic acid residue or a
derivative thereof, wherein a first carbonyl group of
said dicarboxylicacid residue may form a bond with -G-
or -D-, and a second carbonyl group of said
dicarboxylic acid residue may form a bond with -G-.
Non-limiting examples of suitable dicarboxylic acid
residues that -E- may represent include an aliphatic
dicarboxylic acid residue, a cycloaliphatic
dicarboxylic acid residue and an aromatic dicarboxylic
acid residue. Specific non-limiting examples of
dicarboxylic acid residues that may be used in
conjunction with various non-limiting embodiments
disclosed herein include the following: [057]
According to various non-limiting embodiments
disclosed herein, -G- may represent a group
-[(OC2H4)x(OC3H6)y (OC4H8)Z]-O-, wherein x, y and z
are each independently chosen and range from 0 to 50,
and a sum of x, y, and z ranges from 1 to 50; a polyol
residue or a derivative thereof, wherein a first
polyol oxygen of said polyol residue may form a bond
with -A'-, -D-, -E-, the group that extends the
piconjugated system of the indeno-fused naphthopyran
bonded at the 11-position thereof, or a substituent or
an available position on the indeno-fused
naphthopyran, and a second polyol oxygen of said
polyol may form a bond with -E- or -J; or a 



combination thereof, wherein the first polyol oxygen
of the polyol residue forms a bond with a group
-[(OC2H4)x(OC3H6)y (OC4H8)Z]- (i.e., to form the group
- [(OC2H4)X(OC3He) (OC4H8)J-O-), and the second polyol
oxygen forms a bond with -E- or -J. Non-limiting
examples of suitable polyol residues that -G- may
represent include an aliphatic polyol residue, a cyclo
aliphatic polyol residue, and an aromatic polyol
residue. [058] Specific non-limiting examples of
polyols from which the polyol residues that -G- may
represent may be formed according to various
non-limiting embodiments disclosed herein include (a)
low molecular weight polyols having an average
molecular weight less than 500, such as, but not
limited to, those set forth in U.S. Patent No.
6,555,028 at col. 4, lines 48-50, and col. 4, line 55
to col. 6, line 5, which disclosure is hereby
specifically incorporated by reference herein;
(b)polyester polyols, such as, but not limited to,
those set forth in U.S. Patent No. 6,555,028 at col.
5, lines 7-33, which disclosure is hereby specifically
incorporated by reference herein; (c) polyether
polyols, such as but not limited to those set forth in
U.S. Patent No. 6,555,028 at col. 5, lines 34-50,
which disclosure is hereby specifically incorporated
by reference herein; (d) amide-containing polyols,
such as, but not limited to, those set forth in U.S.
Patent No. 6,555,028 at col. 5, lines 51-62, which
disclosure is hereby specifically incorporated by
reference; (e) epoxy polyols, such as, but not limited
to, those set forth in U.S. Patent No. 6,555,028 at
col. 5 line 63 to col. 6, line 3, which disclosure is
hereby specifically incorporated by reference herein;
(f) polyhydric polyvinyl alcohols, such as, but not
limited to, those set forth in U.S. Patent No.
6,555,028 at col. 6, lines 4-12, which disclosure is
hereby specifically incorporated by reference herein;
(g) urethane polyols, such as, but not limited to
those set forth in U.S. Patent No. 6,555,028 at col.
6, lines 13-43, which disclosure is hereby
specifically incorporated by reference herein; (h)
polyacrylic polyols, such as, but not limited to those
set forth in U.S. Patent No. 6,555,028 at col. 6,
lines 43 to col. 7, line 40, which disclosure is
hereby specifically incorporated by reference herein;
(i) polycarbonate polyols, such as, but not limited
to, those set forth in U.S. Patent No. 6,555,028 at
col. 7, lines 41-55, which disclosure is hereby
specifically incorporated by reference herein; and (j)
mixtures of such polyols. [059] Referring again to
(V)-(XIII) above, according to various non-limiting
embodiments disclosed herein, -J may represent a group
-K, wherein -K represents a group such as, but not
limited to, -CH2COOH, -CH(CH3)COOH, -C(O)(CH2)WCOOH,
-C6H4SO3H, -C5H10SO3H, -C4H8SO3H, -C3H6SO3H, -
C2H4SO3H and -SO3H wherein "w" ranges from 1 to 18.
According to other nonlimiting embodiments -J may
represent hydrogen that forms a bond with an oxygen or
a nitrogen of linking group to form a reactive moiety
such as -OH or -NH. For example, according to various
non-limiting embodiments disclosed herein, -J may
represent hydrogen, provided that if -J represents
hydrogen, -J is bonded to an oxygen of -D- or -G-, or
a nitrogen of -D-.[060] According to still other
non-limiting embodiments, -J may represent a group -L
or residue thereof, wherein -L may represent a
reactive moiety. For example, according to various
non-limiting embodiments disclosed herein -L may
represent a group such as, but not limited to, acryl,
methacryl, crotyl, 2- (methacryloxy)ethylcarbamyl,
2-(methacryloxy)ethoxycarbonyl, 4-vinylphenyl, vinyl,
1-chlorovinyl or epoxy. As used herein, the terms
acryl, methacryl, crotyl, 2-
(methacryloxy)ethylcarbamyl,
2-(methacryloxy)ethoxycarbonyl, 4-vinylphenyl, vinyl,
1-chlorovinyl, and epoxy refer to the following
structures: acryl methacryl [061] As previously
discussed, -G- may represent a residue of a polyol,
which is defined herein to include hydroxy-containing
carbohydrates, such as those set forth in U.S. Patent
No. 6,555,028 at col. 7, line 56 to col. 8, line 17,
which disclosure is hereby specifically incorporated
by reference herein. The polyol residue may be formed,
for example and without limitation herein, by the
reaction of one or more of the polyol hydroxyl groups
with a precursor of -A'-, such as a carboxylic acid or
a methylene halide, a precursor of polyalkoxylated
group, such as polyalkylene glycol, or a hydroxyl
substituent of the indeno-fused naphthopyran. The
polyol may be represented by ^-(OH)a and the residue
of the polyol may be represented by the formula
-O-#-(OH)a-i, wherein q is the backbone or main chain
of the polyhydroxy compound and "a" is at least 2.
[062] Further, as discussed above, one or more of the
polyol oxygens of -G- may form a bond with -J (i.e.,
forming the group -G-J). For example, although not
limiting herein, wherein the reactive and/or
compatiblizing substituent comprises the group -G-J,
if -G- represents a polyol residue and -J represents a
group -K thatcontains a carboxyl terminating group,
-G-J may be produced by reacting one or more polyol
hydroxyl groups to form the group -K (for example as
discussed with respect to Reactions B and C at col.
13, line 22 to col. 16, line 15 of U.S. Patent No.
6,555,028, which disclosure is hereby specifically
incorporated by reference herein) to produce a
carboxylated polyol residue. Alternatively, if -J
represents a group -K that contains a sulfo or sulfono
terminating group, although not limiting herein, -G-J
may be produced by acidic condensation of one or more
of the polyol hydroxyl groups with HOC6H4SO3H;
HOC5Hi0SO3H; HOC4H8 SO3H; HOC3H6SO3H; HOC2H4 SO3H; or
H2SO4, respectively. Further, although not limiting
herein, if -Grepresents a polyol residue and -J
represents a group -L chosen from acryl, methacryl,
2-(methacryloxy)ethylcarbamyl and epoxy, -L may be
added by condensation of the polyol residue with
acryloyl chloride, methacryloyl chloride, 2-
isocyanatoethyl methacrylate or epichlorohydrin,
respectively. [063] As discussed above, according to
various non-limiting embodiments disclosed herein, a
reactive substituent and/or a compatiblizing
substituent may be bonded to group that extends the
pi-conjugated system of the indeno-fused naphthopyran
bonded at the 11-position of the indeno-fused
naphthopyran. For example, as discussed above, the
group that extends the pi-conjugated system of the
indeno-fused naphthopyran bonded at the 11-position
thereof may be an aryl or heteroaryl that is
substituted with the reactive and/or compatiblizing
substituent, or may be a group represented by -X=Y or
-X'  Y', wherein the groups X, X', Y and Y' may
comprise the reactive and/or compatiblizing
substituent as discussed above. 



For example, according to one non-limiting embodiment
as shown in Fig. 3a, the group that extends the
pi-conjugated system may be an aryl group (e.g., a
phenyl group as shown in Fig. 3a) that is substituted
with a reactive substituent (e.g., a (2-
methacryloxyethoxy)carbonyl as shown in Fig. 3a),
which may be represented by -A'-G-J (as discussed
above), wherein -A'- represents -C(=0)-, -G-
represents -[OC2H4]O-, and -J represents methacryl.
[064] Additionally or alternatively, a reactive and/or
compatiblizing substituent may be bonded at a
substituent or an available position on the
indeno-fusednaphthopyran ring other than at the
11-position. For example, although not limiting
herein, in addition to or instead of having a reactive
and/or compatiblizing substituent bonded to the group
that extends the pi-conjugated system of the
indenofused naphthopyran bonded at the 11-position of
the indeno-fused naphthopyran, the 13-position of the
indeno-fused naphthopyran may be mono- or
di-substituted with a reactive and/or compatiblizing
substituent. Further, if the 13-position is
disubstituted, each substituent may be the same or
different. In another non-limiting example, in
addition to or instead of having a reactive and/or
compatiblizing substituent bonded to the group that
extends the pi-conjugated system of the indenofused
naphthopyran bonded at the 11-position of the
indeno-fused naphthopyran, a reactive and/or
compatiblizing substituent may be substituted at the
3-position of an indeno[2',3':3,4]naphtho[l,2-b]pyran,
the 2-position of an
indeno[l',2':4,3]naphtho[2,l-b]pyran, and /or the 6-
or 7- positions of these indenofused naphthopyrans.
Further, if the photochromic material comprises more
than one reactive and/or compatiblizing substituent,
each reactive and/or compatiblizing substituent may be
the same as or different from one or more of the
remaining reactive and/or compatiblizing substituents.
[065] For example, referring now to Fig. 3b, according
to one non-limiting embodiment, the group that extends
the pi-conjugated system of the indeno-fused
naphthopyran bonded at the 11-position thereof is a
substituted aryl group (e.g., a (4- phenyl-)phenyl
group as shown in Fig. 3b), and the photochromic
material further comprises a reactive substituent
(e.g., a 3-(2-
methacryloxyethyl)carbamyloxymethylenepiperidino-l-yl)
group as shown in Fig. 3b), which may be represented
by -D-J (as discussed above), wherein -D- represents
an azacyclo aliphatic alcohol residue, wherein the
nitrogen of the azacyclo aliphatic alcohol residue
forms a bond with the indeno-fused naphthopyran at the
7-position, and the alcohol oxygen of the azacyclo
aliphatic alcohol residue forms a bond with -J,
wherein -J represents 2-(methacryloxy)ethylcarbamyl.
Another non-limiting example of a photochromic
material according to various non-limiting embodiments
disclosed herein that has a reactive substituent at
the 7-position thereof is a
3-(4-morpholinophenyl)-3-phenyl-6-methoxy-7-(3-(2-
methacryloxyethyl)carbamyloxymethylenepiperidino-
1-yl)-l 1-phenyl- 13,13- dimethyl-3H,
13H-indeno[2',3':3,4]naphtho[l ,2-b]pyran. [066] One
non-limiting example of a photochromic material
according to various non-limiting embodiments
disclosed herein that has a reactive substituent at
the 3- position thereof is a
3-(4-(2-(2-methacryloxyethyl)carbamylethoxy)
phenyl)-3-
phenyl-6,7-dimethoxy-ll-phenyl-13,13-dimethyl-3H,13Hin
deno[ 2',3':3,4]naphtho[l,2-b]pyran. [067] Additional
description of reactive substituents that may be used
in connection with the photochromic materials
described herein is set forth in U.S. Patent
Application No. 11/ , entitled OPHTHALMIC DEVICES
COMPRISING PHOTOCHROMIC MATERIALS WITH REACTIVE
SUBSTITUENTS, filed on a date even herewith, which
lists Wenjing Xiao, Barry Van Gemert, Shivkumar
Mahadevan and Frank Molock as inventors. [068] which
are hereby specifically incorporated by reference
herein. Still other non-limiting examples of reactive
and/or compatiblizing substituents are set forth in
U.S. Patent No. 6,555,028, at col. 3, line 45 to col.
4, line 26, and U.S. Patent No. 6,1 13,814 at col. 3,
lines 30-64, which disclosures are hereby specifically
incorporated by reference herein. [069] Other
non-limiting embodiments disclosed herein provide a
photochromic material represented by (XTV), (XV)
(shown below) or a mixture thereof.[070] With
reference to (XIV) and (XV) above, according to
various non-limiting embodiments disclosed herein R4
may represent a substituted or unsubstituted aryl; a
substituted or unsubstituted heteroaryl; or a group
represented by -X=Y or -X'  Y'. Non-limiting examples
of groups that X5 X', Y and Y' may represent are set
forth above. Suitable non-limiting examples of aryl
and heteroaryl substituents are set forth above in
detail. [071] Alternatively, according to various
non-limiting embodiments disclosed herein, the group
represented by R4 together with a group represented by
an R5 bonded at the 12-position of the indeno-fused
naphthopyran or together with a group represented by
an R5 group bonded at the 10-position of the
indeno-fused naphthopyran may form a fused group.
Examples of suitable fused groups include, without
limitation, indeno, dihydronaphthalene, indole,
benzofuran, benzopyran and thianaphthlene. [072] With
continued reference to (XIV) and (XV), according to
various nonlimiting embodiments disclosed herein, "n"
may range from 0 to 3, and "m" mayrange from 0 to 4.
According to various non-limiting embodiments
disclosed herein, where n is at least one and/or m is
at least one, the groups represented by each R5 and/or
each R6 may be independently chosen. Non-limiting
examples of groups that R5 and/or R6 may represent
include a reactive substituent; a compatiblizing
substituent; hydrogen; Ci-C alkyl; chloro; fluoro;
C3-C7 cycloalkyl; a substituted or unsubstituted
phenyl, said phenyl substituents being C1-C alkyl or
Ci-C ; -OR10 or - OC(=O)R 10 , wherein R10 may
represent a group such as, but not limited to, S,
hydrogen, amine, Ci-C6 alkyl, phenyl(C 1-C3)alkyl,
mono(Ci-C 6)alkyl substituted phenyl(Ci-C 3)alkyl,
mono(Ci-C 6)alkoxy substituted phenyl(Ci-C 3)alkyl,
(C1- C6)alkoxy(C2-C4)alkyl, C3-C7 cycloalkyl
andmono(Ci-C 4)alkyl substituted C3-C7 cycloalkyl, a
mono-substituted phenyl, said phenyl having a
substituent located at the para position, the
substituent being 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,
-(CH2)-, -(CH2)t- or -[O- 



(CH2)t-]r, wherein "t" may range from 2 to 6, and "k"
may range from 1 to 50, and wherein the substituent
may be connected to an aryl group on another
photochromic material; and a nitrogen-containing
group. [073] Non-limiting examples of
nitrogen-containing groups that R5 and/or R6 may
represent include -N(R1 R12, wherein the groups
represented by R1 and R12 may be the same or
different. Examples of groups that R11 and R12 may
represent according to various non-limiting
embodiments disclosed herein include, without
limitation, hydrogen, Ci-C8 alkyl, phenyl, naphthyl,
furanyl, benzofuran-2-yl, benzofuran-3-yl, thienyl,
benzothien-2-yl, benzothien-3-yl, dibenzofuranyl,
dibenzothienyl, benzopyridyl, fluorenyl, Ci-C8
alkylaryl, C3-C20 cycloalkyl, C4-C20 bicycloalkyl, C5-
C20 tricycloalkyl and Ci-C2 alkoxyalkyl.
Alternatively, according to various nonlimiting
embodiments, R11 and R12 may represent groups that
come together with the nitrogen atom to form a C3-C2
hetero-bicycloalkyl ring or a C4-C20
heterotricycloalkyl ring. [074] Other non-limiting
examples of a nitrogen containing groups that R5
and/or R6 may represent include nitrogen containing
rings represented by (XVI) below.[075] With reference
to (XVI), non-limiting examples of groups that -M- may
represent according to various non-limiting
embodiments disclosed herein include -CH2-, -CH(R
13)-, -C(Rn) 2- -CH(aryl)-, -C(aryl)2- and
-C(R13)(aryl)-. Non-limiting examples of groups that
-Q- may represent according to various non-limiting
embodiments disclosed herein include those discussed
above for -M-, -O-, -S-, - S(O)-, -SO2-, -NH-,
-N(R13)- and -N(aryl). According to various
non-limiting embodiments disclosed herein, each R 3may
independently represent Ci-C alkyl, and the group
designated "(aryl)" may independently represent phenyl
or naphthyl. Further, according to various
non-limiting embodiments disclosed herein, "u" may
range from 1 to 3 and "v" may range from 0 to 3,
provided that if v is 0, -Qrepresents a group
discussed above with respect to -M-. [076] Still other
non-limiting examples of a suitable nitrogen
containing groups that R5 and/or R6 may represent
include groups represented by (XVlIA) or (XVIIB)
below. (XVIIA) (XVIIB) [077] According to various
non-limiting embodiments disclosed herein, the groups
represented by R15 , R16 and R17 respectively in
(XVIIA) and (XVIIB) above may be the same as or
different from each one another. Non-limiting examples
of groups that R15 , R16 and R17 may independently
represent according to various non-limiting
embodiments disclosed herein include hydrogen, C1-C6
alkyl, phenyl, and naphthyl. Alternatively, according
to various non-limiting embodiments, R15 and R16 may
represent groups that together form a ring of 5 to 8
carbon atoms. Further, accordingto various non-liming
embodiments disclosed herein, "p" may range from 0 to
3, and if p is greater than one, each group
represented by R14 may be the same as or different
from one or more other R groups. Non-limiting examples
of groups that R14 may represent according to various
non-limiting embodiments disclosed herein include Ci-C
alkyl, Ci-C alkoxy, fluoro, and chloro. [078] Yet
other non-limiting examples of a nitrogen containing
groups that R5 and/or R6 may represent include
substituted or unsubstituted C4-Ci8 spirobicyclic
amines and substituted or unsubstituted C4-Ci
spirotricyclic amines. Non-limiting examples of
spirobicyclic and spirotricyclic amine substituents
include aryl, Ci-C alkyl, Ci-C 6 alkoxy or phenyl(Ci-C
6)alkyl. [079] Alternatively, according to various
non-limiting embodiments disclosed herein, a group
represented by an R6 in the 6-position and a group
represented by an R6 in the 7-position may together
form a group represented by (XVIIIA) or (XVIIIB)
below. (XVIIIA) (XVIIIB) [080] In (XVIIIA) or
(XVIIIB), the groups Z and Z' may be the same as or
different from each other. Non-limiting examples of
groups that Z and Z' may represent according to
various non-limiting embodiments disclosed herein
include oxygen and -NR1 1-. Non-limiting examples of
groups that R11, R14 and R16 may represent according
to various non-limiting embodiments disclosed herein
include those discussed above. [081] Referring again
to (XTV) and (XV), according to various non-limiting
embodiments disclosed herein the groups represented by
R7 and R8, respectively, may be the same or different.
Non-limiting examples of groups that R7 and R8 may
represent according to various non-limiting
embodiments disclosed herein include a reactive
substituent; a compatiblizing substituent; hydrogen;
hydroxy; Ci-C6 alkyl; C -C7 cycloalkyl; allyl; a
substituted or unsubstituted phenyl or benzyl, wherein
each of said phenyl and benzyl group substituents is
independently Ci-C alkyl orC1-C alkoxy; chloro;
fluoro; a substituted or unsubstituted amino; -C(O)R9,
wherein R9 may represent groups such as, but not
limited to, hydrogen, hydroxy, C1-C6 alkyl, C1-C
alkoxy, the unsubstituted, mono- or di-substituted
phenyl or naphthyl wherein each of said substituents
is independently C1-C alkyl or C1-C6 alkoxy, phenoxy,
mono- or di-(C1-C6)alkylsubstituted phenoxy, mono- or
di-(C 1-C6)alkoxy substituted phenoxy, amino, mono- or
di-td-C^alkylamino, phenylamino, mono- or di-(Cr
C6)alkyl substituted phenylamino and mono- or
di-(Ci-C6)alkoxy substituted phenylamino; -OR18 ,
wherein R18 may represent groups such as, but not
limited to, C1-C6 alkyl, phenyl(C 1-C3)alkyl, mono(C r
C6)alkyl substituted phenyl(CrC 3)alkyl, mono(CrC
6)alkoxy substituted phenyl(Cj-C3)alkyl, C1-C6
alkoxy(C2- C4)alkyl, C3- C7 cycloalkyl, mono(C
-C4)alkyl substituted C -C7 cycloalkyl, C1-C6
chloroalkyl, C1-C6 fluoroalkyl, allyl and -CH(R19)T,
wherein R19 may represent hydrogen or C1- C3 alkyl, T
may represent CN, CF3 or COOR20, wherein R20may
represent hydrogen or C1-C3 alkyl, or wherein R18 may
be represented by -C(=O)U, wherein U may represents
groups such as, but not limited to, hydrogen, C1-C6
alkyl, C1-C6 alkoxy, an unsubstituted, mono- or
di-substituted phenyl or naphthyl wherein each of said
substituents is independently C1-C6 alkyl or C1-C6
alkoxy, phenoxy, mono- or di- (Ci.-C6)alkyl
substituted phenoxy, mono- or di- substituted phenoxy,
amino, mono- or di^d-C^alkylamino, phenylamino, mono-
or di-(C1-C6)alkyl substituted phenylamino or mono-
and di-(C 1-C6)alkoxy substituted phenylamino; 



and a mono-substituted phenyl, said phenyl having a
substituent located at the para position, the
substituent being 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,
-(CH2)-, -(CH2)t- or -[O-(CH2)t-]k- wherein "t" may
range from 2 to 6 and "k" may range from 1 to 50, and
wherein the substituent may be connected to an aryl
group on another photochromic material. [082]
Alternatively, R7 and R8 may represent groups that may
together form an oxo group; a spiro-carbocyclic group,
containing 3 to 6 carbon atoms (provided that the
spiro-carbocyclic group is not norbornyl); or a
spiro-heterocyclic group containing 1 to 2 oxygen
atoms and 3 to 6 carbon atoms including the
spirocarbon atom. Further,the spiro-carboxyclic and
spiro-heterocyclic groups may be annellated with 0, 1,
or 2 benzene rings. [083] Further according to various
non-limiting embodiments, the groups represented by B
and B' in (XIV) and (XV) may be the same or different.
One nonlimiting example of a group that B and/or B'
may represent according to various non-limiting
embodiments disclosed herein include an aryl group
(for example, although not limiting herein, a phenyl
group or a naphthyl group) that is monosubstituted
with a reactive substituent and/or a compatiblizing
substituent. [084] Other non-limiting examples of
groups that B and B' may represent according to
various non-limiting embodiments disclosed herein
include an unsubstituted, mono-, di- or
tri-substituted aryl group (such as, but not limited
to, phenyl or naphthyl); 9-julolidinyl; an
unsubstituted, mono- or di-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.
Examples of suitable aryl and heteroaromatic
substituent include, without limitation, hydroxy,
aryl, mono- or di- (Ci-C 12)alkoxyaryl, mono- or
di-(C1-Ci2)alkylaryl, haloaryl, C -C7 cycloalkylaryl,
C3-C7 cycloalkyl, C3-C7 cycloalkyloxy, C3-C7
cycloalkyloxy(Ci-C 12)alkyl, C3-C7 cycloalkyloxy(CrC
12)alkoxy, aryl(Ci-Ci 2)alkyl, aryl(Ci-Ci 2)alkoxy,
aryloxy, aryloxy(Ci-Ci 2)alkyl, aryloxy(Ci-C
12)alkoxy, mono- or di(Ci-C 12)alkylaryl(Ci-
C12)alkyl, mono- or di-(Ci-C 12)alkoxyaryl(Ci-Ci
2)alkyl, mono- or di-(Cr C12)alkylaryl(Ci-C 12)alkoxy,
mono- or di-(C 1-C12)alkoxyaryl(C 1-C12)alkoxy, amino,
mono- or di-(Ci-Ci 2)alkylamino, diarylamino,
piperazino, N-(C1- C12)alkylpiperazino,
N-arylpiperazino, aziridino, indolino, piperidino, mof
holino, thiomorpholino, tetrahydroquinolino,
tetrahydroisoquinolino, pyrrolidyl, Ci-C 12 alkyl,
C1-C12 haloalkyl, Ci-Ci 2 alkoxy, mono(Ci-Ci
2)alkoxy(Ci-Ci 2)alkyl, acryloxy, methacryloxy, and
halogen. Non-limiting examples of suitable halogen
substituents include bromo, chloro and fluoro.
Non-limiting examples of suitable aryl groups include
phenyl and naphthyl.[085] Other non-limiting examples
of suitable aryl and heteroaromatic substituents
include those represented by -C(=O)R2 1, wherein R2 1
may represent groups such as, but not limited to,
piperidino or morpholino, or R2 1 may be represented
by -OR22 or -N(R23)R24, wherein R22 may represent
groups, such as but not limited to allyl, Ci-C 6
alkyl, phenyl, mono(Ci-C 6)alkyl substituted phenyl,
HiOnO(C1-C6)alkoxy substituted phenyl, phenyl(Ci-C
3)alkyl, mono(Ci-C 6)alkyl substituted phenyl(C
1-C3)alkyl, mono(Ci-C 6)alkoxy substituted phenyl(Ci-C
3)alkyl, Ci-C alkoxy(C 2-C4)alkyl and Cj-C haloalkyl.
Further, the groups represented by R23 and R24 may be
the same or different and may include, without
limitation Ci-C 6 alkyl, C5-C7 cycloalkyl and a
substituted or unsubstituted phenyl, wherein said
phenyl substituents may include Ci-C 6 alkyl and Ci-C
6 alkoxy. Non-limiting examples of suitable halogen
substituents include bromo, chloro and fluoro. [086]
Still other non-limiting examples of groups that B and
B' may represent according to various non-limiting
embodiments disclosed herein include an unsubstituted
or mono-substituted group chosen from pyrazolyl,
imidazolyl, pyrazolinyl, imidazolinyl, pyrrolinyl,
phenothiazinyl, phenoxazinyl, phenazinyl and
acridinyl, wherein said substituents maybe Ci-Ci 2
alkyl, Ci-Ci 2 alkoxy, phenyl or halogen; and a
mono-substituted phenyl, said phenyl having a
substituent located at the para position, the
substituent being 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,
-(CH2)-, -(CH2)t- or -[O- (CH2)t-]k-, wherein "t" may
range form 2 to 6 and "k" may range from 1 to 50,
wherein the substituent may be connected to an aryl
group on another photochromic material. [087] Yet
other non-limiting examples of groups that B and B'
may represent according to various non-limiting
embodiments disclosed herein include groups
represented by (XIXA), (XIXB) or (XX) below.C=C R28/ V
(XX) [088] With reference to (XIXA) and (XIXB) above,
non-limiting examples of groups that V may represent
according to various non-limiting embodiments
disclosed herein include represent -CH2- and -O-.
Non-limiting examples of groups that W may represent
according to various non-limiting embodiments
disclosed herein include oxygen and substituted
nitrogen, provided that ifW is substituted nitrogen, V
is -CH2-. Suitable non-limiting examples of nitrogen
substituents include hydrogen, Ci-Ci 2 alkyl and Ci-Ci
2 acyl. Further, according to various nonlimiting
embodiments disclosed herein, "s" may range from 0 to
2, and, if s is greater than one, each group
represented by R25may be the same as or different from
one or more other R25 groups. Non-liming examples of
groups that R25 may represent include: Ci-Ci 2 alkyl,
Ci-Ci 2 alkoxy, hydroxy and halogen. Non-limiting
examples of groups that R26 and R27 may represent
according to various non-limiting embodiments
disclosed herein include hydrogen and Ci-Ci 2 alkyl.
[089] With reference to (XX) above, non-limiting
examples of groups that R28 may represent according to
various non-limiting embodiments disclosed herein
include hydrogen and Ci-Ci 2 alkyl. Non-limiting
examples of groups that R29 may represent according to
various non-limiting embodiments disclosed herein
include an unsubstituted, mono- or di-substituted
naphthyl, phenyl, furanyl, or thienyl, said
substituents being Ci-Ci 2 alkyl, Ci-Ci 2 alkoxy or
halogen. 



[090] Alternatively, B and B' may represent groups
that, taken together, may form a fluoren-9-ylidene or
mono- or di- substituted fluoren-9-ylidene, each of
said fluoren-9-ylidene substituents independently
being Ci-Ci 2 alkyl, Ci-Ci 2 alkoxy or halogen. [091]
As previously discussed, the photochromic materials
comprising a group that extends the pi-conjugated
system of the indeno-fused naphthopyran bonded at the
11-position thereof may be further linked to another
photochromic material and may further comprise a
reactive and/or compatiblizing substituent, such as,
but notlimited to those set forth above. For example,
referring again to Fig. 2a, there is shown a
photochromic material according to various
non-limiting embodiments disclosed herein, wherein the
indeno-fused naphthopyran is an
indeno[2',3':3,4]naphtho[l,2-b]pyran (for example, as
represented by (XTV) above), wherein the group that
extends the pi-conjugated system of the indeno-fused
naphthopyran bonded at the 11-position thereof (e.g.,,
a group represented by R4) may be represented by -X=Y,
wherein X represents -CR1 and Y is O (i.e., - Ct=O)R
1), wherein R1 represents a heterocyclic group (e.g.,
a piperazino as shown in Fig. 2a) that is substituted
with a photochromic material (e.g., a 3,3-diphenyl-
6,1 l-dimethoxy-13,13
dimethyl-3H,13H-indeno[2',3':3,4]naphtho[l,2-b]pyran
as shown in Fig. 2a). Further, although not limiting
herein, as shown in Fig. 2a, the group represented by
B (on the indeno-fused naphthopyran comprising the
group that extends the pi-conjugated system of the
indeno-fused naphthopyran bonded at the 11- position
thereof) may comprise a reactive substituent that may
be represented by -A'-D-J. That is, according to this
non-limiting embodiment, the group represented by B
may be an aryl group (e.g., a phenyl group as shown in
Fig. 2a) that is mono-substituted with a reactive
substituent (e.g., (2- methacryloxyethyl)carbamyloxy
as shown in Fig. 2a) that may be represented by
-A'-D-J, wherein A' is (-OC=O)-), -D- is the residue
of an amino alcohol wherein an amino nitrogen is
bonded to -A'- and an alcohol oxygen is bonded to -J,
and -J is methacryl. [092] According to another
non-limiting embodiment wherein the photochromic
material is represented by (XTV) or (XV) above, or a
mixture thereof, at least one of a group represented
by an R6 at the 6-position, an R6 group at the
7-position, B, B', R7, R8 or R4 may comprise a
reactive and/or compatiblizing substituent. [093]
According to still another non-limiting embodiment
wherein the photochromic material is an
[2',3':3,4]naphtho[l,2-b]pyran represented by (XIV)
above, each of a group represented by an R6 group at
the 7-position and an R6 group at the 6-position of
the indeno[2',3':3,4]naphtho[l,2-b]pyran may be
independently an oxygen containing group represented
by -OR10, wherein R10 may representgroups including C
1-C alkyl, a substituted or unstubstituted phenyl
wherein said phenyl substituents may be Ci-C alkyl or
C1-C6 alkoxy, phenyl(Ci-C 3)alkyl, mono(CrC 6)alkyl
substituted phenyl(Ci-C 3)alkyl, mono(Ci-C 6)alkoxy
substituted phenyl(Ci-C 3)alkyl, (Ci-C 6)alkoxy(C
2-C4)alkyl, C3-C7 cycloalkyl and InOnO(C1- C4)alkyl
substituted C3-C7 cycloalkyl; a nitrogen-containing
group represented by - N(R 1 )R12, wherein R1 1 and
R12 may represent the same or different groups, which
may include, without limitation hydrogen, Ci-C 8
alkyl, C1-C8 alkylaryl, C3-C2 cycloalkyl, C4-C2
bicycloalkyl, C - C20 tricycloalkyl and Cr
C2oalkoxyalkyl, wherein said aryl group may be phenyl
or naphthyl; the nitrogen containing ring represented
by (XVI) above, wherein each -M- may represent a group
such as -CH2-, -CH(Ri 3)-, -C(R 13)2-, -CH(aryl)-,
-C(aryl) 2- or -C(Ri 3)(aryl)-, and -Q- may represent
a group such as those set forth above for -M-, -O-,
-S-, -NH-, -N(R 13)- or -N(aryl)-, wherein each R13
may independently represent C1-C6 alkyl and each group
designated (aryl) independently may represent phenyl
or naphthyl, u ranges from 1 to 3, and v ranges from 0
to 3, provided that when v is 0, -Q- represents a
group set forth above for -M-; or a reactive
substituent, provided that the reactive substituent
comprises a linking group comprising an aliphatic
amino alcohol residue, a cyclo aliphatic amino alcohol
residue, an azacyclo aliphatic alcohol residue, a
diazacyclo aliphatic alcohol residue, a diamine
residue, an aliphatic diamine residue, a cyclo
aliphatic diamine residue, a diazacycloalkane residue,
an azacyclo aliphatic amine residue, an oxyalkoxy
group, an aliphatic polyol residue, or a cyclo
aliphatic polyol residue that forms a bond with the
indeno[2',3':3,4]naphtho[l,2-b]pyran at the 6-
position or the 7-position. Alternatively, according
to this non-limiting embodiment, a group represented
by an R6 group in the 6-position and a group
represented by an R6 group in the 7-position of the
indeno[2',3':3,4]naphtho[l,2- b]pyran may together
form a group represented (XVIHA) or (XVIIIB) above,
wherein the groups represented by Z and Z' may be the
same or different, and may include oxygen and the
group -NR1 1-, where R11 represents a group as set
forth above.[094] Further, according various
non-limiting embodiments disclosed herein, the groups
represented by R7 and R8 may each independently be
hydrogen, C1-C alkyl, C -C7 cycloalkyl, allyl, a
substituted or unsubstituted phenyl or benzyl, a
substituted or unsubstituted amino, and a group
-C(O)R9, wherein R9 may represent groups including,
without limitation, hydrogen, hydroxy, C1-Cg alkyl,
Ci-C6 alkoxy, the unsubstituted, mono-or
di-substituted aryl groups phenyl or naphthyl,
phenoxy, mono- or di-(C !-C6)alkoxy substituted
phenoxy, and mono- or di-(CrC 6)alkoxy substituted
phenoxy. [095] Still other non-limiting embodiments
disclosed herein relate to photochromic materials
comprising: (i) a naphthopyran, said a naphthopyran
being at least one of a benzofurano-fused
naphthopyran, an indolo-fused naphthopyran or a
benzothienofused naphthopyran; and (ii) a group that
extends the pi-conjugated system of the naphthopyran
bonded at the 11-position thereof. Although not
limiting herein, the naphthopyrans according to these
non-limiting embodiments may be generally represented
by structures (XXXI) and (XXXII) below, wherein X* is
O, N, or S. [096] Non-limiting examples of 11-position
groups that may extend the piconjugated system of the
benzofurano-fused naphthopyrans, the indolo-fused
naphthopyrans and the benzothieno-fused naphthopyrans
according to various nonlimiting embodiments disclosed
herein include those 11-position groups that may
extend the pi-conjugated system of the indeno-fused
naphthopyrans discussed 



above. For example, according to various non-limiting
embodiments disclosed herein, the group that extends
the pi-conjugated system of the naphthopyran bonded at
the 11-position thereof may be a substituted or
unsubstituted aryl group (nonlimiting examples of
which are set forth above), a substituted or
unsubstituted heteroaryl group (non-limiting examples
of which are set forth above), or a group represented
by -X=Y or X'  Y', wherein X, Y, X' and Y' may
represent groups as set forth above in detail. [097]
Alternatively, according to various non-limiting
embodiments disclosed herein, the group that extends
the pi-conjugated system of the benzofurano-fused
naphthopyran, the indolo-fused naphthopyran or the
benzothieno-fused naphthopyran bonded at the
11-position thereof together with a group bonded at
the 12-position of said naphthopyran or together with
a group bonded at the 10-position of said naphthopyran
may form a fused group. Although not required,
according to one non-limiting embodiment wherein the
group bonded at the 11-position together with a group
bonded at the 12-position or the 10-position forms a
fused group, the fused group may extend the
pi-conjugated system of the benzofurano-fused
naphthopyran, the indolo-fused naphthopyran or the
benzothieno-fused naphthopyran at the 11-position, but
not the 10-position or the 12-position thereof.
Suitable non-limiting examples of such fused groups
include indeno, dihydronaphthalene, indole,
benzofuran, benzopyran and thianaphthene. [098]
Further, according to various non-limiting
embodiments, the 13-position of the indolo-fused
naphthopyran may be unsubstituted or mono-substituted.
Nonlimiting examples of suitable 13-position
substituents include those discussed with respect to
R7 and R8 in structures (XTV) and (XV) above. [099]
Suitable non-limiting examples of groups that may be
bonded at the A-, 5-, 6- , 7-, 8-, 9-, 10-, and
12-positions of the benzofurano-fused naphthopyran,
the indolofused naphthopyran or the benzothieno-fused
naphthopyran according to various non-limiting
embodiments include those groups discussed with
respect to R5 and R6 in structures (XIV) and (XV)
above. Suitable non-limiting examples of groups that
may be bonded at the 3-position of the
benzofurano-fused naphthopyran, the indolofused
naphthopyran or the benzothieno-fused naphthopyran
represented by (XXXI) or the 2-position of the
benzofurano-fused naphthopyran, the
indolo-fusednaphthopyran or the benzothieno-fused
naphthopyran represented by (XXXII) according to
various non-limiting embodiments include those groups
discussed with respect to B and B' in structures (XIV)
and (XV) above. [100] Methods of making photochromic
materials comprising indeno-fused naphthopyrans
according to various non-limiting embodiments
disclosed herein will now be discussed with reference
to the general reaction schemes presented in Figs.
4-8. Fig. 4 depicts a reaction scheme for making
substituted 7H-benzo[C]fluoren-5- ol compounds that
may be further reacted as shown in Figs. 5-8 to form
photochromic materials comprising an indeno-fused
naphthopyran and a group that extends the
pi-conjugated system of the indeno-fused naphthopyran
bonded at the 11-position thereof according to various
non-limiting embodiments disclosed herein. It should
be appreciated that these reaction schemes are
presented for illustration only and are not intended
to be limiting herein. Additional examples of methods
of making photochromic materials according to various
non-limiting embodiments disclosed herein are set
forth in the Examples. [101] Referring now to Fig. 4,
a solution of a g-substituted benzoyl chloride,
represented by structure (a) in Fig. 4, and benzene,
represented by structure (b) in Fig. 4, which may have
one or more substituents g1, in methylene chloride are
added to a reaction flask. Suitable g-substituents
include, for example and without limitation, halogen.
Suitable g1 substituents include, for example and
without limitation, those groups set forth above for
R6. Anhydrous aluminum chloride catalyzes the Friedel
Crafts acylation to give a substituted benzophenone
represented by structure (c) in Fig. 4. This material
is then reacted in a Stobbe reaction with dimethyl
succinate to produce a mixture of half-esters, one of
which is represented by structure (d) in Fig. 4.
Thereafter the half-esters are reacted in acetic
anhydride and toluene at an elevated temperature to
produce, after recrystallization, a mixture of
substituted naphthalene compounds, one of which is
represented by structure (e) in Fig. 4. The mixture of
substituted naphthalene compounds is then reacted with
methyl magnesium chloride to produce a mixture of
substituted naphthalene compounds, one of which is
represented by structure (f) in Fig. 4. The mixture
ofsubstituted naphthalene compounds is then cyclized
with dodecylbenzene sulfonic acid to afford a mixture
of 7H-benzo[C]fluoren-5-ol compounds, one of which is
represented by structure (g) in Fig. 4. [102]
Referring now to Fig. 5, the 7H-benzo[C]fluoren-5-ol
compound represented by structure (g) is refluxed with
copper cyanide in anhydrous 1-methyl- 2-pyrrolidinone
to give, upon workup, a
9-cyano-7H-benzo[C]fluoren-5-ol compound represented
by structure (h). As further indicated in PATH A of
Fig. 5, the compound represented by structure (h) may
be further reacted with a propargyl alcohol
represented by structure (i) to produce the
indeno-fused naphthopyran (represented by structure
(j) in Fig. 5) according to one non-limiting
embodiment disclosed herein, wherein a cyano group
that extends the pi-conjugated system of the
indeno-fused naphthopyran is bonded at the 11-position
thereof. Suitable nonlimiting examples of groups that
B and B' may represent are discussed above. [103]
Alternatively, as shown in PATH B of Fig. 5, the
compound represented by structure (h) may be
hydrolyzed with aqueous sodium hydroxide under reflux
conditions produce the
9-carboxy-7H-benzo[C]fluoren-5-ol compound represented
by structure (k) in Fig. 5. As further indicated in
Fig. 5, the compound represented by structure (k) may
be further reacted with a propargyl alcohol
represented by structure (i) to produce the
indeno-fused naphthopyran (represented by structure
(1) in Fig. 5) according to one non-limiting
embodiment disclosed herein, wherein a carboxy group
that extends the pi-conjugated system of the
indeno-fused naphthopyran is bonded at the 11-position
thereof. [104] Alternatively, as shown in PATH C of
Fig. 5, the compound represented by structure (k) may
be esterified with an alcohol (represented by the
formula 2OH in Fig. 5) in aqueous hydrochloric acid to
produce the 9-g2carboxyl-7Hbenzo[ 



C]fluoren-5-ol compound represented by structure (m)
in Fig. 5. Examples of suitable alcohols include,
without limitation, methanol, diethylene glycol, alkyl
alcohol, substituted and unsubstituted phenols,
substituted and unsubstituted benzyl alcohols, polyols
and polyol residues, such as, but not limited to those
discussed above with respect to -G-. The compound
represented by structure (m) may befurther reacted
with a propargyl alcohol represented by structure (i)
to produce the indeno-fused naphthopyran (represented
by structure (n) in Fig. 5) according to one
non-limiting embodiment disclosed herein, wherein a
carbonyl group that extends the pi-conjugated system
of the indeno-fused naphthopyran is bonded at the 11-
position thereof. Non-limiting examples of carbonyl
groups that may be bonded at the 11-position according
to various non-limiting embodiments disclosed herein
include: methoxycarbonyl,
2-(2-hydroxyethoxy)ethoxycarbonyl, alkoxycarbonyl,
substituted and unsubstituted phenoxycarbonyl,
substituted and unsubstituted benzyloxycarbonyl and
esters of polyols. [105] Referring now to Fig.6, the
7H-benzo[C]fluoren-5-ol compound represented by
structure (g) may be reacted with a phenyl boronic
acid represented by structure (o), which may be
substituted with a group represented by g3 as shown in
Fig. 6, to form the
9-(4-g3-phenyl)-7H-benzo[C]fluoren-5-ol compound
represented by structure (p) in Fig. 6. Examples of
suitable boronic acids include, without limitation,
substituted and unsubstituted phenylboronic acids, 4-
fluorophenylboronic acid,
(4-hydroxylmethyl)phenylboronic acid, biphenylboronic
acid, and substituted and unsubstituted arylboronic
acids. The compound represented by structure (p) may
be further reacted with a propargyl alcohol
represented by structure (i) to produce the
indeno-fused naphthopyran (represented by structure
(q) in Fig. 6), wherein a phenyl group that extends
the pi-conjugated system of the indeno-fused
naphthopyran is bonded at the 11-position thereof.
Although not required, according to various
non-limiting embodiments disclosed herein and as shown
in Fig. 6, the phenyl group bonded at the 11-position
may be substituted. Non-limiting examples of
substituted phenyl groups that may be bonded at the
11-position according to various non-limiting
embodiments disclosed herein include 4-fluorophenyl,
4-(hydroxymethyl)phenyl, 4-(phenyl)phenyl group,
alkylphenyl, alkoxyphenyl, halophenyl, and
alkoxycarbonylphenyl. Further, the substituted phenyl
at the 11-position may have up to five substituents,
and those substituents may be a variety of different
substituents at any of the positions ortho, meta or
para to the indeno-fused naphthopyran.[106] Referring
now to Fig. 7, the 7H-benzo[C]fluoren-5-ol compound
represented by structure (g) may be coupled under
palladium catalysis with a terminal alkyne group
represented by structure (r), which may be substituted
with a group represented by g4 as shown in Fig. 7, to
form the 9-alkynyl-7Hbenzo[ C]fluoren-5-ol compound
represented by structure '(s)' in Fig. 7. Examples of
suitable terminal alkynes include, without limitation:
acetylene, 2-methyl-3- butyn-2-ol, phenylacetylene,
and alkylacetylene. The compound represented by
structure '(s)' may be further reacted with a
propargyl alcohol represented by structure (i) to
produce the indeno-fused naphthopyran (represented by
structure (t) in Fig. 7) having an alkynyl group that
extends the pi-conjugated system of the indeno-fused
naphthopyran bonded at the 11-position thereof.
Although not required, as shown in Fig. 7, the alkynyl
group bonded at the 11-position may be substituted
with a group represented by g4. Non-limiting examples
of alkynyl groups that may be bonded at the
11-position according to various non-limiting
embodiments disclosed herein include ethynyl,
3-hydroxy-3-methylbutynl, 2- phenylethynyl and alkyl
acetylenes. [107] Referring now to Fig. 8, the
7H-benzo[C]fluoren-5-ol compound represented by
structure (g) may be reacted with an alkene
represented by structure (u), which may be substituted
with a group represented by g5 as shown in Fig. 8, to
form the 9- alkenyl-7H-benzo[C]fluoren-5-ol compound
represented by structure (v) in Fig. 8. Examples of
suitable alkenes include, without limitation 1-hexene,
styrenes, and vinyl chlorides. The compound
represented by structure (v) may be further reacted
with a propargyl alcohol represented by structure (i)
to produce the indeno-fused naphthopyran (represented
by structure (w) in Fig. 8) having an alkenyl group
that extends the pi-conjugated system of the
indeno-fused naphthopyran bonded at the 11-position
thereof. Although not required, as shown in Fig. 8,
the alkenyl group bonded at the 11-position may be
substituted with up to three g5 groups. Nonlimiting
examples of alkenyl groups that may be bonded at the
11-position according to various non-limiting
embodiments disclosed herein include substituted and
unsubstituted ethylenes, 2-phenyl ethylenes, and
2-chloroethylenes.[108] Further, non-limiting examples
of methods of forming benzofurano-fused naphthopyrans,
indolo-fused naphthopyrans, and/or benzothieno-fused
naphthopyrans that may be useful (with appropriate
modifications that will be recognized by those
skilled) in forming the benzofurano-fused
naphthaopyrans, indolo-fused naphthopyrans and/or
benzothieno-fused naphthopyrans according to various
non-limiting embodiments disclosed herein are set
forth in U.S. Patent No. 5,651,923 at col. 6, line 43
to col. 13, line 48, which disclosure is hereby
specifically incorporated by reference herein;
Internation Patent Application Publication No.
WO98/28289A1 at page 7, line 12 to page 9, line 10,
which disclosure is specifically incorporated by
reference herein; and Internation Patent Application
Publication No. WO99/23071A1 at page 9, lines 1 to
page 14, line 3, which disclosure is specifically
incorporated by reference herein. [109] As discussed
above, the photochromic materials according to various
non-limiting embodiments disclosed herein may be
incorporated into at least a portion of an organic
material, such as a polymeric, oligomeric or monomeric
material, to form a photochromic composition which may
be used to form ophthalmic devices and coating
compositions that may be applied to said ophthalmic
devices. As used herein the terms "polymer" and
"polymeric material" refer to homopolymers and
copolymers (e.g., random copolymers, block copolymers,
and alternating copolymers), as well as blends and
other combinations thereof. As used herein the terms
"oligomer" and "oligomeric material" refer to a
combination of two or more monomer units that is
capable of reacting with additional monomer unit(s). 



As used herein the term "incorporated into" means
physically and/or chemically combined with. For
example, the photochromic materials according to
various nonlimiting embodiments disclosed herein may
be physically combined with at least a portion of an
organic material, for example and without limitation,
by mixing or imbibing the phtochromic material into
the organic material; and/or chemically combined with
at least a portion of an organic material, for example
and without limitation, by copolymerization or
otherwise bonding the photochromic material to the
organic material.[110] Further, it is contemplated
that the photochromic materials according to various
non-limiting embodiments disclosed herein may each be
used alone, in combination with other photochromic
materials according to various non-limiting
embodiments disclosed herein, or in combination with
an appropriate complementary conventional photochromic
material. For example, the photochromic materials
according to various non-limiting embodiments
disclosed herein may be used in conjunction with
conventional photochromic materials having activated
absorption maxima within the range of 300 to 1000
nanometers. Further, the photochromic materials
according to various non-limiting embodiments
disclosed herein may be used in conjunction with a
complementary conventional polymerizable or a
compatiblized photochromic material, such as for
example, those disclosed in U.S. Patent Nos. 6,1
13,814 (at col. 2, line 39 to col. 8, line 41), and
6,555,028 (at col. 2, line 65 to col. 12, line 56),
which disclosures are hereby specifically incorporated
by reference herein. [Ill] As discussed above,
according to various non-limiting embodiments
disclosed herein, the photochromic compositions may
contain a mixture of photochromic materials. For
example, although not limiting herein, mixtures of
photochromic materials may be used to attain certain
activated colors such as a near neutral gray or near
neutral brown. See, for example, U.S. Patent No.
5,645,767, col. 12, line 66 to col. 13, line 19, which
describes the parameters that define neutral gray and
brown colors and which disclosure is specifically
incorporated by reference herein. [112] Various
non-limiting embodiments disclosed herein provide an
ophthalmic device formed from an organic material,
said organic material being at least one of polymeric
material, an oligomeric material and a monomeric
material, and a photochromic material according to any
of the non-limiting embodiments of set forth above
incorporated into at least a portion of the organic
material. According to various non-limiting
embodiments disclosed herein, the photochromic
material may be incorporated into a portion of the
organic material by at least one of blending and
bonding the photochromic material with the organic
material or aprecursor thereof. As used herein with
reference to the incorporation of photochromic
materials into an organic material, the terms
"blending" and "blended" mean that the photochromic
material is intermixed or intermingled with the at
least a portion of the organic material, but not
bonded to the organic material. Further, as used
herein with reference to the incorporation of
photochromic materials into an organic material, the
terms "bonding" or "bonded" mean that the photochromic
material is linked to a portion of the organic
material or a precursor thereof. For example, although
not limiting herein, the photochromic material may be
linked to the organic material through a reactive
substituent. [113] According to one non-limiting
embodiment wherein the ophthalmic device is formed
from a polymeric material, the photochromic material
may be incorporated into at least a portion of the
polymeric material or at least a portion of the
monomelic material or oligomeric material from which
the polymeric material is formed. For example,
photochromic materials according to various
non-limiting embodiments disclosed herein that have a
reactive substituent may be bonded to an organic
material such as a monomer, oligomer, or polymer
having a group with which a reactive moiety may be
reacted, or the reactive moiety may be reacted as a
co-monomer in the polymerization reaction from which
the organic material is formed, for example, in a
co-polymerization process. [114] Further, according to
various non-limiting embodiments at least a portion of
the ophthalmic device is transparent. For example,
according to various nonlimiting embodiments, the
ophthalmic device may be formed from an optically
clear polymeric material. According to one specific
non-limiting embodiment, the polymeric material is
formed from a mixture comprising polymerizable and
optionally non-polymerizable ophthalmic device forming
components which are known in the art to be useful for
forming ophthalmic devices, such as contact lenses.
More specifically, suitable components include
polymerizable monomers, prepolymers and macromers,
wetting agents, UV absorbing compounds,
compatibilizing components, colorants and tints, mold
release agents, processing aids, mixtures thereof and
the like.[115] According to one specific non-limiting
embodiment, the ophthalmic device forming components
preferably form a hydrogel upon polymerization and
hydration. A hydrogel is a hydrated, crosslinked
polymeric system that contains water in an equilibrium
state. Hydrogels typically are oxygen permeable and
biocompatible, making them preferred materials for
producing ophthalmic devices and in particular contact
and intraocular lenses. [116] Ophthalmic device
forming components are known in the art and include
polymerizable monomers, prepolymers and macromers
which contain polymerizable group(s) and performance
groups which provide the resulting polymeric material
with desirable properties. Suitable performance groups
include, but are not limited to, hydrophilic groups,
oxygen permeability enhancing groups, UV or visible
light absorbing groups, compatibilizing components,
combinations thereof and the like. [117] The term
"monomer" used herein refers to low molecular weight
compounds (i.e. typically having number average
molecular weights less than about 700). Prepolymers
are medium to high molecular weight compounds or
polymers (having repeating structural units and a
number average molecular weight greater than about
700) containing functional groups capable of further
polymerization. Macromers are uncrosslinked polymers
which are capable of cross-linking or further
polymerization. 



[118] One suitable class of ophthalmic device forming
components includes hydrophilic components, which are
capable of providing at least about 20% and preferably
at least about 25% water content to the resulting lens
when combined with the remaining components. The
hydrophilic components that may be used to make the
polymers of this invention are monomers having at
least one polymerizable double bond and at least one
hydrophilic functional group. Examples of
polymerizable double bonds include acrylic,
methacrylic, acrylamido, methacrylamido, fumaric,
maleic, styryl, isopropenylphenyl, O-vinylcarbonate,
Ovinylcarbamate, allylic, O-vinylacetyl and
N-vinyllactam and N-vinylamido double bonds.
Non-limiting examples of hydrophilic monomers having
acrylic and methacrylic polymerizable double bonds
include N,N-dimethylacrylamide (DMA),2-hydroxyethyl
acrylate, 2-hydroxyethyl methacrylate, glycerol
methacrylate, 2- hydroxyethyl methacrylamide,
polyethyleneglycol monomethacrylate, methacrylic acid,
acrylic acid and mixtures thereof. [119] Non-limiting
examples of hydrophilic monomers having N-vinyl lactam
and N-vinylamide polymerizable double bonds include
N-vinyl pyrrolidone (NVP), Nvinyl- N-methyl acetamide,
N-vinyl-N-ethyl acetamide, N-vinyl-N-ethyl formamide,
N-vinyl formamide, N-2-hydroxyethyl vinyl carbamate,
N-carboxy- b-alanine Nvinyl ester, with NVP and
N-vinyl-N-methyl acetamide being preferred. Polymers
formed from these monomers may also be included. [120]
Other hydrophilic monomers that can be employed in the
invention include polyoxyethylene polyols having one
or more of the terminal hydroxyl groups replaced with
a functional group containing a polymerizable double
bond. [121] Still further examples are the hydrophilic
vinyl carbonate or vinyl carbamate monomers disclosed
in U.S. Pat. No.5,070,215, and the hydrophilic
oxazolone monomers disclosed in U.S. Pat. No.
4,190,277. Other suitable hydrophilic monomers will be
apparent to one skilled in the art. [122] Preferred
hydrophilic monomers which may be incorporated into
the polymerizable mixture of the present invention
include hydrophilic monomers such as N,N-dimethyl
acrylamide (DMA), 2-hydroxyethyl acrylate,
2-hydroxyethyl methacrylate (HEMA), glycerol
methacrylate, 2-hydroxyethyl methacrylamide,
Nvinylpyrrolidone (NVP), N-vinyl-N-methyl acetamide,
polyethyleneglycol monomethacrylate and mixtures
thereof. [123] Most preferred hydrophilic monomers
include HEMA, DMA, NVP, N-vinyl- N-methyl acetamide
and mixtures thereof. [124] The above references
hydrophilic monomers are suitable for the production
of conventional contact lenses such as those made from
to etafilcon, polymacon, vifilcon, genfilcon A and
lenefilcon A and the like. For a conventional contact
lens the amount of hydrophilic monomer incorporated
into the polymerizable mixture is at least about 70
weight % and preferably at least about 80 weight %,
based upon the weight of all the components in the
polymerizable mixture.[125] In another non-limiting
embodiment, suitable contact lenses may be made from
polymeric materials having increased permeability to
oxygen, such as galyfilcon A, senofilcon A,
balafilcon, lotrafilcon A and B and the like. The
polymerization mixtures used to form these and other
materials having increased permeability to oxygen,
generally include one or more of the hydrophilic
monomers listed above, with at least one silicone
containing component. [126] A silicone-containing
component is one that contains at least one [-Si-
O-Si] group, in a monomer, macromer or prepolymer.
Preferably, the Si and attached O are present in the
silicone-containing component in an amount greater
than 20 weight percent, and more preferably greater
than 30 weight percent of the total molecular weight
of the silicone-containing component. Useful
siliconecontaining components preferably comprise
polymerizable functional groups such as acrylate,
methacrylate, acrylamide, methacrylamide, N-vinyl
lactam, N-vinylamide, and styryl functional groups.
Examples of silicone-containing components which are
useful in this invention may be found in U.S. Pat.
Nos. 3,808,178; 4,120,570; 4,136,250; 4,153,641;
4,740,533; 5,034,461 and 5,070,215, and EP080539. All
of the patents cited herein are hereby incorporated in
their entireties by reference. These references
disclose many examples of olefmic silicone-containing
components. [127] Further examples of suitable
silicone-containing monomers are
polysiloxanylalkyl(meth)acrylic monomers represented
by the following formula: Formula XXI wherein: R
denotes H or lower alkyl; X" denotes O or NR34; each
R34 independently denotes hydrogen or methyl,each R3
1-R33 independently denotes a lower alkyl radical or a
phenyl radical, and n is 1 or 3 to 10. [128] Examples
of these polysiloxanylalkyl (meth)acrylic monomers
include methacryloxypropyl tris(trimethylsiloxy)
silane, methacryloxymethylpentamethyldisiloxane,
methacryloxypropylpentamethyldisiloxane,
methyldi(trimethylsiloxy)methacryloxypropyl silane,
and methyldi(trimethylsiloxy)methacryloxymethyl
silane. Methacryloxypropyl tris(trimethylsiloxy)silane
is the most preferred. [129] One preferred class of
silicone-containing components is a
poly(organosiloxane) prepolymer represented by Formula
XXII: Formula XXII wherein each A independently
denotes an activated unsaturated group, such as an
ester or amide of an acrylic or a methacrylic acid or
an alkyl or aryl group (providing that at least one A
comprises an activated unsaturated group capable of
undergoing radical polymerization); each of R35, R36,
R37 and R38 are independently selected from the group
consisting of a monovalent hydrocarbon radical or a
halogen substituted monovalent hydrocarbon radical
having 1 to 18 carbon atoms which may have ether
linkages between carbon atoms; R39 denotes a divalent
hydrocarbon radical having from 1 to 22 carbon atoms,
and m is 0 or an integer greater than or equal to 1,
and preferably 5 to 400, and 



more preferably 10 to 300. One specific example is a,
w-bismethacryloxypropyl poly-dimethylsiloxane. Another
preferred example is mPDMS (monomethacryloxypropyl
terminated mono-n-butyl terminated
polydimethylsiloxane) .[130] Another useful class of
silicone containing components includes
siliconecontaining vinyl carbonate or vinyl carbamate
monomers of the following formula: Formula XXHI R 40 O
R Si CH2= C (CH2)q- O- C- Y wherein: Y denotes O, S,
or NH; RSl denotes a silicone-containing organic
radical; R40 denotes hydrogen or methyl; d is 1, 2, 3
or 4; and q is 0 or 1. Suitable siliconecontaining
organic radicals RSl include the following:
-(CH2)q.Si[(CH2)sCH3]3 -(CH2VSi[OSi(CH 2)sCH3]3 R 4 1
R 4 1 - (CH2)q.- [S I iOle- S I i Q R 4 1 R 4 1
wherein: Q denotes O Il (CH2)p-0-C-CH=CH 2 wherein p
is 1 to 6; R4 1 denotes an alkyl radical or a
fluoroalkyl radical having 1 to 6 carbon atoms; e is 1
to 200; q' is 1, 2, 3 or 4; and s is 0, 1, 2, 3, 4 or
5. The silicone-containing vinyl carbonate or vinyl
carbamate monomers specifically include:
l,3-bis[4-(vinyloxycarbonyloxy)but-l-yl]tetramethyldis
iloxane; 3-(vinyloxycarbonylthio) propyl-[tris
(trimethylsiloxy)silane]; 3-
[tris(trimethylsiloxy)silyl] propyl allyl carbamate;
3-[tris(trimethylsiloxy)silyl]propyl vinyl carbamate;
trimethylsilylethyl vinyl carbonate;
trimethylsilylmethyl vinyl carbonate, and [131] The
above description of silicone containing components is
not an exhaustive list. Any other silicone components
known in the art may be used. Further examples
include, but are not limited to macromers made using
group transfer polymerization, such as those disclosed
in 6,367,929, polysiloxane containing polyurethane
compounds such as those disclosed in US 6,858,218,
polysiloxane containing macromers, such as those
described as Materials A-D in US 5,760,100; macromers
containing polysiloxane, polyalkylene ether,
diisocyanate, polyfluorinated hydrocarbon,
polyfluorinated ether and polysaccharide groups, such
as those described isWO 96/31792; polysiloxanes with a
polar fluorinated graft or side group(s) having a
hydrogen atom attached to a terminal
difluoro-substituted carbon atom, such as those
described in U.S. Pat. Nos. 5,321,108; 5,387,662 and
5,539,016; hydrophilic siloxanyl methacrylate monomers
and polysiloxanedimethacrylate macromers such as those
described in US 2004/0192872; combinations thereof and
the like. [132] The polymerizable mixture may contain
additional components such as, but not limited to,
wetting agents, such as those disclosed in US
6,822,016, US Serial No. 11/057,363, US Serial No.
10/954,560, US Serial No. 10/954,559 and US Serial No.
955,214; compatibilizing components, such as those
disclosed inUS 6,822,016 and WO03/022322; UV
absorbers, medicinal agents, antimicrobial compounds,
reactive tints, pigments, copolymerizable and
nonpolymerizable dyes, release agents and combinations
thereof. [133] Also contemplated are copolymers of the
aforementioned monomers, combinations, and blends of
the aforementioned polymers and copolymers with other
polymers, e.g., to form interpenetrating network
products. [134] The polymerizable mixture may
optionally further comprise a diluent. Suitable
diluents for polymerizable mixtures are well known in
the art. Non-limiting examples for polymerizable
mixtures for hydrophilic soft contact lenses include
organic solvents or water or mixtures hereof.
Preferred organic solvents includealcohols, diols,
triols, polyols and polyalkylene glycols. Examples
include but are not limited to glycerin, diols such as
ethylene glycol or diethylene glycol; boris acid
esters of polyols such as those described in US
Patents 4,680,336; 4,889,664 and 5,039,459;
polyvinylpyrrolidone; ethoxylated alkyl glucoside;
ethoxylated bisphenol A; polyethylene glycol; mixtures
of propoxylated and ethoxylated alkyl glucoside;
single phase mixture of ethoxylated or propoxylated
alkyl glucoside and C2-I2 dihydric alcohol; adducts of
e-caprolactone and C2-6 alkanediols and triols;
ethoxylated C3-6 alkanetriol; and mixtures of these as
described in US Patents 5.457,140; 5,490,059,
5,490,960; 5,498,379; 5,594,043; 5,684,058; 5,736,409;
5,910,519. Diluents can also be selected from the
group having a combination of a defined viscosity and
Hanson cohesion parameter as described in US Patent
4,680,336. [135] Non-limiting examples of diluents
suitable for polymerizable mixtures for silicone
hydrogel soft contact lenses include alcohols such as
those disclosed in US 6,020,445 and US Serial No.
10/794,399 for silicone hydrogel soft contact lenses.
The disclosure of these and all other references cited
within this application are hereby incorporated by
reference. Many other suitable examples are known to
those of skill in the art and are included within the
scope of this invention. [136] Hard contact lenses are
made from polymers that include but are not limited to
polymers of polymethylmethacrylate, silicon acrylates,
fluoroacrylates, fluoroethers, polyacetylenes, and
polyimides, where the preparation of representative
examples may be found in US Patents 4,540,761;
4,508,884; 4,433,125 and 4,330,383. Intraocular lenses
of the invention can be formed using known materials.
For example, the lenses may be made from a rigid
material 



including, without limitation, polymethyl
methacrylate, polystyrene, polycarbonate, or the like,
and combinations thereof. Additionally, flexible
materials may be used including, without limitation,
hydrogels, silicone materials, acrylic materials,
fluorocarbon materials and the like, or combinations
thereof. Typical intraocular lenses are described in
WO 0026698, WO 0022460, WO 9929750, WO 9927978,WO
0022459, and JP 2000107277. Other ophthalmic devices,
such as punctal plugs may be made from collagen and
silicone elastomers. [137] As previously discussed, it
has been observed by the inventors that the
photochromic materials according to certain
non-limiting embodiments disclosed herein may display
hyperchromic absorption of electromagnetic radiation
having a wavelength from 320 nm to 420 nm as compared
to a photochromic materials comprising a comparable
indeno-fused naphthopyran without the group that
extends the pi-conjugated system of the comparable
indeno-fused naphthopyran bonded at the 11-position
thereof. Accordingly, ophthalmic devices comprising
the photochromic materials according to various
non-limiting embodiments disclosed herein may also
display increased absorption of electromagnetic
radiation having a wavelength from 320 nm to 420 nm as
compared to an ophthalmic device comprising a
comparable indeno-fused naphthopyran without the group
that extends the pi-conjugated system of the
comparable indeno-fused naphthopyran bonded at the
11-position thereof. [138] Additionally, as previously
discussed, since the photochromic materials according
to certain non-limiting embodiments disclosed herein
may display hyperchromic properties as discussed
above, it is contemplated that the amount or
concentration of the photochromic material present in
ophthalmic devices according to various non-limiting
embodiments disclosed herein may be reduced as
compared to the amount or concentration of a
conventional photochromic materials that is typically
required to achieve a desired optical effect. Since it
may be possible to use less of the photochromic
materials according to certain non-limiting
embodiments disclosed herein than conventional
photochromic materials while still achieving the
desired optical effects, it is contemplated that the
photochromic materials according to various
non-limiting embodiments disclosed herein may be
advantageously employed in ophthalmic devices wherein
it is necessary or desirable to limit the amount of
photochromic material used. [139] Further, as
previously discussed, it has been observed by the
inventors that the photochromic materials according to
certain non-limiting embodimentsdisclosed herein the
may have a closed-form absorption spectrum for
electromagnetic radiation having a wavelength ranging
from 320 nm to 420 ran that is bathochromically
shifted as compared to a closed-form absorption
spectrum for electromagnetic radiation having a
wavelength ranging from 320 nm to 420 nm of a
photochromic material comprising a comparable
indeno-fused naphthopyran without the group that
extends the pi-conjugated system of the comparable
indeno-fused naphthopyran bonded at the 11-position
thereof. Accordingly, ophthalmic devices comprising
the photochromic materials according to various
non-limiting embodiments disclosed herein may also
have an absorption spectrum for electromagnetic
radiation having a wavelength ranging from 320 nm to
420 nm that is bathochromically shifted as compared to
an absorption spectrum for electromagnetic radiation
having a wavelength ranging from 320 nm to 420 nm of a
photochromic composition comprising a comparable
indeno-fused naphthopyran without the group that
extends the pi-conjugated system of the comparable
indenofused naphthopyran bonded at the 11-position
thereof. [140] Accordingly, another non-limiting
embodiment provides an ophthalmic device adapted for
use behind a substrate that blocks a substantial
portion of electromagnetic radiation in the range of
320 nm to 390 nm, the ophthalmic device comprising a
photochromic material comprising an indeno-fused
naphthopyran and a group that extends the
pi-conjugated system of the indeno-fused naphthopyran
bonded at the 11-position thereof connected to at
least a portion of the ophthalmic device, wherein the
at least a portion of the ophthalmic device absorbs a
sufficient amount of electromagnetic radiation having
a wavelength greater than 390 nm passing through the
substrate that blocks a substantial portion of
electromagnetic radiation in the range of 320 nm to
390 nm such that the at least a portion of the
ophthalmic device transforms from a first state to a
second state. For example, according to this
non-limiting embodiment, the first state may be a
bleached state and the second state may be a colored
state that corresponds to the colored state of the
photochromic material(s) incorporated therein.[141] As
previously discussed, many conventional photochromic
materials require electromagnetic radiation having a
wavelength ranging from 320 nm to 390 nm to cause the
photochromic material to transformation from a
closed-form to an open-form (e.g., from a bleached
state to a colored state). Therefore, conventional
photochromic materials may not achieve their
fully-colored state when used in applications that are
shielded from a substantial amount of electromagnetic
radiation in the range of 320 nm to 390 nm. Further,
as previous discussed, it has been observed by the
inventors that photochromic material according to
certain nonlimiting embodiments disclosed herein may
display both hyperchromic and bathochromic properties.
That is, the indeno-fused naphthopyrans comprising a
group that extends the pi-conjugated system of the
indeno-fused naphthopyran at the 11-position thereof
according to certain non-limiting embodiments
disclosed herein may not only display hyperchromic
absorption of electromagnetic radiation as discussed
above, but may also have a closed-form absorption
spectrum for electromagnetic radiation having a
wavelength ranging from 320 nm to 420 nm that is
bathochromically shifted as compared to a closed-form
absorption spectrum for electromagnetic radiation
having a wavelength ranging from 320 nm to 420 nm of a
comparable indeno-fused naphthopyran without the group
that extends the piconjugated system of the comparable
indeno-fused naphthopyran bonded at the 11- position
thereof. Accordingly, the ophthalmic devices according
to certain nonlimiting embodiments disclosed herein
comprise photochromic materials which may absorb a
sufficient amount of electromagnetic radiation passing
through a substrate that blocks a substantial protion
ofelecttrmagnetic radiationhaving a wavelength 



rnaging from 320 to 390 mn such that the photochromic
material may transform from a closed-form to an
open-form. That is, the amount of electromagnetic
radiation having a wavelength of greater than 390 nm
that is absorbed by the photochromic materials
according to various non-limiting embodiments
disclosed herein may be sufficient to permit the
photochromic materials to transform from a closed-form
to an open-form, thereby enabling their use behind a
substrate thatblocks a substantial portion of
electromagnetic radiation having a wavelength ranging
from 320 nm to 390 ran. [142] As previously discussed,
the present invention contemplates photochromic
ophthalmic devices, made using the photochromic
materials and compositions according to various
non-limiting embodiments disclosed herein. [143]
Various non-limiting embodiments disclosed herein
provide photochromic ophthalmic devices, comprising a
substrate and a photochromic material according to any
of the non-limiting embodiments discussed above
connected to a portion of the substrate. As used
herein, the term "connected to" means associated with,
either directly or indirectly through another material
or structure. [144] According to various non-limiting
embodiments disclosed herein the photochromic material
may be connected to at least a portion of the
ophthalmic device by incorporating the photochromic
material into at least a portion of the polymeric
material of the ophthalmic device, or by incorporating
the photochromic material into at least a portion of
the oligomeric or monomeric material from which the
ophthalmic device is formed. Ophthalmic devices of the
present invention may be formed by a number of
processes including. By way of non-limiting example,
when the ophthalmic device is a soft contact lens, the
polymerization mixture may be placed in a mold, cured
and subsequently hydrated. Various processes are known
for molding the polymerization mixture in the
production of contact lenses, including spincasting
and static casting. Spmcasting methods are disclosed
in U.S. Pat. Nos. 3,408,429 and 3,660,545, and static
casting methods are disclosed in U.S. Pat. Nos.
4,113,224 and 4,197,266. [145] A lens-forming amount
of a lens material is dispensed into the mold. By
"lens-forming amount" is meant an amount sufficient to
produce a lens of the size and thickness desired.
Typically, about 10 to about 40 mg of lens material is
used. [146] The mold containing the lens material then
is exposed to conditions suitable to form the lens.
The precise conditions will depend upon the components
of lens material selected and are within the skill of
one of ordinary skill in the art todetermine. Once
curing is completed, the lens is released from the
mold and may be treated with a solvent to remove the
diluent (if used) or any traces of unreacted
components. The lens is then hydrated to form the
hydrogel lens. Thus, in one embodiment, the
photochromic material is included in the
polymerization mixture and incorporated into the
contact lens either via polymerization if the
photochromic compound included a reactive substituent,
or via entrapment. [147] According to still other
non-limiting embodiments, the photochromic material
may be connected to at least a portion of the
substrate of the ophthalmic device as part of at least
partial coating that is connected to at least a
portion of the ophthalmic device. According to this
non-limiting embodiment, the photochromic material may
be incorporated into at least a portion of a coating
composition prior to application of the coating
composition to the ophthalmic device, or
alternatively, a coating composition may be applied to
the ophthalmic device, at least partially set, and
thereafter the photochromic material may be imbibed
into at least a portion of the coating. As used
herein, the terms "set" and "setting" include, without
limitation, curing, polymerizing, cross-linking,
cooling, and drying. [148] The at least partial
coating comprising the photochromic material may be
connected to at least a portion of the ophthalmic
device, for example, by applying a coating composition
comprising the photochromic material to at least a
portion of a surface of the ophthalmic device, and at
least partially setting the coating composition.
Additionally or alternatively, the at least partial
coating comprising the photochromic material may be
connected to the ophthalmic device, for example,
through one or more additional at least partial
coatings. For example, while not limiting herein,
according to various non-limiting embodiments, an
additional coating composition may be applied to a
portion of the surface of the ophthalmic device, at
least partially set, and thereafter the coating
composition comprising the photochromic material may
be applied over the additional coating and at least
partially set. Non-limiting methods of applying
coating compositions to substrates are discussed
herein below.[149] Non-limiting examples of additional
coatings and films that may be used in conjunction
with the ophthalmic devices disclosed herein include
ophthalmically compatible coatings including clear
coats, and hydrophilic coatings, conventional
photochromic coating and films; and combinations
thereof. [150] As used herein the term "ophthalmically
compatible coating" refers to coatings which enhance
the compatibility of the resulting ophthalmic device
with the ocular environment. Non-limiting examples of
ophthalmically compatible coatings include coatings
which improve the hydrophilicity or lubricity of the
ophthalmic device, antimicrobial coatings, UV blocking
coatings, combinations thereof and the like. [151]
Non-limiting examples of conventional photochromic
coatings and films include, but are not limited to,
coatings and films comprising conventional
photochromic materials. [152] As discussed above,
according to various non-limiting embodiments, an
additional at least partial coating or film may be
formed on or applied to the ophthalmic device prior to
applying the at least partial coating comprising the
photochromic material according to various
non-limiting embodiments disclosed herein. For
example, according to certain non-limiting embodiments
a primer coating may be formed on the ophthalmic
device prior to applying the coating composition
comprising the phtochromic material. Alternatively or
additionally, the additional at least partial coating
or film may be applied to or formed on the ophthalmic
device after applying to or forming on the ophthalmic
device the at least 



partial coating comprising the photochromic material
according to various nonlimiting embodiments disclosed
herein, for example, as an overcoating. [153]
Non-limiting methods of making photochromic
compositions and photochromic ophthalmic devices
according to various non-limiting embodiments
disclosed herein will now be discussed. One
non-limiting embodiment provides a method of making a
photochromic composition, the method comprising
incorporating a photochromic material into at least a
portion of an organic material. Non-limiting methods
of incorporating photochromic materials to an
organicmaterial include, for example, mixing the
photochromic material into a solution or melt of a
polymeric, oligomeric, or monomelic material, and
subsequently at least partially setting the polymeric,
oligomeric, or monomelic material (with or without
bonding the photochromic material to the organic
material); and imbibing the photochromic material into
the organic material (with or without bonding the
photochromic material to the organic material). [154]
Another non-limiting embodiment provides a method of
making a photochromic ophthalmic device comprising
connecting a photochromic material according to
various non-limiting embodiments discussed above, to
at least a portion of a said ophthalmic device. For
example, the photochromic material may be connected to
at least a portion of the ophthalmic device by at
least one of the cast-inplace method and by
imbibition. For example, in the cast-in-place method,
the photochromic material may be mixed with a
polymerizable mixture, which is subsequently cast into
a mold having a desired shape and cured to form the
ophthalmic device. Optionally, according to this
non-limiting embodiment, the photochromic material may
be bonded to a portion of the polymeric material of
the ophthalmic device, for example by
co-polymerization with the components used to form the
ophthalmic device. In the imbibition method, the
photochromic material may be caused to diffuse into
the polymeric material of the ophthalmic device after
it is formed, for example, by immersing the ophthalmic
device in a solution containing the photochromic
material, with or without heating. [155] Other
non-limiting embodiments disclosed herein provide a
method of making an ophthalmic device comprising
connecting at least one photochromic material to at
least a portion of said ophthalmic deviceby at least
one of in-mold casting, coating and lamination. For
example, according to one non-limiting embodiment, the
photochromic material may be connected to at least a
portion of an ophthalmic deviceby in-mold casting.
According to this non-limiting embodiment, a coating
composition comprising the photochromic material,
which may be a liquid coating composition, is applied
to the surface of a mold and at least partially
set.Thereafter, a polymerizable mixture is cast over
the coating and cured. After curing, the coated
ophthalmic device is removed from the mold. [156]
According to still another non-limiting embodiment,
the photochromic material may be connected to at least
a portion of an ophthalmic device by coating.
Non-limiting examples of suitable coating methods
include spin coating, spray coating (e.g., using a
liquid or powder coating), curtain coating, tampo
printing, roll coating, spin and spray coating,
over-molding, and combinations thereof. For example,
according to one non-limiting embodiment, the
photochromic material may be connected to the
substrate by over-molding. According to this
non-limiting embodiment, a coating composition
comprising the photochromic material (which may be a
liquid coating composition) may be applied to a mold
and then the ophthalmic device may be placed into the
mold such that the ophthalmic device contacts the
coating causing it to spread over at least a portion
of the surface of the ophthalmic device. Thereafter,
the coating composition may be at least partially set
and the coated ophthalmic device may be removed from
the mold. [157] Additionally or alternatively, a
coating composition (with or without a photochromic
material) may be applied to an ophthalmic device (for
example, by any of the foregoing methods), the coating
composition may be at least partially set, and
thereafter, a photochromic material may be imbibbed
(as previously discussed) into the coating
composition. [158] Further, various non-limiting
embodiments disclosed herein contemplate the use of
various combinations of the foregoing methods to form
photochromic articles according to various
non-limiting embodiments discloed herein. For example,
and without limitation herein, according to one
non-limiting embodiment, a photochromic material may
be connected to an ophthalmic device by incorporation
into an organic material from which the ophthalmic
device is formed (for example, using the cast-in-place
method and/or imbibation), and thereafter a
photochromic material (which may be the same of
different from the aforementioned photochromic
material) may be connected to a portion of the
substrate using the in-mold casting, coating methods
described above.[159] Further, it will be appreciated
by those skilled in the art that the photochromic
compositions and ophthalmic devices made therefrom
according to various non-limiting embodiments
disclosed herein may further comprise other additives
that aid in the processing and/or performance of the
composition or ophthalmic device. Non-limiting
examples of such additives include from
photoinitiators, thermal initiators, polymerization
inhibitors, solvents, light stabilizers (such as, but
not limited to, ultraviolet light absorbers and light
stabilizers, such as hindered amine light stabilizers
(HALS)), heat stabilizers, mold release agents,
rheology control agents, leveling agents (such as, but
not limited to, surfactants), free radical scavengers,
adhesion promoters (such as hexanediol diacrylate and
coupling agents), and combinations and mixtures
thereof. [160] According to various non-limiting
embodiments, the photochromic materials described
herein may be used in amounts (or ratios) such that
the ophthalmice devices into which the photochromic
materials are incorporated or otherwise connected to
exhibit desired optical properties. For example, the
amount and types of photochromic materials may be
selected such that the ophthalmic device may be clear
or colorless when the photochromic material is in the
closedform (i.e. in the bleache or unactivated state)
and may exhibit a desired resultant color when the
photochromic material is in the open-form (that is,
when activated by actinic radiation). The precise
amount of the photochromic material to be utilized in 



the various photochromic compositions and articles
described herein is not critical provided that a
sufficient amount is used to produce the desired
effect. It should be appreciated that the particular
amount of the photochromic material used may depend on
a variety of factors, such as but not limited to, the
absorption characteristics of the photochromic
material, the color and intensity of the color desired
upon activation, and the method used to incorporate or
connect the photochromic material to the ophthalmic
device. Although not limiting herein, according to
various non-limiting embodiments disclosed herein, the
amount of the photochromic material that is
incorporated into an organic material may range from
about 0.01 to about 40 weight percent, in some
embodiments between about 0.1 toabout 30 weight %, and
in other embodiments, between about 1% to about 20%
weight percent, all based on the weight of the organic
material. [161] Various non-limiting embodiments
disclosed herein will now be illustrated in the
following non-limiting examples. EXAMPLES [162] In
Part 1 of the Examples, the synthesis procedures used
to make photochromic materials according to various
non-limiting embodiments disclosed herein are set
forth in Examples 1-15, and the procedures used to
make four comparative photochromic materials are
described in Comparative Examples (CE) 1-4. In Part 2
the test procedures and results are described. In Part
3, the absorption properties of modeled photochromic
materials are described. PART 1: SYNTHESIS PROCEDURES
Example 1 Step 1 [163] 1,2-Dimethoxybenzene (31.4 g)
and a solution of 4-bromobenzoyl chloride (50.0 g) in
500 mL of methylene chloride were added to a reaction
flask fitted with a solid addition funnel under a
nitrogen atmosphere. Solid anhydrous aluminum chloride
(60.0 g) was added to the reaction mixture with
occasionally cooling of the reaction mixture in an
ice/water bath. The reaction mixture was stirred at
room temperature for 3 hours. The resulting mixture
was poured into 300 mL of a 1:1 mixture of ice and IN
HCl and stirred vigorously for 15 minutes. The mixture
was extracted twice with 100 mL methylene chloride.
The organic extracts were combined and washed with 50
mL of 10 wt % NaOH followed by 50 mL of water. The
methylene chloride solvent was removed by rotary
evaporation to give 75.0 g of a yellow solid. Nuclear
magnetic resonance ("NMR") spectra showed the product
to have a structure consistent with
3,4-dimethoxy-4'-bromobenzophenone. Step 2 [164]
Potassium t-butoxide (30. 1 g) and 70.0 g of
3,4-dimethoxy-4'- bromobenzophenone from Step 1 were
added to a reaction flask containing 500 mL of toluene
under a nitrogen atmosphere. The mixture was heated to
reflux and dimethyl succinate (63.7 g) was added
dropwise over 1 hour. The mixture was refluxed for 5
hours and cooled to room temperature. The resulting
mixture waspoured into 300 mL of water and vigorously
stirred for 20 minutes. The aqueous and organic phases
were separated and the organic phase was extracted
with 100 mL portions of water three times. The
combined aqueous layers were washed with 150 ml
portions of chloroform three times. The aqueous layer
was acidified to pH 2 with 6N HCl and a precipitate
formed. The aqueous layer was extracted with three 100
mL portions of chloroform. The organic extracts were
combined and concentrated by rotary evaporation. NMR
spectra of the resulting oil showed the product to
have structures consistent with a mixture of (E and Z)
4-(3,4-dimthoxyphenyl)-4-(4-
bromophenyl)-3-methoxycarbonyl-3-butenoic acids. Step
3 [165] The crude half-esters from Step 2 (100.0 g),
60 mL of acetic anhydride, and 300 mL of toluene were
added to a reaction flask under a nitrogen atmosphere.
The reaction mixture was heated to 110 C for 6 hours,
cooled to room temperature, and the solvents (toluene
and acetic anhydride) removed by rotary evaporation.
The residue was dissolved in 300 mL of methylene
chloride and 200 mL of water. Solid Na2CO3 was added
to the biphasic mixture until bubbling ceased. The
layers separated and the aqueous layer was extracted
with 50 mL portions of methylene chloride. The organic
extracts were combined and the solvent was removed by
rotary evaporation to yield thick red oil. The oil was
dissolved in warm methanol and chilled at 0 C for 2
hours. The resulting crystals were collected by vacuum
filtration, washed with cold methanol to produce the
mixtures of l-(4-bromophenyl)-
2-methoxycarbonyl-4-acetoxy-6,7-dimethoxynaphthalene
and l-(3,4- dimethoxyphenyl^-methoxycarbonyM-acetoxy-
-bromonaphthalene. The product mixture was used
without further purification in subsequent reaction.
Step 4 [166] The mixture (50.0 g) from Step 3 was
weighed into a reaction flask under a nitrogen
atmosphere and 300 mL of anhydrous THF was added.
Methyl magnesium chloride (200 mL of 3.0M in THF) was
added to the reaction mixture over 1 hour. The
reaction mixture was stirred overnight and then poured
into 300 mL of a 1:1 mixture of ice and IN HCl. The
mixture was extracted with chloroform (three times
with 300 mL). The organic extracts were combined,
washed with saturated aqueousNaCl solution (400 mL)
and dried over anhydrous Na2SO4. Removal of the
solvent by rotary evaporation yielded 40.0 g of
l-(4-bromophenyl)-2-
(dimethylhydroxymethyl)-4-hydroxy-6,7-dimethoxynaphtha
lene and 1-(3,4-
dimethoxyphenyl-2-(dimethylhydroxymethyl)-4-hydroxy-6-
bromonaphthalene. Step 5 [167] The products from Step
4 (30.0 g) were placed in a reaction flask equipped
with a Dean-Stark trap and 150 mL of toluene was
added. The reaction mixture was stirred under a
nitrogen atmosphere and dodecylbenzene sulfonic acid
(about 0.5 mL) was added. The reaction mixture was
heated at reflux for 2 hours and cooled to room
temperature. Upon cooling the mixture to room
temperature for 24 hours, the white solid was
precipitated. NMR spectra showed the product to have a
structure consistent with
2,3-dimethoxy-7,7-dimethyl-9-bromo-7H-benzo[C]fluoren-
5-ol. This material was not purified further but was
used directly in the next step. Step 6 



[168] The product from Step 5 (10.0 g) was placed in a
reaction flask under a nitrogen atmosphere and 100 mL
of anhydrous l-methyl-2-pyrrolidinone was added. CuCN
(4.5 g) was added to the reaction mixture. The
reaction mixture was heated at reflux for 4 hours and
cooled to room temperature. To the resulting mixture
was added 100 mL of 6N HCl and the mixture was stirred
for 10 minutes. The mixture was washed with 150 ml
portions of ethyl acetate three times. The organic
extracts were combined and the solvent was removed by
rotary evaporation to give 7.2 g of a gray solid. NMR
spectra showed the product to have a structure
consistent with 2,3-
dimethoxy-7,7-dimethyl-9-cyano-7H-benzo[C]fluoren-5-ol
. Step 7 [169]
2,3-Dimethoxy-7,7-dimethyl-9-cyano-7H-benzo[C]fluoren-
5-ol from Step 6 (10 g),
l,l-bis(4-methoxyphenyl)-2-propyn-l-ol, (8.0 g, the
product of Example 1 Step 1 in U.S. patent 5,458,814,
which example is hereby specifically incorporated by
reference herein), dodecylbenzene sulfonic acid (0.5
g) and chloroform (preserved with pentene, 250 mL)
were combined in a reaction flask and stirred at room
temperature for 5 hours. The reaction mixture was
washed with 50 % saturated aqueous NaHCO3 (200 mL) and
the organic layer was dried overanhydrous Na2SO4. The
solvent was removed by rotary evaporation. Hot
methanol was added to the resulting residue and the
solution cooled to room temperature. The resulting
precipitate was collected by vacuum filtration and
washed with cold methanol yielding 14.0 g of
3,3-di(4-methoxyphenyl)-6,7-dimethoxy-ll-cyano-
13,13-dimethyl-3H,13H-indeno[2',3':3,4]naphtho[l,2-b]p
yran, (i.e., an indenofused naphtho[l,2-b]pyran with a
cyano group that extends the pi-conjugated system of
the indeno-fused naphthopyran bonded at the
11-position thereof). The product was used without
further purification in the subsequent reaction.
Example 2: Step l [170]
2,3-Dimethoxy-7,7-dimethyl-9-cyano-7H-benzo[C]fluoren-
5-ol from Step 6 of Example 1 (10.0 g) was placed in a
flask under a nitrogen atmosphere and NaOH (20 g) was
added. To the mixture, ethanol (10OmL) and water (100
mL) were added. The reaction mixture was heated at
reflux for 24 hours and cooled to room temperature.
The resulting mixture was poured into 200 mL of a 1:1
mixture of ice and 6N HCl and stirred vigorously for
15 minutes. The mixture was washed with 150 mL
portions of ethyl acetate three times. The organic
extracts were combined and the solvent was removed by
rotary evaporation to give 9.0 g of a white solid. NMR
spectra showed the product to have a structure
consistent with 2,3-dimethoxy-
7,7-dimethyl-9-carboxy-7H-benzo[C]fluoren-5-ol. Step 2
[171] The procedure of Step 7 of Example 1 was
followed except that 2,3-
dimethoxy-7,7-dimethyl-9-carboxy-7H-benzo[C]fluoren-5-
ol of Step 1 was used in place of
2,3-dimethoxy-7,7-dimethyl-9-cyano-7H-benzo[C]fluoren-
5-ol to produce
3,3-di(4-methoxyphenyl)-6,7-dimethoxy-ll-carboxy-13,13
-dimethyl-3H,13Hindeno[ 2',3':3,4]naphtho[l,2-b]pyran.
Example 3: Step l [172]
2,3-Dimethoxy-7,7-dimethyl-9-carboxy-7H-benzo[C]fluore
n-5-ol from Step 1 of Example 2 (5.0 g), 1.0 mL of
aqueous HCl, and 100 mL of methanol were combined in a
flask and heated at reflux for 24 hours. The reaction
mixture was cooled and the resulting precipitate was
collected by vacuum filtration and washedwith cold
methanol yielding 4.9 g of a white solid. NMR spectra
showed the product to have a structure consistent with
2,3-dimethoxy-7,7-dimethyl-9-
methoxycarbonyl-7H-benzo[C]fluoren-5-ol. Step 2 [173]
The procedure of Step 7 of Example 1 was followed
except that 2,3-
dimethoxy-7,7-dimethyl-9-methoxycarbonyl-7H-benzo[C]fl
uoren-5-ol of Step 1 was used in place of
2,3-dimethoxy-7,7-dimethyl-9-cyano-7H-benzo[C]fluoren-
5-ol to produce 3,3-di(4-methoxyphenyl)-6,7-dimethoxy-
11-methoxycarbonyl- 13,13-
dimethyl-3H,13H-indeno[2',3':3,4]naphtho[l,2-b]pyran.
Example 4: [174]
3,3-Di(4-methoxyphenyl)-6,7-dimethoxy-ll-carboxy-13,13
-dimethyl- 3H,13H-indeno[2',3':3,4]naphtho[l,2-b]pyran
from Step 2 of Example 2 (1.8 g), diethylene glycol
(0.2 g), dicyclohexyl carbodiimide (1.2 g),
4-(dimethylamino)- pyridine (0.01 g) and
dichloromethane (10 mL) were added to a flask and
heated under reflux for 24 hours. The solid produced
was removed by filtration and the remaining solvent
was removed by rotary evaporation. Ether was added to
the resulting residue and the solution cooled to room
temperature. The precipitate obtained was collected by
vacuum filtration and washed with diethyl ether
yielding 2.1 g of
3,3-di(4-methoxyphenyl)-6,7-dimethoxy-ll-(2-(2-
hydroxyethoxy)ethoxycarbonyl)- 13,13-dimethyl-3H,
13Hindeno[ 2',3':3,4]naphtho[l,2-b]pyran. Example 5:
Step l [175]
2,3-Dimethoxy-7,7-dimethyl-9-bromo-benzo[C]fluoren-5-o
l from Step 5 of Example 1 (1.4 g),
tetrakis(triphenylphosphine)palladium (0.12 g), 4-
fluorophenylboronic acid (0.6 g), sodium carbonate
(1.06 g), ethylene glycol dimethyl ether (50 mL), and
water (50 mL) were combined in a reaction flask under
a nitrogen atmosphere and stirred for 1 hour at room
temperature. The mixture was then heated at reflux for
24 hours. After this time, the mixture was filtered
and extracted with ethyl acetate (three times with 300
mL). The organic extracts were combined and the
solvent was removed by rotary evaporation to give 1.2
g of awhite solid. NMR spectra showed the product to
have a structure consistent with
2,3-dimethoxy-7,7-dimethyl-9-(4-fluorophenyl)-7H-benzo
[C]fluoren-5-ol. Step 2 [176] The procedure of Step 7
of Example 1 was followed except that 2,3-
dimethoxy-7,7-dimethyl-9-(4-fluorophenyl)-7H-benzo[C]f
luoren-5-ol of Step 1 was used in place of
2,3-dimethoxy-5-hydroxy-7,7-dimethyl-9-cyano-7Hbenzo[
C]fluoren-5-ol to produce
3,3-di(4-methoxyphenyl)-6,7-dimethoxy-ll-(4- 



fluorophenyl)-l 3,13-dimethyl-3H, 13H-indeno[2',3 '
:3,4]naphtho[l,2-b]pyran. Example 6: Step l [177] The
procedure of Step 1 of Example 5 was followed except
that 4-phenylphenylboronic acid was used in place of
4-fluorophenylboronic acid to produce 2,3-
dimethoxy-7,7-dimethyl-9-(4-(phenyl)phenyl)-7H-benzo[C
]fluoren-5-ol. Step 2 [178] The procedure of Step 7 of
Example 1 was followed except that 2,3-
dimethoxy-7,7-dimethyl-9-(4-(phenyl)phenyl)-7H-benzo[C
]fluoren-5-ol of Step 1 was used in place of
2,3-dimethoxy-7,7-dimethyl-9-cyano-7H-benzo[C]fluoren-
5-ol to produce
3,3-di(4-methoxyphenyl)-6,7-dimethoxy-l
l-(4-(phenyl)phenyl)-13,13-
dimethyl-3H,13H-indeno[2',3':3,4]naphtho[l,2-b]pyran.
Example 7: Step l [179] The procedure of Step 1 of
Example 5 was followed except that 4- (hydroxymethyl)
phenylboronic acid was used in place of
4-fluorophenylboronic acid to produce
2,3-dimethoxy-7,7-dimethyl-9-(4-(hydroxymethyl)phenyl)
-7Hbenzo[ C]fluoren-5-ol. Step 2 [180] The procedure
of Step 7 of Example 1 was followed except that 2,3-
dimethoxy-7,7-dimethyl-9-(4-(hydroxymethyl)phenyl)-7H-
benzo[C]fluoren-5-ol of Step 1 was used in place of
2,3-dimethoxy-7,7-dimethyl-9-cyano-7Hbenzo[
C]fluoren-5-ol to produce
3,3-di(4-methoxyphenyl)-6,7-dimethoxy-ll-(4-
(hydroxymethyl)phenyl)- 13,1 3-dimethyl-3H,l
3H-indeno[2',3 ' :3,4]naphtho[l ,2- b]pyran.Example 8:
[181]
2,3-Dimethoxy-7,7-dimethyl-9-bromo-7H-benzo[C]fluoren-
5-ol from Step 5 of Example 1 (5.0 g),
triphenylphosphine (0.16 g),
dichlorobis(triphenylphosphine) palladium (0.12 g) ,
copper iodide (0.06 g), 2-methyl-3-butyn-2-ol (1.56 g)
and diisopropylamine (30 mL) were combined in a
reaction flask under a nitrogen atmosphere and stirred
for 1 hour at room temperature. The mixture was then
heated at 800C for 24 hours. After this time, the
solid was filtered off over a short pad of silica gel
and the solution was concentrated under vacuum. NMR
spectra confirmed the resulting white solid to have
the structure 2,3-dimethoxy-7,7-dimethyl-9-(3-
hydroxy-3-methylbutyn)-7H-benzo[C]fluoren-5-ol. Step 2
[182] The procedure of Step 7 of Example 1 was
followed except that 2,3-
dimethoxy-7,7-dimethyl-9-(3-hydroxy-3-methylbutyn)-7H-
benzo[C]fluoren-5-ol of Step 1 was used in place of
2,3-dimethoxy-7,7-dimethyl-9-cyano-7Hbenzo[
C]fluoren-5-ol to produce
3,3-di(4-methoxyphenyl)-6,7-dimethoxy-l l-(3-
hydroxy-3-methylbutyn)-13-dimethyl-3H,13H-indeno[2',3'
:3,4]naphtho[l,2- bjpyran. Example 9: Step l [183] The
procedure of Step 1 of Example 8 was followed except
that phenylacetylene was used in place of
2-methyl-3-butyn-2-ol to produce 2,3-
dimethoxy-7,7-dimethyl-9-(2-phenylethynyl)-7H-benzo[C]
fluoren-5-ol. Step 2 [184] The procedure of Step 7 of
Example 1 was followed except that 2,3-
dimethoxy-7,7-dimethyl-9-(2-phenylethynyl)-7H-benzo[C]
fluoren-5-ol of Step 1 was used in place of
2,3-dimethoxy-7,7-dimethyl-9-cyano-7H-benzo[C]fluoren-
5-ol to produce
3,3-di(4-methoxyphenyl)-6,7-dimethoxy-l
l-(2-phenylethynyl)-13,13-
dimethyl-3H,13H-indeno[2',3':3,4]naphtho[l,2-b]pyran.
Example 10: Step l [185] 4-Biphenylcarbonyl chloride
(150 g), 1,2-dimethoxybenzene (88 mL), and
dichloromethane ( 1.4 L) were combined in a reaction
flask under a nitrogenatmosphere. The reaction flask
was cooled in an ice bath and aluminum chloride
anhydrous (92.3 g) was added slowly over 30 minutes
using a solid addition funnel. The ice bath was
removed and the reaction mixture allowed to warm to
room temperature. Additional 1,2-dimethoxybenzene (40
niL) and aluminum chloride (30 grams) were added to
the reaction flask. After 1.5 hours the reaction
mixture was slowly poured into a mixture of saturated
aqueous NH4Cl and ice (1.5 L). The layers were
separated and the aqueous layer was extracted with two
750 niL portions of dichloromethane. The organic
portions were combined and washed with 50 % saturated
aqueous solution OfNaHCO ( 1 L). The organic layer was
dried over anhydrous magnesium sulfate and
concentrated by rotary evaporation. The resulting
residue was dissolved in hot t-butyl methyl ether and
allowed to cool to room temperature slowly. A white
solid precipitated and was collected by vacuum
filtration, washing with cold t-butyl methyl ether
yielding 208 g of 3,4-dimethoxy-
4'-phenylbenzophenone. Step 2 [186]
3,4-Dimethoxy-4'-phenylbenzophenone from Step 1 (200
g), potassium tertbutoxide (141 g), and toluene (3 L)
were combined in a flask under a nitrogen atmosphere
and heating begun. To this was added dimethyl
succinate (144 mL) dropwise over 45 minutes. Reaction
mixture was heated to 70 0C for 1.5 hours and then
cooled to room temperature. The reaction mixture was
poured into a mixture of saturated aqueous NaCl and
ice (3 L). The layers were separated and the aqueous
layer was extracted with two 1 L portions of diethyl
ether. The organic layers were discarded and the
aqueous layer was acidified to pH 1 with cone. HCl.
Dichloromethane (2 L) was added, the mixture extracted
and the layers separated. The aqueous layer was
extracted with two 1 L portions of dichloromethane.
The organic layers were combined and washed with water
(2 L). The organic layer was dried over anhydrous
magnesium sulfate and concentrated by rotary
evaporation to an orange colored oil yielding 287 g of
a mixture of (E and Z) 3-methoxycarbonyl-
4-(4-phenyl)phenyl,4-(3,4-dimethoxyphenyl)-3-butenoic
acid. The product was 



used without further purification in the subsequent
reaction. Step 3[187] A mixture of (E and Z)
3-methoxycarbonyl-4-(4-phenyl)phenyl,4-(3,4-
dimethoxyphenyl)-3-butenoic acid from Step 2 (272 g)
and acetic anhydride (815 mL) were combined in a
reaction flask under a nitrogen atmosphere and heated
to reflux for 13 hours. The reaction mixture was
cooled to room temperature and then slowly poured into
ice water ( 1 L). The mixture was stirred for 3 hours
and then saturated aqueous NaHCO3 (2 L) was slowly
added. Additional sodium bicarbonate (750 grams) was
slowly added portion wise. Dichloromethane (2.5 L) was
added to the mixture, which was then filtered, and the
filtrate phase separated. The aqueous layer was
extracted with dichloromethane (1 L). The organic
layers were combined, dried over anhydrous magnesium
sulfate, and concentrated by rotary evaporation to a
dark red solid. The red solid was slurried in hot
ethanol, cooled to room temperature, collected by
vacuum filtration, and washed with cold ethanol
yielding 187.5 g of a mixture of
l-(4-phenyl)phenyl-2-methoxycarbonyl-4-acetoxy-6,7-
dimethoxynaphthalene and
1-(3,4-dimethoxyphenyl)-2-methoxycarbonyl-4-acetoxy-
6-phenylnaphthalene. The product was used without
further purification in the subsequent reaction. Step
4 [188] The mixture of
l-(4-phenyl)phenyl-2-methoxycarbonyl-4-acetoxy-6,7-
dimethoxynaphthalene and
1-(3,4-dimethoxyphenyl)-2-methoxycarbonyl-4-acetoxy-
6-phenylnaphthalene from Step 3 (172 g), water (1035
mL), methanol (225 mL), and sodium hydroxide (258 g)
were combined in a reaction flask and heated to reflux
for 5 hours. The reaction mixture was cooled to room
temperature and was then slowly poured into mixture of
water (1.5 L), cone. HCl (500 mL) and ice. A white
solid precipitated and was filtered and washed with
water. The solid was dissolved in a small amount of
anhydrous tetrahydrofuran and then diluted with -butyl
methyl ether. This solution was washed with saturated
aqueous NaCl and the organic layer was dried over
anhydrous magnesium sulfate and concentrated by rotary
evaporation to a light orange solid. The solid was
slurried in hot toluene, cooled to room temperature,
filtered, and washed with cold toluene yielding 127 g
of a white solid (
1-(4-phenyl)phenyl-2-carboxy-4-hydroxy-6,7-dimethoxyna
phthalene). The product was used in the subsequent
reaction without purification.Step 5 [189]
1-(4-Phenyl)phenyl-2-carboxy-4-hydroxy-6,7-dimethoxyna
phthalene from Step 4 (25 g), acetic anhydride (29
niL), 4-(dimethylamino)pyridine (115 mg), and
1,2,4-trimethylbenzene (500 mL) were combined in a
reaction flask under a nitrogen atmosphere and heated
to 50 0C for one hour. Dodecylbenzene sulfonic acid
(10.3 g) was added to the reaction mixture and the
temperature increased to 144 C. After 28 hours the
reaction mixture was slowly cooled to room temperature
and a solid precipitated. The reaction mixture was
filtered and washed with toluene yielding 23.0 g of a
red solid (2,3-dimethoxy-5-acetoxy-l l-phenyl-7Hbenzo[
C]fluoren-7-one). The product was used in the
subsequent reaction without further purification. Step
6 [190] 2,3-Dimethoxy-5-acetoxy-l
l-phenyl-7H-benzo[C]fluoren-7-one from Step 5 (4.22 g)
and anhydrous tetrahydrofuran (85 mL) were combined in
a reaction flask under a nitrogen atmosphere and
cooled in an ice bath. To this was added 13.5 mL of an
ethylmagnesium bromide solution (3.0 M in diethyl
ether) dropwise over 20 minutes. The reaction mixture
was allowed to warm to room temperature and was then
poured into a mixture of saturated aqueous NH4Cl and
ice (100 mL). The mixture was diluted with ethyl
acetate (40 mL) and then the layers were separated.
The aqueous layer was extracted with two 70 mL
portions of ethyl acetate. The organic layers were
combined and washed saturated aqueous NaHCO (100 mL),
dried over NaSO4, and concentrated by rotary
evaporation to afford an orange solid. The solid was
slurried in hot -butyl methyl ether, cooled to room
temperature, filtered, and washed with cold -butyl
methyl ether yielding 2.6 g of a light orange solid
(2,3-dimethoxy-7-hydroxy-7-ethyl-l
l-phenyl-7H-benzo[C]fluoren-5-ol). The product was
used in the subsequent reaction without further
purification. Step 7 [191]
2,3-Dimethoxy-7-hydroxy-7-ethyl-l
l-phenyl-7H-benzo[C]fluoren-5-ol from Step 6 (2.59 g),
l,l-bis(4-methoxyphenyl)-2-propyl-l-ol (2.19g, the
product of Example 1, Step 1 of US Patent No.
5,458,814, the disclosure of which is hereby
specifically incorporated by reference), and
dichloromethane (52 mL) werecombined in a reaction
flask under a nitrogen atmosphere. To this was added
trifluoroacetic acid (41 mg). After 2 hours
^-toluenesulfonic acid monohydrate (29 mg) was added
to the reaction flask. After an additional 45 minutes
the reaction mixture was diluted with dichloromethane
(25 mL) and then washed with 50% saturated aqueous
NaHCO3 (50 mL). The organic layer was dried over
anhydrous magnesium sulfate and concentrated by rotary
evaporation. Hot acetonitrile was added to the
resulting residue and a solid precipitated. The
mixture was cooled to room temperature, vacuum
filtered, and washed with cold acetonitrile yielding
3.43 g of a light green solid
(3,3-di(4-methoxyphenyl)-6,7-dimethoxy-l l-phenyl-13-
ethyl-13-hydroxy-3H,13H-indeno[2',3':3,4]naphtho[l,2-b
]pyran). The product was used in the subsequent
reaction without further purification. Step 8 [192]
3,3-Di(4-methoxyphenyl)-6,7-dimethoxy-ll-phenyl-13-eth
yl-13-hydroxy-
3H,13H-indeno[2',3':3,4]naphtho[l,2-b]pyran from Step
7 (3.4 g), anhydrous methanol (35 mL), toluene (34
mL), and/>-toluenesulfonic acid monohydrate (75 mg)
were combined in a reaction flask under a nitrogen
atmosphere and heated to reflux. After 4 hours the
reaction mixture was cooled to room temperature and
diluted with toluene (35 mL). The reaction mixture was
washed with two 35 mL portions of 50% saturated
aqueous NaHCO3. The organic layer was dried over
anhydrous magnesium sulfate and concentrated by rotary
evaporation. Hot methanol was added to the resulting
residue and a solid precipitated. The mixture was
cooled to room temperature, vacuum filtered, and the
solid washed with cold methanol yielding 3.06 g of a
light yellow solid. Mass Spectroscopy ("MS") 



analysis and NMR spectra show the product to have a
structure consistent with 3,3-
di(4-methoxyphenyl)-6,7-dimethoxy-ll-phenyl-13-ethyl-1
3-methoxy-3H,13Hindeno[ 2',3':3,4]naphtho[l,2-b]pyran.
Example 11: Step 1 [193]
2,3-Dimethoxy-7,7-dimethyl-9-bromo-7H-benzo[C]fluoren-
5-ol from Step 5 of Example 1 (5 g),
tetrakis(triphenylphosphine)palladium (0) (0.43 g), 4-
methoxycarbonyl phenylboronic acid (2.5 g), sodium
carbonate (3 g), ethyleneglycol dimethyl ether (90
mL), and water (30 mL) were combined in a reaction
flask under nitrogen atmosphere and stirred for 1 hour
at room temperature. The mixture was then heated at
reflux for 24 hours. Water (60 mL) and sodium
hydroxide ( 1 g) were added, and the reaction mixture
was heated at reflux for 20 hours. After this time,
the mixture was cooled to room temperature, and
aqueous HCl (10%) was added to the mixture under
stirring, the mixture was filtered and extracted with
ethyl acetate (three times with 100 mL) and
dichloromethane (three times with 100 mL). The organic
extracts were combined and the solvent was removed by
rotary evaporation to give 5 g of a yellow solid
(2.3-dimethoxy-7,7-dimethyl-9-(4-
hydroxycarbonylphenyl)-7H-benzo[C]fluoren-5-ol). The
product was used without further purification in the
subsequent reaction. Step 2 [194]
2,3-Dimethoxy-7,7-dimethyl-9-(4-hydroxycarbonylphenyl)
-7Hbenzo[ C]fluoren-5-ol from Step 1 (7.5 g),
1-phenyl-l- (4-methoxyphenyl)-2-propynl- ol (4.0 g,
made ass described in Example 1 Step 1 of U.S. patent
5,458,814), dodecylbenzene sulfonic acid (0.2 g) and
chloroform (preserved with pentene, 70 mL) were
combined in a reaction flask and stirred at room
temperature for 2 hours. The reaction mixture was
concentrated, and acetone (100 mL) was added to the
residue, and the slurry was filtered, yielding 6.5 g
of a green solid. The product was used without further
purification in the subsequent reaction. Step 3 [195]
3-Phenyl-3-(4-methoxyphenyl)-6,7-dimethoxy-l 1-(4-
hydroxycarbonylphenyl)- 13,13-dimethyl-3H,
13H-indeno[2 ' ,3' :3,4]naphtho[ 1,2- b]pyran from
Step 2 (0.2 g), 2-hydroxyethyl methacrylate (0.5 mL),
dicyclohexyl carbodiimide (0.2 g),
4-(dimethylamino)-pyridine (0.04 g) and
dimethylformamide (20 mL) were added to a flask and
heated to 55-58C for 3 hours. Water was added to the
reaction mixture, the precipitation was filtered out,
yielding 0.27 g of an offgreen solid. Mass
spectroscopy ("MS") analysis supports the molecular
weight of 3- phenyl-3
-(4-methoxyphenyl)-6,7-dimethoxy- 11-(4-(2-
methacryloxyethoxy)carbonylphenyl)- 13,13-dimethyl-3H,
13Hindeno[ 2',3 ' :3,4]naphtho[l ,2-b]pyran.Example
12: Step l [196]
2,3-Dimethoxy-7,7-dimethyl-9-bromo-7H-benzo[C]fluoren-
5-ol from Step 5 of Example 1 (4.7 g),
l,l-bis(4-methoxyphenyl)-2-propyn-l-ol (3.5 g, the
product of Example 1 Step 1 of U.S. patent 5,458,814),
pyridinium p-toluenesulfonate (0.15 g), trimethyl
orthoformate (3.5 mL) and chloroform (preserved
withpentene, 100 mL) were combined in a reaction flask
and stirred at reflux for half hour. The reaction
mixture was concentrated. Acetone was added to the
residue, the slurry was filtered, yielding 7.7 g of an
off-white solid, MS analysis supports the molecular
weight of
3,3-di(4-methoxyphenyl)-6,7-dimethoxy-ll-bromo-13,13-d
imethyl-3H,13Hindeno[ 2',3':3,4]naphtho[l,2-b]pyran.
The product was used without further purification in
the subsequent reaction. Step 2 [197] The procedure of
Step 1 of Example 5 was followed except that 4-
phenylphenylboronic acid was used in place of
4-fluorophenylboronic acid to produce
3,3-di(4-methoxyphenyl)-6,7-dimethoxy-
11-(4-phenylphenyl)- 13,13-
dimethyl-3H,13H-indeno[2',3':3,4]naphtho[l,2-b]pyran.
The product was used without further purification in
the subsequent reaction. Step 3 [198]
3,3-Di(4-methoxyphenyl)-6,7-dimethoxy-
11-(4-(phenyl)phenyl)- 13,13-
dimethyl-3H,13H-indeno[2',3':3,4]naphtho[l,2-b]pyran
from Step 2, above, (6 g), 3-piperidinemethanol (1.3
g) and tetrahydrofuran (60 mL) were combined in a dry
reaction flask under nitrogen atmosphere, butyl
lithium (10 mL, 2.5 M in hexane) was cannulated into
the reaction flask under stirring. The mixture was
stirred for 30 minutes at room temperature and then
carefully poured into ice water. The mixture was
extracted with ethyl acetate (three times with 100
mL). The extracts were combined and washed with
saturated aqueous sodium chloride solution. The
solution was dried over Na2SO4 and filtered. The
solution was concentrated and the residue was purified
by silica gel chromatography (ethyl acetate/hexanes
(v/v): 1/1). The major fraction was collected from
column and concentrated, yielding 5 g of purple foam.
MS analysis supports the molecular weight of
3,3-di(4-methoxyphenyl)-6-methoxy-7-((3
-hydroxymethylenepiperidino)- 1-yl)-11-(4-
(phenyl)rhenyl)-13,13-dimethyl-3H,13H-indeno[2',3':3,4
]naphtho[l,2-b] ryran. The product was used without
further purification in the subsequent reaction. Step
4 [199] 3,3-Di(4-methoxyphenyl)-6-methoxy-7-((3-
hydroxymethylenepiperidino)- 1-yl)-l
1-(4-(phenyl)phenyl)- 13,13-dimethyl-3H, 13Hindeno[
2',3':3,4]naphtho[l,2-b]pyran from Step 3 (5 g), 2-
isocyanatoethylmethacrylate ( 1 niL), dibutyltin
dilaurate ( 1 drop) and ethyl acetate (50 rnL) were
combined in a reaction flask with a condenser open to
air. The mixture was heated at reflux for 20 minutes.
Methanol (5 mL) was added to the mixture to quench
excess 2-isocyanatoethylmethacrylate. The reaction
mixture was concentrated and the residue was purified
by silica gel chromatography (ethyl acetate/hexanes
(v/v): 1/1). The major fraction was collected from the
column and concentrated, yielding 6 g of a purple
foam. MS analysis supports the molecular weight of
3,3-di(4-methoxyphenyl)-6-methoxy-7-((3-(2-
methyacryloxyethyl)carbamyloxymethylene
piperidino)-l-yl)-l l-(4- (phenyl)phenyl)-l
3,13-dimethyl-3H, 13H-indeno[2',3 ' :3,4]naphtho[l
,2-b]pyran. 



Example 13: Step l [200] The procedures of Example 1
were followed except that 4-bromophenyl-4'-
methoxybenzophenone was used in place of
3,4-dimethoxy-4'-bromobenzophenone to produce
3-methoxy-9-bromo-7,7-dimethyl-7H-benzo[C]fluoren-5-ol
. Step2 [201] 4-Hydroxybenzophenone (100 g),
2-chloroethanol (50 g), sodium hydroxide (20 g) and
water (500 mL) were combined in a reaction flask. The
mixture was heated at reflux for 6 hours. The oily
layer was separated and crystallized upon cooling, the
crystalline material was washed with aqueous sodium
hydroxide followed by fresh water and dried, yielding
an off-white solid 85 g. The product was used without
further purification in the subsequent reaction. Step
3[202] The product from Step 2 (30 g) was dissolved in
anhydrous dimethylformamide (250 mL) in a reaction
flask with overhead stirring. Sodium acetylide paste
in toluene (15 g, ~9wt%) was added to the reaction
flask under vigorous stirring. After the reaction is
complete, the mixture was added to water (500 mL), and
the solution was extracted with ethyl ether (twice
with 500 mL). The extracts were combined and washed
with saturated aqueous sodium chloride solution and
dried over sodium sulfate. The solution was then
filtered and concentrated, and the dark residue was
purified by silica gel chromatography (ethyl
acetate/hexanes (v/v): 1/1). The major fraction was
collected from column and concentrated, yielding 33 g
of a white solid (1-phenyl- 1-(4-(2-
hydroxyethoxy)phenyl)-2-propyn- 1-ol. Step 4 [203]
3-Methoxy-
9-bromo-7,7-dimethyl-7H-benzo[C]fluoren-5-ol from Step
1 (5 g), 1-phenyl-
l-(4-(2-hydroxyethoxy)phenyl)-2-propyn-l-ol from Step
3 (4 g), dodecylbenzene sulfonic acid (2 drops) and
chloroform (40 mL) were combined in a reaction flask.
The mixture was heated at reflux for an hour and then
concentrated. The residue was purified by silica gel
chromatography (ethyl acetate/hexanes (v/v): 1/1). The
major fraction was collected from the column and
concentrated to 7 g of an expanded green foam. MS
analysis supports the molecular weight of 3-phenyl-3-
(2-hydroxyethoxy)phenyl-6-methoxy- 11-bromo-1
3,13-dimethyl-3H, 13Hindeno[ 2',3 '
:3,4]naphtho[l,2-b]pyran. Step 5 [204]
3-Phenyl-3-(4-(2-hydroxyethoxy)phenyl)-6-methoxy-ll-br
omo-13,13-
dimethyl-3H,13H-indeno[2',3':3,4]naphtho[l,2-b]pyran
from Step 4 (3.5 g),
tetrakis(triphenylphosphine)palladium (0) (0.12 g),
phenylboronic acid (1.05 g), sodium carbonate (1.33
g), ethylene glycol dimethyl ether (50 mL), and water
(10 mL) were combined in a reaction flask under
nitrogen atmosphere and stirred for 1 hour at room
temperature. The mixture was then heated at reflux for
28 hours. After this time, water (30 mL) was added to
the mixture. The mixture was extracted with ethyl
acetate (200 mL), the extract was washed with water
and saturated aqueous sodium chloride solution and
dried over sodium sulfate. The solution wasfiltered
and concentrated. The residue was purified by silica
gel chromatography (ethyl acetate/hexanes (v/v):
1/1.5). The major fraction was recrystallized in ethyl
acetate/hexanes (v/v: 1/2), yielding 1.6 g of a
yellow-green solid. NMR spectra supports the structure
of 3-phenyl-3-(4-2-hydroxyethoxy)phenyl-6-methoxy-l 1-
phenyl-1 3,13-dimethyl-3H, 13H-indeno[2',3 '
:3,4]naphtho[l ,2-b]ryran. Step 6 [205]
3-Phenyl-3-((4-(2-hydroxyethoxy)phenyl)-6-methoxy-ll-p
henyl-13,13-
dimethyl-3H,13H-indeno[2',3':3,4]naphtho[l,2-b]pyran
from Step 5 ( 1 g), 2- isocyanatoethylmethacrylate
(0.8 mL), dibutyltin dilaurate ( 1 drop) and ethyl
acetate (20 mL) were combined in a reaction flask with
a condenser open to air. The mixture was heated at
reflux for 1 hour. Methanol (4 mL) was added to the
mixture to quench excess
2-isocyanatoethylmethacrylate. The reaction mixture
was concentrated and the residue was purified by
silica gel chromatography (dichloromethane/
hexanes/acetone (v/v/v): 10/5/1). The major fraction
was collected from column and concentrated to an
expanded blue-green foam. MS analysis supports the
molecular weight of 3-phenyl-3-(4-(2-(2-
methacryloxyethyl)carbamyloxyethoxy)phenyl)-6-methoxy-
11-phenyl- 13,13- dimethyl-3H, 13H-indeno[2',3 '
:3,4]naphtho[l ,2-b]pyran. Example 14; Step l [206]
The procedures of Example 1 were followed except that
4,4'- dimethoxybenzophenone was used in place of
3,4-dimethoxy-4'- bromobenzophenone to produce
3,9-dimethoxy-7,7-dimethyl-7H-benzo[C]-fluoren- 5-ol.
Step 2 [207]
3,9-Dimethoxy-7,7-dimethyl-7H-benzo[C]fluoren-5-ol
from Step 1 (3 g), the product of Example 13 Step 3 (
1-phenyl- 1- (4-(2-hydroxyethoxy)phenyl)-2-
propyn-1-ol (5 g), p-toluenesulfonic acid (0.2 g) and
chloroform (preserved with pentene, 10 mL) were
combined in a reaction flask and stirred at room
temperature for half hour. The reaction mixture was
concentrated. The residue was purified by silica gel
chromatography (ethyl acetate/hexanes (v/v): 1/1). The
major fraction was collected from column and
concentrated, methanol was added to the residue and
theprecipitation was filtered, yielding 3 g of a
yellow-green solid. MS analysis supports the molecular
weight of 3-phenyl-3-4-(2-hydroxyethoxy)phenyl)-6, 11-
dimethoxy-13,13-dimethyl-3H,13H-indeno[2',3':3,4]napht
ho[l,2-b]pyran. Step 3 [208] The product of Example 2
Step 1 2,3-dimethoxy-7,7-dimethyl-9-
carboxy-7H-benzo[C]fluoren-5-ol (0.77 g), 1-phenyl-l-
(4-methoxyphenyl)-2- propyn-1-ol ( 1 g, made as
described in Example 1 Step 1 in U.S. patent
5,458,814), pyridinium p-toluenesulfonate (0.04 g),
trimethyl orthoformate (0.5 mL) and chloroform
(preserved with pentene, 50 mL) were combined in a
reaction flask and stirred at reflux for 22 hours. The
reaction mixture was concentrated, and the residue was
added to acetone and t-butyl methyl ether (v/v: 1:1),
the slurry was 



filtered, yielding 1 g of a yellow-green solid. MS
analysis supports the molecular weight of
3-phenyl-3-(4-methoxyphenyl)-6,7-dimethoxy-
11-carboxy- 13,13-
dimethyl-3H,13H-indeno[2',3':3,4]naphtho[l,2-b]pyran.
The product was used without further purification in
the subsequent reaction. Step 4 [209] 3-Phenyl
-3-((4-(2-hydroxyethoxy)phenyl)-6,l l-dimethoxy-13,13-
dimethyl-3H,13H-indeno[2',3':3,4]na rhtho[l,2-b]pyran
from Step 2 (0.7g), 3- phenyl-3
-(4-methoxyphenyl)-6,7-dimethoxy- 11-carboxy-
13,13-dimethyl-3H, 13Hindeno[
2',3':3,4]naphtho[l,2-b]pyran from Step 3 (0.5
g),dicyclohexyl carbodiimide ( 1 g),
4-(dimethylamino)-pyridine (0.17 g) and
dichloromethane (50 mL) were added to a flask and
heated at reflux for 27 hours. The reaction mixture
was concentrated, and the residue was purified by
silica gel chromatography
(dichloromethane/hexanes/methanol (v/v/v): 10/10/1).
The major fraction was collected from column and
concentrated to 0.7 g of blue-green foam. MS analysis
supports the molecular weight of
3-phenyl-3-(4-methoxyphenyl)-6,7-dimethoxy-
13,13-dimethyl - 1l-(2-(4-(3-phenyl-6,l
l-dimethoxy-13,13 dimethyl-3H,13Hindeno[
2',3':3,4]naphtho[l,2-b]pyran-3-yl)phenoxy)ethoxycarbo
nyl)-3H,13Hindeno[ 2',3 ' :3,4]naphtho[l,2-b]pyran.
Example 15:Step l [210] /?-Hydroxybenzophenone (45 g),
3,4-dihydro-2H-pyran (30 mL), dodecylbenzenesulfonic
acid (10 drops) and dichloromethane (450 mL) were
combined to a reaction flask under nitrogen
atmosphere. The mixture was stirred at room
temperature for 2 hours and poured into saturated
aqueous sodium bicarbonate solution. The
dichloromethane phase was separated and dried over
sodium sulfate. The solution was filtered and
concentrated. The residue was used in subsequent
reaction without further purification. Step 2 [211]
The product from Stepl (80 g) was dissolved in
anhydrous dimethylformamide (130 mL) in a reaction
flask with overhead stirring, sodium acetylide in
toluene (35 g, ~9wt%) was added to the reaction flask
under vigorous stirring. After the reaction was
complete, the mixture was poured into water (200 mL),
and the solution was extracted with ethyl ether (three
times with 200 mL). The extracts were combined and
washed with saturated aqueous sodium chloride solution
and dried over sodium sulfate. The solution was
filtered and concentrated. The product was used in
subsequent reaction without further purification. Step
3 [212] The product from Step 2 (80 g),
p-toluenesulfonic acid (0. 14g) and anhydrous methanol
(50 mL) were combined in a reaction flask. The mixture
was stirred at room temperature for 30 minutes and
poured into saturated aqueous sodium bicarbonate
solution (15 mL)/ water (150 mL), the mixture was
extracted with ethyl acetate (three times with 200
mL), and the extracts were combined and dried over
sodium sulfate. The solution was filtered and
concentrated. The product was used in subsequent
reaction without further purification. Step 4 [213]
The product of Example 2 Step 1
2,3-dimethoxy-7,7-dimethyl-9-
carboxy-7H-benzo[C]-fiuoren-5-ol ( 1 g), the product
from Step 3 (3 g), dodecylbenzenesulfonic acid (5
drops), tetrahydrofuran (5 mL), and chloroform (40 mL)
were combined in a reaction flask, the mixture was
heat at reflux for 2 hours, and then concentrated.
Methanol was added to the residue and the slurry was
filtered, yielding 0.7 g of an off-white solid. MS
analysis supports the molecularweight of
3-phenyl-3-(4-hydroxyphenyl)-6,7-dimethoxy-
11-carboxy- 13,13-
dimethyl-3H,13H-indeno[2',3':3,4]naphtho[l,2-b]pyran.
Step 5 [214] 4-Fluorobenzophenone (30 g), piperazine
(23 g), triethyl amine (23 mL), potassium carbonate
(22 g) and dimethyl sulfoxide (50 mL) were combined in
a reaction flask, and the mixture was heated at reflux
for 20 hours. After this time, the mixture was cooled
and poured into water, the slurry was extracted with
chloroform and the chloroform phase was washed with
water twice and dried over sodium sulfate. The
solution was concentrated to 45 g of orange oil. The
product was used in subsequent reaction without
further purification. Step 6 [215] The procedure of
Step 2 was followed except that the product from Step
5 was used in place of the product from Stepl . After
the work-up, the residue was purified by silica gel
chromatography (ethyl acetate/methanol (v/v): 1/1).
The major fraction was collected from column and
concentrated to 17 g of a yellowish solid. Step 7
[216]
3,9-Dimethoxy-7,7-dimethyl-7H-benzo[C]fluoren-5-ol
from Step 1 of Example 14 ( 1 g), the product from
Step 6 above (3g), p-toluenesulfonic acid (0.2g) and
chloroform (70 mL) were combined in a reaction flask,
the mixture was stirred at room temperature for 20
minutes and then poured into saturated aqueous
potassium carbonate solution (20 mL), the chloroform
phase was separated and dried over sodium sulfate. The
solution was filtered and concentrated. The residue
was purified by silica gel chromatography (ethyl
acetate/methanol (v/v): 1/1). The blue fraction was
collected and concentrated, the residue was added to
methanol, and the slurry was filtered, yielding 0.6 g
of a green solid. MS analysis supports the molecular
weight of 3-phenyl-3 -(4-piperazinophenyl)-6,l
l-dimethoxy-13,13-
dimethyl-3H,13H-indeno[2',3':3,4]naphtho[l,2-b]pyran.
The product was used without further purification in
the subsequent reaction. Step 8 [217]
3-Phenyl-3-(4-hydroxyphenyl)-6,7-dimethoxy-ll-carboxy-
13,13-
dimethyl-3H,13H-indeno[2',3':3,4]naphtho[l,2-b]pyran
from Step 4 (0.45 g), 2- isocyanatoethylmethacrylate
(1.5 mL), dibutyltin dilaurate ( 1 drop)
anddimethylformamide (3 mL) were combined in a
reaction flask, the mixture was heated to 8O0C for 2
hours. The mixture was poured into water and extracted
with ethyl acetate. The extract was washed with water
twice and dried over sodium sulfate. The solution was
filtered and concentrated. The residue was added to 



acetone and methanol (v/v: 1/1), the slurry was
filtered, yielding 0.6 g of a yellow solid. Step 9
[218] 3-Phenyl-3-(4-piperazinophenyl)-6,
11-dimethoxy-1 3,13-dimethyl-
3H,13H-indeno[2',3':3,4]naphtho[l,2-b]pyran from Step
7 (0.5 g), 3-phenyl-3-(4-
(2-methacryloxyethyl)carbamyloxyphenyl)-6,7-dimethoxy-
11-carboxy- 13,13-
dimethyl-3H,13H-indeno[2',3':3,4]naphtho[l,2-b]pyran
from Step 8 (0.7 g), dicyclohexyl carbodiimide (0.5
g), 4-(dimethylamino)-pyridine (0.08 g) and
dimethylformamide (10 mL) were added to a flask and
heated to 80 0C for 18 hours. The mixture was poured
into water, the slurry was filtered, and the solid
(0.5 g) was further purified by silica gel
chromatography (ethyl acetate/ methanol (v/v): 1/1).
The pure fraction was concentrated to yield 130 mg of
an expanded blue-green foam. MS analysis supports the
molecular weight of 3-phenyl-3-(4-(2-
methacryloxyethyl)carbamyloxyphenyl)-6,7-dimethoxy-13,
13-dimethyl-ll-((4-(4- (3-phenyl-6,ll-dimethoxy-13,13
dimethyl-3H,13H-indeno[2',3':3,4]naphtho[l,2-
b]pyran-3-yl)-phenyl)piperazino-4-yl)carbonyl)
-3H,13Hindeno[ 2',3':3,4]naphtho[l,2-b]pyran.
Comparative Example CEl : Step l [219] Potassium
t-butoxide (50.0 g) and benzophenone (100.0 g) were
added to a reaction flask containing 500 mL of toluene
under a nitrogen atmosphere. To the mixture was added
dimethyl succinate (150.0 g) dropwise over 1 hour. The
mixture was stirred for 5 hours at room temperature.
The resulting mixture was poured into 300 mL of water
and vigorously stirred for 20 minutes. The aqueous and
organic phases were separated and the organic phases
were extracted with 100 mL portions of water three
times. The combined aqueous layers were washed with
150 ml portions of chloroform three times. The aqueous
layer was acidified to pH 2 with6N HCl and a
precipitate formed. The aqueous layer was extracted
with three 100 rnL portions of chloroform. The organic
extracts were combined and concentrated by rotary
evaporation. NMR spectra showed the product to have a
structure of 4,4- diphenyl-3
-methoxycarbonyl-3-butenoic acid. Step 2 [220] The
crude half-ester from Step 1 (100.0 g), 60 mL of
acetic anhydride, and 300 mL of toluene were added to
a reaction flask under a nitrogen atmosphere. The
reaction mixture was heated to 110 C for 6 hours,
cooled to room temperature, and the solvents (toluene
and acetic acid) removed by rotary evaporation. The
residue was dissolved in 300 mL of methylene chloride
and 200 mL of water. Solid Na2CO was added to the
biphasic mixture until bubbling ceased. The layers
separated and the aqueous layer was extracted with 50
mL portions of methylene chloride. The organic
extracts were combined and the solvent removed by
rotary evaporation to yield thick red oil. The oil was
dissolved in warm methanol and chilled at 0 C for 2
hours. The resulting crystals were collected by vacuum
filtration, washed with cold methanol to produce the
l-phenyl-2-methoxycarbonyl- 4-acetoxy-naphthalene. The
product mixture was used without further purification
in subsequent reaction. [221]
l-Phenyl-2-methoxycarbonyl-4-acetoxy-naphthalene from
Step 2 (100 g), water (100 mL), methanol (200 mL), and
sodium hydroxide (100 g) were combined in a reaction
flask and heated to reflux for 5 hours. The reaction
mixture was cooled to room temperature and was then
slowly poured into mixture of water (1.5 L), cone. HCl
(500 mL) and ice. A white solid precipitated and was
filtered and washed with water. The solid was
dissolved in a small amount of anhydrous
tetrahydrofuran and then diluted with f-butyl methyl
ether. This solution was washed with saturated aqueous
NaCl and the organic layer was dried over anhydrous
magnesium sulfate and concentrated by rotary
evaporation to a light orange solid. NMR spectra
showed the product to have a structure of
l-phenyl-2-carboxy-4- hydroxy-naphthalene. Step 4[222]
l-Phenyl-2-carboxy-4-hydroxy-naphthalene from Step 3
(50 g), acetic anhydride (60 mL),
4-(dimethylamino)pyridine (200 mg), and 1,2,4-
trimethylbenzene (500 mL) were combined in a reaction
flask under a nitrogen atmosphere and heated to 500C
for one hour. Dodecylbenzene sulfonic acid (5.0 g) was
added to the reaction mixture and the temperature
increased to 1440C. After 28 hours the reaction
mixture was slowly cooled to room temperature and a
solid precipitated. The reaction mixture was filtered
and washed with toluene yielding 40.0 g of a red solid
5-acetoxy-7H-benzo[C]fluoren-7-one. The product was
used in the subsequent reaction without further
purification. Step 5 [223]
5-Acetoxy-7H-benzo[C]fluoren-7-one from Step 4 (10 g)
and anhydrous tetrahydrofuran (150 mL) were combined
in a reaction flask under a nitrogen atmosphere and
cooled in an ice bath. To this was added 2 grams of
NaH. The reaction mixture was allowed to warm to room
temperature and was then poured into a mixture of
saturated aqueous NH4Cl and ice (100 mL). The mixture
was diluted with ethyl acetate (100 mL) and then the
layers were separated. The aqueous layer was extracted
with two 50 mL portions of ethyl acetate. The organic
layers were combined and washed with saturated aqueous
NaHCO (100 mL), dried over NaSO , and concentrated by
rotary evaporation to afford 5-hydroxy-7Hbenzo[
C]fluoren-7-ol. Step 6 [224]
5-Hydroxy-7H-benzo[C]fluoren-5-ol from Step 5 (2.40
g), 1,1-bis(4- methoxyrhenyl)-2-propyn-l-ol, (2.19g,
the product of Example 1, Step 1 of U.S. Patent No.
5,458,814), , dodecylbenzene sulfonic acid (0.12 g)
and dichloromethane (52 mL) were combined in a
reaction flask and stirred at room temperature for 5
hours. The reaction mixture was washed with 50%
saturated aqueous NaHCO3 (200 mL) and the organic
layer was dried over anhydrous sodium sulfate. The
solvent was removed by rotary evaporation and the
product was isolated by column chromatography
(hexane/ethyl acetate: 2/1). NMR spectra showed the
product to 



have a structure of
3,3-di(4-rnethoxyphenyl)-13-hydroxy-3H,13Hindeno[
2',3':3,4]naphtho[l,2-b]pyran.Comparative Example CE2:
[225] The procedures of comparative Example CEl were
followed except that 4,4'-dimethylbenzophenone was
used in place of benzophenone to produce 3,3-di(4-
methoxyphenyl)-6,ll-dimethyl-13-hydroxy-3H,13H-indeno[
2',3':3,4]naphtho[l,2- b]pyran. Comparative Example
CE3: Stepl [226] The procedures of steps 2-5 of
Example 1 were followed except that
naphthobenzophenone was used in place of
3,4-dimethoxy-4'-bromobenzophenone to produce
13,13-dimethyl-dibenzo[a,g]fluoren-ll-ol. Step2 [227]
13,13-Dimethyl-dibenzo[a,g]fluoren-l l-ol from step 1
(2.50 g), 1,1- bis(4-methoxyphenyl)-2-propyn-l-ol,
(2.19 g the product of Example 1, Step 1 of U.S.
Patent No. 5,458,814)), dodecylbenzene sulfonic acid
(0.12 g), and dichloromethane (52 mL) were combined in
a reaction flask and stirred at room temperature for 5
hours. The reaction mixture was washed with 50 %
saturated aqueous NaHCO (200 mL) and the organic layer
was dried over anhydrous sodium sulfate. The solvent
was removed by rotary evaporation and the product was
isolated by column chromatography (hexane/ethyl
acetate: 85/15, Rf=O.3). NMR spectra showed the
product to have a structure of
3,3-di(4-methoxyphenyl)-13,13- dimethyl-3H,
13H-benz[p]-indeno[2',3 ' :3,4]naphtho[l,2-b]pyran.
Comparative Example CE4: [228] The procedures of Steps
1-5 of Example 1 were followed except that benzoyl
chloride was used in place of bromobenzoyl chloride to
produce 2,3-
dimethoxy-7,7-dimethyl-7H-benzo[C]fluoren-5-ol. Step 2
[229] The procedure of Step 7 of Example 1 was
followed except that 2,3-
dimethoxy-7,7-dimethyl-7H-benzo[C]fluoren-5-ol of Step
1 was used in place of
2,3-dimethoxy-7,7-dimethyl-9-cyano-7H-benzo[C]fluoren-
5-ol to produce
3,3-di(4-methoxyphenyl)-6,7-dimethoxy-13,13-dimethyl-3
H,13Hindeno[ 2',3 ' :3,4]naphtho[l,2-b]pyran. PART 2 :
TESTING Absof tion Testing [230] The photochromic
performance of the photochromic materials of Examples
1-15, Comparative Examples CE1-CE4, as well as eleven
additional photochromic materials (Examples 16-26,
listed below in Table 1) comprising a group that
extends the pi-conjugated system of the indeno-fused
naphthopyran bonded at the 11-position thereof were
tested using the following optical bench set up. It
will be appreciated by those skilled in the art that
the photochromic materials of Examples 16-26 may be
made in accordance with the teachings and examples
disclosed herein with appropriate modifications, which
will be readily apparent to those skilled in the art.
Further, those skilled in the art will recognize that
various modifications to the disclosed methods, as
well as other methods, may be used in making the
photochromic materials of Examples 1-26. [231] Prior
to testing the molar absorbance, a solution of each
photochromic material in chloroform was made at a
concentration as indicated in Table 1. Each solution
was then placed in an individual test cell having a
solution pathlength of 1 cm and the test cells were
measured for ultraviolet absorbance over a range of
wavelengths ranging from 300 nm to 440 ran using a
Cary 4000 UV spectrophotometer and a plot of
absorbance vs. wavelength was obtained. The integrated
extinction coefficient for each material tested was
then determined by converting the absof tion
measurements to extinction coefficient and integrating
the resultant plot over 320-420 nm using Igor program
(distributed by WaveMetrics, Inc.). Table 1: Abso tion
Test DataCRYSTALLINE FORM OF A QUINOLINONE-CARBOXAMIDE
COMPOUND BACKGROUND OF THE INVENTION Field of the
Invention The invention is directed to crystalline
salt forms of a quinolinone-carboxamide compound which
are useful as 5-HT4 receptor agonists. The invention
is also directed to pharmaceutical compositions
comprising such crystalline compounds, methods of
using such compounds for treating medical conditions
mediated by 5-HT4 receptor activity, and processes
useful for preparing such compounds. State of the Art
Commonly-assigned U.S. Provisional Application No.
60/560,076, filed on April 7, 2004, and U.S. Patent
Application No. 11/100,1 13, filed on April 6, 2005,
disclose novel quinolinone-carboxamide compounds that
are expected to be useful for the treatment of
disorders of reduced motility of the gastrointestinal
tract hi particular, the compound
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid {(15',3i?,5i?)-8-[(i?)-
2-hydroxy-3-(methanesulfonyl-methyl-amino)propyl]-8-az
abicyclo[3.2.1]oct-3-yl} amide is specifically
disclosed in these applications as demonstrating 5-HT
agonist activity. The chemical structure of
1-isopropyl-2-oxo- 1,2-dihydroquinoline-3-carboxylic
acid
{(l,S',3i?,5i?)-8-[(i?)-2-hydroxy-3-(methanesulfonyl-m
ethyl-ammo)propyl]-8- azabicyclo[3.2.1]oct-3-yl}amide
is represented by formula I :I To effectively use this
compound as a therapeutic agent, it would be desirable
to have a solid-state salt form that can be readily
manufactured and that has acceptable chemical and
physical stability. For example, it would be highly
desirable to have a salt form that is thermally
stable, for example at temperatures exceeding about
200 0C, and is not hygroscopic nor deliquescent,
thereby facilitating processing and storage of the
material. Crystalline solids are generally preferred
over amorphous forms, for enhancing purity and
stability of the manufactured product. No crystalline
salt forms of the compound of formula I have
previously been reported. Accordingly, a need exists
for a stable, crystalline salt form of the compound of
formula I that is neither hygroscopic nor
deliquescent, and exhibits favorable thermal
stability. 



SUMMARY OF THE INVENTION The present invention
provides a crystalline hydrochloride salt of
l-isopropyl-2- oxo-l,2-dihydroquinoline-3-carboxylic
acid {(l,3i?,5i?)-8-[(i?)-2-hydroxy-3-
(methanesulfonyl-methyl-amino)propyl]-8-azabicyclo[3.2
.1]oct-3-yl}amide or a solvate thereof, hi one aspect,
the crystalline salt form of the invention is a
crystalline hydrochloride salt of the compound of
formula I . hi another aspect, the crystalline salt
form of the invention is a crystalline hydrate of the
hydrochloride salt of the compound of formula I.
Surprisingly, the crystalline hydrochloride salt of
the invention has been found to be thermally stable at
temperatures greater than about 200 0C and to exhibit
a weight change of less than about 0.2 % when exposed
to a range of relative humidity between about 2 % and
about 90 % at room temperature. Furthermore, neither
the crystalline hydrochloride salt of the invention
nor the hydrate thereof is deliquescent when exposed
to up to 90 %relative humidity at room
temperature.Among other uses, the crystalline salt
forms of the invention are expected to be useful for
preparing pharmaceutical compositions for treating
disorders of reduced motility of the gastrointestinal
tract. Accordingly, in another of its composition
aspects, the invention provides a pharmaceutical
composition comprising a pharmaceuticallyacceptable
carrier and a crystalline hydrochloride salt of
l-isopropyl-2-oxo-l,2- dihydroquinoline-3-carboxylic
acid
{(15',3i-,5i?)-8-[(i?)-2-hydroxy-3-(methanesulfonylmet
hyl- amino)propyl]-8-azabicyclo[3.2.1]oct-3-yl} amide
or a solvate thereof. The invention also provides a
method of treating a disease or condition associated
with 5-HT4 receptor activity, e.g. a disorder of
reduced motility of the gastrointestinal tract, the
method comprising administering to the mammal, a
therapeutically effective amount of a crystalline
hydrochloride salt of
l-isopropyl-2-oxo-l,2-dihydroquinoline-3- carboxylic
acid
{(l<S',3i?,5i?)-8-[(i?)-2-hydroxy-3-(methanesulfonyl-m
ethyl-amino)propyl]- 8-azabicyclo[3.2.1]oct-3-yl}amide
or a solvate thereof. In another method aspect, the
invention provides a process for preparing a
crystalline hydrochloride salt of the invention, the
process comprising contacting l-isopropyl-2-oxo-l
,2-dihydroquinoline-3-carboxylic acid
{(15',3i?,5i?)-8-[(i?)-2-hydroxy-
3-(methanesulfonyl-methyl-amino)propyl]-8-azabicyclo[3
.2.1]oct-3-yl}amide with hydrochloric acid to form a
reaction mixture, and isolating the crystalline
hydrochloride salt from the reaction mixture. The
invention also provides a crystalline hydrochloride
salt of the invention as described herein for use in
therapy or as a medicament, as well as the use of a
crystalline hydrochloride salt of the invention in the
manufacture of a medicament, especially for the
manufacture of a medicament for treating a disorder of
reduced motility of the gastrointestinal tract in a
mammal. BRIEF DESCRIPTION OF THE DRAWINGS Various
aspects of the present invention are illustrated by
reference to the accompanying drawings. Figure 1 shows
a powder x-ray diffraction (PXRD) pattern of a
crystalline hydrochloride salt of 1-isopropyl-2-oxo-
1,2-dihydroquinoline-3 -carboxylic acid
{(lS,3R,5R)-8-[(R)-2-hydroxy-3-(methanesulfonyl-methyl
-amino)propyl]-8- azabicyclo[3.2.1]oct-3-yl} amide of
the invention.Figure 2 shows a differential scanning
calorimetry (DSC) trace (bottom trace, right side
vertical axis) and a thermal gravimetric analysis
(TGA) trace (top trace, left side vertical axis) for a
crystalline hydrochloride salt of
l-isopropyl-2-oxo-l,2- dihydroquinoline-3-carboxylic
acid
{(1S,3R,5R)-8-[(R)-2-hydroxy-3-(methanesulfonylmethyl-
amino)propyl]-8-azabicyclo[3.2.1]oct-3-yl} amide of
the invention. Figure 3 shows a dynamic moisture
sorption (DMS) trace for a crystalline hydrochloride
salt of
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid
{(lS,3R,5R)-8-[(R)-2-hydroxy-3-(methanesulfonyl-methyl
-amino)propyl]-8- azabicyclo[3.2.1]oct-3-yl}amide of
the invention. Figure 4 shows a powder x-ray
diffraction (PXRD) pattern of a crystalline hydrate of
a hydrochloride salt of
l-isopropyl-2-oxo-l,2-dihydroqumoline-3-carboxylic
acid
{(lS,3R,5R)-8-[(R)-2-hydroxy-3-(methanesulfonyl-methyl
-amino)propyl]-8- azabicyclo[3.2.1]oct-3-yl}amide of
the invention. Figure 5 shows a differential scanning
calorimetry (DSC) trace (top trace, left side vertical
axis) and a thermal gravimetric analysis (TGA) trace
(bottom trace, right side vertical axis) for a
crystalline hydrate of a hydrochloride salt of
l-isopropyl-2-oxo-l,2- dihydroqumoline-3-carboxylic
acid {(1
S,3R,5R)-8-[(R)-2-hydroxy-3-(methanesulfonylmethyl-
amino)propyl]-8-azabicyclo[3.2.1]oct-3-yl}amide of the
invention. Figure 6 shows a dynamic moisture sorption
(DMS) trace for a crystalline hydrate of a
hydrochloride salt of
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid
{(lS,3R,5R)-8-[(R)-2-hydroxy-3-(methanesulfonyl-methyl
-amino)propyl]-8- azabicyclo[3.2.1]oct-3-yl}amide of
the invention. DETAILED DESCRIPTION OF THE INVENTION
The invention provides a crystalline hydrochloride
salt of l-isopropyl-2-oxo-l,2-
dihydroquinoline-3-carboxylic acid
{(15r,3i?,5i?)-8-[(i?)-2-hydroxy-3-(methanesulfonylmet
hyl- amino)propyl]-8-azabicyclo[3.2.1]oct-3-yl}amide
and solvates thereof.Definitions When describing the
compounds, compositions and methods of the invention,
the following terms have the following meanings,
unless otherwise indicated. The term "therapeutically
effective amount" means an amount sufficient to effect
treatment when administered to a patient in need of
treatment. The term "treatment" as used herein means
the treatment of a disease, disorder, or medical
condition in a patient, such as a mammal (particularly
a human) which includes: (a) preventing the disease,
disorder, or medical condition from occurring, i.e.,
prophylactic treatment of a patient; (b) ameliorating
the disease, disorder, or medical condition, i.e.,
eliminating or causing regression of the disease,
disorder, or medical condition in a patient; (c)
suppressing the disease, disorder, or medical
condition, i.e., slowing or arresting the development
of the disease, disorder, or medical condition in a
patient; or (d) alleviating the symptoms of the
disease, disorder, or medical condition in a 



patient. The term "solvate" means a complex or
aggregate formed by one or more molecules of a solute,
i.e. a compound of the invention or a
pharmaceutically-acceptable salt thereof, and one or
more molecules of a solvent. Such solvates are
typically crystalline solids having a substantially
fixed molar ratio of solute and solvent.
Representative solvents include byway of example,
water, methanol, ethanol, isopropanol, acetic acid,
and the like. When the solvent is water, the solvate
formed is specifically termed a hydrate. The term
"crystalline hydrochloride salt" as used herein means
a crystalline solid that does not include a
substantially fixed molar fraction of solvent
molecules in the crystal lattice, i.e. one that is not
a solvate. Solvates, or specifically hydrates, of the
invention are identified explicitly. It must be noted
that, as used in the specification and appended
claims, the singular forms "a", "an", "one", and "the"
may include plural references, unless the content
clearly dictates otherwise. The term "amino-protecting
group" means a protecting group suitable for
preventing undesired reactions at an amino nitrogen.
Representative amino-protectinggroups include, but are
not limited to, formyl; acyl groups, for example
alkanoyl groups, such as acetyl; alkoxycarbonyl
groups, such as r -butoxycarbonyl (Boc);
arylmethoxycarbonyl groups, such as benzyloxycarbonyl
(Cbz) and 9-fluorenyhnethoxycarbonyl (Fmoc);
arylmethyl groups, such as benzyl (Bn), trityl (Tr),
and l,l-di-(4'-methoxyphenyl)methyl; silyl groups,
such as trimethylsilyl (TMS) and
tertbutyldimethylsilyl (TBDMS); and the like. Active
Agent The active agent in the present salt forms, i.e.
the compound of formula I, is designated 2-hydroxy-3
-(methanesulfonyl-methyl-amino) rropyl] -8-azabicyclo
[3.2. 1]oct-3 -yl} amide using the
commercially-available AutoNom software (MDL
Information Systems, GmbH, Frankfurt, Germany). The
designation (IS,3R,5R) describes the relative
orientation of the bonds associated with the bicyclic
ring system. The compound is alternatively denoted as
A/-[(3-eRc?o)-8-[(i?)-2-hydroxy-3-(methanesulfonyl-met
hyl-amino)propyl]-8- azabicyclo [3.2.1] oct-3 -yl]
-1-(1-methylethyl)-2-oxo- 1,2-dihydro-3
-quinolinecarboxamide. Salt Forms of the Invention In
one aspect, the invention provides crystalline
l-isopropyl-2-oxo-l,2- dihydroquinoline-3-carboxylic
acid
{(15',3i?,5i?)-8-[(^)-2-hydroxy-3-(methanesulfonylmeth
yl- amino)propyl]-8-azabicyclo[3.2.1]oct-3-yl}amide
hydrochloride. A crystalline hydrochloride salt of the
invention typically contains between about 0.8 and
about 1.2 molar equivalents of hydrochloric acid per
molar equivalent of the compound of formula I,
including between about 0.9 and about 1.1 molar
equivalents of hydrochloric acid per molar equivalent
of the compound of formula I. The molar ratio of
hydrochloric acid to the active agent can be readily
determined by methods available to those skilled in
the art. For example, such molar ratios can b e
readily determined by titration with a standard
solution of silver nitrate. Alternatively, elemental
analysis, 1H NMDR., and ion chromatography methods can
b e used to determine the molar ratio. In one aspect,
the crystalline hydrochloride salt of the present
invention is characterized by a powder x-ray
diffraction (PXRD) pattern having two or more
diffraction peaks at 2Qvalues selected from 4.410.2,
8.820.2, 9.080.2, 11.210.2,14.400.2, 16.420.2,
17.350.2, 17.610.2, 18.140.2, 19.040.2, 19.950.2,
20.200.2, 21.230.2, 22.130.2, 22.480.2, 22.830.2,
24.160.2, 25.370.2, 25.560.2, 26.220.2, 27.330.2,
29.080.2, and 29.610.2. In particular, in this aspect,
the crystalline form is characterized by a powder
x-ray diffraction pattern having two or more
diffraction peaks at 2Qvalues selected from 14.400.2,
17.350.2, 17.610.2, 19.040.2, 21.230.2, and 22.130.2.
As is well known in the field of powder x-ray
diffraction, peak positions of PXRD spectra are
relatively less sensitive to experimental details,
such as details of sample preparation and instrument
geometry, than are the relative peak heights. Thus, in
one aspect, a crystalline hydrochloride salt of the
compound of formula I is characterized by a powder
x-ray diffraction pattern in which the peak positions
are substantially in accordance with those shown in
Figure 1. The crystalline hydrochloride salt of the
present invention is also characterized by high
temperature thermal stability as evidenced by its
differential scanning calorimetry (DSC) trace which
exhibits a peak in endothermic heat flow in the range
of about 230 0C to about 260 0C, as illustrated in
Figure 2. Furthermore, the thermal gravimetric
analysis (TGA) trace shows no significant thermal
event below about 225 0C. In yet another aspect a
crystalline hydrochloride salt is characterized by its
infrared absorption spectrum which shows significant
absorption bands at about 758, 783, 795, 802, 949,
981, 1149, 1158, 1217, 1332, 1377, 1453, 1467, 1487,
1525, 1566, 1575, 1615, 1672, and 3197 cm 1. A
crystalline hydrochloride salt of the compound of
formula I has been demonstrated to have a reversible
sorption/desorption profile with an exceptionally low
level of hygroscopicity (i.e., less than about 0.2 %
weight gain in the humidity range of 2 % relative
humidity to 90 % relative humidity at room
temperature) as shown in Figure 3. Additionally, the
crystalline hydrochloride salt of the compound of
formula I has been found to be stable upon exposure to
elevated temperature and humidity for an extended
period. For example, after storage for 24 weeks at 40
0C and 75 % relative humidity, analysis by HPLC showed
no chemical degradation and there were no detectable
changes in the DSC, TGA, or PXRD results In another
aspect, the invention provides a crystalline hydrate
of a hydrochloride salt of the compound of formula I
.In one aspect, a crystalline hydrate of a
hydrochloride salt of the present invention is
characterized by a powder x-ray diffraction (PXRD)
pattern having two or more diffraction peaks at
2Qvalues selected from 5.300.2, 7.430.2, 8.720.2,
10.520.2, 13.850.2, 14.110.2, 15.800.2, 15.990.2,
17.260.2, 19.530.2, 20.080.2, 21.060.2, 21.480.2,
21.920.2, 22.850.2, 23.910.2, 25.280.2, 26.060.2,
27.340.2, 27.510.2, and 29.670.2. i particular, in
this aspect, the crystalline form is 



characterized by a powder x-ray diffraction pattern
having two or more diffraction peaks at 2Qvalues
selected from 10.520.2, 13.850.2, 15.800.2, 17.260.2,
and 21.060.2. hi another aspect, a crystalline hydrate
of a hydrochloride salt of the compound of formula I
is characterized by a powder x-ray diffraction pattern
in which the peak positions are substantially in
accordance with those shown in Figure 4. The
crystalline hydrate of a hydrochloride salt of the
present invention is also characterized by its
differential scanning calorimetry (DSC) trace which
exhibits a substantial peak in endothermic heat flow
identified with melting of the crystal in the range of
about 225 0C to about 250 0C, with broad or weak
endotherms at lower temperatures as illustrated in
Figure 5. Furthermore, the thermal gravimetric
analysis (TGA) trace shows the degradation temperature
is above about 250 0C. A crystalline hydrate of a
hydrochloride salt of the compound of formula I has
been demonstrated to have a reversible
sorption/desorption profile at room temperature over
the entire range of about 2 % to about 90 %relative
humidity, as illustrated in Figure 6. The crystalline
hydrate exhibits less than about 0.25 %weight gain
between about 40 % and about 75 % relative humidity.
These properties of the salt forms of this invention
are further illustrated in the Examples below.
Synthetic Procedures The active agent,
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid
{(15r,3i?,5i?)-8-[(i?)-2-hydroxy-3-(methanesulfonyl-me
thyl-amino)rroryl]-8- azabicyclo[3.2.1]oct-3-yl}
amide, can be prepared from readily available starting
materials using the procedures described in the
Examples below, or using the procedures described in
the commonly-assigned U.S. applications listed in the
Background section of this application.To prepare a
crystalline hydrochloride salt of the invention, the
l-isopropyl-2-oxol, 2-dihydroquinoline-3-carboxylic
acid {(l3i?,5i?)-8-[(i2)-2-hydroxy-3-
(methanesulfonyl-methyl-amino)propyl]
-8-azabicyclo[3.2.1]oct-3-yl}amide is typically
contacted with about 1 to about 1.5 molar equivalents,
including from about 1 to about 1.2 molar equivalents,
of concentrated hydrochloric acid. Generally, this
reaction is conducted in an inert diluent at a
temperature ranging from about 20 0C to about 80 0C.
Suitable inert diluents for this reaction include, but
are not limited to, ethanol, methanol, isopropanol,
ethyl acetate, acetonitrile, toluene, tetrahydrofuran,
and combinations thereof. Upon completion of the
reaction, a crystalline salt of the invention is
isolated from the reaction mixture by any conventional
means, such as precipitation, concentration,
centrifugation, and the like. The crystalline hydrate
may be prepared by dissolving the hydrochloride salt
of l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid {(l<Sr,3i?,5i?)-8-[(i?)-2-hydroxy-
3-(methanesulfonyl-methyl-amino)propyl]-8-azabicyclo[3
.2.1]oct-3-yl}amide in water at a concentration above
about 50 mg/mL, which provides a suspension from which
the resulting crystalline hydrate may be isolated by
conventional means. Pharmaceutical Compositions The
crystalline hydrochloride salt forms of the invention
are typically administered to a patient in the form of
a pharmaceutical composition. Such pharmaceutical
compositions may be administered to the patient by any
acceptable route of administration including, but not
limited to, oral, rectal, vaginal, nasal, inhaled,
topical (including transdermal) and parenteral modes
of administration. Accordingly, in one of its
compositions aspects, the invention is directed to a
pharmaceutical composition comprising a
pharmaceutically-acceptable carrier or excipient and a
therapeutically effective amount of a crystalline
hydrochloride salt of a compound of formula I.
Optionally, such pharmaceutical compositions may
contain other therapeutic and/or formulating agents if
desired. The pharmaceutical compositions of the
invention typically contain a therapeutically
effective amount of a crystalline salt of the present
invention. Typically, such pharmaceutical compositions
will contain from about 0.1 to about 95% by weight
ofthe active agent; including from about 1 to about
70% by weight, such as from about 5 to about 60% by
weight of the active agent. Any conventional carrier
or excipient may be used in the pharmaceutical
compositions of the invention. The choice of a
particular carrier or excipient, or combinations of
carriers or excipients, will depend on the mode of
administration being used to treat a particular
patient or type of medical condition or disease state.
In this regard, the preparation of a suitable
pharmaceutical composition for a particular mode of
administration is well within the scope of those
skilled in the pharmaceutical arts. Additionally, the
ingredients for such compositions are
commercially-available from, for example, Sigma, P.O.
Box 14508, St. Louis, MO 63178. By way of further
illustration, conventional formulation techniques are
described in Remington: The Science and Practice of
Pharmacy, 20th Edition, Lippincott Williams & White,
Baltimore, Maryland (2000); and H.C. Ansel et al.,
Pharmaceutical Dosage Forms and Drug Delivery Systems,
7th Edition, Lippincott Williams & White, Baltimore,
Maryland (1999). Representative examples of materials
which can serve as pharmaceutically acceptable
carriers include, but are not limited to, the
following: (1) sugars, such as lactose, glucose and
sucrose; (2) starches, such as corn starch and potato
starch; (3) cellulose, such as microcrystalline
cellulose, and its derivatives, such as sodium
carboxymethyl cellulose, ethyl cellulose and cellulose
acetate; (4) powdered tragacanth; (5) malt; (6)
gelatin; (7) talc; (8) excipients, such as cocoa
butter and suppository waxes; (9) oils, such as peanut
oil, cottonseed oil, safflower oil, sesame oil, olive
oil, corn oil and soybean oil; (10) glycols, such as
propylene glycol; (11) polyols, such as glycerin,
sorbitol, mannitol and polyethylene glycol; (12)
esters, such as ethyl oleate and ethyl laurate; (13)
agar; (14) buffering agents, such as magnesium
hydroxide and aluminum hydroxide; (15) alginic acid;
(16) pyrogen-free water; (17) isotonic saline; (18)
Ringer's solution; (19) ethyl alcohol; (20) phosphate
buffer solutions; and (21) other non-toxic compatible
substances employed in pharmaceutical compositions.
The pharmaceutical compositions of the invention are
typically prepared by thoroughly and intimately mixing
or blending a compound of the invention with a
pharmaceutically-acceptable carrier and one or more
optional ingredients. If necessary or 



desired, the resulting uniformly blended mixture can
then be shaped or loaded into tablets, capsules, pills
and the like using conventional procedures and
equipment.The pharmaceutical compositions of the
invention are preferably packaged in a unit dosage
form. The term "unit dosage form" refers to a
physically discrete unit suitable for dosing a
patient, i.e., each unit containing a predetermined
quantity of active agent calculated to produce the
desired therapeutic effect either alone or in
combination with one or more additional units. For
example, such unit dosage forms may be capsules,
tablets, pills, and the like. In a preferred
embodiment, the pharmaceutical compositions of the
invention are suitable for oral administration.
Suitable pharmaceutical compositions for oral
administration may be in the form of capsules,
tablets, pills, lozenges, cachets, dragees, powders,
granules; or as a solution or a suspension in an
aqueous or non-aqueous liquid; or as an oil-in-water
or water-in-oil liquid emulsion; or as an elixir or
syrup; and the like; each containing a predetermined
amount of a compound of the present invention as an
active ingredient. When intended for oral
administration in a solid dosage form (i.e., as
capsules, tablets, pills and the like), the
pharmaceutical compositions of the invention will
typically comprise a compound of the present invention
as the active ingredient and one or more
pharmaceutically-acceptable carriers, such as sodium
citrate or dicalcium phosphate. Optionally or
alternatively, such solid dosage forms may also
comprise: (1) fillers or extenders, such as starches,
microcrystalline cellulose, lactose, sucrose, glucose,
mannitol, and/or silicic acid; (2) binders, such as
carboxymethylcellulose, alginates, gelatin, polyvinyl
pyrrolidone, sucrose and/or acacia; (3) humectants,
such as glycerol; (4) disintegrating agents, such as
agar-agar, calcium carbonate, potato or tapioca
starch, alginic acid, certain silicates, and/or sodium
carbonate; (5) solution retarding agents, such as
paraffin; (6) absorption accelerators, such as
quaternary ammonium compounds; (7) wetting agents,
such as cetyl alcohol and/or glycerol monostearate;
(8) absorbents, such as kaolin and/or bentonite clay;
(9) lubricants, such as talc, calcium stearate,
magnesium stearate, solid polyethylene glycols, sodium
lauryl sulfate, and/or mixtures thereof; (10) coloring
agents; and (11) buffering agents. Release agents,
wetting agents, coating agents, sweetening, flavoring
and perfuming agents, preservatives and antioxidants
can also be present in the pharmaceutical compositions
of the invention. Examples of
pharmaceutically-acceptable antioxidants include: (1)
water-soluble antioxidants, such as ascorbic acid,
cysteine hydrochloride, sodium bisulfate, sodium
metabisulfate sodium sulfite and the like; (2)
oilsoluble antioxidants, such as ascorbyl palmitate,
butylated hydroxyanisole (BHA), butylated
hydroxytoluene (BHT), lecithin, propyl gallate,
alpha-tocopherol, and the like; and (3)
metal-chelating agents, such as citric acid,
ethylenediamine tetraacetic acid (EDTA), sorbitol,
tartaric acid, phosphoric acid, and the like. Coating
agents for tablets, capsules, pills and like, include
those used for enteric coatings, such as cellulose
acetate phthalate (CAP), polyvinyl acetate phthalate
(PVAP), hydroxypropyl methylcellulose phthalate,
methacrylic acid-methacrylic acid ester copolymers,
cellulose acetate trimellitate (CAT), carboxymethyl
ethyl cellulose (CMEC), hydroxypropyl methyl cellulose
acetate succinate (HPMCAS), and the like. If desired,
the pharmaceutical compositions of the present
invention may also be formulated to provide slow or
controlled release of the active ingredient using,
byway of example, hydroxypropyl methyl cellulose in
varying proportions; or other polymer matrices,
liposomes and/or microspheres. In addition, the
pharmaceutical compositions of the present invention
may optionally contain opacifying agents and may be
formulated so that they release the active ingredient
only, or preferentially, in a certain portion of the
gastrointestinal tract, optionally, in a delayed
manner. Examples of embedding compositions which can
be used include polymeric substances and waxes. The
active ingredient can also be in micro encapsulated
form, if appropriate, with one or more of the
above-described excipients. Suitable liquid dosage
forms for oral administration include, by way of
illustration, pharmaceutically-acceptable emulsions,
microemulsions, solutions, suspensions, syrups and
elixirs. Such liquid dosage forms typically comprise
the active ingredient and an inert diluent, such as,
for example, water or other solvents, solubilizing
agents and emulsifiers, such as ethyl alcohol,
isopropyl alcohol, ethyl carbonate, ethyl acetate,
benzyl alcohol, benzyl benzoate, propylene glycol,
1,3-butylene glycol, oils (esp., cottonseed,
groundnut, corn, germ, olive, castor and sesame oils),
glycerol, tetrahydrofuryl alcohol, polyethylene
glycols and fatty acid esters of sorbitan, and
mixtures thereof. Suspensions, in addition to the
active ingredient, may contain suspending agents such
as, for example, ethoxylated isostearyl alcohols,
polyoxyethylene sorbitol and sorbitan esters,
microcrystalline cellulose, aluminum metahydroxide,
bentonite, agar-agar and tragacanth, and mixtures
thereof. Alternatively, the pharmaceutical
compositions of the invention are formulated for
administration by inhalation. Suitable pharmaceutical
compositions for administration byinhalation will
typically be in the form of an aerosol or a powder.
Such compositions are generally administered using
well-known delivery devices, such as a metered-dose
inhaler, a dry powder inhaler, a nebulizer or a
similar delivery device. When administered by
inhalation using a pressurized container, the
pharmaceutical compositions of the invention will
typically comprise the active ingredient and a
suitable propellant, such as dichlorodifiuoromethane,
trichlorofluoromethane, dichlorotetrafluoroethane,
carbon dioxide or other suitable gas. Additionally,
the pharmaceutical composition may be in the form of a
capsule or cartridge (made, for example, from gelatin)
comprising a compound of the invention and a powder
suitable for use in a powder inhaler. Suitable powder
bases include, by way of example, lactose or starch.
The compounds of the invention can also be
administered transdermally using known transdermal
delivery systems and excipients. For example, a
compound of the invention can be admixed with
permeation enhancers, such as propylene glycol,
polyethylene glycol monolaurate, azacycloalkan-2-ones
and the like, and incorporated into a patch or similar
delivery system. Additional excipients including
gelling agents, emulsifiers and buffers, may be used
in such transdermal compositions if desired. The
following formulations illustrate representative
pharmaceutical compositions of the present invention: 



Formulation Example A Hard gelatin capsules for oral
administration are prepared as follows: Ingredients
Amount . Salt of the invention 50 mg Lactose
(spray-dried) 200 mg Magnesium stearate 10 mg
Representative Procedure: The ingredients are
thoroughly blended and then loaded into a hard gelatin
capsule (260 mg of composition per
capsule).Formulation Example B Hard gelatin capsules
for oral administration are prepared as follows:
Ingredients Amount Salt of the invention 20 mg Starch
89 mg Microcrystalline cellulose 89 mg Q Magnesium
stearate 2mg Representative Procedure: The ingredients
are thoroughly blended and then passed through a No.
45 mesh U.S. sieve and loaded into a hard gelatin
capsule (200 mg of composition per capsule). 15
Formulation Example C Capsules for oral administration
are prepared as follows: Ingredients Amount 20 . Salt
of the invention 10 mg Polyoxyethylene sorbitan
monooleate 50 mg Starch powder 250 mg 25
Representative Procedure: The ingredients are
thoroughly blended and then loaded into a gelatin
capsule (310 mg of composition per
capsule).Formulation Example D Tablets for oral
administration are prepared as follows: Ingredients
Amount Salt of the invention 5 mg Starch 50 mg
Microcrystalline cellulose 35 mg Polyvinylpyrrolidone
(10 wt. % in water) 4 mg Sodium carboxymethyl starch
4.5 mg Magnesium stearate 0.5 mg Talc 1mg
Representative Procedure: The active ingredient,
starch and cellulose are passed through a No. 45 mesh
U.S. sieve and mixed thoroughly. The solution of
polyvinylpyrrolidone is mixed with the resulting
powders, and this mixture is then passed through a No.
14 mesh U.S. sieve. The granules so produced are dried
at 50-60 0C and passed through a No. 18 mesh U.S.
sieve. The sodium carboxymethyl starch, magnesium
stearate and talc (previously passed through a No. 60
mesh U.S. sieve) are then added to the granules. After
mixing, the mixture is compressed on a tablet machine
to afford a tablet weighing 100 mg. Formulation
Example E Tablets for oral administration are prepared
as follows: Ingredients Amount Salt of the invention
25 mg Microcrystalline cellulose 400 mg Silicon
dioxide fumed 10 mg Stearic acid 5 mg Representative
Procedure: The ingredients are thoroughly blended and
then compressed to form tablets (440 mg of composition
per tablet).Formulation Example F Single-scored
tablets for oral administration are prepared as
follows: Ingredients Amount Salt of the invention 15mg
Cornstarch 50 mg Croscarmellose sodium 25mg Lactose
120 mg Magnesium stearate 5mg Representative Procedure
: The ingredients are thoroughly blended and
compressed to form a single-scored tablet (215 mg of
composition per tablet). Formulation Example G A
suspension for oral administration is prepared as
follows: Ingredients Amount Salt of the invention 0.1
g Fumaric acid 0.5 g Sodium chloride 2.0 g Methyl
paraben 0.15 g Propyl paraben 0.05 g Granulated sugar
25.5 g Sorbitol (70% solution) 12.85 g Veegum k
(Vanderbilt Co.) 1.0 g Flavoring 0.035 mL Colorings
0.5 mg Distilled water q.s. to 100 mL Representative
Procedure : The ingredients are mixed to form a
suspension containing 10 mg of active ingredient per
10 mL of suspension.Formulation Example H A dry powder
for administration by inhalation is prepared as
follows: Ingredients Amount Salt of the invention 1.0
mg Lactose 25 mg 



Representative Procedure : The active ingredient is
micronized and then blended with lactose. This blended
mixture is then loaded into a gelatin inhalation
cartridge. The contents of the cartridge are
administered using a powder inhaler. Formulation
Example I A dry powder for administration by
inhalation in a metered dose inhaler is prepared as
follows: Representative Procedure : A suspension
containing 5 wt. % of a salt of the invention and 0.1
wt. % lecithin is prepared by dispersing 1O g of
active compound as micronized particles with mean size
less than 10 mm in a solution formed from 0.2 g of
lecithin dissolved in 200 rnL of demineralized water.
The suspension is spray dried and the resulting
material is micronized to particles having a mean
diameter less than 1.5 mm. The particles are loaded
into cartridges with pressurized 1,1,1
,2-tetrafluoroethane. Formulation Example J An
injectable formulation is prepared as follows:
Ingredients Amount . _ Salt of the invention 0.2 g
Sodium acetate buffer solution (0.4 M) 40 rnL HCl (0.5
N) or NaOH (0.5 N) q.s. to pH 4 Water (distilled,
sterile) q.s. to 20 mL Representative Procedure : The
above ingredients are blended and the pH is adjusted
to 4  0.5 using 0.5 N HCl or 0.5 N NaOH.Formulation
Example K Capsules for oral administration are
prepared as follows: Ingredients Amount Salt of the
Invention 4.05 mg Microcrystalline cellulose (Avicel
PH 103) 259.2 mg Magnesium stearate 0.75 mg
Representative Procedure : The ingredients are
thoroughly blended and then loaded into a gelatin
capsule (Size #1, White, Opaque) (264 mg of
composition per capsule). Formulation Example L
Capsules for oral administration are prepared as
follows: Ingredients Amount Salt of the Invention 8.2
mg Microcrystalline cellulose (Avicel PH 103) 139.05
mg Magnesium stearate 0.75 mg Representative Procedure
: The ingredients are thoroughly blended and then
loaded into a gelatin capsule (Size #1, White, Opaque)
(148 mg of composition per capsule). Utility The
compound of formula I,
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid {( l S',3i ,5i )-8-[(i
-)-2-hydroxy-3-(methanesulfonyl-methyl-amino)propyl]-8
- azabicyclo[3.2. l]oct-3-yl}amide, is a 5-HT4
receptor agonist and therefore the present crystalline
salt forms of the compound of formula I are expected
to be useful for treating medical conditions mediated
by 5-HT4 receptors or associated with 5-HT4 receptor
activity, i.e. medical conditions which are
ameliorated by treatment with a 5-HT4 receptor
agonist. Such medical conditions include, but are not
limited to, irritable bowel syndrome (IBS), chronic
constipation, functional dyspepsia, delayed gastric
emptying, gastroesophageal reflux disease (GERD),
gastroparesis, diabetic and idiopathic gastropathy,
post-operative ileus, intestinal pseudo-obstruction,
and drug-induced delayed transit. In addition, it has
been suggested that some 5-HT4 receptor agonist
compoundsmaybe used in the treatment of central
nervous system disorders including cognitive
disorders, behavioral disorders, mood disorders, and
disorders of control of autonomic function. m
particular, the salt forms of the invention increase
motility of the gastrointestinal (GI) tract and thus
are expected to be useful for treating disorders of
the GI tract caused by reduced motility in mammals,
including humans. Such GI motility disorders include,
byway of illustration, chronic constipation,
constipation-predominant irritable bowel syndrome
(C-IBS), diabetic and idiopathic gastroparesis, and
functional dyspepsia. In one aspect, therefore, the
invention provides a method of increasing motility of
the gastrointestinal tract in a mammal, the method
comprising administering to the mammal a
therapeutically effective amount of a pharmaceutical
composition comprising a pharmaceutically-acceptable
carrier and a crystalline salt of the invention. When
used to treat disorders of reduced motility of the GI
tract or other conditions mediated by 5-HT4 receptors,
the salt forms of the invention will typically be
administered orally in a single daily dose or in
multiple doses per day, although other forms of
administration may be used. The amount of active agent
administered per dose or the total amount administered
per day will typically be determined by a physician,
in the light of the relevant circumstances, including
the condition to be treated, the chosen route of
administration, the actual compound administered and
its relative activity, the age, weight, and response
of the individual patient, the severity of the
patient's symptoms, and the like. Suitable doses for
treating disorders of reduced motility of the GI tract
or other disorders mediated by 5-HT4 receptors are
expected to range from about 0.0007 to about 20
mg/kg/day of active agent, including from about 0.0007
to about 1 mg/kg/day. For an average 70 kg human, this
would amount to from about 0.05 to about 70 mg per day
of active agent. In one aspect of the invention, the
salt forms of the invention are used to treat chronic
constipation. When used to treat chronic constipation,
the salts of the invention will typically be
administered orally in a single daily dose or in
multiple doses per day. The dose for treating chronic
constipation is expected to range from about 0.05 to
about 70 mg per day.In another aspect of the
invention, the salt forms of the invention are used to
treat irritable bowel syndrome. When used to treat
constipation-predominant irritable bowel 



syndrome, the salts of the invention will typically be
administered orally in a single daily dose or in
multiple doses per day. The dose for treating
constipation-predominant irritable bowel syndrome is
expected to range from about 0.05 to about 70 mg per
day. In another aspect of the invention, the salt
forms of the invention are used to treat diabetic and
idiopathic gastroparesis. When used to treat diabetic
and idiopathic gastroparesis, the salts of the
invention will typically be administered orally in a
single daily dose or in multiple doses per day. The
dose for treating diabetic gastroparesis is expected
to range from about 0.05 to about 70 mg per day. In
yet another aspect of the invention, the salt forms of
the invention are used to treat functional dyspepsia.
When used to treat functional dyspepsia, the compounds
of the invention will typically be administered orally
in a single daily dose or in multiple doses per day.
The dose for treating functional dyspepsia is expected
to range from about 0.05 to about 70 mg per day. The
invention also provides a method of treating a mammal
having a disease or condition associated with 5-HT4
receptor activity, the method comprising administering
to the mammal a therapeutically effective amount of a
salt form of the invention or of a pharmaceutical
composition comprising a salt form of the invention.
As described above, salt forms of the invention are
5-HT4 receptor agonists. The invention further
provides, therefore, a method of agonizing a 5-HT
receptor in a mammal, the method comprising
administering a salt form of the invention to the
mammal. There properties, as well as the utility of
the hydrochloride salt forms of the invention, can be
demonstrated using various in vitro and in vivo assays
well-known to those skilled in the art. Representative
assays are described in further detail in the
following examples. EXAMPLES The following synthetic
and biological examples are offered to illustrate the
invention, and are not to be construed in any way as
limiting the scope of the invention. In the examples
below, the following abbreviations have the following
meanings unlessotherwise indicated. Abbreviations not
defined below have their generally accepted meanings.
Boc r -butoxycarbonyl (BoC)2O = di-ter -butyl
dicarbonate DCM dichloromethane DMF
,7V-dimethylformamide DMSO = dimethyl sulfoxide EtOAc
ethyl acetate mCPBA = m-chlorobenzoic acid MeCN
acetonitrile MTBE rt-butyl methyl ether PyBop
benzotriazol- 1-yloxytripyrrolidinophosphonium
hexafluorophosphate R f retention factor RT room
temperature TFA trifluoroacetic acid THF
tetrahydrofuran Reagents (including secondary amines)
and solvents were purchased from commercial suppliers
(Aldrich, Fluka, Sigma, etc.), and used without
further purification. Reactions were run under
nitrogen atmosphere, unless noted otherwise. Progress
of reaction mixtures was monitored by thin layer
chromatography (TLC), analytical high performance
liquid chromatography (anal. HPLC), and mass
spectrometry, the details of which are given below and
separately in specific examples of reactions. Reaction
mixtures were worked up as described specifically in
each reaction; commonly they were purified by
extraction and other purification methods such as
temperature-, and solventdependent crystallization,
and precipitation hi addition, reaction mixtures were
routinely purified by preparative HPLC.
Characterization of reaction products was routinely
carried out by mass and 1H-NMR spectrometry. For NMR
measurement, samples were dissolved in deuterated
solvent (CD3OD, CDCl3, or DMS0-<i6), and 1H-NMR
spectra were acquired with a Varian Gemini 2000
instrument (300 MHz) under standard observation
conditions. Mass spectrometric identification of
compounds was performed by an electrospray ionization
method (ESMS) with an Applied Biosystems (Foster City,
CA) model API 150 EX instrument or an Agilent (Palo
Alto, CA) model 1100 LC/MSD instrument. Water content
is determined by Karl Fischer titration using a
Brinkmann (Westbury, NY) Metrohm Karl Fischer Model
813 coulometer.Preparation 1: (l
,3R,5R)-3-amino-8-azabicyclo[3.2.1] ctane-8-carboxylic
acid tert-bnty\ ester a. Preparation of
8-ben2yl-8-azabicyclo[3.2.11octan-3-one Concentrated
hydrochloric acid (30 mL) was added to a heterogeneous
solution of 2,5-dimethoxy tetrahydrofuran (82.2 g,
0.622 mol) in water (170 mL) while stirring. In a
separate flask cooled to O0C (ice bath), concentrated
hydrochloric acid (92 mL) was added slowly to a
solution of benzyl amine (100 g, 0.933 mol) in water
(350 mL). The 2,5- dimethoxytetrahydrofuran solution
was stirred for approximately 20 min, diluted with
water (250 mL), and then the benzyl amine solution was
added, followed by the addition of a solution of
l^-acetonedicarboxylic acid (100 g, 0.684 mol) in
water (400 mL) and then the addition of sodium
hydrogen phosphate (44 g, 0.31 mol) in water (200 mL).
The pH was adjusted from pH 1 to pH ~ 4.5 using 40%
NaOH. The resulting cloudy and pale yellow solution
was stirred overnight. The solution was then acidified
to pH 3 from pH 7.5 using 50% hydrochloric acid,
heated to 85 0C and stirred for 2 hours. The solution
was cooled to room temperature, basified to pH 12
using 40% NaOH, and extracted with dichloromethane (3
x 500 mL). The combined organic layers were washed
with brine, dried (MgSO4), filtered and concentrated
under reduced pressure to produce the crude title
intermediate as a viscous brown oil. To a solution of
the crude intermediate in methanol (1000 mL) was added
di-tertbutyl dicarbonate (74.6 g, 0.342 mol) at 0 0C.
The solution was allowed to warm to room temperature
and stirred overnight. The methanol was removed under
reduced pressure and the resulting oil was dissolved
in dichloromethane (1000 mL). The intermediate was 



extracted into 1M H3PO4 (1000 mL) and washed with
dichloromethane (3 x 250 mL) The aqueous layer was
basified to pH 12 using aqueous NaOH, and extracted
with dichloromethane (3 x 500 mL). The combined
organic layers were dried (MgSO4), filtered and
concentrated under reduced pressure to produce the
title intermediate as a viscous, light brown oil.
1H-NMR (CDCl3) d (ppm) 7.5-7.2 (m, 5H, C6H5), 3.7 (s,
2H, CH2Ph), 3.45 (broad s, 2H, CH-NBn), 2.7-2.6 (dd,
2H, CH2CO), 2.2-2.1 (dd, 2H, CH2CO), 2.1-2.0 (m, 2H,
CH2CH2), 1.6 (m, 2H, CH2CH2) . (m/z): [M+H]+ calcd for
C14H17NO 216.14; found, 216.0. b. Preparation of
3-oxo-8-azabicyclo[ 3.2.11octane-8-carboxylic acid ter
-butyl ester To a solution of
8-benzyl-8-azabicyclo[3.2.1]octan-3-one (75 g, 0.348
mol) in EtOAc (300 mL) was added a solution of di-
ert-butyl dicarbonate (83.6 g, 0.383 mol,1.1 eq) in
EtOAc (300 mL). The resulting solution and rinse (100
niL EtOAc) was added to a 1 L Parr hydrogeuation
vessel containing 23 g of palladium hydroxide (20 wt.%
Pd, dry basis, on carbon, -50% wet with water; e.g.
Pearlman's catalyst) under a stream of nitrogen. The
reaction vessel was degassed (alternating vacuum and
N2 five times) and pressurized to 60 psi of H2 gas.
The reaction solution was agitated for two days and
recharged with H2 as needed to keep the H2 pressure at
60 psi until the reaction was complete as monitored by
silica thin layer chromatography. The black solution
was then filtered through a pad of Celite(r) and
concentrated under reduced pressure to yield the title
intermediate quantitatively as a viscous, yellow to
orange oil. It was used in the next step without
further treatment. 1H NMR (CDCl3) d(ppm) 4.5 (broad,
2H, CH-NBoc), 2.7 (broad, 2H, CH2CO), 2.4-2.3 (dd, 2H,
CH2CH2), 2.1 (broad m, 2H, CH2CO), 1.7-1.6 (dd, 2H,
CH2CH2), 1.5 (s, 9H, (CH3)3COCON)). c . Preparation of
l - -amino- -azabicycloP^.^octane- -carboxylic acid
tertbutyl ester To a solution of the product of the
previous step (75.4 g, 0.335 mol) in methanol ( 1 L)
was added ammonium formate (422.5 g, 6.7 mol), water
(115 mL) and 65 g of palladium on activated carbon
(10% on dry basis, -50% wet with water; Degussa type
ElOlNEAV) under a stream of N while stirring via
mechanical stirrer. After 24 and 48 hours, additional
portions of ammonium formate (132g, 2.1 mol) were
added each time. Once reaction progression ceased, as
monitored by anal. HPLC, Celite(r) (>500g) was added
and the resulting thick suspension was filtered and
then the collected solid was rinsed with methanol
(-500 mL). The filtrates were combined and
concentrated under reduced pressure until all methanol
had been removed. The resulting cloudy, biphasic
solution was then diluted with IM phosphoric acid to a
final volume of - 1.5 to 2.0 L at pH 2 and washed with
dichloromethane (3 x 700 mL). The aqueous layer was
basified to pH 12 using 40% aq. NaOH, and extracted
with dichloromethane (3 x 700 mL). The combined
organic layers were dried over MgSO4, filtered, and
concentrated by rotary evaporation, then high-vacuum
leaving 52 g (70%) of the title intermediate, commonly
NBoc- enc/o-3-aminotropane, as a white to pale yellow
solid. The isomer ratio of endo to exo amine of the
product was >99 based on 1H-NMR analysis ( >96% purity
by analytical HPLC). 1H NMR (CDCl3) d (ppm) 4.2-4.0
(broad d, 2H5CHNBoc), 3.25 (t, IH, CHNH2), 2.1-2.05
(m, 4H), 1.9 (m, 2H), 1.4 (s, 9H, (CH3)3OCON), 1.2-1.1
(broad, 2H).(m/z): [M+H]+ calcd for C12H22N2O2 227.18;
found, 227.2. Analytical HPLC (isocratic method; 2:98
(A:B) to 90:10 (A:B) over 5 min): retention time 2.14
min. Preparation 2:
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid First, acetone (228.2 mL, 3.11 mol) was added to
a stirred suspension of 2- aminophenylmethanol (255.2
g, 2.07 mol) and acetic acid (3.56 mL, 62 mmol) in
water (2 L) at room temperature. After 4 h, the
suspension was cooled to 0 0C and stirred for an
additional 2.5 h and then filtered. The solid was
collected and washed with water and the wet solid
cooled and dried by lyophilisation to yield
2,2,-dimethyl-l,4-dihydro-2 - benzo[l,3]oxazine (332.2
g, 98 %) as an off-white solid. 1H NMR (CDCl 3;
300MHz): 1.48 (s, 6H, C(CHs)2), 4-00 (bs, IH, NH),
4.86 (s, 2H, CH2), 6.66 (d, IH, ArH), 6.81 (t, IH,
ArH), 6.96 (d, IH, ArH)5 7.10 (t, IH, ArH). A solution
of 2,2,-dimethyl-l,4-dihydro-2/i-benzo[l,3]oxazine
(125 g, 0.77 mol) in THF ( 1 L) was filtered through a
scintillation funnel and then added dropwise via an
addition funnel, over a period of 2.5 h, to a stirred
solution of 1.0 M LiAlH 4 in THF (800 mL) at 0 0C. The
reaction was quenched by slow portionwise addition of
Na2SO4-IOH2O (110 g), over a period of 1.5 h, at 0 0C.
The reaction mixture was stirred overnight, filtered
and the solid salts were washed thoroughly with THF.
The filtrate was concentrated under reduced pressure
to yield 2-isopropylaminophenylmethanol (12O g, 95
o%/. ) as a yellow oil. 1HNMR (CDCl 3; 300MHz): 1.24
(d, 6H, CH(CH3)2), 3.15 (bs, IH, OH), 3.61 (sept, IH,
CH(CH3)2), 4.57 (s, 2H, CH2), 6.59 (t, IH, ArH), 6.65
(d, IH, ArH), 6.99 (d, IH, ArH), 7.15 (t, IH, ArH).
Manganese dioxide (85 % 182.6 g, 1.79 mol) was added
to a stirred solution of
2-isopropylaminophenyhnethanol (118 g, 0.71 mol) in
toluene (800 mL) and the reaction mixture was heated
to 117 0C for 4 h. The reaction mixture was allowed to
cool to room temperature overnight and then filtered
through a pad of Celite which was eluted with toluene.
The filtrate was concentrated under reduced pressure
to yield 2-isopropylaminobenzaldehyde (105 g, 90 %) as
an orange oil. 1H NMR (CDCl3; 300MHz): 1.28 (d, 6H,
CH(CH 3)2), 3.76 (sept, IH, CH(CH 3)2), 6.65 (t, IH,
ArH), 6.69 (d, IH, ArH), 7.37 (d, IH, ArH), 7.44 (t,
IH, ArH), 9.79 (s, IH, CHO).
2,2-Dimethyl-[l,3]dioxane-4,6-dione, commonly
Meldrum's acid, (166.9 g, 1.16 mol) was added to a
stirred solution of 2-isopropylaminobenzaldehyde (105
g, 0.64 mol), acetic acid (73.6 mL, 1.29 mol) and
ethylenediamine (43.0 mL, 0.64 mol) in methanol (1 L)
at 0 0C. Thereaction mixture was stirred for 1 h at 0
0C and then at room temperature overnight. The
resulting suspension was filtered and the solid washed
with methanol and collected to yield the title
intermediate,
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid (146 g, 98 %) as an off-white solid. 1H NMR
(CDCl3; 300MHz): 1.72 (d, 6H, CH(CHa)2) 5.50 (bs, IH,
CH(CH3)2), 7.44 (t, IH, ArH), 7.75-7.77 (m, 2H, ArH),
7.82 (d, IH, ArH), 8.89 (s, IH, CH). Example 1:
Synthesis of
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid l S
^^-S-l^^-hydroxy-S-Cmethanesulfonyl-methylamino)
propyl]-8-aza-bicyclo[3.2.1]oct-3-yl}amide a.
Preparation of
(l>S.3i?,5.RV3-ri-isopropyl-2-oxo-l,2-dihvdroquinoline
-3-
carbonyl)amino1-8-azabicyclo[3.2.1]octane-8-carboxylic
acid t rt-butyl ester In a 3 L flask,
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid (112.4 g, 0.486 mol, 1.1 eq) was suspended in
toluene (1 L). The mixture was heated to 85 0C and 



thionyl chloride (86.74 g, 0.729 mol) was added
dropwise over 70 min. The mixture was heated at 95 0C
for 1.5 h with stirring and then allowed to cool to
room temperature. In a separate 12 L flask,
(l,31?,5i?)-3-amino-8-azabicyclo[3.2. l]octane-8-
carboxylic acid rt-butyl ester (100.0 g, 0.442 mol, 1
eq) was suspended in toluene (1 L) and 3 M NaOH (4 eq)
was added. The mixture was stirred at room temperature
for 10 min and then cooled to about 5 0C. The acid
chloride solution was added slowly with stirring over
40 min keeping the internal temperature below 10 0C.
The mixture was stirred at 3-5 0C for 30 min and the
layers were allowed to separate overnight. The toluene
layer (~2.5 L) was collected, concentrated to about
half (~1.2 L) by rotary evaporation, and used directly
in the next step. b. Preparation of
l-isopropyl-2-oxo-l,2-dihvdroquinolme-3-carboxylic
acid {(IS,3R,5R)- 8-azabicyclo[3 .2. l]oct-3-yl}amide
To the toluene solution prepared in the previous step
(~1.2 L) was added trifluoroacetic acid (200 niL) over
20 min at 20 0C with stirring. The mixture was stirred
at 20 0C for 2 h. Water (1.55 L) was added and the
mixture was stirred for 30 min at 20 0C. After 30 min,
the mixture separated into three layers. The bottom
layer (~350 mL), a viscous brown oil, contained the
crude intermediate. To a 12 L flask charged with MTBX
(2.8 L), the crude brown oil was added over 1 h at 1-2
0C with stirring. The suspension was stirred at the
same temperature for 1 h and then filtered. The
filtrate was washed with MTBE (2 x 300 mL) and dried
under vacuumat room temperature for 4 days to provide
the trifluoroacetate salt of the title intermediate
(163.3 g) as a pale yellow powder. c. Preparation of
-methyl- - [(
S)-2-oxiran-2-ylmethyllmethanesulfonamide A 12 L flask
was charged with water (1 L) followed by the addition
NaOH (50 % in water, 146.81 g, 1.835 mol). The beaker
containing NaOH was washed with water (2 x 500 mL) and
the washings were added to the flask. The mixture was
stirred at room temperature for 10 min and cooled to 8
0C. ( -methyl)methanesulfonamide (200.2 g, 1.835 mol)
in water (500 mL) was added over 5 min. The mixture
was stirred for 1 h at ~4 0C and
(S)-2-chloromethyloxirane (339.6 g, 3.67 mol) was
added. The mixture was stirred for 20 h at 3-4 0C.
Dichloromethane (2 L) was added and the mixture was
stirred for 30 min at 5-10 0C. The two layers were
allowed to separate over 10 min and collected. The
organic layer (~2.5 L) was added back to the 12 L
flask and washed with 1M H3PO4 (800 mL) and brine (800
mL). Dichloromethane was removed by rotary
evaporation. To the crude product, toluene (400 mL)
was added and removed by rotary evaporation. After
three additional cycles of the toluene process, the
title intermediate was obtained (228.2 g) which was
used without further purification in the next step.
[(R)-2-hvdroxy-3-(methanesulfonyl-methyl-amino)propyl]
-8-aza-bicvclor3.2.11oct-3- vUamide In a 3 L flask,
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid {(lS,3i?,5J?)-8-azabicyclo[3.2.1]oct-3-yl}amide
trifluoroacetate (105.0 g, 0.232 mol) was suspended in
absolute ethanol (400 mL). To this suspension, NaOH
(50 % in water, 0.243 mol. 1.05 eq) dissolved in
absolute ethanol (100 mL) was added at room
temperature. The beaker containing the NaOH was washed
with ethanol (2 x 50 mL) and the washings were added
to the reaction mixture. After 30 min of stirring, a
solution of
iV-methyl-iV:-[(5)-2-oxiran-2-yhnethyl]methanesulfonam
ide (62.0 g, 1.5 eq) in absolute ethanol (100 mL) was
added. The mixture was refluxed for 2 h, cooled to
room temperature and seed crystals of the title
compound were added. After about 5 min of stirring a
white solid formed. The mixture was cooled to 3-5 0C
and stirred for 2 h. The white solid was filtered and
the wet cake was washed with cold absolute ethanol (3
x 50 mL). The solid was dried under vacuum at 30 0C
for 60 h to provide the title compound (93.8 g, water
content by Karl Fischer method 2.03 %). 1H NMR (CDCl3)
d ppm 10.52 (d, IH) 5 8.83 (s, IH), 7.75 (d, 2H),
7.64-7.60 (m, 2H), 7.28-7.26 m, IH),4.33-4.26 (m, 2H),
3.78-3.75 (m, IH), 3.27-3.20 (m, 4H), 3.01 (s, 3H),
2.88 (s, 3H)5 2.58- 2.53 (m, IH), 2.30-1.81(m, HH),
1.68 (d, 6H). The seed crystals were obtained from a
previous preparation of the title compound by the
method of this example at smaller scale, in which
crystallization occurred spontaneously. Example 2:
Synthesis of crystalline hydrochloride salt of
l-isopropyl-2-oxol, 2-dihydroquinoline-3-carboxylic
acid {(lS,3 ,5R)-8-[(R)-2-hydroxy-3-
(methanesulfonyl-methyl-amino)propyl]-8-aza-bicyclo[3.
2.1]oct-3-yl} amide hi a 1 L flask,
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid
{(15',3i?,5i?)-8-[(i?)-2-hydroxy-3-(methanesulfonyl-me
thyl-ammo)propyl]-8-azabicyclo[ 3.2.1]oct-3-yl}amide
(34.7 g, 0.069 mol) was suspended in absolute ethanol
(210 mL). Concentrated HCl (1.1 eq) was added at room
temperature with stirring. The mixture was stirred at
reflux for 30 min and cooled to room temperature and
stirred for 2 h. The solid was filtered and the wet
cake was washed with cold absolute ethanol (3 x 50
mL). The solid was dried under vacuum at 30 0C for 48
h to provide the title compound (34.5 g, 93.7 % yield,
water content by Karl Fischer method 0.13 %). Example
3: Synthesis of crystalline hydrate of hydrochloride
salt of 1-
isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic acid
{(l.S ,3 ,5R)-8-[( )-2-
hydroxy-3-(methanesulfonyl-methyl-amino)propyl]-8-aza-
bicyclo[3.2.1]oct-3- yl}amide
l-Isopropyl^-oxo-l^-dihydroquinoline-S-carboxylic acid
{(15',3i?,5i?)-8-[(i?)-2-
hydroxy-3-(methanesulfonyl-methyl-amino)propyl]-8-aza-
bicyclo[3.2.1]oct-3-yl}amide hydrochloride (139 mg,
0.28 mmol) was dissolved in sterilized water for
injection (2 mL). Over a few hours, the solution
became a cloudy suspension. The suspension was stirred
and allowed to sit overnight at ambient temperature
resulting in a white precipitate. The solid was
collected by filtration and dried for 2 min at ambient
conditions (approximately 40-50 % relative humidity)
to provide the title compound (130 mg, 9 1 % yield).
Examples 4 -9: Properties of Salt Forms of the
Invention Samples of the crystalline hydrochloride
salt of l-isopropyl-2-oxo-l,2-
dihydroquinoline-3-carboxylic acid {(l
,3i?,5i?)-8-[(i?)-2-hydroxy-3-(methanesulfonylmethyl-
amino)propyl]-8-aza-bicyclo[3.2.1]oct-3-yl} amide
(compound of formula I), prepared as in Example 2 and
of the crystalline hydrate of the hydrochloride salt
of the compound of formula I, prepared as in Example
3, were analyzed by powder x-raydiffraction (PXRD),
differential scanning calorimetry (DSC),
thermogravimetric analysis (TGA) infrared spectroscopy
(IR) and elemental analysis. 



Example 4: Powder X-Ray Diffraction Powder x-ray
diffraction patterns were obtained with a Thermo ARL
X-Ray Diffractometer Model X'TRA (Thermo ARL SA,
Switzerland) using Cu Ka radiation at 1.542 A (45 kV,
40 mA) with a Si(Li) solid-state detector. The
analysis was typically performed at a scan rate of
2/min with a step size of 0.03 per point over a range
of 2 to 35 in two-theta angle. Samples, either as
received or ground to a fine powder, were gently
packed into a custom small-volume insert designed to
fit into the instrument toploading sample cup for
analysis. The instrument calibration to within 0.02
two-theta angle was verified weekly by comparison with
a silicon metal standard. Representative PXRD patterns
for samples of the crystalline hydrochloride salt and
of the hydrate of the hydrochloride salt of the
invention are shown in Figures 1 and 4, respectively.
Example 5: Thermal Analysis Differential scanning
calorimetry (DSC) was performed using a TA Instruments
Model Q-100 module. Data were collected and analyzed
using TA Instruments Thermal Advantage for Q
Series(tm) software. A sample of about 1-10 mg was
accurately weighed into an aluminum pan with lid. The
sample was evaluated using a linear heating ramp of 10
C/min from 5 C to, typically, 265 C. The DSC cell was
purged with dry nitrogen during use. Representative
DSC traces for samples of the crystalline
hydrochloride salt and of the crystalline hydrate of a
hydrochloride salt of compound I are shown in Figures
2 and 5, respectively. Thermogravimetric analysis
(TGA) was performed using a TA Instruments Model Q-500
module. Data were collected and analyzed using TA
Instruments Thermal Advantage for Q Series(tm)
software. A sample weighing about 1-5 mg was placed in
an aluminum pan on a platinum cradle and scanned from
ambient temperature to 300 0C with a linear heating
rate of 10 C/min. The balance and furnace chambers
were purged with nitrogen during use. Representative
TGA traces for samples of a crystalline hydrochloride
salt and of a crystalline hydrate of a hydrochloride
salt of compound I are also shown in Figures 2 and 5,
respectively.The DSC trace in Figure 2 demonstrates
that a hydrochloride salt of the present invention has
excellent thermal stability with a maximum in
endothermic heat flow in the range of about 230 0C to
about 260 0C and no significant thermal events below
about 225 C. Comparison of the DSC and TGA traces
indicates that a hydrochloride salt of the present
invention undergoes simultaneous melting and
decomposition at temperatures above about 230 C. The
DSC trace in Figure 5 for the present hydrate form
exhibits a substantial peak in endothermic heat flow
identified with melting of the crystal in the range of
about 225 C to about 250 0C and broad or weak
endotherms at lower temperatures. Comparison of the
DSC and TGA traces indicates that decomposition of the
hydrate crystalline form is not significant at the
temperature of the melt transition. Example 6: Dynamic
Moisture Sorption Assessment Dynamic moisture sorption
(DMS) assessment was performed at 25 C using a VTI
atmospheric microbalance, SGA-100 system (VTI Corp.,
Hialeah, FL 33016). A sample size of approximately
5-10 mg was used and the humidity was set at the
ambient value at the start of the analysis. A typical
DMS analysis consisted of three scans: ambient to 2%
relative humidity (RH), 2% RH to 90% RH, 90% RH to 5%
RH at a scan rate of 5 %RH/step. The mass was measured
every two minutes and the RH was changed to the next
value ( 5 %RH) when the mass of the sample was stable
to within 0.02 % for 5 consecutive points.
Representative DMS traces for samples of a crystalline
hydrochloride salt and of a crystalline hydrate of a
hydrochloride salt of compound I are shown in Figures
3 and 6, respectively. The hydrochloride salt exhibits
a reversible sorption/desorption profile with a weight
change of less than 0.2 % over the entire range of 2
%to 90 %RH. The hydrate form exhibits a reversible
sorption/desorption profile with about a 2.3 %weight
loss as the sample was dried from ambient to 2 % RH
which was regained as the dried specimen was exposed
from 2 %RH to 40 % RH. The hydrate form had less than
about 0.25 % weight gain in the range of 40 % RH to 75
% RH.Example 7: Infrared Analysis The infrared (ER.)
absorption spectrum was determined over the frequency
range 4000 to 675 cm 1 using an Avatar 360 FT-IR
spectrometer equipped with aNicolet attenuated total
reflection (ATR) sample holder. A representative IR
absorption spectrum for a sample of a crystalline
hydrochloride salt of the invention had significant
absorption bands at 758l, 7831, 7951, 802l, 9491,
981-fcl, 11491, 11581, 12171, 13321, 13771, 14531,
14671, 14871, 15251, 15661, 15751, 16151, 16721, and
31971 cm 1 . Example 8: Solid State Stability
Assessment Samples of the hydrochloride salt of the
invention were stored in multiple open glass vials at
40 0C and 75 % RH. At specific intervals, the contents
of a representative vial was removed and analyzed by
DSC, TGA, PXRD, and by HPLC for chemical purity. After
24 weeks of storage, there was no detectable change in
the DSC. or TGA thermograms nor in the PXRD pattern.
The chemical purity of the stored sample was 99.6 %.
Example 9: Determination of Counterion Molar Ratio The
counterion molar ratio of hydrochloric acid (HA) to
l-isopropyl-2-oxo-l,2- dihydroquinoline-3-carboxylic
acid
{(l,3i?,5i?)-8-[(i?)-2-hydroxy-3-(methanesulfonylmethy
l- amino)propyl]-8-aza-bicyclo[3.2.1]oct-3-yl} amide
(compound of formula I ) was calculated according to
the following formula: Counterion Ratio = (WHA/MW HA)
/ (WI/MWI) where WHA is the weight percentage of HCl
in the sample, MWHA is the molecular weight of HCl,
MWi is the molecular weight of the compound of formula
I (504.6 amu), and Wi is the weight percentage of
compound of formula I in the sample, calculated
according to the formula: where WH20 is the weight
percentage water content, WRS is the weight percentage
residual solvent, under the assumption that compound I
has no impurities. The molar ratio of hydrochloric
acid to compound I for a sample of a crystalline
hydrochloride salt of the invention was calculated as
0.94:1 using the weight percentage of HCl (WHA) of 6.3
% and the values WH2o 0.26 % and WRS = 0.47%. The HCl
contentwas determined by titration with a standard
solution of silver nitrate, the water content 



WH2O was determined by coulometric Karl Fisher
titration and the residual solvent content WRS was
determined by gas chromatography. Comparative Example
1: Synthesis of citric acid salt of
l-isopropyl-2-oxo-l,2- dihydroquinoline-S-carboxylic
acid
(methanesulfonyl-methyl-amino)propyl]-8-aza-bicyclo[3.
2.1]oct-3-yl} amide
l-Isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid {(lS,3R,5R)-8-[(R)-2-
hydroxy-3-(methanesulfonyl-methyl-amino)propyl]-8-aza-
bicyclo[3 .2.1]oct-3-yl}amide (0. 1 g, 0.2 mmol) was
suspended in ethanol ( 1 mL). To this suspension was
added a IM solution of citric acid in ethanol (0.072
mL, 0.072 mmol, 0.33 eq). The mixture was briefly
sonicated until clarity, capped, and then allowed to
sit overnight. The cap was then removed and the
mixture was allowed to evaporate under ambient
conditions until solids were observed. The mixture was
then recapped and allowed to sit for 72 h. The
resulting solid was filtered and washed with cold
ethanol to give the title compound as a solid (74.3
mg). Comparative Example 2: Synthesis of acid salts of
l-isopropyl-2-oxo-l,2- dihydroquinoIine-S-carboxylic
acid l S - -t^-Z-hydroxy-SFollowing the procedure of
Comparative Example 1, the following acid salts of
l-isopropyl-2-oxo-l ,2-dihydroquinoline-3-carboxylic
acid {(lS,3i?,5i?)-8-[(i?)-2-hydroxy-
3-(methanesulfonyl-methyl-amino)propyl]-8-aza-bicyclo[
3.2.1]oct-3-yl}amide were prepared in solid form using
the indicated equivalents of acid (product weight in
second parentheses): adipic (0.5 eq) (48.5 mg);
phosphoric (0.5 eq) (86.6 mg); sulfuric (0.5 eq) (27.0
mg); tartaric (0.5 eq) (66.3 mg); malic (0.5 eq) (25.3
mg); and hydrobroniic (1 eq) (62.9 mg). Comparative
Example 3: Synthesis of methanesulfonic acid salt of
1- isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid {(l ,3i ,5 R)-8-[(i )-2-
hydroxy-3-(methanesulfonyl-methyl-amino)propyl]-8-aza-
bicyclo[3.2.1]oct-3- yljamide To a solution of
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid
{(15',3i?,5i?)-8-[(i?)-2-hydroxy-3-(methanesulfonyl-me
thyl-amino)propyl]-8-azabicyclo[ 3.2.1]oct-3-yl}amide
(0.1 g, 0.2 mmol) in 50 % acetonitrile/water (1 mL)
was added a IM solution of methanesulfonic acid in
ethanol (0.2 mL, 0.2 mmol, 1 eq). Themixture was then
frozen and lyophilized to dryness overnight. The
resulting solid was dissolved in isopropanol (1 mL)
with gentle warming and allowed to cool. The resulting
solid was collected by filtration and washed with cold
isopropanol to give the title compound as a solid (90
mg). Comparative Example 4: Synthesis of acid salts of
l-isopropyl-2-oxo-l,2- dihydroquinoline-3-carboxylic
acid {(lS,3R,5R)-8-[(R)-2-hydroxy-3-
(methanesulfonyl-methyl-amino)propyl]-8-aza-bicyclo[3.
2.1]oct-3-yl} amide Following the procedure of
Comparative Example 3, the following acid salts of 1-
isopropyl-2-oxo-l ,2-dihydroquinoline-3-carboxylic
acid {(l,3i?,5i?)-8-[(i?)-2-hydroxy-3-
(methanesulfonyl-methyl-amino)propyl]-8-aza-bicyclo[3
.2. 1]oct-3-yl}amide were prepared in solid form using
the indicated equivalents of acid (product weight in
second parentheses): fumaric ( 1 eq) (107.2 mg);
benzoic (1 eq) (105.2 mg); and (i?)-mandelic (1 eq)
(96.1 mg). Comparative Example 5: Properties of
Compounds of Comparative Examples 1-4. The crystalline
acid salts of the compound of formula I of Comparative
Examples 1-4 were analyzed by PXRD, DSC, and TGA. In
all cases, a weight loss was observed by TGA at
temperatures below about 100 0C, which may most likely
be attributed to loss of solvent. The temperature(s)
at which endothermic heat flow was observed by DSC,
exclusive of the low temperature features attributed
to solvent loss, along with confirmation of
crystallinity by PXRD are summarized in Table I where
the stoichiometry is indicated by the number of
equivalents of acid used to prepare the acid
salt.Table I : Comparison Salts * multiple polymorphs,
exotherm observed # onset of melt and decomposition
Assay 1: Radioligand Binding Assay on 5-HT 4(C) Human
Receptors a. Membrane Preparation 5-HT4J 1 HEK-293
(human embryonic kidney) cells stably-transfected with
human 5-HT4(C) receptor cDNA (Bmax = - 6.0 pmol/mg
protein, as determined using [3H]-GRl 13808 membrane
radioligand binding assay) were grown in T-225 flasks
in Dulbecco's Modified Eagles Medium (DMEM) containing
4,500 mg/L D-glucose and pyridoxine hydrochloride
(GIBCO-Invitrogen Corp., Carlsbad CA: Cat #11965)
supplemented with 10% fetal bovine serum (FBS)
(GIBCO-Invitrogen Corp.: Cat #10437), 2 mM L-glutamine
and (100 units) penicillin-(100 mg) streptomycin/ml
(GIBCO-Invitrogen Corp.: Cat #15140) in a 5% CO2,
humidified incubator at 37 0C. Cells were grown under
continuous selection pressure by the addition of 800
mg/mL geneticin (GIBCO-Invitrogen Corp.: Cat #10131)
to the medium. Cells were grown to roughly 60-80%
confluency (< 35 subculture passages). At 20-22 hours
prior to harvesting, cells were washed twice and fed
with serum-free DMEM. All steps of the membrane
preparation were performed on ice. The cell monolayer
was lifted by gentle mechanical agitation and
trituration with a 25 mL pipette. Cells were collected
by centrifugation at 1000 rpm (5 min).For the membrane
preparation, cell pellets were resuspended in ice-cold
50 mM 4-(2-hydroxyethyl)-l-piperazmeethanesulphonic
acid (HEPES), pH 7.4 (membrane preparation buffer) (40
mL/total cell yield from 30-40 T225 flasks) and
homogenized using a polytron disrupter (setting 19, 2
x 10 s) on ice. The resultant homogenates were
centrifuged at 1200 g for 5 min at 40C. The pellet was
discarded and the supernatant centrifuged at 40,000 g
(20 min). The pellet was washed once by resuspension
with membrane preparation buffer and centrifugation at
40,000 g (20 min). The final pellet was resuspended in
50 mM HEPES, pH 7.4 (assay buffer) (equivalent 1 T225
flask/1 mL). Protein concentration of the membrane
suspension was determined by the method of Bradford
(Bradford, 1976). Membranes were stored frozen in
aliquots at -80 C. b. Radioligand Binding Assays
Radioligand binding assays were performed in 1.1 mL
96- deep well polypropylene assay plates (Axygen) in a
total assay volume of 400 mL containing 2 mg 



membrane protein in 50 mM HEPES pH 7.4, containing
0.025% bovine serum albumin (BSA). Saturation binding
studies for determination of Kd values of the
radioligand were performed using [3H]-GRl 13808
(Amersham Inc., Bucks, UK: Cat #TRK944; specific
activity ~82 Ci/mmol) at 8-12 different concentrations
ranging from 0.001 nM - 5.0 nM. Displacement assays
for determination of pK, values of compounds were
performed with [3H]-GRl 13808 at 0.15 nM and eleven
different concentrations of compound ranging from 10
pM - 100 mM. Test compounds were received as 10 mM
stock solutions in DMSO and diluted to 400 mM into 50
mM HEPES pH 7.4 at 250C, containing 0.1% BSA, and
serial dilutions (1:5) then made in the same buffer.
Non-specific binding was determined in the presence of
1 mM unlabeled GRl 13808. Assays were incubated for 60
min at room temperature, and then the binding
reactions were terminated by rapid filtration over
96-well GF/B glass fiber filter plates (Packard
BioScience Co., Meriden, CT) presoaked in 0.3%
polyethyleneimine. Filter plates were washed three
times with filtration buffer (icecold 5OmM HEPES,
pH7.4) to remove unbound radioactivity. Plates were
dried, 35 mL Microscint-20 liquid scintillation fluid
(Packard BioScience Co., Meriden, CT) was added to
each well and plates were counted in a Packard
Topcount liquid scintillation counter (Packard
BioScience Co., Meriden, CT).Binding data were
analyzed by nonlinear regression analysis with the
GraphPad Prism Software package (GraphPad Software,
Inc., San Diego, CA) using the 3-parameter model for
one-site competition. The BOTTOM (curve minimum) was
fixed to the value for nonspecific binding, as
determined in the presence of 1 mM GRl 13808. Kj
values for test compounds were calculated, in Prism,
from the best-fit ICs0 values, and the K value of the
radioligand, using the Cheng-Prusoff equation (Cheng
and Prusoff, Biochemical Pharmacology, 1973, 22,
3099-108): Kj = IC50 / ( 1 + [L]ZKd ) where [L] =
concentration [3H]-GRl 13808. Results are expressed as
the negative decadic logarithm of the K values, pK,.
Test compounds having a higher pKj value in this assay
have a higher binding affinity for the 5-HT4 receptor.
The compound of formula I had a pKj value greater than
about 7.5 in this assay. Assay 2: Radioligand Binding
Assay on 5-HT3AHuman Receptors: Determination of
Receptor Subtype Selectivity a. Membrane Preparation
5-HT A HEK-293 (human embryonic kidney) cells
stably-transfected with human 5-HT 3A receptor cDNA
were obtained from Dr. Michael Bruess (University of
Bonn, GDR) (Bmax = ~ 9.0 pmolZmg protein, as
determined using [ H]-GR65630 membrane radioligand
binding assay). Cells were grown in T-225 flasks or
cell factories in 50% Dulbecco's Modified Eagles
Medium (DMEM) (GIBCO-Invitrogen Corp., Carlsbad, CA:
Cat # 11965) and 50% Ham's F12 (GIBCO-Invitrogen
Corp.: Cat # 11765) supplemented with 10% heat
inactivated fetal bovine serum (FBS) (Hyclone, Logan,
UT: Cat #SH30070.03) and (50 units) penicillin-(50 mg)
streptomycin/ml (GIBCO-Invitrogen Corp.: Cat #15140)
in a 5% CO2, humidified incubator at 37 0C. Cells were
grown to roughly 70-80% confluency (< 35 subculture
passages). All steps of the membrane preparation were
performed on ice. To harvest the cells, the media was
aspirated and cells were rinsed with Ca2+, Mg2+-free
Dulbecco's phosphate buffered saline (dPBS). The cell
monolayer was lifted by gentle mechanical agitation.
Cells were collected by centrifugation at 1000 rpm (5
min). Subsequent steps of the membrane preparation
followed the protocol described above for the
membranes expressing 5-HT4(C) receptors.b .
Radioligand Binding Assays Radioligand binding assays
were performed in 96-well polypropylene assay plates
in a total assay volume of 200 mL containing 1.5-2 mg
membrane protein in 50 mM HEPES pH 7.4, containing
0.025% BSA assay buffer. Saturation binding studies
for determination of Kd values of the radioligand were
performed using [3H]-GR65630 (PerkinEhner Life
Sciences Inc., Boston, MA: Cat #NET101 1, specific
activity ~85 Ci/mmol) at twelve different
concentrations ranging from 0.005 nM to 20 nM.
Displacement assays for determination of pK; values of
compounds were performed with [3H]-GR65630 at 0.50 nM
and eleven different concentrations of compound
ranging from 10 pM to 100 mM. Compounds were received
as 10 mM stock solutions in DMSO (see section 3.1),
diluted to 400 mM into 50 mM HEPES pH 7.4 at 250C,
containing 0.1% BSA, and serial (1:5) dilutions then
made in the same buffer. Non-specific binding was
determined in the presence of 10 mM unlabeled
MDL72222. Assays were incubated for 60 min at room
temperature, then the binding reactions were
terminated by rapid filtration over 96-well GF/B glass
fiber filter plates (Packard BioScience Co., Meriden,
CT) presoaked in 0.3% polyethyleneimine. Filter plates
were washed three times with filtration buffer
(ice-cold 5OmM HEPES, pH7.4) to remove unbound
radioactivity. Plates were dried, 35 mL Microscint-20
liquid scintillation fluid (Packard BioScience Co.,
Meriden, CT) was added to each well and plates were
counted in a Packard Topcount liquid scintillation
counter (Packard BioScience Co., Meriden, CT). Binding
data were analyzed using the non-linear regression
procedure described above to determine K values. The
BOTTOM (curve minimum) was fixed to the value for
nonspecific binding, as determined in the presence of
10 mM MDL72222. The quantity [L] in the Cheng-Prusoff
equation was defined as the concentration
[3H]-GR65630. Selectivity for the 5-HT4 receptor
subtype with respect to the 5-HT3 receptor subtype was
calculated as the ratio Ki(5-HT3A)/Ki(5-HT4(c)). The
compound of formula I had a 5-HT4/5-HT3 receptor
subtype selectivity greater than about 1000 in this
assay. Assay 3: Whole-cell cAMP Accumulation
Flashplate Assay with HEK-293 cells expressing human
5-HT4(C) Receptors In this assay, the functional
potency of a test compound was determined by measuring
the amount of cyclic AMP produced when HEK-293 cells
expressing 5-HT4 receptors were contacted with
different concentrations of test compound.a. Cell
Culture HEK-293 (human embryonic kidney) cells
stably-transfected with cloned human 5-HT4(C) receptor
cDNA were prepared expressing the receptor at two
different densities: (1) at a density of about 0.5-0.6
pmol/mg protein, as determined using a [3H]-GRl 13808
membrane radioligand binding assay, and (2) at a
density of about 6.0 pmol/mg protein. The cells were
grown in T-225 flasks in Dulbecco's Modified Eagles
Medium (DMEM) 



containing 4,500 mg/L D-glucose (GIBCO-Invitrogen
Corp.: Cat #11965) supplemented with 10% fetal bovine
serum (FBS) (GIBCO-Invitrogen Corp.: Cat #10437) and
(100 units) penicillin-(100 mg) streptomycin/ml
(GIBCO-Invitrogen Corp.: Cat #15140) in a 5% CO2,
humidified incubator at 370C. Cells were grown under
continuous selection pressure by the addition of
geneticin (800 mg/mL: GIBCO-Invitrogen Corp.: Cat
#10131) to the medium. b. Cell Preparation Cells were
grown to roughly 60-80% confluency. Twenty to
twenty-two hours prior to assay, cells were washed
twice, and fed, with serum-free DMEM containing 4,500
mg/L D-glucose (GIBCO-Invitrogen Corp.: Cat #11965).
To harvest the cells, the media was aspirated and 10
mL Versene (GIBCO-Invitrogen Corp.: Cat #15040) was
added to each T-225 flask. Cells were incubated for 5
min at RT and then dislodged from the flask by
mechanical agitation. The cell suspension was
transferred to a centrifuge tube containing an equal
volume of pre-warmed (370C) dPBS and centrifuged for 5
min at 1000 rpm. The supernatant was discarded and the
pellet was re-suspended in pre-warmed (370C)
stimulation buffer (1OmL equivalent per 2-3 T-225
flasks). This time was noted and marked as time zero.
The cells were counted with a Coulter counter (count
above 8 mm, flask yield was 1-2 x 107 cells/flask).
Cells were resuspended at a concentration of 5 x 105
cells/ml in pre-warmed (370C) stimulation buffer (as
provided in the flashplate kit) and preincubated at
370C for 10 min. cAMP assays were performed in a
radioimmunoassay format using the Flashplate Adenylyl
Cyclase Activation Assay System with 125I-cAMP
(SMP004B, PerkinElmer Life Sciences Inc., Boston, MA),
according to the manufacturer's instructions. Cells
were grown and prepared as described above. Final cell
concentrations in the assay were 25 x 103 cells/well
and the final assay volume was 100 mL. Test compounds
were received as 10 rnM stock solutions in DMSO,
diluted to 400 mM into50 niM HEPES pH 7.4 at 250C3
containing 0.1% BSA, and serial (1:5) dilutions then
made in the same buffer. Cyclic AMP accumulation
assays were performed with 11 different concentrations
of compound ranging from 10 pM to 100 mM (final assay
concentrations). A 5-HT concentration-response curve
(10 pM to 100 mM) was included on every plate. The
cells were incubated, with shaking, at 37C for 15 min
and the reaction terminated by addition of 100 ml of
ice-cold detection buffer (as provided in the
flashplate kit) to each well. The plates were sealed
and incubated at 4C overnight. Bound radioactivity was
quantified by scintillation proximity spectroscopy
using the Topcount (Packard BioScience Co., Meriden,
CT). The amount of cAMP produced per niL of reaction
was extrapolated from the cAMP standard curve,
according to the instructions provided in the
manufacturer's user manual. Data were analyzed by
nonlinear regression analysis with the GraphPad Prism
Software package using the 3-parameter sigmoidal
dose-response model (slope constrained to unity).
Potency data are reported as rEC50 values, the
negative decadic logarithm of the EC50 value, where
EC50 is the effective concentration for a 50 % maximal
response. Test compounds exhibiting a higher pECso
value in this assay have a higher potency for
agonizing the 5-HT4 receptor. The compound of formula
I which was tested in this assay in the cell line (1)
having a density of about 0.5-0.6 pmol/mg protein, had
a PEC 0 value greater than about 7.5. Assay 4: In
vitro Voltage Clamp Assay of Inhibition of Potassium
Ion Current in Whole Cells Expressing the hERG Cardiac
Potassium Channel CHO-Kl cells stably transfected with
hERG cDNA were obtained from Gail Robertson at the
University of Wisconsin. Cells were held in cryogenic
storage until needed. Cells were expanded and passaged
in Dulbecco's Modified Eagles Medium/F12 supplemented
with 10 % fetal bovine serum and 200 mg/mL geneticin.
Cells were seeded onto poly-D-lysine (100 mg/mL)
coated glass coverslips, in 35 mm2 dishes (containing
2 mL medium) at a density that enabled isolated cells
to be selected for whole cell voltageclamp studies.
The dishes were maintained in a humidified, 5% CO2
environment at 370C. Extracellular solution was
prepared at least every 7 days and stored at 40C when
not in use. The extracellular solution contained (mM):
NaCl (137), KCl (4), CaCl2 (1.8), MgCl2 (1), Glucose
(10), 4-(2-hydroxyethyl)-l-piperazineethanesulphonic
acid (HEPES)(10), pH 7.4 with NaOH. The extracellular
solution, in the absence or presence of test compound,
was contained in reservoirs, from which it flowed into
the recording chamber at approximately 0.5 rnL/min.
The intracellular solution was prepared, aliquoted and
stored at -2O0C until the day of use. The
intracellular solution contained (mM): KCl (130),
MgCl2 (1), ethylene glycol-bis(beta-aminoethyl ether)
L,JV,L/yV7-tetra acetic acid salt (EGTA) (5), MgATP
(5), 4-(2-hydroxyethyl)-l-piperazineethanesul rhonic
acid (HEPES) (10), pH 7.2 with KOH. All experiments
were performed at room temperature (20-220C). The
coverslips on which the cells were seeded were
transferred to a recording chamber and perfused
continuously. Gigaohm seals were formed between the
cell and the patch electrode. Once a stable patch was
achieved, recording commenced in the voltage clamp
mode, with the initial holding potential at -80 mV.
After a stable whole-cell current was achieved, the
cells were exposed to test compound. The standard
voltage protocol was: step from the holding potential
of -80 mV to +20 mV for 4.8 sec, repolarize to -50 mV
for 5 sec and then return to the original holding
potential (-80 mV). This voltage protocol was run once
every 15 sec (0.067 Hz). Peak current amplitudes
during the repolarization phase were determined using
pClamp software. Test compounds at a concentration of
3 mM were perfused over the cells for 5 minutes,
followed by a 5-minute washout period in the absence
of compound. Finally a positive control (cisapride, 20
nM) was added to the perfusate to test the function of
the cell. The step from -80 mV to +20 mV activates the
hERG channel, resulting in an outward current. The
step back to -50 mV results in an outward tail
current, as the channel recovers from inactivation and
deactivates. Peak current amplitudes during the
repolarization phase were determined using pCLAMP
software. The control and test article data were
exported to Origin(r) (OriginLab Corp., Northampton
MA) where the individual current amplitudes were
normalized to the initial current amplitude in the
absence of compound. The normalized current means and
standard errors for each condition were calculated and
plotted versus the time course of the experiment. 



Comparisons were made between the observed K+ current
inhibitions after the five-minute exposure to either
the test article or vehicle control (usually 0.3
%DMSO). Statistical comparisons between experimental
groups were performed using a twopopulation,
independent t-test (Microcal Origin v. 6.0).
Differences were considered significant at p <
0.05.The smaller the percentage inhibition of the
potassium ion current in this assay, the smaller the
potential for test compounds to change the pattern of
cardiac repolarization when used as therapeutic
agents. The compound of formula I was tested in this
assay at a concentration of 3 mM and exhibited an
inhibition of the potassium ion current of less than
about 15 %. Assay 5: In vitro Model of Oral
Bioavailability: Caco-2 Permeation Assay The Caco-2
permeation assay was performed to model the ability of
test compounds to pass through the intestine and get
into the blood stream after oral administration. The
rate at which test compounds in solution permeate a
cell monolayer designed to mimic the tight junction of
human small intestinal monolayers was determined.
Caco-2 (colon, adenocarcinoma; human) cells were
obtained from ATCC (American Type Culture Collection;
Rockville, MD). For the permeation study, cells were
seeded at a density of 63,000 cells/cm2 on pre-wetted
transwells polycarbonate filters (Costar; Cambridge,
MA). A cell monolayer was formed after 2 1 days in
culture. Following cell culture in the transwell
plate, the membrane containing the cell monolayer was
detached from the transwell plate and inserted into
the diffusion chamber (Costar; Cambridge, MA). The
diffusion chamber was inserted into the heating block
which was equipped with circulating external,
thermostatically regulated 37 C water for temperature
control. The air manifold delivered 95% O2/5% CO2 to
each half of a diffusion chamber and created a laminar
flow pattern across the cell monolayer, which was
effective in reducing the unstirred boundary layer.
The permeation study was performed with test compound
concentrations at 100 mM and with 14C-mannitol to
monitor the integrity of the monolayer. All
experiments were conducted at 37 C for 60 min. Samples
were taken at 0, 30 and 60 min from both the donor and
receiver sides of the chamber. Samples were analyzed
by HPLC or liquid scintillation counting for test
compound and mannitol concentrations. The permeation
coefiicient (Kp) in cm/sec was calculated. hi this
assay, a Kp value greater than about 10 x 10 6 cm/seo
is considered indicative of favorable bioavailability.
The compound of formula I was tested in this assay and
exhibited a Kp value of greater than about 20 x 10 6
cm/sec.Assay 6: Pharmacokinetic Study in the Rat
Aqueous solution formulations of test compounds were
prepared in 0.1 % lactic acid at a pH of between about
5 and about 6. Male Sprague-Dawley rats (CD strain,
Charles River Laboratories, Wilmington, MA) were dosed
with test compounds via intravenous administration
(IV) at a dose of 2.5 mg/kg or by oral gavage (PO) at
a dose of 5 mg/kg. The dosing volume was 1 mL/kg for
IV and 2 mL/kg for PO administration. Serial blood
samples were collected from animals pre-dose, and at 2
(IV only), 5, 15, and 30 min, and at 1, 2, 4, 8, and
24 hours post-dose. Concentrations of test compounds
in blood plasma were determined by liquid
chromatography-mass spectrometry analysis (LC-MS/MS)
(MDS SCIEX, API 4000, Applied Biosystems, Foster City,
CA) with a lower limit of quantitation of 1 ng/mL.
Standard pharmacokinetic parameters were assessed by
non-compartmental analysis (Model 201 for IV and Model
200 for PO) using WinNonlin (Version 4.0.1, Pharsight,
Mountain View, CA). The maximum in the curve of test
compound concentration in blood plasma vs. time is
denoted Cmax. The area under the concentration vs.
time curve from the time of dosing to the last
measurable concentration (AUC(O-t)) was calculated by
the linear trapezoidal rule. Oral bioavailability
(F(%)), i.e. the dosenormalized ratio of AUC(O-t) for
PO administration to AUC(O-t) for IV administration,
was calculated as: F(%) = AUCpo/AUCivx Dose^/Dosepo x
100% Test compounds which exhibit larger values of the
parameters Cmax, AUC(O-t), and F(%) in this assay are
expected to have greater bioavailability when
administered orally. The compound of formula I had a
Cmax value of 0.16 mg/mL, an AUC(O-t) value of 0.46
mg-hr/mL and oral bioavailability (F(%)) in the rat
model of about 19 %. While the present invention has
been described with reference to the specific
embodiments thereof, it should be understood by those
skilled in the art that various changes may be made
and equivalents may be substituted without departing
from the true spirit and scope of the invention hi
addition, many modifications may be made to adapt a
particular situation, material, composition of matter,
process, process step or steps, to the objective,
spirit and scope of the present invention. AUsuch
modifications are intended to be within the scope of
the claims appended hereto. Additionally, all
publications, patents, and patent documents cited
hereinabove are incorporated by reference herein in
full, as though individually incorporated by
reference.WHAT IS CLAIMED IS: 1. A crystalline salt
form which is the hydrochloride salt of l-isopropyl-2-
oxo- 1,2-dihydroquinoline-3-carboxylic acid
{(lS,3R,5R)-S-[(R)-2-hy<teoxy-3-
(methanesulfonyl-methyl-amino)rropyl]-8-azabicyclo[3.2
.1]oct-3-yl} amide or a solvate thereof. 2. The
crystalline salt form of Claim 1 wherein the
crystalline salt form is a crystalline hydrochloride
salt. 3. The crystalline salt form of Claim 2, wherein
the crystalline salt form is characterized by a powder
x-ray diffraction pattern having two or more
diffraction peaks at 2Qvalues selected from 4.410.2,
8.820.2, 9.080.2, 11.210.2, 14.400.2, 16.420.2,
17.350.2, 17.610.2, 18.140.2, 19.040.2, 19.950.2,
20.200.2, 21.230.2, 22.130.2, 22.480.2, 22.830.2,
24.160.2, 25.370.2, 25.560.2, 26.220.2, 27.330.2,
29.080.2, and 29.610.2. 4. The crystalline crystalline
salt form of Claim 3 wherein the powder x-ray
diffraction pattern comprises two or more diffraction
peaks at 2Qvalues selected from 14.400.2, 17.350.2,
17.610.2, 19.040.2, 21.230.2, and22.130.2. 5. The
crystalline salt form of Claim 2, wherein the
crystalline salt form is characterized by a powder
x-ray diffraction pattern in which the peak positions
are 



substantially in accordance with the peak positions of
the pattern shown in Figure 1. 6. The crystalline salt
form of Claim 2, wherein the crystalline salt form is
characterized by a differential scanning calorimetry
trace which shows a maximum in endothermic heat flow
at a temperature greater than about 230 0C. 7. The
crystalline salt form of Claim 2, wherein the
crystalline salt form is characterized by a
differential scanning calorimetry trace substantially
in accordance with that shown in Figure 2.8. The
crystalline salt form of Claim 1 wherein the
crystalline salt form is a hydrate. 9. The crystalline
salt form of Claim 8 wherein the crystalline salt form
is characterized by a powder x-ray diffraction pattern
having two or more diffraction peaks at 2q values
selected from 5.300.2, 7.430.2, 8.720.2, 10.520.2,
13.850.2, 14.110.2, 15.800.2, 15.990.2, 17.260.2,
19.530.2, 20.080.2, 21.060.2, 21.480.2, 21.920.2.
22.850.2, 23.910.2, 25.280.2, 26.060.2, 27.340.2, 27.5
10.2, and 29.670.2. 10. The crystalline salt form of
Claim 9 wherein the powder x-ray diffraction pattern
comprises two or more diffraction peaks at 2Qvalues
selected from 10.520.2, 13.850.2, 15.800.2, 17.260.2,
and 21.060.2. 11. The crystalline salt form of Claim
8, wherein the crystalline salt form is characterized
by a powder x-ray diffraction pattern in which the
peak positions are substantially in accordance with
the peak positions of the pattern shown in Figure 4.
12. The crystalline salt form of Claim 8, wherein the
crystalline salt form is characterized by a
differential scanning calorimetry trace substantially
in accordance with that shown in Figure 5. 13. A
pharmaceutical composition comprising a
pharmaceutically acceptable carrier and a crystalline
salt form of any one of Claims 1 to 12. 14. A method
of treating a mammal having a medical condition
associated with 5-HT4 receptor activity, the method
comprising administering to the mammal, a
therapeutically effective amount of a pharmaceutical
composition comprising a pharmaceutically-acceptable
carrier and a crystalline salt form of any one of
Claims 1 to 12. 15. A method of treating a disorder of
reduced motility of the gastrointestinal tract in a
mammal, the method comprising administering to the
mammal, a therapeuticallyeffective amount of a
pharmaceutical composition comprising a
pharmaceuticallyacceptable carrier and a crystalline
salt form of any one of Claims 1 to 12. 16. The method
of Claim 15, wherein the disorder of reduced motility
is selected from chronic constipation,
constipation-predominant irritable bowel syndrome,
diabetic and idiopathic gastroparesis, and functional
dyspepsia. 17. A crystalline crystalline salt form as
claimed in any one of Claims 1 to 12 for use in
therapy. 18. Use of a crystalline salt form of any one
of Claims 1 to 12 for manufacture of a medicament. 19.
The use of Claim 18 wherein the medicament is for the
treatment of a medical condition in a mammal
associated with 5-HT4 receptor activity. 20. The use
of Claim 19 wherein the medical condition is a
disorder of reduced motility of the gastrointestinal
tract. 2 1. The use of Claim 19 wherein the medical
condition is selected from chronic constipation,
constipation-predominant irritable bowel syndrome,
diabetic and idiopathic gastroparesis, and functional
dyspepsia. 22. A process for preparing a crystalline
hydrochloride salt of l-isopropyl-2-
oxo-l,2-dihydroquinoline-3-carboxylic acid
{(l$,3R,5R)-8-[(R)-2-hydroxy-3-
(methanesulfonyl-methyl-amino)propyl]-8-azabicyclo[3
.2. 1]oct-3-yl} amide, the process comprising: (a)
contacting
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid {(15',3i?,5
R)-8-[(i2)-2-hydroxy-3-(methanesulfonyl-methyl-amino)p
ro ryl]-8- azabicyclo[3.2.1]oct-3-yl} amide with
hydrochloric acid to form a reaction mixture; and (b)
isolating the crystalline hydrochloride salt from the
reaction mixture.23. A process for preparing a
crystalline hydrate of the hydrochloride salt of
l-isopropyl-2-oxo-l,2-dihydroqumoline-3-carboxylic
acid {(lS,3R,5R)-8-[(R)-2~hydroxy-
3-(methanesulfonyl-methyl-amino)propyl]-8-azabicyclo[3
.2.1]oct-3-yl}amide, the process comprising: (a)
dissolving
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid
{(15r,3i?,5i?)-8-[(i?)-2-hydroxy-3-(methanesulfonyl-me
thyl-amino)propyl]-8- azabicyclo[3.2.1joct-3-yl}amide
hydrochloride in water at a concentration greater than
about 50 milligrams per milliliter to form a
suspension; and (b) isolating the crystalline hydrate
from the suspension. 


