
HYDROXY AND ALKOXY SUBSTITUTED I -IMIDAZOQUINOLINES
AND METHODS CROSS REFERENCE TO RELATED APPLICATIONS
The present invention claims priority to U.S.
Provisional Application Serial No. 60/733,952, filed
November 4, 2005, which is incorporated herein by
reference. BACKGROUND Certain compounds have been
found to be useful as immune response modifiers
(IRMs), rendering them useful in the treatment of a
variety of disorders. However, there continues to be
interest in and a need for compounds that have the
ability to modulate the immune response, by induction
of cytokine biosynthesis or other means. SUMMARY OF
THE INVENTION It has now been found that certain
2-hydroxy- and 2-alkoxy- lH-imidazo[4,5-
c]quinolin-4-amines modulate cytokine biosynthesis. In
one aspect, the present invention provides compounds,
which are of the following Formulas I, II, and III: II
III wherein R, R1, R2, R3, G , G2, n, and m are as
defined below; and pharmaceutically acceptable salts
thereof.The compounds or salts of Formulas I, II, and
III are useful as IRMs due to their ability to
modulate cytokine biosynthesis (e.g., induce the
biosynthesis or production of one or more cytokines)
and otherwise modulate the immune response when
administered to animals. In some embodiments,
compounds or salts of Formula I can be especially
useful as immune response modifiers due to their
ability to selectively induce interferon (a) (IFN-a),
thus providing a benefit over compounds that also
induce pro-inflammatory cytokines (e.g. TNF-a) or that
induce pro-inflammatory cytokines at higher levels.
The ability to modulate cytokine biosynthesis makes
the compounds useful in the treatment of a variety of
conditions such as viral diseases and neoplastic
diseases that are responsive to such changes in the
immune response. In another aspect, the present
invention also provides pharmaceutical compositions
containing the compounds of Formulas I, II, and/or
III. In another aspect of particular importance, the
present invention provides methods of inducing
cytokine biosynthesis in animal cells, selectively
inducing IFN-ain animal cells, treating a viral
disease in an animal, and/or treating a neoplastic
disease in an animal by administering to the animal
one or more compounds of the Formulas I, II, and/or
III, and/or pharmaceutically acceptable salts thereof.
In another aspect, the invention provides methods of
synthesizing the compounds of Formulas I, II, and III
and intermediate compounds useful in the synthesis of
these compounds. As used herein, "a", "an", "the", "at
least one", and "one or more" are used
interchangeably. The terms "comprising" and variations
thereof do not have a limiting meaning where these
terms appear in the description and claims. The above
summary of the present invention is not intended to
describe each disclosed embodiment or every
implementation of the present invention. The
description that follows more particularly exemplifies
illustrative embodiments. Guidance is also provided
herein through lists of examples, which can be used in
various combinations. In each instance, the recited
list serves only as a representative group and should
not be interpreted as an exclusive list.DETAILED
DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS OF THE
INVENTION The present invention provides compounds of
the following Formula I, II, and III: II III wherein
R, R , R , R , Gi, G , n, and m are as defined below;
and pharmaceutically acceptable salts thereof. In one
embodiment, the present invention provides a compound
of the following Formula I : I wherein: R is selected
from the group consisting of hydrogen, Ci-4 alkyl, 



hydroxyC2-4 alkylenyl, and Ci- alkoxyC2-4 alkylenyl; R
is selected from the group consisting of: halogen,
hydroxy, alkyl, alkenyl,haloalkyl, alkoxy, alkylthio,
and n is an integer from 0 to 4; R ] is selected from
the group consisting of: hydrogen, -CH(R1O-Ar, -CH(R
1,)-Ar'-R4, -CH(R 1i)-Ar'-Y-R4, -CH(R, 0-Ar^CH(R
10-Y-R4, -CH(R 10-Af-CH(Rn)-R 5, -XrHet, and Ar is
selected from the group consisting of aryl and
heteroaryl each of which is unsubstituted or
substituted by one or more substituents independently
selected from the group consisting of alkyl, alkenyl,
alkoxy, methylenedioxy, haloalkyl, haloalkoxy,
halogen, nitro, hydroxy, hydroxyalkyl, cyano, amino,
alkylamino, and dialkylamino; Ar1is selected from the
group consisting of arylene and heteroarylene each of
which is unsubstituted or substituted by one or more
substituents independently selected from the group
consisting of alkyl, alkenyl, alkoxy, haloalkyl,
haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl,
cyano, amino, alkylamino, and dialkylamino; Het is
heterocyclyl which is unsubstituted or substituted by
one or more substituents independently selected from
the group consisting of alkyl, alkoxy, haloalkyl,
haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl,
cyano, hydroxyalkyleneoxyalkylenyl, amino, alkylamino,
dialkylamino, and oxo; X1 is C1-6 alkylene that is
optionally interrupted by one or more -O- groups; Rn
is selected from the group consisting of hydrogen and
C -3 alkylene; R3 is selected from the group
consisting of: -Z-R4, -Z-X-R4 ,-Z-X-Y-R4,
-Z-X-Y-X-Y-R4, and -Z-X-R5; m is 0 or 1; with the
proviso that when m is 1, then n is 0 or 1; X is
selected from the group consisting of alkylene,
alkenylene, alkynylene, arylene, heteroarylene, and
heterocyclylene wherein the alkylene, alkenylene, and
alkynylene groups can be optionally interrupted or
terminated by arylene, heteroarylene or
heterocyclylene and optionally interrupted by one or
more -O- groups; Y is selected from the group
consisting of: -O-, -S(O)0-2-, -S(O)2-N(R8)-, -C(R6)-,
-C(Re)-O-, -0-C(R 6)-, -0-C(O)-O-, -N(R8)-Q-,
-C(R6)-N(R8)-, -O-C(R6)-N(R8)-, -C(R6)-N(OR9)-,
-0-N=C(R 4)-, -Ct=N-O-R 8)-, -CH(-N(-O-R 8)-Q-R4)-,Z
is a bond or -O-; 



R4 is selected from the group consisting of hydrogen,
alkyl, alkenyl, alkynyl, aryl, arylalkylenyl,
aryloxyalkylenyl, alkylarylenyl, heteroaryl,
heteroarylalkylenyl, heteroaryloxyalkylenyl,
alkylheteroarylenyl, and heterocyclyl wherein the
alkyl, alkenyl, alkynyl, aryl, arylalkylenyl,
aryloxyalkylenyl, alkylarylenyl, heteroaryl,
heteroarylalkylenyl, heteroaryloxyalkylenyl,
alkylheteroarylenyl, and heterocyclyl groups can be
unsubstituted or substituted by one or more
substituents independently selected from the group
consisting of alkyl; alkoxy; hydroxyalkyl; haloalkyl;
haloalkoxy; halogen; nitro; hydroxy; mercapto; cyano;
aryl; aryloxy; arylalkyleneoxy; heteroaryl;
heteroaryloxy; heteroarylalkyleneoxy; heterocyclyl;
amino; alkylamino; dialkylamino;
(dialkylamino)alkyleneoxy; and, in the case of alkyl,
alkenyl, alkynyl, and heterocyclyl, oxo; R is selected
from the group consisting of: R is selected from the
group consisting of = 0 and =S; R7 is C2-7 alkylene;
Rs is selected from the group consisting of hydrogen,
C O alkyl, C2-I0 alkenyl, hydroxy-C Oalky lenyl, C
i-I0 alkoxy-Cj.ioalkylenyl, aryl-Ci-ioalkylenyl, and
heteroaryl-C 1-10 alky lenyl; R9 is selected from the
group consisting of hydrogen and alkyl; Rio is C3-8
alkylene; A is selected from the group consisting
Of-CH 2-, -O-, -C(O)-, -S(0)o -2-, and-NC-Q-R4)S A' is
selected from the group consisting of -O-, -S(O)0-2-,
-NC-Q-R4)-, and -CH2-; Q is selected from the group
consisting of a bond, -C(R6)-, -C(Re)-C(R )-, -S(O)
2-, -C(Re)-N(Rg)-W-, -S(O)2-N(R 8)-, -C(Re)-O-,
-C(Re)-S-, and -C(Re)-N(OR9)-; V is selected from the
group consisting of -C(R6)-, -0-C(R )-, -N(Rs)-C(R
6)-, and -S(O) 2-; W is selected from the group
consisting of a bond, -C(O)-, and -S(O) 2- ; and a and
b are independently integers from 1 to 6 with the
proviso that a + b is < 7; or a pharmaceutically
acceptable salt thereof. In another embodiment, the
present invention provides a compound of the following
Formula II, which is a prodrug: II wherein: Gi is
selected from the group consisting of: -C(O)-R1,
a-aminoacyl, a-aminoacyl-a-aminoacyl, -C(O)-O-R',
-C(0)-N(R")R', -C(=NY')-R', -CH(OH)-C(O)-OY', -CH(0C
alkyI)Y0, -CH2Y1, and -CH(CH3)Y1; R' and R" are
independently selected from the group consisting OfC
1-1Qalkyl,C3-7 cycloalkyl, phenyl, and benzyl, each of
which may be unsubstituted or substituted by one or
more substituents independently selected from the
group consisting of halogen, hydroxy, nitro, cyano,
carboxy, Ci-6 alkyl, Ci-4 alkoxy, aryl, heteroaryl,
aryl-Ci_ 4 alkylenyl, heteroaryl-Ci- 4 alkylenyl,
halo-Ci -4 alkylenyl, halo-Ci- 4 alkoxy, -0-C(O)-CH 3,
-C(O)-O-CH 3, -C(O)-NH 2, -0-CH 2-C(O)-NH 2, -NH 2,
and -S(O) 2-NH 2, with the proviso that R" can also be
hydrogen; a-aminoacyl is an a-aminoacyl group derived
from an amino acid selected from the group consisting
of racemic, D-, and L-amino acids; Y' is selected from
the group consisting of hydrogen, Ci-6 alkyl, and
benzyl; Yo is selected from the group consisting of
Ci-6 alkyl, carboxy-Ci -6 alkylenyl, amino-Ci-
alkylenyl, mono- -Ci -6 alkylamino-Ci -4 alkylenyl,
and di-yV, -Ci. 6 alkylamino-Ci-4 alkylenyl; Y ] is
selected from the group consisting of mono- -Ci_6
alkylamino, 



di-N,N-C \. alkylamino, morpholin-4-yl,
piperidin-1-yl, pyrrolidin-1-yl, and 4-Ci -4
alkylpiperazin-l-yl; and Ri, R2, R3, R, m, and n are
defined as above in Formula I; or a pharmaceutically
acceptable salt thereof. In another embodiment, the
present invention provides a compound of the following
Formula III, which is a prodrug: III wherein: G2 is
selected from the group consisting of: -X2-C(O)-R',
a-aminoacyl, a-aminoacyl- a-aminoacyl, -X2-C(O)-O-R',
-C(0)-N(R")R', and-S(O)2-R1; X2 is selected from the
group consisting of a bond; -CH2-O-; -CH(CH3)-0-;
-C(CH3)2-O-; and, in the case Of-X2-C(O)-O-R',
-CH2-NH-; R' and R" are independently selected from
the group consisting of C Oalkyl, C3-7 cycloalkyl,
phenyl, and benzyl, each of which may be unsubstituted
or substituted by one or more substituents
independently selected from the group consisting of
halogen, hydroxy, nitro, cyano, carboxy, Ci-6 alkyl, C
]-4 alkoxy, aryl, heteroaryl, aryl-Ci -4 alkylenyl,
heteroaryl-C] -4 alkylenyl, halo-Ci -4 alkylenyl,
halo-Ci -4 alkoxy, -0-C(O)-CH 3, -C(O)-O-CH 3,
-C(O)-NH2, -0-CH 2-C(O)-NH2, -NH2, and -S(O) 2-NH2,
with the proviso that R" can also be hydrogen;
a-aminoacyl is an a-aminoacyl group derived from an
amino acid selected from the group consisting of
racemic, D-, and L-amino acids; and R , R3, R, m, and
n are defined as above in Formula I ; or a
pharmaceutically acceptable salt thereof. For any of
the compounds presented herein, each one of the
following variables (e.g., Ri, R , Gi, G2, R , Rn, X,
Xi, Y, Yi, A, Q, and so on) in any of its embodiments
can be combined with any one or more of the other
variables in any of their embodiments and associated
with any one of the formulas described herein, as
would be understood by one of skill in the art. Each
of the resulting combinations of variables is an
embodiment of the present invention. For certain
embodiments, e.g., of Formula II, Gi is selected from
the group consisting of-C(O)-R', a-aminoacyl,
a-aminoacyl-a-aminoacyl, -C(O)-O-R, -C(0)-N(R")R',
-C(=NY')-R, -CH(OH)-C(O)-OY', -CH(Od -4 alkyl)Y0, -CH
Yi, d -CH(CH3)Yi. For certain of these embodiments, R'
and R" are independently selected from the group
consisting of Ci-I0 alkyl, C3-7 cycloalkyl, phenyl,
and benzyl, each of which may be unsubstituted or
substituted by one or more substituents independently
selected from the group consisting of halogen,
hydroxy, nitro, cyano, carboxy, C]-6 alkyl, C).4
alkoxy, aryl, heteroaryl, aryl-Ci -4 alkylenyl,
heteroaryl-Ci -4 alkylenyl, halo-Ci -4 alkylenyl,
halo-C,. 4 alkoxy, -0-C(O)-CH 3, -C(O)-O-CH3,
-C(O)-NH2, -0-CH 2-C(O)-NH2, -NH2, and -S(O) 2-NH2,
with the proviso that R" can also be hydrogen;
a-aminoacyl is an a-aminoacyl group derived from an
amino acid selected from the group consisting of
racemic, D-, and L-amino acids;Y' is selected from the
group consisting of hydrogen, Ci-6 alkyl, and benzyl;
Yo is selected from the group consisting of Ci- alkyl,
carboxy-Ci -6 alkylenyl, amino-Ci-4 alkylenyl,
mono-N-Ci -6 alkylamino-Ci-4 alkylenyl, and di-N,N-C
\. , alkylamino-Ci-4 alkylenyl; and Yi is selected
from the group consisting of mono-N-Ci -6 alkylamino,
di-N,N-Ci - alkylamino, morpholin-4-yl,
piperidin-1-yl, pyrrolidin-1-yl, and 4-Ci -4
alkylpiperazin-1-yl. For certain embodiments,
including any one of the above embodiments of Formula
II, Gi is selected from the group consisting of
-C(O)-R', a-aminoacyl, and -C(O)-O-R'. For certain
embodiments, including any one of the above
embodiments of Formula II, Gi is selected from the
group consisting of -C(O)-R', a-amino-C 2-n acyl, and
-C(O)-O-R'. a-Amino-C 2-n acyl includes a-amino acids
containing a total of at least 2 



carbon atoms and a total of up to 11 carbon atoms, and
may also include one or more heteroatoms selected from
the group consisting of O, S, and N. For certain
embodiments, e.g., of Formula III, G2 is selected from
the group consisting Of-X -C(O)-R', a-aminoacyl,
a-aminoacyl-a-aminoacyl, -X2-C(O)-O-R', -C(0)-N(R")R\
and -S(O)2-R'. For certain of these embodiments, X2 is
selected from the group consisting of a bond; -CH2-O-;
-CH(CH3)-O-; -C(CH3)2-O-; and, in the case of
-X2-C(O)-O-R', -CH2-NH-; R' and R" are independently
selected from the group consisting of C1 oalkyl, C3-7
cycloalkyl, phenyl, and benzyl, each of which may be
unsubstituted or substituted by one or more
substituents independently selected from the group
consisting of halogen, hydroxy, nitro, cyano, carboxy,
Ci-6 alkyl, Ci-4 alkoxy, aryl, heteroaryl, aryl-C i-4
alkylenyl, heteroaryl-Ci 4 alkylenyl, halo-Ci -4
alkylenyl, halo-Cmalkoxy, -0-C(O)-CH 3, -C(O)-O-CH 3,
-C(O)-NH2, -0-CH 2-C(O)-NH2, -NH2, and -S(O) 2-NH2,
with the proviso that R" can also be hydrogen; and
a-aminoacyl is an a-aminoacyl group derived from an
amino acid selected from the group consisting of
racemic, D-, and L-amino acids. For certain
embodiments, including any one of the above
embodiments which include an a-aminoacyl group,
a-aminoacyl is an a-aminoacyl group derived from a
naturally occuring amino acid selected from the group
consisting of racemic, D-, and Lamino acids.For
certain embodiments, including any one of the above
embodiments which include an a-aminoacyl group,
a-aminoacyl is an a-aminoacyl group derived from an
amino acid found in proteins, wherein the the amino
acid is selected from the group consisting of racemic,
D-, and L-amino acids. For certain embodiments,
including any one of the above embodiments of Formula
III, G is selected from the group consisting of
a-amino-C 2_5 alkanoyl, C2-6 alkanoyl, Ci-
alkoxycarbonyl, and C -6 alkylcarbamoyl. For certain
embodiments, the R2 group of Formula II is replaced by
G2, wherein G2 is defined as in any one of the above
embodiments containing G2. For certain embodiments,
including any one of the above embodiments of Formula
I, II, or III, Ri is selected from the group
consisting of hydrogen, -CH(Ri i)-Ar, -CH(R
1,)-Ar'-R4, -CH(R I i)-Ar'-Y-R 4, -CH(R n )-Ar'-CH(R p
)-Y-R4, -CH(R 1,)-Ar'-R 5, -CH(R 10-Ar^CH(Rn)-R 5,
-Xi-Het, and -X1-N(Rs)-Q-R4. For certain embodiments,
including any one of the above embodiments of Formula
I. II, or III, R1 is -CH(R 1i)-Ar. For certain of
these embodiments, R1 is selected from the group
consisting of benzyl, 1-phenylethyl, and
pyridinylmethyl, each of which is unsubstituted or
substituted by one or more substituents independently
selected from the group consisting of alkyl, alkoxy,
haloalkyl, haloalkoxy, and halogen. For certain of
these embodiments, Ri is selected from the group
consisting of benzyl, 4-methoxybenzyl, 1- phenylethyl,
and pyridin-3-ylmethyl. For certain embodiments,
including any one of the above embodiments of Formula
I, II, or III, R, is -CH(R 10-Af-CH(R 10-Y-R 4, except
where R1 is -CH(R 1i)-Ar. For certain of these
embodiments, each R1 1 is hydrogen; Ar' is phenyl ene;
Y in -CH(R10-Af-CH(Ru)-Y-R 4 is -NHQwherein Q is
selected from the group consisting of -C(O)-, -S(O)2-,
-C(R6)-N(R8)-, -S(O)2-N(R 8)-, -C(O)-O-, and -C(O)-S-;
and R in -CH(Rn)-Ar-CH(R 1O-Y-R4 is selected from the
group consisting of alkyl, aryl, heteroaryl, and
arylalkylenyl wherein alkyl, aryl, and heteroaryl are
each unsubstituted or substituted by one or more
substituents independently selected from the group
consisting of alkyl, alkoxy, and halogen.For certain
embodiments, including any one of the above
embodiments of Formula I, II, or III, R1 is
-CH(R1,)-Ar'-CH(R p )-R5, except where Ri is
-CH(Rn)-Ar or -CH(Rn)-Af-CH(Rn)-Y-R 4. For certain of
these embodiments, each Rn is hydrogen; Ar is
phenylene; and R5 in -CH(Ri i)-Ar'-CH(Rii)-R 5 is
"N(alkyl)-, and a and b are each independently 1, 2,
or 3. For certain embodiments, including any one of
the above embodiments of Formula I, II, or III, Ri is
-Xi-N(Rs)-Q-R 4, except where Ri is -CH(Rn)-Ar, 



-CH(Ri 0-Af-CH(Ri 0-Y-R4, or -CH(R 10-Af-CH(R 10-R 5.
For certain of these embodiments, X1 is C1-4 alkylene;
R in - X1-N(Rs)-Q-R4 is hydrogen; Q in - X1-N(Rg)-Q-R4
is selected from the group consisting of -C(O)-,
-S(O)2-, -C(Re)-N(R8)-, and -S(O)2-N(Rs)-; and R4 In-X
1-N(Rs)-Q-R4 is selected from the group consisting of
alkyl, aryl, heteroaryl, heterocyclyl, and
arylalkylenyl wherein alkyl, aryl, and heteroaryl are
each unsubstituted or substituted by one or more
substituents independently selected from the group
consisting of alkyl, alkoxy, and halogen.
Alternatively, for certain of these embodiments, X1 is
C1-4 alkylene; R n - X -N(Rs)-Q-R4 is C1-10 alkyl or
hydroxy-Ci-io alkylenyl; Q in - X1-N(Rs)-Q-R4 is a
bond; and R4 in - X1-N(Rs)-Q-R4 is selected from the
group consisting of alkyl, aryl, arylalkylenyl, and
heteroarylalkylenyl wherein alkyl is optionally
substituted by one or more substituents independently
selected from the group consisting of alkoxy and
hydroxy. For certain embodiments, including any one of
the above embodiments of Formula I , II, or III, R1 is
- X1-Het, except where R1 is -CH(Rn)-Ar,
-CH(Rn)-Af-CH(Rn)-Y-R 4, -CH(R 10-Af-CH(Ri 0-R 5, or
-Xi-N(Rs)-Q-R 4. For certain of these embodiments Het
is selected from the group consisting of piperidinyl,
piperazinyl, morpholinyl, thiomorpholinyl, azepanyl,
and dihydroisoquinolin-(l )-yl each of which is
optionally substituted by one or more substituents
independently selected from the group consisting of
alkyl and hydroxy. For certain embodiments, including
any one of the above embodiments of Formula I, II, or
III, wherein R ] can be -Xi -Het, R ] is
tetrahydropyranylmethyl. For certain of these
embodiments, R1 is tetrahydro-2//-pyran-4-ylmethyl.For
certain embodiments, including any one of the above
embodiments of Formula I or II, R2 is selected from
the group consisting of hydrogen, Ci-4 alkyl,
hydroxyC2-4 alkylenyl, and Ci-4 alkoxyC2-4 alkylenyl.
For certain embodiments, including any one of the
above embodiments of Formula I or II, R2 is hydrogen.
For certain embodiments, including any one of the
above embodiments of Formula I or II, R2 is ethyl or
propyl, except where R2 is hydrogen. For certain
embodiments, including any one of the above
embodiments of Formula I or II, R is ethyl or propyl,
and Ri is hydrogen, except where R2 is hydrogen or
where Ri is -CH(Rn)-Ar, -CH(R, I)-Ar^CH(Rn)-Y-R 4,
-CH(Ri i)-Ar'-CH(R, 0-R 5, -Xi-N(Rs)-Q-R 4 or-Xi-Het.
For certain embodiments, including any one of the
above embodiments of Formula I, II, or III, R3 is
selected from the group consisting Of-Z-R4, -Z-X-R4,
-Z-X-Y-R 4, -Z-X-Y-X-Y-R 4, and -Z-X-R5. For certain
embodiments, including any one of the above
embodiments of Formula I, II, or III, R3 is
pyridin-3-yl, 3-hydroxyphenyl, 4-hydroxymethylphenyl,
or benzyloxy. For certain of these embodiments, n is
0. For certain embodiments, including any one of the
above embodiments of Formula I, II, or III, R3 is at
the 7-position. For certain of these embodiments, n is
0 . For certain embodiments, including any one of the
above embodiments of Formula I, II, or III, R is
selected from the group consisting of halogen,
hydroxy, alkyl, alkenyl, haloalkyl, alkoxy, alkylthio,
and -N(Rg)2. For certain embodiments, including any
one of the above embodiments of Formula I, II, or III,
R is hydroxy. For certain of these embodiments n is 1.
For certain of these embodiments, m is 0. For certain
embodiments, including any one of the above
embodiments of Formula I, II, or III, m and n are both
0, except where this definition for m and n is
excluded. In one embodiment, the present invention
provides a compound selected from the group consisting
of 4-amino-l -benzyl- l -imidazo [4,5
-c]quinolin-2-ol, 4-amino-l-(lphenylethyl)- l
H-imidazo[4,5-c]quinolin-2-ol,
4-amino-l-(4-methoxybenzyl)-l -
imidazo[4,5-c]quinolin-2-ol, and
4-amino-l-(pyridin-3-ylmethyl)-l H-imidazo[4,5-
c]quinolin-2-ol, or a pharmaceutically acceptable salt
thereof.In another embodiment, the present invention
provides the compound 4-amino-l-
(tetrahydro-2//-pyran-4-ylmethyl)-l
-imidazo[4,5-c]quinolin-2-ol or a pharmaceutically
acceptable salt thereof. For certain embodiments, R is
selected from the group consisting of hydrogen, 



alkyl, alkenyl, alkynyl, aryl, arylalkylenyl,
aryloxyalkylenyl, alkylarylenyl, heteroaryl,
heteroarylalkylenyl, heteroaryloxyalkylenyl,
alkylheteroarylenyl, and heterocyclyl wherein the
alkyl, alkenyl, alkynyl, aryl, arylalkylenyl,
aryloxyalkylenyl, alkylarylenyl, heteroaryl,
heteroarylalkylenyl, heteroaryloxyalkylenyl,
alkylheteroarylenyl, and heterocyclyl groups can be
unsubstituted or substituted by one or more
substituents independently selected from the group
consisting of alkyl; alkoxy; hydroxyalkyl; haloalkyl;
haloalkoxy; halogen; nitro; hydroxy; mercapto; cyano;
aryl; aryloxy; arylalkyleneoxy; heteroaryl;
heteroaryloxy; heteroarylalkyleneoxy; heterocyclyl;
amino; alkylamino; dialkylamino;
(dialkylamino)alkyleneoxy; and, in the case of alkyl,
alkenyl, alkynyl, and heterocyclyl, oxo. For certain
embodiments, R4 is selected from the group consisting
of alkyl, aryl, heteroaryl, and arylalkylenyl wherein
alkyl, aryl, and heteroaryl are each unsubstituted or
substituted by one or more substituents independently
selected from the group consisting of alkyl, alkoxy,
and halogen. For certain embodiments, R is selected
from the group consisting of alkyl, aryl, heteroaryl,
heterocyclyl, and arylalkylenyl wherein alkyl, aryl,
and heteroaryl are each unsubstituted or substituted
by one or more substituents independently selected
from the group consisting of alkyl, alkoxy, and
halogen. For certain embodiments, R4 is selected from
the group consisting of alkyl, aryl, arylalkylenyl,
and heteroarylalkylenyl wherein alkyl is optionally
substituted by one or more substituents independently
selected from the group consisting of alkoxy and
hydroxy. For certain embodiments, R5 is selected from
the group consisting of:For certain embodiments, R5 is
For certain embodiments, R6 is selected from the group
consisting of =0 and =S. For certain embodiments, R6
is =0. For certain embodiments, R6 is =S. For certain
embodiments, R7 is C2- alkylene. For certain
embodiments, R is C2-4 alkylene. For certain
embodiments, R is ethylene. For certain embodiments, R
is selected from the group consisting of hydrogen,
Ci-io alkyl, C2- io alkenyl, hydroxy-Ci_io alkylenyl,
C Oalkoxy-Cj.io alkylenyl, aryl-Ci-io alkylenyl, and
heteroaryl-C .ioalkylenyl. For certain embodiments, R
is hydrogen, d-io alkyl, or hydroxy-Ci-io alkylenyl.
For certain embodiments, R8 is C M Oalkyl or
hydroxy-Cj.io alkylenyl. For certain embodiments, R8
is hydrogen. For certain embodiments, R is selected
from the group consisting of hydrogen and alkyl. For
certain embodiments, R1 is C3-8 alkylene. For certain
embodiments, Ri0 is pentylene. For certain
embodiments, Rn is selected from the group consisting
of hydrogen and Ci- alkylene. For certain embodiments,
Rii is methyl. For certain embodiments, Ri\ is
hydrogen. For certain embodiments, R is selected from
the group consisting of C Oalkyl, C3-7 cycloalkyl,
phenyl, and benzyl, each of which may be unsubstituted
or substituted by one or more substituents
independently selected from the group consisting of
halogen, hydroxy, nitro, cyano, carboxy, Ci-6 alkyl,
C]-4 alkoxy, aryl, heteroaryl, aryl-C i-4 alkylenyl,
heteroaryl-Ci -4 alkylenyl, halo-Cm alkylenyl, halo-C
]-4 alkoxy, -0-C(O)-CH 3, -C(O)-O-CH 3, -C(O)-NH 2,
-0-CH 2-C(O)-NH 2, -NH2, and -S(O) 2-NH2.For certain
embodiments, R" is selected from the group consisting
of hydrogen, Ci- Ioalkyl, C3-7 cycloalkyl, phenyl, and
benzyl, each of which may be unsubstituted or
substituted by one or more substituents independently
selected from the group consisting of halogen,
hydroxy, nitro, cyano, carboxy, Ci-6 alkyl, Ci-4
alkoxy, aryl, heteroaryl, aryl-Ci- 4 alkylenyl,
heteroaryl-Ci -4 alkylenyl, halo-Cj -4 alkylenyl,
halo-Ci -4 alkoxy, -0-C(O)-CH 3, -C(O)-O-CH 3,
-C(O)-NH 2, -0-CH 2-C(O)-NH 2, -NH2, and -S(O) 2-NH2.
For certain embodiments, A is selected from the group
consisting of -CH2-, -0-, -C(O)-, -S(O)0-2-, and
-NC-Q-R4)-. 



For certain embodiments, A is selected from the group
consisting of -CH2-, -0-, and -N(alkyl)-. For certain
embodiments, A is -0-. For certain embodiments, A' is
selected from the group consisting of -0-, -S(0)o -2-,
-NC-Q-R4)-, and -CH2- . For certain embodiments, Ar is
selected from the group consisting of aryl and
heteroaryl each of which is unsubstituted or
substituted by one or more substituents independently
selected from the group consisting of alkyl, alkenyl,
alkoxy, methylenedioxy, haloalkyl, haloalkoxy,
halogen, nitro, hydroxy, hydroxyalkyl, cyano, amino,
alkylamino, and dialkylamino. For certain embodiments,
Ar is phenyl. For certain embodiments, Ar is
pyridinyl. For certain embodiments, Ar' is selected
from the group consisting of arylene and heteroarylene
each of which is unsubstituted or substituted by one
or more substituents independently selected from the
group consisting of alkyl, alkenyl, alkoxy, haloalkyl,
haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl,
cyano, amino, alkylamino, and dialkylamino. For
certain embodiments, Ar' is phenylene. For certain
embodiments, Het is heterocyclyl which is
unsubstituted or substituted by one or more
substituents independently selected from the group
consisting of alkyl, alkoxy, haloalkyl, haloalkoxy,
halogen, nitro, hydroxy, hydroxyalkyl, cyano,
hydroxyalkyleneoxyalkylenyl, amino, alkylamino,
dialkylamino, and oxo. For certain embodiments, Het is
heterocyclyl which is unsubstituted or substituted by
one or more substituents independently selected from
the group consisting of alkyl,alkoxy, haloalkyl,
haloalkoxy, halogen, nitro, hydroxy, cyano, amino,
alkylamino, dialkylamino, and oxo. For certain
embodiments, Het is selected from the group consisting
of piperidinyl, piperazinyl, morpholinyl,
thiomorpholinyl, azepanyl, and dihydroisoquinolin-(l
)-yl each of which is optionally substituted by one or
more substituents independently selected from the
group consisting of alkyl and hydroxy. For certain
embodiments, Het is tetrahydropyranyl. For certain
embodiments, Het is tetrahydro-2H-pyran-4-yl. For
certain embodiments, Q is selected from the group
consisting of a bond, -C(R6)-, -C(Rg)-C(R6)-, -S(O)2-,
-C(R6)-N(R8)-W-, -S(O)2-N(R8)-, -C(Rg)-O-, -C(Re)-S-,
and -C(Re)-N(OR 9)-. For certain embodiments, Q is
selected from the group consisting of -C(O)-, -S(O)2-,
-C(Rg)-N(R8)-, -S(O)2-N(R8)-, -C(O)-O-, and -C(O)-S-.
For certain embodiments, Q is -C(O)-, -S(O)2-,
-C(Rg)-N(R8)-, and -S(O)2-N(R8)-. For certain
embodiments, Q is -C(Rg)-. For certain embodiments, Q
is a bond. For certain embodiments, V is selected from
the group consisting of -C(Rg)-, -0-C(R 6)-,
-N(Rg)-C(R6)-, and -S(O)2- . For certain embodiments,
V is -N(Rs)-C(O)-. For certain embodiments, W is
selected from the group consisting of a bond, -C(O)-,
and -S(O) 2- . For certain embodiments, W is a bond.
For certain embodiments, X is selected from the group
consisting of alkylene, alkenylene, alkynylene,
arylene, heteroarylene, and heterocyclylene wherein
the alkylene, alkenylene, and alkynylene groups can be
optionally interrupted or terminated by arylene,
heteroarylene or heterocyclylene and optionally
interrupted by one or more -O- groups. For certain
embodiments, X is Ci-4 alkylene. For certain
embodiments, X is methylene. For certain embodiments,
Xi is Ci.g alkylene that is optionally interrupted by
one or more -O- groups. For certain embodiments, Xi is
C)-4 alkylene For certain embodiments, X2 is selected
from the group consisting of a bond;-CH 2-O-; -CH(CH
3)-O-; -C(CH 3)2-O-; and, in the case of
-X2-C(O)-O-R', -CH 2-NH-. For certain embodiments, Y
is selected from the group consisting of -0-, 



-S(O) 0-2-, -S(O) 2-N(R 8)-, -C(R 6)-, -C(R 6)-0-,
-0-C(R 6)-, -0-C(O)-O-, -N(Rg)-Q-, -C(Re)-N(R 8)-,
-O-C(R 6)-N(R 8)-, -C(Re)-N(OR 9)-, -0-N(Rg)-Q-,
-0-N=C(R 4)-, For certain embodiments, Y is -N(R
8)-Q-. For certain embodiments, Y is selected from the
group consisting of -N(Rg)-C(O)-, -N(Rg)-S(O) 2-,
-NCRe)-C(Re)-N(R 8)-, -N(Rg)-S(O) 2-N(R 8)-,
-N(Re)-C(Re)-O-, and -N(Rg)-C(R 6)-S-. For certain
embodiments, Y is -NHQ-. For certain embodiments, Y is
selected from the group consisting of -N(H)-C(O)-,
-N(H)-S(O) 2-, -N(H)-C(Rg)-N(R 8)-, -N(H)-S(O) 2-N(R
8)-, -N(H)-C(O)-O-, and -N(H)-C(O)-S-. For certain
embodiments, Yi is selected from the group consisting
of mono- -C i-6 alky lamino, di-iV, -C] -6 alkylamino,
morpholin-4-yl, piperidin-1-yl, pyrrolidin-1-yl, and
4-Ci -4 alky lpiperazin-1-yl. For certain embodiments,
Y is selected from the group consisting of Ci- alkyl,
carboxy-Ci- alkylenyl, amino-Ci -4 alkylenyl,
mono-jV-Ci-e alkylenyl, and dk/V,TV-Ci-6
alkylamino-Cj. 4 alkylenyl. For certain embodiments,
Y' is selected from the group consisting of hydrogen,
Ci-6 alkyl, and benzyl. For certain embodiments, Z is
a bond or -0-. For certain embodiments, Z is a bond.
For certain embodiments, Z is -0-. For certain
embodiments, a and b are independently integers from 1
to 6 with the proviso that a + b is < 7. For certain
embodiments, a and b are each independently 1, 2, or 3
. For certain embodiments, a and b are each 2.For
certain embodiments, m is 0 or 1; with the proviso
that when m is 1, then n is 0 or 1. For certain
embodiments, m is 1, and n is 0 or 1. For certain
embodiments, m is 1, and n is 0. For certain
embodiments, m is 0. For certain embodiments, n is an
integer from 0 to 4. For certain embodiments, n is 1.
For certain embodiments, n is 0. For certain
embodiments, m is 0, and n is 0. For certain
embodiments, the present invention provides a
pharmaceutical composition comprising a
therapeutically effective amount of a compound or salt
of any one of the above embodiments of Formulas I, II,
and III, and a pharmaceutically acceptable carrier.
For certain embodiments, the present invention
provides a method of inducing cytokine biosynthesis in
an animal comprising administering an effective amount
of a compound or salt of any one of the above
embodiments of Formulas I, II, and III, or a
pharmaceutical composition comprising an effective
amount of a compound or salt of any one of the above
embodiments of Formulas I, II, and III to the animal.
For certain of these embodiments, the cytokine is
selected from the group consisting of IFN-a, TNF-a,
IL-6, IL-10, and IL-12. For certain of these
embodiments, the cytokine is IFN-aor TNF-a. For
certain of these embodiments, the cytokine is IFN-a.
For certain embodiments, the present invention
provides a method of selectively inducing the
biosynthesis of IFN-ain an animal comprising
administering an effective amount of a compound or
salt of any one of the above embodiments of Formulas
I, II, and III, or a pharmaceutical composition
comprising an effective amount of a compound or salt
of any one of the above embodiments of Formulas I, II,
and III to the animal. For certain embodiments, the
present invention provides a method of treating a
viral disease in an animal comprising administering a
therapeutically effective amount of a compound or salt
of any one of the above embodiments of Formulas I, II,
and III, or a pharmaceutical composition comprising a
therapeutically effective amount of a compound or salt
of any one of the above embodiments of Formulas I, II,
and III to the animal.For certain embodiments, the
present invention provides a method of treating a
viral disease in an animal comprising administering a
therapeutically effective amount of a compound or salt
of any one of the above embodiments of Formulas I, II,
and III, or a 



pharmaceutical composition comprising a
therapeutically effective amount of a compound or salt
of any one of the above embodiments of Formulas I, II,
and III to the animal; and selectively inducing the
biosynthesis of IFN-ain the animal. For certain
embodiments, the present invention provides a method
of treating a neoplastic disease in an animal
comprising administering a therapeutically effective
amount of a compound or salt of any one of the above
embodiments of Formulas I, II, and III, or a
pharmaceutical composition comprising a
therapeutically effective amount of a compound or salt
of any one of the above embodiments of Formulas I, II,
and III to the animal. For certain embodiments, the
present invention provides a method of treating a
neoplastic disease in an animal comprising
administering a therapeutically effective amount of a
compound or salt of any one of the above embodiments
of Formulas I, II, and III, or a pharmaceutical
composition comprising a therapeutically effective
amount of a compound or salt of any one of the above
embodiments of Formulas I, II, and III to the animal;
and selectively inducing the biosynthesis of IFN-ain
the animal. As used herein, the terms "alkyl",
"alkenyl", "alkynyl" and the prefix "alk-" are
inclusive of both straight chain and branched chain
groups and of cyclic groups, e.g., cycloalkyl and
cycloalkenyl. Unless otherwise specified, these groups
contain from 1 to 20 carbon atoms, with alkenyl groups
containing from 2 to 20 carbon atoms, and alkynyl
groups containing from 2 to 20 carbon atoms. In some
embodiments, these groups have a total of up to 10
carbon atoms, up to 8 carbon atoms, up to 6 carbon
atoms, or up to 4 carbon atoms. Cyclic groups can be
monocyclic or polycyclic and preferably have from 3 to
10 ring carbon atoms. Exemplary cyclic groups include
cyclopropyl, cyclopropylmethyl, cyclobutyl,
cyclobutylmethyl, cyclopentyl, cyclopentylmethyk
cyclohexyl, cyclohexylmethyl, adamantyl, and
substituted and unsubstituted bornyl, norbornyl, and
norbornenyl. Unless otherwise specified, "alkylene",
"-alkylene-", "alkenylene", "-alkenylene-",
"alkynylene", and "-alkynyl ene-" are the divalent
forms of the "alkyl", "alkenyl", and "alkynyl" groups
defined above. The terms "alkylenyl", "alkenylenyl",
and"alkynylenyl" are used when "alkylene",
"alkenylene", and "alkynylene", respectively, are
substituted. For example, an arylalkylenyl group
comprises an "alkylene" moiety to which an aryl group
is attached. The term "haloalkyl" is inclusive of
alkyl groups that are substituted by one or more
halogen atoms, including perfluorinated groups. This
is also true of other groups that include the prefix
"halo-". Examples of suitable haloalkyl groups are
chloromethyl, trifluoromethyl, and the like. The term
"aryl" as used herein includes carbocyclic aromatic
rings or ring systems. Examples of aryl groups include
phenyl, naphthyl, biphenyl, fluorenyl and indenyl.
Unless otherwise indicated, the term "heteroatom"
refers to the atoms O, S, or N. The term "heteroaryl"
includes aromatic rings or ring systems that contain
at least one ring heteroatom (e.g., O, S, N). In some
embodiments, the term "heteroaryl" includes a ring or
ring system that contains 2 to 12 carbon atoms, 1 to 3
rings, 1 to 4 heteroatoms, and O, S, and/or N as the
heteroatoms. Suitable heteroaryl groups include furyl,
thienyl, pyridyl, quinolinyl, isoquinolinyl, indolyl,
isoindolyl, triazolyl, pyrrolyl, tetrazolyl,
imidazolyl, pyrazolyl, oxazolyl, thiazolyl,
benzofuranyl, benzothiophenyl, carbazolyl,
benzoxazolyl, pyrimidinyl, benzimidazolyl,
quinoxalinyl, benzothiazolyl, naphthyridinyl,
isoxazolyl, isothiazolyl, purinyl, quinazolinyl,
pyrazinyl, 1-oxidopyridyl, pyridazinyl, triazinyl,
tetrazinyl, oxadiazolyl, thiadiazolyl, and so on. The
term "heterocyclyl" includes non-aromatic rings or
ring systems that contain at least one ring heteroatom
(e.g., O, S, N) and includes all of the fully
saturated and partially unsaturated derivatives of the
above mentioned heteroaryl groups. In some
embodiments, the term "heterocyclyl" includes a ring
or ring system that contains 2 to 12 carbon atoms, 1
to 3 rings, 1 to 4 heteroatoms, and O, S, and N as the
heteroatoms. Exemplary heterocyclyl groups include
pyrrolidinyl, tetrahydrofuranyl, morpholinyl,
thiomorpholinyl, 1,1-dioxothiomorpholinyl,
piperidinyl, piperazinyl, thiazolidinyl,
imidazolidinyl, isothiazolidinyl, tetrahydropyranyl,
quinuclidinyl, homopiperidinyl (azepanyl), 1,4-
oxazepanyl, homopiperazinyl (diazepanyl),
1,3-dioxolanyl, aziridinyl, azetidinyl, 



dihydroisoquinolin-(l//)-yl, octahydroisoquinolin-(l
)-yl, dihydroquinolin-(2 )-yl, octahydroquinolin-(2
)-yl, dihydro-l -imidazolyl,
3-azabicyclo[3.2.2]non-3-yl, and the like.The term
"heterocyclyl" includes bicylic and tricyclic
heterocyclic ring systems. Such ring systems include
fused and/or bridged rings and spiro rings. Fused
rings can include, in addition to a saturated or
partially saturated ring, an aromatic ring, for
example, a benzene ring. Spiro rings include two rings
joined by one spiro atom and three rings joined by two
spiro atoms. When "heterocyclyl" contains a nitrogen
atom, the point of attachment of the heterocyclyl
group may be the nitrogen atom. The terms "arylene",
"heteroarylene", and "heterocyclylene" are the
divalent forms of the "aryl", "heteroaryl", and
"heterocyclyl" groups defined above. The terms,
"arylenyl", "heteroarylenyl", and "heterocyclylenyl"
are used when "arylene", "heteroarylene," and
"heterocyclylene", respectively, are substituted. For
example, an alkylarylenyl group comprises an arylene
moiety to which an alkyl group is attached. When a
group (or substituent or variable) is present more
than once in any Formula described herein, each group
(or substituent or variable) is independently
selected, whether explicitly stated or not. For
example, for the formula each R7 group is
independently selected. In another example, when more
than one Y group is present, each Y group is
independently selected. In a further example, when
more than one -N(Rs)-Q-R group is present (e.g., more
than one -Y-R4 group is present, and both contain a
-N(Rg)-Q- group) each R group is independently
selected, each Q group is independently selected, and
each R4 group is independently selected. The invention
is inclusive of the compounds described herein
(including intermediates) in any of their
pharmaceutically acceptable forms, including isomers
(e.g., diastereomers and enantiomers), salts,
solvates, polymorphs, prodrugs, and the like. In
particular, if a compound is optically active, the
invention specifically includes each of the compound's
enantiomers as well as racemic mixtures of the
enantiomers. It should be understood that the term
"compound" includes any or all of such forms, whether
explicitly stated or not (although at times, "salts"
are explicitly stated). The term "prodrug" means a
compound that can be transformed in vivo to yield an
immune response modifying compound in any of the salt,
solvated, polymorphic, or isomeric forms described
above. The prodrug, itself, may be an immune response
modifying compound in any of the salt, solvated,
polymorphic, or isomeric formsdescribed above. The
transformation may occur by various mechanisms, such
as through a chemical (e.g., solvolysis or hydrolysis,
for example, in the blood) or enzymatic
biotransformation. A discussion of the use of prodrugs
is provided by T. Higuchi and W. Stella, "Pro-drugs as
Novel Delivery Systems," Vol. 14 of the A. C. S.
Symposium Series, and in Bioreversible Carriers in
Drug Design, ed. Edward B. Roche, American
Pharmaceutical Association and Pergamon Press, 1987.
Compounds (including intermediates) of the present
invention may exist in different tautomeric forms, and
all such forms are embraced within the scope of the
invention. The term "tautomer" or "tautomeric form"
refers to structural isomers of different energies,
which are interconvertible via a low energy barrier.
For example, proton tautomers (prototropic tautomers)
include interconversions via migration of a proton,
such as keto-enol and imine-enamine isomerizations.
When compounds of the present invention have a
hydrogen atom for the R2 group, proton migration
between the oxygen atom at the 2-position and the
3-position may occur. For example, the following
Formulas Ia and Ib are tautomeric forms of each other,
and Formulas IIa and lib are tautomeric forms of each
other: Preparation of the Compounds Compounds of the
invention may be synthesized by synthetic routes that
include processes analogous to those well known in the
chemical arts, particularly in light of the
description contained herein. The starting materials
are generally available fromcommercial sources such as
Aldrich Chemicals (Milwaukee, Wisconsin, USA) or are
readily prepared using methods well known to those
skilled in the art (e.g., prepared by methods
generally described in Louis F. Fieser and Mary
Fieser, Reagents for Organic Synthesis, v. 1-19,
Wiley, New York, (1967-1999 ed.); Alan R. Katritsky,
Otto Meth- Cohn, Charles W. Rees, Comprehensive
Organic Functional Group Transformations, v. 1- 



6, Pergamon Press, Oxford, England, (1995); Barry M.
Trost and Ian Fleming, Comprehensive Organic
Synthesis, v. 1-8, Pergamon Press, Oxford, England,
(1991); or Beilsteins Handbuch der organischen Chemie,
4, Aufl. Ed. Springer-Verlag, Berlin, Germany,
including supplements (also available via the
Beilstein online database)). For illustrative
purposes, the reaction schemes depicted below provide
potential routes for synthesizing the compounds of the
present invention as well as key intermediates. For
more detailed description of the individual reaction
steps, see the EXAMPLES section below. Those skilled
in the art will appreciate that other synthetic routes
may be used to synthesize the compounds of the
invention. Although specific starting materials and
reagents are depicted in the reaction schemes and
discussed below, other starting materials and reagents
can be easily substituted to provide a variety of
derivatives and/or reaction conditions. In addition,
many of the compounds prepared by the methods
described below can be further modified in light of
this disclosure using conventional methods well known
to those skilled in the art. In the preparation of
compounds of the invention it may sometimes be
necessary to protect a particular functionality while
reacting other functional groups on an intermediate.
The need for such protection will vary depending on
the nature of the particular functional group and the
conditions of the reaction step. Suitable amino
protecting groups include acetyl, trifluoroacetyl, r
-butoxycarbonyl (Boc), benzyloxycarbonyl, and 9-
fluorenylmethoxycarbonyl (Fmoc). Suitable hydroxy
protecting groups include acetyl and silyl groups such
as the r -butyl dimethylsilyl group. For a general
description of protecting groups and their use, see
T.W. Greene and P. G. M. Wuts, Protective Groups in
Organic Synthesis, John Wiley & Sons, New York, USA,
1991. Conventional methods and techniques of
separation and purification can be used to isolate
compounds of the invention, as well as various
intermediates related thereto. Such techniques may
include, for example, all types of chromatography
(high performance liquid chromatography (HPLC), column
chromatography using common absorbents suchas silica
gel, and thin layer chromatography),
recrystallization, and differential (i.e.,
liquidliquid) extraction techniques. Compounds of the
invention can be prepared according to Reaction Scheme
I, wherein R, Ri, R2, and n are as defined above. In
step (1) of Reaction Scheme I, a 2,4-
dichloro-3-nitroquinoline of Formula V is reacted with
an amine of Formula R -NH2. The reaction can be
conveniently carried out by adding the amine to a
solution of a compound of Formula V in the presence of
a base such as triethylamine. The reaction is carried
out in a suitable solvent, such as dichloromethane,
chloroform, or Lf.iV-dimethylformamide (DMF) and may
be carried out at room temperature, a sub-ambient
temperature such as 0 0C, or an elevated temperature
such as the reflux temperature of the solvent. Many
2,4- dichloro-3-nitropyri dines of Formula V are known
or can be prepared by known methods; see, for example,
U.S. Patent Nos. 4,988,815 (Andre et al.) and
6,518,265 (Kato et al). For example, they are readily
prepared by chlorinating 3-nitroquinoline-2,4-diols
with a chlorinating agent such as phosphorus(III)
oxychloride; 3-nitroquinoline-2,4-diols are
commercially available or can be prepared from
substituted anilines according to the methods
described in Kohler et al., Chem. Ber. 60, p. 1108
(1927); Buckle et al., J Med. Chem., 18, pp. 726-732
(1975), and Kappe et al., J. Heterocyclic Chem. 25, p.
857, (1988). Numerous amines of Formula R]-NH2 are
commercially available; others can be prepared by
known methods. For example, a variety of substituted
and unsubstituted arylalkylenyl amines and isomeric
(aminomethyl)pyridines are commercially available. The
synthesis of tetrahydro-2//-pyran-4-ylmethylamine
hydrochloride, which can be used to prepare compounds
of Formula VI wherein R is a
tetrahydro-2//-pyran-4-ylmethyl group, has been
reported; see, U. S. Patent Application Publication
No. 2004/0147543 (Hays et al.), Examples 477-480.
Other primary amines can be used in step (1) of
Reaction Scheme I to provide, after subsequent
synthetic transformations, compounds of Formula VI
wherein Ri is as defined above. For example,
tert-blxtyl amine can be used in step (1) to provide a
compound or salt of Formula VI with a tert-buty\ group
at the Ri position, which can be converted to a
compound of Formula VI wherein Ri is hydrogen by
heating the tert-bvXylsubstituted compound with
hydrochloric acid in a suitable solvent such as
methanol at an 



elevated temperature such as 75 0C. In another
example, an amino alcohol can be used in step (1) to
provide a compound of Formula VI with a hydroxyalkyl
group at the Riposition. The hydroxy group can
optionally be protected for subsequent steps in
Reaction Scheme I and then deprotected and converted
to a chloro group using conventional chlorination
methods. A compound of Formula VI or IX with a
chloroalkyl group at the Ri position can be treated
with a cyclic secondary amine to provide a compound in
which Ri is"Xi-Het. Many cyclic secondary amines are
commercially available, such as unsubstituted or
substituted pyrrolidines, pipeiú dines, morpholines,
and piperazines; others can be prepared using
conventional methods. The reaction can be conveniently
carried out by adding a cyclic secondary amine to a
chloroalkyl substituted compound in a suitable solvent
such as DMF. The reaction can be conveniently carried
out in the presence of a base such as potassium
carbonate at an elevated temperature such as 65 0C. In
another example, a compound of Formula VI wherein R is
-X -NH-Boc, in which Boc is tertbutoxycarbonyl, can be
converted to a compound of Formula VI wherein Ri is
-Xi-N(Rg)-Q-R4 using one of the methods of Reaction
Scheme IV below. In step (2) of Reaction Scheme I, a
compound of Formula VI is reduced to provide a
2-chloroquinoline-3 ,4-diamine of Formula VII. The
reaction can be carried out by heterogeneous
hydrogenation using platinum on carbon as the
heterogeneous hydrogenation catalyst. The
hydrogenation can be conveniently carried out in a
Parr apparatus in a suitable solvent such as toluene,
methanol, acetonitrile, or ethyl acetate. The reaction
can be carried out at room temperature. The reduction
can be carried out using alternative methods as
described in U.S. Patent No. 5,395,937 (Nikolaides et
al.). Several 2-chloroquinoline-3,4-diamines of
Formula VII are known compounds. See, for example,
U.S. Patent Nos. 4,988,815 (Andre et al.); 5,268,376
(Gerster); 5,756,747 (Gerster); 6,069,149 (Nanba et
al.); 6,518,265 (Kato et al.), 6,683,088 (Crooks et
al.); and 6,664,260 (Charles et al.). In step (3) of
Reaction Scheme I, a 2-chloroquinoline-3,4-diamine of
Formula VII is cyclized to provide a
4-chloro-l//-imidazo[4,5-c]quinolin-2-ol or
2-alkoxy-4-chloro- 1//-imidazo[4,5-c]quinoline of
Formula VIII. To prepare a compound of Formula VIII
wherein R is hydrogen, the cyclization can be
conveniently carried out by combining a 2-
chloroquinoline-3,4-diamine of Formula VII with
l,r-carbonyldiimidazole in a suitable solvent such as
tetrahydrofuran (THF), r -butyl methyl ether,
dichloromethane, or DMF. Optionally, the reaction can
be carried out in the presence of a base such as
pyridine. The reaction may be carried out at room
temperature or, preferably, at an elevated
temperaturesuch as the reflux temperature of the
solvent. Alternatively, to prepare a compound in which
R is C I-4 alkyl or Ci-4 alkoxyC2-4 alkylenyl, the
cyclization can be conveniently carried out by
combining a 2-chloroquinoline-3,4-diamine of Formula
VII with an orthocarbonate, for example tetraethyl
orthocarbonate, in a suitable solvent such as acetic
acid. The reaction may be carried out at room
temperature or at an elevated temperature such as 30
0C to 50 0C. In step (4) of Reaction Scheme I, a
compound of Formula VIII is aminated to provide a
2-hydroxy- or 2-alkoxy-l
-imidazo[4,5-c]quinolin-4-amine of Formula IX, a
subgenus of Formula I . The reaction is conveniently
carried out by adding a solution of ammonia in a
suitable solvent such as methanol to a compound of
Formula VIII and heating the reaction at an elevated
temperature such as 135 0C to 175 0C, preferably 150
0C to 170 0C. Reaction Scheme I For some embodiments,
compounds of the invention can be prepared according
to Reaction Scheme II, wherein R, Ri, and n are as
defined above, and R2a is selected from the group
consisting of Ci-4 alkyl, hydroxyC2-4 alkylenyl, and
Ci-4 alkoxyC2-4 alkylenyl. In step (1) of Reaction
Scheme I, a quinoline-3,4-diamine of Formula X is
cyclized to provide a
l,3-dihydro-l#-imidazo[4,5-c]quinoline-2-thione of
Formula XI. The reaction can be carried out using
l,l'-thiocarbonyldiimidazole instead of l,l
'-carbonyldiimidazole under the conditions described
in step (3) of Reaction Scheme I . Several
quinoline-3,4- diamines of Formula X are known or can
be prepared by known methods; see for example,U.S.
Patent Nos. 4,689,338 (Gerster), 5,268,376 (Gerster),
5,389,640 (Gerster et al.), 6,33 1,539 (Crooks et
al.), 6,451,810 (Coleman et al.), 6,541,485 (Crooks et
al.), 6,660,747 (Crooks et al.), 6,683,088 (Crooks et
al.), 6,656,938 (Crooks et al.), and U.S. Patent
Publication Application No. US 2004/0147543 (Hays et
al.). 



In step (2) of Reaction Scheme II, a l,3-dihydro-l
-imidazo[4,5-c]quinoline-2- thione of Formula XI is
methylated to provide a 2-(methylthio)-l -imidazo[4,5-
c]quinoline of Formula XII. The reaction can be
conveniently carried out by combining a compound of
Formula XI with iodomethane in a suitable solvent or
solvent mixture, such as ethanol/water, in the
presence of a base, such as ammonium hydroxide or
sodium methoxide. The reaction can be carried out at
room temperature. In step (3) of Reaction Scheme II, a
2-(methylthio)-l/f-imidazo[4,5-c]quinoline of Formula
XII is oxidized to a 2-(methylsulfonyl)-l
H-imidazo[4,5-c]quinoline-5iV-oxide of Formula XIII
using a conventional oxidizing agent capable of
forming //-oxides and sulfones. The reaction is
conveniently carried out at room temperature by
combining at least three equivalents of
3-chloroperoxybenzoic acid with a solution of a
compound of Formula XII in a solvent such as
chloroform or dichloromethane. In step (4) of Reaction
Scheme II, a 2-(methylsulfonyl)-l//-imidazo[4,5-
c]quinoline-5iV-oxide of Formula XIII is aminated to
provide a 2-(methylsulfonyl)-l Himidazo[
4,5-c]qumolin-4-amine of Formula XIV. Step (4) can be
carried out by the activation of an iV-oxide of
Formula XIII by conversion to an ester and then
reacting the ester with an aminating agent. Suitable
activating agents include alkyl- or arylsulfonyl
chlorides such as benzenesulfonyl chloride,
methanesulfonyl chloride, oiptolucnesulfonyl chloride.
Suitable aminating agents include ammonia, in the form
of ammonium hydroxide, for example, and ammonium salts
such as ammonium carbonate, ammonium bicarbonate, and
ammonium phosphate. The reaction is conveniently
carried out by adding ammonium hydroxide to a solution
of the iV-oxide of Formula XIII in a suitable solvent
such as dichloromethane or chloroform and then adding
j9-toluenesulfonyl chloride. The reaction can be
carried out at room temperature. Steps (3) and (4) of
Reaction Scheme II may be carried out as a one-pot
procedure by adding 3-chloroperoxybenzoic acid to a
solution of a compound of Formula XII in a solvent
such as dichloromethane or chloroform and then adding
ammonium hydroxide and p-tolucnesulfonyl chloride
without isolating the iV-oxide compound of Formula
XIII.In step (5) of Reaction Scheme II, the
methylsulfonyl group of a 2- (methylsulfonyl)-l
H-imidazo[4,5-c]quinolin-4-amine of Formula XIV is
displaced with an alkoxide of Formula -0-Ci -4 alkyl
or -0-C 2-4 alkylene-O-d -4 alkyl. Some alkoxides of
these formulas are commercially available, for
example, as alkali metal salts. Other alkoxides of
these formulas can be readily prepared by known
methods. The reaction can be carried out by combining
an alkoxide with a
2-(methylsulfonyl)-l/-/-imidazo[4,5-
c]quinolin-4-amine of Formula XIV at room temperature
in a suitable solvent such as methanol. A compound of
Formula IX or XV wherein R2 or R2a is C]- alkoxyC2-4
alkylenyl, prepared by the methods described in
Reaction Scheme I or II, can be converted to a
compound wherein R2 or R2a is hydroxyC2-4 alkylenyl
using conventional dealkylation methods. For example,
demethylation can be carried out by treating a
compound of Formula IX or XV wherein R2 or R2a is C
alkoxyC2-4 alkylenyl with boron tribromide in a
suitable solvent such as dichloromethane at a
sub-ambient temperature such as "78 0C. Reaction
Scheme II For some embodiments, compounds of the
invention can be prepared according to Reaction Scheme
III, wherein R, Ri, R2, and R3 are as defined above, n
is Oor 1, and D is -Br, -I, -OCH3, or -OS(O)2CF3.
Compounds of Formula XVI are available from the
methods described in Reaction Scheme I or II starting
with compounds of Formula V or X in which one of the R
groups is -Br, -I, or -OCH3. A compound of Formula XVI
in which D is -OCH3 can be converted in two steps to a
compound of Formula XVI in which D is-OS(O)2CF . In
part (i), the methoxy group is demethylated to provide
a hydroxysubstituted compound. The demethylation of a
methoxy-substituted compound can be carried out with
boron tribromide as described above in Reaction Scheme
II. Alternatively, the demethylation can be carried
out by heating the methoxy-substituted compound with
anhydrous pyridinium chloride at an elevated
temperature, such as 210 0C. The resulting hydroxy
group is converted to a trifluoromethanesulfonate
(triflate) group by reaction with
trifluoromethanesulfonyl chloride,
trifluoromethanesulfonic anhydride, or Nphenylbis(
trifluoromethanesulfonimide), typically in the
presence of a base, such as triethylamine. The
reaction can be carried out in a suitable solvent such
as 



dichloromethane, 1,2-dichloroethane, acetonitrile,
THF, DMF, iV-methyl-2-pyrrolidinone (NMP), or
pyridine. The reaction may be carried out at room
temperature or an elevated temperature, such as the
reflux temperature of the solvent. When D is -Br, -I,
or -OS(O)2CF3, a 2-hydroxy- or 2-alkoxy-l
H-imidazo[4,5- c]quinolin-4-amine of Formula XVI can
undergo known palladium-catalyzed coupling reactions
such as the Suzuki coupling and the Heck reaction. For
example, a compound of Formula XVI undergoes Suzuki
coupling with a boronic acid of Formula R3-B(OH) , an
anhydride thereof, or a boronic acid ester of Formula
R3-B(O-alkyl)2; wherein R3 is -R4 ,, -X -R4, -Xb-Y-R4,
or -Xb-R5; where Xa is alkenylene; Xb is arylene,
heteroarylene, or alkenylene interrupted or terminated
by arylene or heteroarylene; R is aryl or heteroaryl
where the aryl or heteroaryl groups can be
unsubstituted or substituted as defined in R4 above;
and R4, R5, and Y are as defined above; to provide a
compound of Formula XVII, a subgenus of Formula I .
Numerous boronic acids of Formula R3-B(OH) ,
anhydrides thereof, and boronic acid esters of Formula
R3-B(O-alkyl) are commercially available; others can
be readily prepared using known synthetic methods. The
Heck reaction can also be used in Reaction Scheme III
to provide compounds of Formula XVII, wherein R3 is
-Xa-R4band -X -Y-R4. The Heck reaction is carried out
by coupling a compound of Formula XVI with a compound
of the Formula H2C=C(H)-R4b or H2C=C(H)-Y-R 4. Several
of these vinyl-substituted compounds are commercially
available; others can be prepared by known methods.
The Suzuki coupling and Heck reaction can be carried
out according to any of the methods described in U. S.
Patent Application Publication No. 2004/0147543 (Hays
et al).Compounds of Formula XVII, wherein R3 is
-Xc-R4, X is alkynylene, and R4 is as defined above,
can also be prepared by palladium catalyzed coupling
reactions such as the Stille coupling or Sonogashira
coupling. These reactions are carried out by coupling
a compound of Formula XVI with a compound of the
Formula (alkyl)3Sn-CºC-R4, (alkyl 3Si-OC-R 4, or
H-C=C-R4. Compounds of Formula XVII prepared as
described above by palladium-mediated coupling
reactions, wherein R3 is -X -R4, -X -Y-R4, -Xb2-Y-R4,
-Xb2-R5 or -X -R , where Xb is alkenylene interrupted
or terminated by arylene or heteroarylene, and X3, Xc,
Y, R4, and R5 are as defined above, can undergo
reduction of the alkenylene or alkynylene group
present to provide compounds of Formula XVII wherein
R3 is -Xd-R4, -Xd-Y-R4, -Xe-Y-R4, or -Xe-Rs, where Xd
is alkylene; Xe is alkylene interrupted or terminated
by arylene or heteroarylene; and R4, R , and Y are as
defined above. The reduction can be carried out by
hydrogenation according to the methods described in U.
S. Patent Application Publication No. 2004/0147543
(Hays et al.). Compounds of Formula XVI wherein D is
-OCH3 can be converted in Reaction Scheme III to
compounds of Formula XVII wherein R3 is -O-R4b, -0-X-R
4, -0-X-Y-R 4, or -0-X-R ; wherein R4, R4 R5, X, and Y
are as defined above. When D is -OCH3, the reaction
shown in Reaction Scheme III is carried out in two
parts. In part (i), the methoxy group is demethylated
to provide a hydroxy-substituted compound. The
demethylation can be carried out as described above.
In part (ii), the hydroxy-substituted compound
prepared in part (i) is converted to a compound of
Formula XVII, wherein R3 is -O-R4b, -0-X-R 4, -0-X-Y-R
4, or -0-X-R 5, using a Williamson-type ether
synthesis. The reaction is effected by treating the
hydroxy-substituted compound with an aryl, alkyl, or
arylalkylenyl halide of Formula Halide-R^,
Halide-alkylene-R 4 , Halide-alkylene-Y-R4, or
Halide-alkylene-R5 in the presence of a base. Numerous
alkyl, arylalkylenyl, and aryl halides of these
formulas are commercially available, including
substituted benzyl bromides and chlorides, substituted
or unsubstituted alkyl or arylalkylenyl bromides and
chlorides, and substituted fluorobenzenes. Other
halides of these formulas can be prepared using
conventional synthetic methods. The methods described
in International Publication Nos. WO2005/020999
(Lindstrom et al.) and WO2005/032484 (Lindstrom et
al.) can be used.Reaction Scheme III For some
embodiments, compounds of the invention can be
prepared according to Reaction Scheme IV, wherein R, R
, and n are as defined above; Boc is
tertbutoxycarbonyl; X3 is Xi or-CH(Ri i)-Ar'-CH(Rn)-;
and R b is -Xi-N(Rs)-Q-R4, -CH(R, i)-Ar'-CH(R,
0-N(Rs)-Q-R 4, or -CH(R,,)-Ar l-CH(Ri i)-R5, wherein
R5 is 



- (CH2)a -N- C(R6) -N- S(O)2 -N(R8)-C(O)-N A R R or
(CH2)b wherein X1, R4, R6, R7, R8 Rn, Q, A, Ar', a,
and b are as defined above. Compounds of Formula XVIII
can be prepared according to the methods described in
Reaction Scheme I, wherein an amine of Formula
BoC-NH-X -NH2 is employed in step (1) of Reaction
Scheme I , In step (1) of Reaction Scheme IV, the
reaction conditions described in step (4) of Reaction
Scheme I can be used to aminate the 4-chloro group and
simultaneously remove the Boc protecting group to
provide a 1-amino-substituted
l//-imidazo[4,5-c]quinolin-4- amine of Formula XIX, a
subgenus of Formula I . In step (2) of Reaction Scheme
IV, the 1-amino group in a compound of Formula XIX is
treated with an acid chloride of Formula R4C(O)Cl or
Cl-R7C(O)Cl, a sulfonyl chloride of Formula R4S(O) Cl
or Cl-R S(O) Cl, a sulfonic anhydride of Formula
(R4S(O )2O, an isocyanate of Formula R4N C O,
R4(CO)N=C=O, R4N=C=S, or R4S(O)2N=C=O, a carbamoyl
chloride of Formula R4N-(Rs)-C(O)Cl or ( H2)a
Ci-C(O)-N A \ , (CH 2)b- s or a sulfamoyl chloride of
Formula R4-N(Rs)-S(O)2Cl to provide an amide,
sulfonamide, urea, or sulfamide of Formula XX, a
subgenus of Formula I . The reaction can be
conveniently carried out by combining the acid
chloride, sulfonyl chloride, sulfonic anhydride, or
isocyanate and a solution of an amino-substituted
compound, and a base such as triethylamine or L
JV-diisopropylethylamine in a suitable solvent such as
dichloromethane or iV.iV-dimethylacetamide(DMA). The
reaction can be carried out atroom temperature. When a
chloroalkanesulfonyl chloride of Formula Cl-R7S(O)2Cl
or a chloroalkanoyl chloride of Formula Cl-R7C(O)Cl is
used in this reaction, the isolable intermediate
chloroalkanesulfonamide or chloroalkanamide can then
be treated with a base such as
l,8-diazabicyclo[5.4.0]undec-7-ene (DBU) or sodium
hydride at room temperature in a suitable solvent such
as DMF to effect a cyclization and provide a compound
of Formula XX in which R]b is -CH(Ri i)-Ar'-CH(Ri
i)-R5, wherein R5 is -N- C(R6) -N- S(O)2 K7 o r K7
Reaction Scheme IV For certain embodiments, compounds
of the invention can be prepared according to Reaction
Scheme V, wherein R, R1, R2, R3, Gi, G2, m, and n are
as defined above. Compounds of Formula I can be
prepared according to the methods of any of Reaction
Schemes I through IV. Step (1) of Reaction Scheme V
can be used to prepare a compound of Formula II. The
amino group of a compound of Formula I can be
converted by conventional methods to a functional
group such as an amide, carbamate, urea, amidine, or
another hydrolyzable group. A compound of this type
can be made by the replacement of a hydrogen atom in
an amino group with a group such as -C(O)-R',
a-aminoacyl, a-aminoacyl-a-aminoacyl, -C(O)-O-R',
-C(0)-N(R")-R, -C(=NY')-R', -CH(OH)-C(O)-OY',
-CH(OC1-4 alkyI)Y0, -CH2Y1, or -CH(CH3)Y1; wherein R
and R" are each independently C1-1O alkyl, C3-7
cycloalkyl, phenyl, or benzyl, each of which may be
unsubstituted or substituted by one or more
substituents independently selected from the group
consisting of halogen, hydroxy, nitro, cyano, carboxy,
Ci- alkyl, C1-4 alkoxy, aryl, heteroaryl, arylC 1-4
alkylenyl, heteroarylC 1-4 alkylenyl, haloCi -4
alkylenyl, haloC 1-4 alkoxy, -0-C(O)-CH 3,
-C(O)-O-CH3, -C(O)-NH2, -0-CH 2-C(O)-NH2, -NH2, and
-S(O) 2-NH2;, with the proviso that R" may also be
hydrogen; each a-aminoacyl group is independently
selected from racemic, D, or L-amino acids; Y' is
hydrogen, C1-6 alkyl, or benzyl; Y0 is C1-6 alkyl,
carboxyCi-6 alkylenyl, aminoC1-4 alkylenyl,mono-N-Ci-6
alkylaminoCi-4 alkylenyl, or di-N,N-Ci -6 alkylaminoCi
-4 alkylenyl; and Yi is mono-N-Ci-6 alky lamino,
di-N,N-Ci -6 alkylamino, morpholin-4-yl,
piperidin-1-yl, pyrrolidin-1-yl, or 4-Ci -4
alkylpiperazin-l-yl. Particularly useful compounds of
Formula II are amides derived from carboxylic acids
containing one to ten carbon atoms, amides derived
from amino acids, and carbamates containing one to ten
carbon atoms. The reaction can be carried out, for
example, by combining a compound of Formula I with a 



chloroformate or acid chloride, such as ethyl
chloroformate or acetyl chloride, in the presence of a
base such as triethylamine in a suitable solvent such
as dichloromethane at room temperature. Step (Ia) of
Reaction Scheme V can be used to prepare a compound of
Formula III. The hydrogen atom of the alcohol group of
a compound of Formula I can be replaced using
conventional methods with a group such as Ci-6
alkanoyloxymethyl, 1-(Ci -6 alkanoyloxy)ethyl,
1-methyl- 1-(Ci -6 alkanoyloxy)ethyl, Ci-6
alkoxycarbonyloxymethyl, N-(Ci -6
alkoxycarbonyl)aminomethyl, succinoyl, Ci- alkanoyl,
a-aminoCi -4 alkanoyl, arylacyl, -P(O)(OH) 2,
-P(O)(O-Ci -6 alkyl)2, Ci-6 alkoxycarbonyl, Ci-6
alkylcarbamoyl, and a-aminoacyl or a-aminoacyl-
a-aminoacyl, where each a-aminoacyl group is
independently selected from racemic, D, and L-amino
acids. Particularly useful compounds of Formula III
are esters made from carboxylic acids containing one
to six carbon atoms, unsubstituted or substituted
benzoic acid esters, or esters made from naturally
occurring amino acids. The reaction conditions
described above in step (2) of Reaction Scheme IV can
be used. Compounds of the invention can also be
prepared using variations of the synthetic routes
shown in Reaction Schemes I through V that would be
apparent to one of skill in the art. Compounds of the
invention can also be prepared using the synthetic
routes described in the EXAMPLES below.Pharmaceutical
Compositions and Biological Activity Pharmaceutical
compositions of the invention contain a
therapeutically effective amount of a compound or salt
of the invention as described above in combination
with a pharmaceutically acceptable carrier. The terms
"a therapeutically effective amount" and "effective
amount" mean an amount of the compound or salt
sufficient to induce a therapeutic or prophylactic
effect, such as cytokine induction, cytokine
inhibition, immunomodulation, antitumor activity,
and/or antiviral activity. Although the exact amount
of compound or salt used in a pharmaceutical
composition of the invention will vary according to
factors known to those of skill in the art, such as
the physical and chemical nature of the compound or
salt, the nature of the carrier, and the intended
dosing regimen, it is anticipated that the
compositions of the invention will contain sufficient
active ingredient or prodrug to provide a dose of
about 100 nanograms per kilogram (ng/kg) to about 50
milligrams per kilogram (mg/kg), preferably about 10
micrograms per kilogram (mg/kg) to about 5 mg/kg, of
the compound or salt to the subject. A variety of
dosage forms may be used, such as tablets, lozenges,
capsules, parenteral formulations, syrups, creams,
ointments, aerosol formulations, transdermal patches,
transmucosal patches and the like. The compounds or
salts of the invention can be administered as the
single therapeutic agent in the treatment regimen, or
the compounds or salts of the invention may be
administered in combination with one another or with
other active agents, including additional immune
response modifiers, antivirals, antibiotics,
antibodies, proteins, peptides, oligonucleotides, etc.
Compounds or salts of the invention have been shown to
induce the production of certain cytokines in
experiments performed according to the tests set forth
below. These results indicate that the compounds or
salts are useful as immune response modifiers that can
modulate the immune response in a number of different
ways, rendering them useful in the treatment of a
variety of disorders. In some embodiments, compounds
or salts of Formula I can be especially useful as
immune response modifiers due to their ability to
selectively induce IFN-a. As used herein, to
"selectively induce IFN-a" means, that when tested
according to the test methods described herein, the
effective minimum concentration (of the compound or
salt)for IFN-ainduction is less than the effective
minimum concentration for TNF-ainduction. In some
embodiments, the effective minimum concentration for
IFN-ainduction is at least 3-fold less than the
effective minimum concentration for TNF-ainduction. In
some embodiments, the effective minimum concentration
for IFN-ainduction is at least 6-fold less than the
effective minimum concentration for TNF-ainduction. In
other embodiments, the effective minimum concentration
for IFN-ainduction is at least 10-fold less than the
effective minimum concentration for TNF-ainduction. In
other embodiments, the effective minimum concentration
for IFN-ainduction is at least 100- 



fold less than the effective minimum concentration for
TNF-ainduction. In some embodiments, when tested
according to the test methods described herein, the
amount TNF-ainduced by compounds of the invention is
at or below the background level of TNF-ain the test
method. Compounds or salts of the invention may,
therefore, provide a benefit, for example, a reduced
inflammatory response, particularly when administered
systemically, over compounds that also induce
pro-inflammatory cytokines (e.g. TNF-a) or that induce
pro-inflammatory cytokines at higher levels. Cytokines
whose production may be induced by the administration
of compounds or salts of the invention generally
include interferon-a (IFN-a) and tumor necrosis
factor-a (TNF-a) as well as certain interleukins (IL).
Cytokines whose biosynthesis may be induced by
compounds or salts of the invention include IFN-a,
TNF-a, IL-I, IL-6, IL-IO and IL- 12, and a variety of
other cytokines. Among other effects, these and other
cytokines can inhibit virus production and tumor cell
growth, making the compounds or salts useful in the
treatment of viral diseases and neoplastic diseases.
Accordingly, the invention provides a method of
inducing cytokine biosynthesis in an animal comprising
administering an effective amount of a compound or
salt or composition of the invention to the animal.
The animal to which the compound or salt or
composition is administered for induction of cytokine
biosynthesis may have a disease as described infra,
for example a viral disease or a neoplastic disease,
and administration of the compound or salt may provide
therapeutic treatment. Alternatively, the compound or
salt may be administered to the animal prior to the
animal acquiring the disease so that administration of
the compound or salt may provide a prophylactic
treatment. In addition to the ability to induce the
production of cytokines, compounds or salts of the
invention can affect other aspects of the innate
immune response. For example,natural killer cell
activity may be stimulated, an effect that may be due
to cytokine induction. The compounds or salts may also
activate macrophages, which in turn stimulate
secretion of nitric oxide and the production of
additional cytokines. Further, the compounds or salts
may cause proliferation and differentiation of
B-lymphocytes. Compounds or salts of the invention can
also have an effect on the acquired immune response.
For example, the production of the T helper type 1 (TH
I ) cytokine IFN- g may be induced indirectly and the
production of the T helper type 2 (TH2) cytokines IL-
4, IL-5 and IL-1 3 may be inhibited upon
administration of the compounds or salts. Whether for
prophylaxis or therapeutic treatment of a disease, and
whether for effecting innate or acquired immunity, the
compound or salt or composition may be administered
alone or in combination with one or more active
components as in, for example, a vaccine adjuvant.
When administered with other components, the compound
or salt and other component or components may be
administered separately; together but independently
such as in a solution; or together and associated with
one another such as (a) covalently linked or (b)
non-covalently associated, e.g., in a colloidal
suspension. Conditions for which compounds or salts
identified herein may be used as treatments include,
but are not limited to: (a) viral diseases such as,
for example, diseases resulting from infection by an
adenovirus, a herpesvirus (e.g., HSV-I, HSV-II, CMV,
or VZV), a poxvirus (e.g., an orthopoxvirus such as
variola or vaccinia, or molluscum contagiosum), a
picornavirus (e.g., rhinovirus or enterovirus), an
orthomyxovirus (e.g., influenzavirus), a paramyxovirus
(e.g., parainfluenzavirus, mumps virus, measles virus,
and respiratory syncytial virus (RSV)), a coronavirus
(e.g., SARS), a papovavirus (e.g., papillomaviruses,
such as those that cause genital warts, common warts,
or plantar warts), a hepadnavirus (e.g., hepatitis B
virus), a flavivirus (e.g., hepatitis C virus or
Dengue virus), or a retrovirus (e.g., a lentivirus
such as HIV); (b) bacterial diseases such as, for
example, diseases resulting from infection by bacteria
of, for example, the genus Escherichia, Enterobacter,
Salmonella, Staphylococcus, Shigella, Listeria,
Aerobacter, Helicobacter, Klebsiella, Proteus,
Pseudomonas, Streptococcus, Chlamydia, Mycoplasma,
Pneumococcus, Neisseria, Clostridium, Bacillus,
Corynebacterium, Mycobacterium, Campylobacter, Vibrio,
Serratia, Providencia, Chromobacterium, Brucella,
Yersinia, Haemophilus, or Bordetella;(c) other
infectious diseases, such as chlamydia, fungal
diseases including but not limited to candidiasis,
aspergillosis, histoplasmosis, cryptococcal
meningitis, or parasitic 



diseases including but not limited to malaria,
Pneumocystis carnii pneumonia, leishmaniasis,
cryptosporidiosis, toxoplasmosis, and trypanosome
infection; (d) neoplastic diseases, such as
intraepithelial neoplasias, cervical dysplasia,
actinic keratosis, basal cell carcinoma, squamous cell
carcinoma, renal cell carcinoma, Kaposi's sarcoma,
melanoma, leukemias including but not limited to
myelogeous leukemia, chronic lymphocytic leukemia,
multiple myeloma, non-Hodgkin's lymphoma, cutaneous
T-cell lymphoma, B-cell lymphoma, and hairy cell
leukemia, and other cancers; (e) TH2-mediated, atopic
diseases, such as atopic dermatitis or eczema,
eosinophilia, asthma, allergy, allergic rhinitis, and
Ommen's syndrome; (f) certain autoimmune diseases such
as systemic lupus erythematosus, essential
thrombocythaemia, multiple sclerosis, discoid lupus,
alopecia areata; and (g) diseases associated with
wound repair such as, for example, inhibition of
keloid formation and other types of scarring (e.g.,
enhancing wound healing, including chronic wounds).
Additionally, a compound or salt of the present
invention may be useful as a vaccine adjuvant for use
in conjunction with any material that raises either
humoral and/or cell mediated immune response, such as,
for example, live viral, bacterial, or parasitic
immunogens; inactivated viral, tumor-derived,
protozoal, organism-derived, fungal, or bacterial
immunogens; toxoids; toxins; self-antigens;
polysaccharides; proteins; glycoproteins; peptides;
cellular vaccines; DNA vaccines; autologous vaccines;
recombinant proteins; and the like, for use in
connection with, for example, BCG, cholera, plague,
typhoid, hepatitis A, hepatitis B, hepatitis C,
influenza A, influenza B, parainfluenza, polio,
rabies, measles, mumps, rubella, yellow fever,
tetanus, diphtheria, hemophilus influenza b,
tuberculosis, meningococcal and pneumococcal vaccines,
adenovirus, HIV, chicken pox, cytomegalovirus, dengue,
feline leukemia, fowl plague, HSV-I and HSV-2, hog
cholera, Japanese encephalitis, respiratory syncytial
virus, rotavirus, papilloma virus, yellow fever, and
Alzheimer's Disease. Compounds or salts of the present
invention may be particularly helpful in individuals
having compromised immune function. For example,
compounds or salts may be used for treating the
opportunistic infections and tumors that occur after
suppression ofcell mediated immunity in, for example,
transplant patients, cancer patients and HIV patients.
Thus, one or more of the above diseases or types of
diseases, for example, a viral disease or a neoplastic
disease may be treated in an animal in need thereof
(having the disease) by administering a
therapeutically effective amount of a compound or salt
of Formula I, II, III, any of the embodiments
described herein, or a combination thereof to the
animal. An animal may also be vaccinated by
administering an effecive amount of a compound or salt
of Formula I, II, III, any of the embodiments
described herein, or a combination thereof to the
animal as a vaccine adjuvant. In one embodiment, there
is provided a method of vaccinating an animal
comprising administering an effective amount of a
compound or salt described herein to the animal as a
vaccine adjuvant. An amount of a compound or salt
effective to induce cytokine biosynthesis is an amount
sufficient to cause one or more cell types, such as
monocytes, macrophages, dendritic cells and B-cells to
produce an amount of one or more cytokines such as,
for example, IFN-a, TNF-a, IL-I, IL-6, IL-IO and IL-
12 that is increased (induced) over a background level
of such cytokines. The precise amount will vary
according to factors known in the art but is expected
to be a dose of about 100 ng/kg to about 50 mg/kg,
preferably about 10 mg/kg to about 5 mg/kg. The
invention also provides a method of treating a viral
infection in an animal and a method of treating a
neoplastic disease in an animal comprising
administering an effective amount of a compound or
salt or composition of the invention to the animal. An
amount effective to treat or inhibit a viral infection
is an amount that will cause a reduction in one or
more of the manifestations of viral infection, such as
viral lesions, viral load, rate of virus production,
and mortality as compared to untreated control
animals. The precise amount that is effective for such
treatment will vary according to factors known in the
art but is expected to be a dose of about 100 ng/kg to
about 50 mg/kg, preferably about 10 mg/kg to about 5
mg/kg. An amount of a compound or salt effective to
treat a neoplastic condition is an amount that 



will cause a reduction in tumor size or in the rnmiber
of tumor foci. Again, the precise amount will vary
according to factors known in the art but is expected
to be a dose of about 100 ng/kg to about 50 mg/kg,
preferably about 10 mg/kg to about 5 mg/kg. In
addition to the formulations and uses described
specifically herein, other formulations, uses, and
administration devices suitable for compounds of the
presentinvention are described in, for example,
International Publication Nos. WO 03/077944 and WO
02/036592, U.S. Patent No. 6,245,776, and U.S.
Publication Nos. 2003/0139364, 2003/185835,
2004/0258698, 2004/0265351, 2004/076633, and
2005/0009858. Objects and advantages of this invention
are further illustrated by the following examples, but
the particular materials and amounts thereof recited
in these examples, as well as other conditions and
details, should not be construed to unduly limit this
invention. EXAMPLES In the examples below automated
flash chromatography was carried out using a
COMBIFLASH system (an automated high-performance flash
purification product available from Teledyne Isco,
Inc., Lincoln, Nebraska, USA), a HORIZON HPFC system
(an automated high-performance flash purification
product available from Biotage, Inc, Charlottesville,
Virginia, USA) or a combination thereof. For some of
these purifications, either a FLASH 40+M silica
cartridge or a FLASH 651 silica cartridge (both
available from Biotage, Inc, Charlottesville,
Virginia, USA) was used. The eluent used for each
purification is given in the example. Example 1
4-Amino- 1-benzyl- lH-imidazo [4,5 -c]quinolin-2-ol
Part A A solution of 2,4-dichloro-3-nitroquinoline (25
g, 0.10 mol) in N Ndimethylformamide (DMF) (130 mL)
was cooled to 0 0C. Triethylamine (17.2 mL, 0.123 mol)
and benzylamine ( 1 1.2 mL, 0.10 mol) were
sequentially added, and the reaction was stirred at
ambient temperature overnight. The reaction was poured
into water ( 1 L), and the suspension was stirred for
30 minutes at room temperature. The resulting
precipitatewas isolated by filtration and washed with
water to provide 31.92 g of -benzyl-2-chloro-
3-nitroquinolin-4-amine as a bright yellow powder.
Part B -Benzyl-2-chloro-3-nitroquinolin-4-amine (31.9
g, 0.102 mol), 5% platinum on carbon (3.2 g), and
acetonitrile (325 niL) were added to a Parr vessel and
shaken under hydrogen pressure (30 psi, 2.1 x 105 Pa)
overnight. The mixture was filtered through a layer of
CELITE filter agent, and the filtrate was concentrated
under reduced pressure and further dried under high
vacuum to provide 27.82 g of
iV4-benzyl-2-chloroquinoline-3,4- diamine, which was
used without purification. Part C
l,r-Carbonyldiimidazole (2.9 g, 18 mmol) was added to
a solution of L^-benzyl- 2-chloroquinoline-3,4-diamine
(5.0 g, 18 mmol) in tetrahydrofuran (THF) (50 mL), and
the reaction was heated at 50 0C for three days. An
analysis by liquid chromatography/mass spectrometry
(LC/MS) indicated the presence of starting material,
and additional 1,1'-carbonyldiimidazole (1.5 g, 9.2
mmol) was added. The reaction was stirred for several
hours at 80 0C, and additional lj'-carbonyldiimidazole
(2.9 g, 18 mmol) was added. The reaction was stirred
for one hour at 80 0C and overnight at 50 0C. A solid
was present and was isolated by filtration, washed
with diethyl ether, and dried under vacuum to provide
3.48 g of l-benzyl-4-chloro-l
-imidazo[4,5-c]quinolin-2-ol as a fluffy, white solid.
Diethyl ether was added to the filtrate, and the
resulting mixture was stirred for 20 minutes. A solid
was present and was isolated by filtration and dried
under vacuum to provide 0.95 g of l-benzyl-4-chloro-l
H-imidazo[4,5-c]quinolin-2-ol as a fluffy, beige
solid. Part D
l-Benzyl-4-chloro-l/i-imidazo[4,5-c]quinolin-2-ol
(approximately 1.1 g) and ammonia (approximately 100
mL of a 7 N solution in methanol) were added to a
highpressure vessel, which was sealed and heated in an
oven at 170 0C for five days. The resulting solution
was concentrated under reduced pressure, and the
residue was purified by automated flash chromatography
(silica cartridge, eluting with aqueous ammonium
hydroxide:methanol:dichloromethane in a gradient from
0:0:100 to 0.2:4.8:95). A solid 



was present on top of the column; the solid was
collected, washed with acetonitrile (6 x 100 mL), and
purified again by automated flash chromatography
(silica cartridge, elutingwith aqueous ammonium
hydroxide:methanol:dichloromethane in a gradient from
0.2:4.8:95 to 1:19:80) to provide 70 mg of
4-amino-l-benzyl-l -imidazo[4,5-c]quinolin- 2-ol as a
white solid, mp greater than 250 0C. Anal, calcd. for
C17H14N4O-CSCH 4O: C, 69.28; H, 5.1 1; N, 18.68.
Found: C, 69.24; H, 5.15; N, 18.32. Example 2 4-Amino-
1-(pyridin-3 -ylmethyl)- 1 -imidazo [4,5
-c]quinolin-2-ol Part A The method described in Part A
of Example 1 was used to treat 2,4-dichloro-3-
nitroquinoline (10.0 g, 40.8 mmol) in DMF (100 mL)
with triethylamine (8.53 mL, 61.2 mmol) and
3-aminomethylpyridine (4.16 mL, 40.8 mmol). After the
precipitate was isolated by filtration, it was dried
for three hours in a vacuum oven at 60 0C to provide
13.O g of
2-chloro-3-nitro-iV-(pyridin-3-ylmethyl)quinolin-4-ami
ne as a yellow solid. Part B 2-Chloro-3-nitro-
-(pyridin-3-ylmethyl)quinolin-4-amine (13.0 g, 41.0
mmol), 5% platinum on carbon ( 1.3 g), and
acetonitrile (60 mL) were added to a hydrogenation
vessel and placed under hydrogen pressure (50 psi, 3.4
x 105 Pa) overnight. The mixture was filtered through
a layer of CELITE filter agent, and the filter cake
was washed with acetonitrile and methanol. The
filtrate was concentrated under reduced pressure to
provide 10.25 g of 2-chloro-7v -(pyridin-3
-ylmethyl)quinoline-3,4-diamine, which was used
without purification. Part C l,l '-Carbonyldiimidazole
(3.20 g, 19.7 mmol) was added to
2-chloro-iV4-(pyridin-
3-ylmethyl)quinoline-3,4-diamine (5.09 g, 17.9 mmol)
in THF (100 mL), and the resulting suspension was
heated at 80 0C for three days. An analysis by LC/MS
indicated the presence of starting material, and
pyridine (100 mL) and additional 1,1'-
carbonyldiimidazole ( 1 equivalent) were added. The
reaction was stirred for two hours at 80 0C, and
additional lj'-carbonyldiimidazole ( 1 equivalent) was
added. The reactionwas stirred overnight at 80 0C and
allowed to cool; a solid was present. Diethyl ether
(50 mL) was added, and the solid was isolated by
filtration and dried under vacuum to provide 4.2 g of
4-chloro-l-(pyridin-3-ylmethyl)-l
H-imidazo[4,5-c]quinolin-2-ol as a gray solid. Part D
4-Chloro-l-(pyridin-3-ylmethyl)-l
-imidazo[4,5-c]quinolin-2-ol (2.64 g, 8.52 mmol) and
ammonia (40 mL of a 7 N solution in methanol) were
added to a high-pressure vessel, which was sealed and
heated in an oven at 165 0C for 42 hours and allowed
to cool. A solid was present and was isolated by
filtration and washed with diethyl ether to provide
1.2 g of 4-amino-l-(pyridin-3-ylmethyl)-l
-imidazo[4,5-c]quinolin-2-ol. A second crop of solid
(550 mg) was collected from the filtrate. A portion of
the first crop was washed with dichloromethane,
methanol, diethyl ether, and acetonitrile to provide a
sample as tan needles, mp greater than 250 0C. Anal,
calcd. for C 6H13N5O: C, 65.97; H, 4.50; N, 24.04.
Found: C, 65.60; H, 4.20; N, 23.79. Example 3
4-Amino-l-(4-methoxybenzyl)-l//-imidazo[4,5-c]quinolin
-2-ol Part A The method described in Part A of Example
1 was used to treat 2,4-dichloro-3- nitroquinoline
(10.0 g, 40.8 mmol) in DMF (100 mL) with triethylamine
(8.53 mL, 61.2 mmol) and 4-methoxybenzylamine (4.85
mL, 40.8 mmol). After the precipitate was isolated by
filtration, it was dried for three hours in a vacuum
oven at 60 0C to provide 13.1 g of
2-chloro-iV-(4-methoxybenzyl)-3-nitroquinolin-4-amine
as a brown solid. Part B The method of Part B of
Example 2 was used to hydrogenate 2-chloro-iV-(4-
mcthoxybenzyl)-3-nitroquinolin-4-amine (13.0 g, 37.6
mmol) and provide 11.5 g of 2- chloro-/V
-(4-methoxybenzyl)quinoline-3,4-diamine as a dark
oil.Part C l,r~Carbonyldiimidazole (6.53 g, 40.3 mmol)
was added to a solution of 2-chloro-
N4-(4-methoxybenzyl)quinoline-3,4-diamine ( 1 1.49 g,
36.62 mmol) and pyridine (75 niL) 



in THF (75 mL), and the reaction was heated at 80 0C
overnight. An analysis by LC/MS indicated the presence
of starting material, and additional
l,r-carbonyldiimidazole ( 1 equivalent) was added. The
reaction was stirred overnight at 80 0C, and
additional 1,1'- carbonyldiimidazole ( 1 equivalent)
was added. The reaction was stirred overnight at 80 0C
and allowed to cool, and the solvent was removed under
reduced pressure. The residue was dissolved in
dichloromethane (500 mL), and the resulting solution
was washed sequentially with brine and water, dried
over magnesium sulfate, filtered, and concentrated
under reduced pressure to provide a solid. The solid
was mixed with acetonitrile and isolated by Filtration
to provide 5.2 g of 4-chloro-l-(4-methoxybenzy I)-I
//-imidazo [4,5- cJquinolin-2-ol. Part D
4-Chloro-l-(4-methoxybenzyl)-l//-imidazo[4,5-c]quinoli
n-2-ol (2.0 g, 5.9 mmol) and ammonia (30 mL of a 7 N
solution in methanol) were added to a high-pressure
vessel, which was sealed and heated at 150 0C for two
days. An analysis by LC/MS indicated the reaction was
incomplete, and the vessel was sealed and heated at
165 0C for three days. The volatiles were removed
under reduced pressure, and the residue was purified
twice by automated flash chromatography (silica
cartridge, eluting with aqueous ammonium
hydroxide:methanol:dichloromethane in a gradient from
0:0:100 to 0.5:9.5:90). The resulting white solid was
mixed with acetonitrile, isolated by filtration, and
dried overnight under vacuum to provide
4-amino-l-(4-methoxybenzyl)-l//-imidazo[4,5-
c]quinolin-2-ol as a white solid, mp greater than 260
0C. Anal calcd. for C]8H16N4O2-0.1H2O: C, 67.1 1; H,
5.07; N, 17.39. Found: C, 66.76; H, 4.90; N,
17.78.Example 4 4-Amino- 1-[(1R)- 1-phenyl ethyl] -1
-imidazo [4,5 -c]quinolin-2-ol Part A The method
described in Part A of Example 1 was used to treat
2,4-dichloro-3- nitroquinoline (20.6 g, 85.1 mmol) in
DMF (100 mL) with triethylamine (35 mL, 0.225 mol) and
(i?)-(+)-a-methylbenzylamine (13.3 mL, 102 mmol).
After the precipitate was isolated by filtration, it
was washed with water and diethyl ether to provide
24.35 g of 2- chloro-3-nitro-
-[(li?)-l-phenylethyl]quinolin-4-amine as an orange
solid. Part B The method of Part B of Example 1 was
used to hydro genate 2-chloro-3-nitro-iV-
[(l/?)-l-phenylethyl]quinolin-4-arnine (24.35 g, 73.3
mmol) with the modifications that the reaction was
stopped after one hour, and magnesium sulfate was
added to the mixture before filtration.
2-ChIOrO-TV4-[(li?)-l-phenylethyl]quinoline-3,4-diamin
e (21.0 g) was isolated as an amber oil. Part C THF
(100 mL) and l,l'-carbonyldiimidazole (8.1 g, 50.5
mmol) were sequentially added to a solution of
2-chloro-
L^-[(li?)~l-phenylethyl]quinoline-3,4-diamine (10.0 g,
33.6 mmol) in pyridine (100 mL),. and the reaction was
heated at 90 0C overnight. An analysis by LC/MS
indicated the presence of starting material, and
additional 1,1 ' - carbonyldiimidazole (6 equivalents)
was added in portions as heating at 90 0C was
continued for a second day. The reaction was cooled to
approximately 0 0C, and water (300 mL) was added. The
mixture was stirred overnight. A precipitate was
present and was isolated by filtration and washed with
water and diethyl ether to provide 6.67 g of 4-
chloro-l-[(li?)-l-phenylethyl]-l/
-imidazo[4,5-c]quinolin-2-ol. A small portion of the
product was triturated with hot acetonitrile, isolated
by filtration, washed with cold acetonitrile and
diethyl ether, and dried under vacuum to provide a
white solid with the following analytical data, mp 227
- 229 0C.Anal calcd. for Ci8H14ClN3O0.5H 2O: C, 64.97;
H, 4.54; N, 12.63. Found: C, 65.15; H, 4.45; N, 12.68.
Part D 4-Chloro-l-[(li?)-l-phenylethyl]-l
-imidazo[4,5-c]quinolin-2-ol (3.87 g, 11.9 mmol) and
ammonia (65 mL of a 7 N solution in methanol) were
added to a high-pressure vessel, which was sealed and
heated in an oven at 135 0C overnight. The reaction
mixture was concentrated under reduced pressure, and
the residue was purified by automated flash
chromatography (silica cartridge, eluting with aqueous
ammonium 



hydroxide:methanol:dichloromethane in a gradient from
0:0:100 to 0.2:4.8:95). The cliromatographed product
was triturated sequentially with hot acetonitrile, hot
isopropanol, and hot ethanol and washed with diethyl
ether after each trituration and filtration. The
filtrates were combined, concentrated under reduced
pressure, washed with diethyl ether, and dried in a
vacuum oven overnight to provide 214 mg of
4-amino-l-[(li -)-lphenylethyl]- l
H-imidazo[4,5-c]quinolin-2-ol as tan needles, mp
greater than 250 0C. Anal, calcd. for Ci8Hi6N4O-OJH2O:
C, 69.80; H, 5.40; N, 18.09. Found: C, 69.41; H, 5.63;
N, 18.25. Example 5 4-Amino- 1-[(1S)- 1-phenylethyl]
-1H-imidazo [4,5 -c]quinolin-2-ol Part A The method
described in Part A of Example 1 was used to treat
2,4-dichloro-3- nitroquinoline (19.4 g, 78.5 mmol) in
DMF (100 mL) with triethylamine (32 mL, 0.235 mol) and
(5)-(-)-a-methylbenzylamine ( 11.5 g, 94.2 mmol) with
the modification that the reaction was allowed to warm
to room temperature and stirred for two hours. After
the isolated precipitate was washed with water, it was
dried under high vacuum overnight to provide 25.1 g of
2-chloro-3-nitro-iV-[(15)-l-phenylethyl]quinolin-4-ami
ne as an orange solid.Part B The method of Part B of
Example 4 was used to hydrogenate 2-chloro-3-nitro-N-
[(15)-l-phenylethyl]quinolin-4-amine (25 g, 76 mmol)
to provide 2-chloro-iV4-[(lS)-lphenylethyl]
quinoline-3,4-diamine as an amber oil. Part C THF (100
mL) and l,r-carbonyldiimidazole (10.6 g, 65.6 mmol)
were sequentially added to a solution of 2-chloro-
4-[(l"S)-l-phenylethyl]quinoline-3,4-diamine (13,0 g,
43.7 mmol) in pyridine (100 mL), and the reaction was
heated at 90 0C for one hour. An analysis by LC/MS
indicated the presence of starting material, and
additional 1,1 '-carbonyldiimidazole (3 equivalents)
was added as heating at 90 0C was continued overnight.
The reaction was still incomplete, and additional 1,1
'-carbonyldiimidazole (3 equivalents) was added in
portions as heating at 90 0C was continued for a
second night. The reaction was cooled to approximately
0 0C, and water (300 mL) was added. The mixture was
stirred for two hours. A precipitate was present and
was isolated by filtration, washed with water, and
dried overnight in a vacuum oven to provide 9.98 g of
4-chloro-l- [(lS)-l-phenylethyl]-l
H-imidazo[4,5-c]quinolin~2-ol. Part D
4-Chloro-l-[(15)-l-phenylethyl]-l
-imidazo[4,5-c]quinolin-2-ol (4.0 g, 12 mmol) and
ammonia (65 mL of a 7 N solution in methanol) were
added to a high-pressure vessel, which was sealed and
heated in an oven at 135 0C over two nights. The
volatiles were removed under reduced pressure. The
crude product was purified twice by automated flash
chromatography (silica cartridge, eluting with aqueous
ammonium hydroxide:methanol:dichloromethane in a
gradient from 0:0:100 to 0.2:3.8:96). The
chromatographed product was washed with acetonitrile
and diethyl ether several times and dried in a vacuum
oven to provide 260 mg of 4-amino- 1-[( IS)-I
-phenylethyl]- IHimidazo[ 4,5-c]quinolin-2-ol as an
off-white solid, mp 292-295 0C. HRMS (EI) calcd for
C18Hi6N4O (M + H): 305.1402, found 305.1394.Example 6
4-Amino-l-(tetrahydro-2 H-pyran-4-ylmethyl)-l
-imidazo[4,5-c]quinolin-2-ol Part A A solution of
2,4-dichloro-3-nitroquinoline (6 g, 25 mmol) in DMF
(100 niL) was cooled to 0 0C. Triethylamine (10.0 mL,
74.4 mmol) was added, and then tetrahydro-2//-
pyran-4-ylmethylamine (see U. S. Patent Application
Publication No. 2004/0147543 (Hays et al.) Examples
477-480) (3.4 g, 0.030 mol) was added slowly.
Additional DMF was added, and the reaction was stirred
at room temperature for one hour and cooled to 0 0C.
Water (300 mL) was added, and the mixture was
maintained at 0 0C for 30 minutes. A precipitate was
present and was isolated by filtration and washed
sequentially with water and diethyl ether to provide 7
g of 2-chloro-3-nitro- -(tetrahydro-2//-pyran-4-
ylmethyl)quinolin-4-amine as a yellow solid. Part B 



The method of Part B of Example 1 was used to
hydrogenate 2-chloro-3-nitro-iV-
(tetrahydro-2/-/-pyran-4-ylmethyl)quinolin-4-amine (7
g, 20 mmol) with the modifications that the reaction
was stopped after four hours, and magnesium sulfate
was added to the mixture before filtration.
2-Chloro-iV4-(tetrahydro-2
-pyran-4-ylmethyl)quinoline-3,4- diamine (5 g) was
isolated as a sticky, amber solid. Part C THF (50 mL)
and l,l'-carbonyldiimidazole (4.2 g, 26 mmol) were
sequentially added to a solution of
2-chloro-iV4-(tetrahydro-2
-pyran-4-ylmethyl)quinoline-3,4- diamine (5 g, 17
mmol) in pyridine (50 mL), and the reaction was heated
at 90 0C overnight. The reaction was cooled to
approximately 0 0C, and water (400 mL) was added. The
mixture was stirred for 30 minutes. A precipitate was
present and was isolated by filtration and washed with
water and diethyl ether to provide 4 g of 4-chloro-l-
(tetrahydro-2 -pyran-4-ylmethyl)-l
-imidazo[4,5-c]quinolin-2-ol. A small portion of the
product was triturated with hot acetonitrile, isolated
by filtration, and washed with coldacetonitrile and
diethyl ether to provide beige needles with the
following analytical data, mp greater than 275 0C.
Anal, calcd. for Ci6Hi6ClN3O2: C, 60.48; H, 5.08; N,
13.22. Found: C, 60.47; H, 5.09; N, 13.42. Part D
4-Chloro-l-(tetrahydro-2
-pyran-4-ylmethyl)-li7-imidazo[4,5-c]quinolin-2-ol
(3.9 g, 12 mmol) and ammonia (70 mL of a 7 N solution
in methanol) were added to a highpressure vessel,
which was sealed and heated in an oven at 150 0C
overnight. The volatiles were removed under reduced
pressure. The crude product was purified by automated
flash chromatography (silica cartridge, eluting with
aqueous ammonium hydroxide:methanol:dichloromethane in
a gradient from 0:0:100 to 0.4:7.6:92). The
chromatographed product was triturated twice with hot
acetonitrile, collected by filtration, and dried in a
vacuum oven to provide 800 mg of
4-amino-l-(tetrahydro-2//-pyran-4- ylmethyl)-l
-imidazo[4,5-c]quinolin-2-ol as a white solid, mp
greater than 250 0C. Anal calcd. for C16Hi8N4O2-O H2O:
C, 62.16; H, 6.62; N, 18.12. Found: C, 61.89; H, 6.29;
N, 18.24. Example 7 1-Benzyl-2-methoxy- 1
-imidazo[4,5~c]quinolin-4-amine Part A
l,l'-Thiocarbonyldiimidazole (5.74 g, 32.2 mmol) was
added to a solution of N4-
benzylquinoline-3,4-diamine, see U. S. Patent No.
4,689,338 (Gerster), Example 124, Parts A and B, (6.69
g, 26.8 mmol) in pyridine (50 mL) and THF (50 mL), and
the reaction was heated at 80 0C for two hours and
cooled to room temperature. A precipitate was present
and was isolated by filtration and washed with diethyl
ether to provide 4.17 g of 1-benzyl-
l//-imidazo[4,5-c]quinoline-2-thiol as a white solid.
The filtrate was treated with diethyl ether, and
additional precipitate formed. The precipitate was
isolated by filtration and washed with diethyl ether
to provide an additional 1.90 g of product as a pale
yellow solid.Part B 1-Benzyl- l
-imidazo[4,5-c]quinoline-2-thiol (4.15 g, 14.2 mmol),
deionized water (35 mL), ethanol (35 mL), and aqueous
ammonium hydroxide (3.2 mL) were combined, and
iodomethane ( 1.06 mL, 17.0 mmol) was added. The
reaction was stirred at room temperature for one hour,
and a precipitate formed. The precipitate was
collected by filtration, washed with diethyl ether (5
x 100 mL), and dried under vacuum to provide 1-
benzyl-2-(methylthio)-l -imidazo[4,5-c]quinoline. Part
C 3-Chloroperoxybenzoic acid (5.0 g of 77% pure
material) was added to a solution of the material from
Part B in 1,2-dichloroethane (100 mL), and the
reaction was stirred at room temperature overnight.
Concentrated ammonium hydroxide (100 mL)
andptoluenesulfonyl chloride (2.78 g, 14.6 mmol) were
sequentially added, and the reaction was stirred at
room temperature for two hours. An analysis by LC/MS
indicated the reaction was incomplete, and the aqueous
layer was separated and extracted with ethyl acetate
(100 mL) and chloroform (100 mL). The
1,2-dichloroethane and ethyl acetate fractions were
combined and concentrated under reduced pressure. The
residue was 



dissolved in 1,2-dichloroethane (100 mL), and
3-chloroperoxybenzoic acid (6.5 g of'77% pure
material) was added. The reaction was stirred at room
temperature overnight, and concentrated ammonium
hydroxide (100 mL) andp-toluenesulfonyl chloride (2.78
g) were sequentially added. The reaction mixture was
stirred for three hours at room temperature, and an
analysis by LC/MS indicated the reaction was
incomplete. Additional ptoluenesulfonyl chloride (2.7
g, 14.2 mmol) was added, and the reaction was stirred
overnight at room temperature, diluted with deionized
water (200 mL), and extracted with chloroform (2 x 200
mL) and ethyl acetate (2 x 200 mL). The combined
extracts were concentrated under reduced pressure. The
crude product (6.58 g) was purified twice by automated
flash chromatography (silica cartridge, eluting with
aqueous ammonium hydroxide:methanol:dichloromethane
first in a gradient from 0:0:100 to 0.2:2.8:97 and
second in a gradient from 0:0:100 to 0.2:3.8:96) to
provide 890 mg of l-benzyl-2- (methyl sulfonyl)- 1
-imidazo[4,5 -c]quinolin-4-amine. Part D A solution of
l-benzyl-2-(methylsulfonyl)-l//-imidazo[4,5-c]quinolin
-4-amine (890 mg, 2.5 mmol) in methanol (10 mL) was
stirred at room temperature for two minutes,and sodium
methoxide (5 mL of a 25% w/w solution in methanol) was
added. The resulting suspension was stirred at room
temperature for one hour and then concentrated under
reduced pressure. The residue was partitioned between
ethyl acetate (200 mL) and water (150 mL). The organic
layer was separated and dried over magnesium sulfate,
filtered, and concentrated under reduced pressure. The
crude product was purified by automated flash
chromatography (silica cartridge, eluting with aqueous
ammonium hydroxide:methanol:dichloromethane in a
gradient from 0:0:100 to 0.3:4.7:95). The resulting
off-white solid was triturated with hot acetonitrile,
isolated by filtration, and dried under vacuum to
provide 50 mg of l-benzyl-2-methoxy-l
H-imidazo[4,5-c]quinolin- 4-amine as a white solid, mp
240-242 0C. Anal, calcd. for Ci8H,6N4O-0.5H2O: C,
68.99; H, 5.47; N, 17.88. Found: C, 68.94; H, 5.33; N,
17.72. Examples 8"55 Part A Triethylamine (12.5 mL,
0.0889 mol) and l-(L/-Boc-aminomethyl)-3-
(aminomethyl)benzene (17.71 g, 74.94 mmol) were
sequentially added to a solution of
2,4-dichloro-3-nitroquinoline (18.2 g, 0.0750 mol) in
DMF (90 mL), and the reaction was stirred at room
temperature under nitrogen for 1.5 hours. The reaction
was poured into water (2 L), and the suspension was
stirred for 15 minutes. Most of the water was decanted
away from the resulting precipitate, which was
dissolved in ethyl acetate (600 mL). The ethyl acetate
was separated from a small amount of remaining water
and then removed under reduced pressure. The resulting
solid was dried under vacuum to provide 38.24 g
oftert-butyl
3-{[(2-chloro-3-nitroquinolin-4-yl)amino]methyl}benzyl
carbamate as a sticky, amber solid. Part B tert-Butyl
3-{[(2-chloro-3-nitroquinolin-4-yl)amino]methyl}benzyl
carbamate (19.64 g, 44.34 mmol), 5% platinum on carbon
(2.0 g), and acetonitrile (325 mL) were added to a
Parr vessel and shaken under hydrogen pressure (30
psi, 2.I x I O5 Pa) overnight. The mixture was
filtered, and the filtrate was concentrated under
reduced pressure and further dried under high vacuum
for 1.5 hours to provide 17.03 g of er -butyl
3-{[(3-amino-2-chloroquinolin-4-yl)amino]methyl}benzyl
carbamate as a thick, brown oil.Part C DMF (150 mL),
pyridine (10 niL), and l,l'-carbonyldiimidazole (16.7
g, 103 mmol) were added to tert-hutyl
3-{[(3-amino-2-chloroquinolin-4-
yl)amino]methyl}benzylcarbamate (17.03 g, 41.24 mmol),
and the reaction was heated at 80 0C overnight and
allowed to cool. The volatiles were removed under
reduced pressure. The residue was mixed with ethyl
acetate, collected by filtration, and dried under
vacuum for two hours to provide 12.06 g of tert-butyl
3-[(4-chloro-2-hydroxy-l H-imidazo[4,5-
c]quinolin-l-yl)methyl]benzylcarbamate as a white
solid. Part D /er/-Butyl 3-[(4-chloro-2-hydroxy-l
-imidazo[4,5-c]quinolin-lyl) methyl]benzylcarbamate
(8.04 g, 18.3 mmol) and ammonia (100 mL of a 7 N
solution 



in methanol) were added to a high-pressure vessel,
which was sealed and heated in an oven at 160 0C for
five days and allowed to cool. The volatiles were
removed under reduced pressure to provide 5.1 g of a
mixture offers-butyl 3-[(4-amino-2-hydroxy-l Himidazo[
4,5-e]quinolin-l-yl)methyl]benzylcarbamate and
4-amino-l-[(3- aminomethyl)benzyl] -1 -imidazo [4,5
-c]quinolin-2-ol. Part E An acid chloride, sulfonyl
chloride, isocyanate, or carbonyl chloride indicated
in the table below (0.1 1 mmol, 1.1 equivalents) was
added to a test tube containing a solution of
,iV-diisopropylethylamine (53.2 mL, 0.305 mmol) and
the material from Part E (53 mg, 0.099 mmol of
4-amino-l-[(3-aminomethyl)benzyl]-l//-imidazo[4,5-c]qu
inolin-2-ol) in N-dimethylacetamide (DMA) ( 1 mL). The
tube was then capped and stirred overnight at room
temperature. Two drops of water were added to the test
tube, and the solvent was removed by vacuum
centrifugation. For each of Examples 9 - 24, THF ( 1
mL) and a solution of lithium hydroxide monohydrate
(12.5 mg) in water ( 1 mL) were added, and the
reaction was stirred for four hours. The solvent was
removed under reduced pressure. The compounds were
purified by reversed phase preparative
high-performance liquid chromatography (prep HPLC)
using a Waters FractionLynx automated purification
system. The prep HPLC fractions were analyzed using a
Waters LC/TOF-MS, and the appropriate fractions were
centrifuge evaporated to provide the trifluoroacetate
salt of the desired compound. Reversed phase
preparative liquid chromatography was performed with
non-linear gradient elution from 5-95% B where A is
0.05% trifluoroaceticacid/water and B is 0.05%
trifluoroacetic acid/acetonitrile. Fractions were
collected by mass-selective triggering. The table
below shows the reagent used for each example, the
structure of the resulting compound, and the observed
accurate mass for the isolated trifluoroacetate
salt.ONE WAY VALVE ASSEMBLY CROSS-REFERENCE TO RELATED
APPLICATIONS This application claims priority to U.S.
Patent Application Serial No. 11/267,868, filed
November 3, 2005, U,S. Provisional Patent Application
Serial No. 60/783,451, filed March 7 2006 U.S.
Provisional Patent Application Serial No. 60/783,569,
filed March 17, 2006 and U.S. Provisional Patent
Application Serial No. 60/840,377, filed August 24,
2006, each of which are incorporated by reference
herein in their entirety. FIELD OF THE INVENTION The
present invention is directed to a dispensing and
delivery system including a continuously sealing one
way valve assembly for dispensing a sterile flowable
substance, which can include preservatives or be
preservative free, while preventing a backflow of
contaminants into the source of the flowable
substance. The dispensing and delivery system
includes, for example, a valve assembly enclosed by a
pressure displaceable flexible member or elastomeric
member for effecting the passage of the flowable
substance to a controllable outlet, while preventing
any backflow to the source of the flowable substance
after dispensing individual portions or doses of the
flowable substance. BACKGROUND INFORMATION In the
past, to maintain the flowable substance free of
contaminants, preservatives have been mixed in with
the flowable substance in the reservoir from which it
is to be dispensed. The use of preservatives tends to
be detrimental to users and often limits the
effectiveness of the flowable substance, particularly
when the flowable substance is a pharmaceutical such
as an eye care solution, an intranasal drug, cosmetic
treatment or skin treatment product. This group of
prescription and nonprescription medications are often
formulated with preservatives in multi-dose formats.
The flowable substance may also be a food stuff, a
beverage, a nutraceutical or cosmeceutical
product.Another consideration is the ability of the
valve assembly to deliver a selected amount of the
flowable substance to the outlet without causing any
damage to the user, such as when applying an eye care
solution directly into the eye. In the past, flexible
membranes have been used to control the flow of the
flowable substance to the valve assembly outlet while
preventing any backflow to the source of the flowable
substance. However such valves, such as the valve
described in U.S. Patent No. RE34,243, which is
incorporated by reference herein in its entirety,
describe the use of O-rings in conjunction with a
uniformly thick flexible membrane to effect a seal.
Other valve assemblies also used cylindrical parts
which required, for example, sliding the pretensioned 



flexible membrane over the straight sided core during
assembly, preventing automated high speed assembly.
Therefore, an effectively designed valve assembly
which was able to be manufactured, for example via
high speed automated production, and limited the costs
of manufacture by reducing component parts and
allowing the use of high speed automated production,
was not provided in the past. SUMMARY OF THE INVENTION
According to an exemplary embodiment of the present
invention, a dispensing and delivery system conveys a
flowable substance from a closed source, such as a
collapsible reservoir, while preventing any backflow
of oxygen or other contaminants from the ambient
atmosphere through the valve assembly and into the
source of the flowable substance after a portion of
the substance has been dispensed. The collapsible
reservoir can be, for example, a bellows type
reservoir, a collapsible tube, an internal bag or
other type of suitable reservoir designed to dispense
practically all of its contents. According to an
exemplary embodiment of the present invention, the
dispensing delivery system has a normally closed
controllable outlet orifice for dispensing a
controlled amount of the flowable substance out of the
valve assembly. Thereservoir is in sealed contact with
the valve assembly so that its contents do not receive
any contaminants when the flowable substance is
dispensed. Dispensation of the flowable substance is
effected by applying pressure to the reservoir
directly or through a pump so that its contents flow
to and through the valve assembly. The contents may be
a pharmaceutical, such as eye care solutions and/or
gels or nasal solutions and/or gels which must be kept
free of contaminants during dispensing. According to
an exemplary embodiment of the present invention, a
multiple number of dispensed amounts can be provided
while keeping the undispensed flowable substance
preservative-free. The reservoir is protected by a
housing so that pressure is not accidentally applied.
The valve assembly includes, for example, an axially
extending structure open to the dispenser or reservoir
of the flowable substance. The valve assembly can be
formed of an axially extending inner core open to the
reservoir and formed of a rigid plastic component. The
interior of the core can have a passageway for
receiving the flowable substance from the reservoir.
At least one port extending from the passageway can be
provided and affords an opening for conveying the flow
substance out of the inner core. The inner core can be
designed with a substantially tapered or substantially
conical shape. An axially extending flexible membrane
tightly encloses the inner core and covers the outlet
end of the port through the inner core. The flexible
membrane moves outwardly from the inner core when the
flowable substance is pressurized and passes through
the port and flows toward the outlet end of the
flexible membrane. The flexible membrane is structured
such that it is, for example, thicker at the end
closest to the valve opening, e.g. the flexible
membrane is not uniformly thick along its length. This
thickness allows the valve to seal at the thicker end
first. Alternatively, even if the membrane was of
uniform thickness, the elasticity of the membrane can
be varied so that the portion of the membrane closest
tothe valve opening is less elastic, resulting in the
portion of the membrane closest to the valve opening
closing first. In exemplary embodiments, the flexible
membrane and, as described above, the inner core, are
of a substantially tapered or substantially conical
shape, allowing for the rapid assembly and natural
resting of the flexible membrane over the inner core.
A valve cover located laterally outwardly from the
flexible membrane ends at the controllable outlet
orifice. The pressurized flowable substance travels
between the radially outwardly extended flexible
membrane and the outer surface of the inner core and
flows to the controllable outlet orifice. The outlet
orifice provides for controlled amounts of the
flowable substance to be dispensed. An over cap covers
the exterior of the valve cover to protect the valve
assembly during storage. A collar can join the valve
assembly to the reservoir and afford a sealed
arrangement preventing any flow of contaminants into
the reservoir. The collar and the neck area of the
reservoir are designed with locking features that
permit the override of the collar during assembly but
subsequently prevent the unscrewing and disassembly of
the collar and the opening of and likely contamination
of the system. The various features of novelty which
characterize the present invention are 



pointed out with particularity in the claims annexed
to and forming a part of this disclosure. For a better
understanding of the present invention, its operation,
advantages and specific objects attained by its use,
reference should be had to the accompanying drawings
and descriptive matter in which preferred embodiments
of the invention are illustrated and described.BRIEF
DESCRIPTION OF THE DRAWINGS: Fig. 1 is an axially
extending view of a dispensing and delivery system
according to an exemplary embodiment of the present
invention. Fig. 2A is an exploded view of a dispensing
and delivery system such as that shown in Fig
1according to an exemplary embodiment of the present
invention. Fig. 2B is an exploded view of a dispensing
and delivery system such as that shown in Fig
1according to an exemplary embodiment of the present
invention which includes a pump for dispensing
flowable substance. Fig. 3 is an exploded view of the
soft cover and its controllable outlet orifice
according to an exemplary embodiment of the present
invention wherein the controllable outlet orifice is a
cross slit. Fig. 4A is an enlarged axially extending
partial view of the continuously sealing one way valve
assembly with a flat topped soft cover according to an
exemplary embodiment of the present invention. Fig. 4B
is an enlarged axially extending partial view of the
continuously sealing one way valve assembly with a
rounded soft cover according to an exemplary
embodiment of the present invention wherein the
continuously sealing one way valve assembly is in the
rest position. Fig. 4C is an enlarged axially
extending partial view of the continuously sealing one
way valve assembly with a rounded soft cover according
to an exemplary embodiment of the present invention
wherein the continuously sealing one way valve
assembly is in the dispensing position.Fig. 4D is an
enlarged axially extending partial view of the
continuously sealing one way valve assembly where the
opening in the soft cover contains a portion of the
flexible membrane and inner core of the valve assembly
according to an exemplary embodiment of the present
invention. Fig. 5 is an enlarged partial axially
extending view of the continuously sealing one way
valve assembly shown in Figs. 4B and 4C according to
an exemplary embodiment of the present invention. Fig.
6A is an axially extending partial view of the
continuously sealing one way valve assembly with one
port and an outlet port according to an exemplary
embodiment of the present invention. Fig. 6B is an
enlarged axially extending partial view of the
continuously sealing one way valve assembly with one
port and an outlet port according to an exemplary
embodiment of the present invention. DETAILED
DESCRIPTION OF THE INVENTION As shown in Figs. 1, 2A
and 2B, dispensing and delivery system 1 according to
exemplary embodiments of the present invention is
comprised of a bellows reservoir or source 2 located
within a housing 6. The housing 6 and holds reservoir
2 of flowable substance, preferably a sterile or pure
flowable substance, a valve assembly 3 (shown in
detail in Figs. 2A, 2B and 4A-D) for conveying the
flowable substance from the reservoir 2 to an outlet
when pressure is applied to the reservoir 2 or to an
actuator 2a connected to the reservoir 2. An over cap
15 covers the valve assembly 3 to prevent
contamination from entering the valve assembly 3
during storage. The housing 6 has surfaces 6a for
holding the assembly. A collar 8 connects the valve
assembly 3 to the reservoir 2 affording a sealed
connection so that ambient contaminants cannot pass
into the reservoir 2.Referring again to Figs. 1, 2A
and 2B, the bellows reservoir 2 is sufficiently large
to allow for multiple doses to be dispensed from the
reservoir and collapses when pressure is applied to
the reservoir. Other suitable reservoirs may be used,
such as a collapsible tube or an internal bag in a
reservoir that permit multi-dose dispensation of the
flowable substance. The valve assembly 3 and collar 8
preferably prevents air or other contamination from
entering the reservoir following the dispensing
procedure. Referring yet again to Figs. 1, 2A and 2B,
the bellows reservoir or source 2 is laterally
enclosed, for example, by an axially extending housing
6 to prevent the accidental 



application of pressure to the reservoir. A slot 6b
extending axially in the housing 6 permits a user to
gain access to an actuator 2a of the reservoir as the
flowable substance is pressed out. The housing 6 has
surfaces 6a for holding the housing when the flowable
substance is being dispensed. Referring now to Figs.
2A and 2B, the valve assembly 3 has valve cover 14
which encircles the flexible membrane 13. The valve
assembly 3 is comprised of an inner core 10, an
axially extending blind passageway 11, ports 12, a
flexible membrane 13, a valve cover 14 with a flange
14a, and a soft cover 7 with a controllable outlet
orifice 7a (all of which are described in greater
detail below in connection with the descriptions of
Figs. 4AD). While the flexible membrane 13 is hollow
so as to accommodate the inner core 10, it is
understood that when assembled with the device, it is
filled with the inner core 10 such that no gap remains
when the valve assembly is at rest. The end of the
valve cover 14 adjacent the reservoir 2 has a radially
outwardly extending flange 14a bearing against the
flange at the end of the flexible membrane effecting
the seal for the valve assembly at the opening from
the reservoir 2. The opening or neck area of reservoir
2 seals against flange 14a, for example, by way of a
screw thread which mates with the collar 8.
Alternatively, or in addition, the collar 8 and the
opening or neck area ofthe reservoir 2 are designed
with locking features that permit the override of the
collar 8 during assembly but subsequently prevent the
unscrewing and disassembly of the collar 8 and the
opening of the system. This prevents any unintended
contamination by the consumer and also eliminates the
possibility of refilling the system. Referring now
especially to Fig. 2B, in an embodiment suitable for
pumping flowable substance, a pump assembly 16 is
joined to a valve assembly 3a and to a reservoir 2 and
bottle 6b. The collar 8 surrounds the connection
between the pump assembly 16 and valve assembly 3a.
The pump assembly 16 is connected to the bottle 6b by
screw threads. The opening or neck area of bottle 6b
seals against pump assembly 16, for example, by way of
a screw thread which mates with the pump assembly 16
sealing flange 2c of reservoir 2 between the bottle 6b
and the pump assembly 16. Alternatively, or in
addition, the collar 8 and the opening or neck area of
the reservoir 6b are designed with locking features
that permit the override of the pump assembly 16
during assembly but subsequently prevent the
unscrewing and disassembly of the pump assembly 16 and
the opening of the system. This prevents any
unintended contamination by the consumer and also
eliminates the possibility of refilling the system.
The pump assembly 16 is thus connected to a valve
assembly 3a having an actuator 17, an inner core 10,
an axially extending blind passageway 11, ports 12, a
flexible membrane 13, a valve cover 14 with a flange
14a, and a soft cover 7 with a controllable outlet
orifice 7a (further described below in connection with
the descriptions of Figs. 4A-D). Optionally, the
actuator 17 may be connected to or include an
atomizer. In operation the actuator 17 serves to
transfer force via a check valve of the pump assembly
16 to draw flowable substance from the reservoir 2,
thus providing the force necessary to dispense
flowable substance. For example, conventional pumps
may be utilized in this manner.Furthermore, the
reservoir 2 can be disposed within a bottle 6b whose
open end is sealed by a plug 2c. Plug 2c serves to
protect the reservoir 2 from damage, rupture or
inadvertent application of force on the reservoir 2.
Referring now to Fig. 3, the controllable outlet
orifice 7a is a cross-slit enabling substantially
dripless dispensing of the flowable substance. The
cross-slit causes the controllable outlet orifice 7a
to self close on itself after pressure is released.
The controllable outlet orifice 7a can be formed as
desired to provide a spray or a stream of the flowable
substance. Alternatively, by selectively dimensioning
the controllable outlet orifice 7a, a drop-like amount
of the flowable substance can be dispensed, for
example if an eye care solution is being dispensed. If
a greater amount of the flowable substance is to be
dispensed, the controllable outlet orifice 7a can be
formed for dispensing a larger quantity of the
flowable substance, for example, a eye or nasal
solution and/or gel. Referring now to Figs. 4A-D, the
valve assembly 3 preferably has an inner core 10, an
axially extending blind passageway 11, ports 12, a
flexible membrane 13, a valve cover 14 with a flange
14a, and a soft cover 7 with a controllable outlet
orifice 7a. An over cap 15 is placed over the valve
assembly 3 when it is not in use, protecting it from
contact with ambient contaminants. 



In the valve assembly 3, an axially extending inner
core 10 bears against the opening of the reservoir 2
so that flow from the reservoir enters into an axially
extending blind passageway 11 in the inner core. The
passageway 11 extends for a major portion of the axial
length of the inner core. At approximately half the
length of the passageway 11, the inner core has a pair
of ports 12 extending transversely of the passageway
axis from the surface of the passageway to the outer
surface of the inner core 10. The inner core 10 is
formed of, for example, a rigid plastic material and
terminates inwardly of the outlet end of the valve
assembly. Furthermore, in exemplary embodiments, upon
assembly and filling ofthe assembly no air is present
inside the passageway 11 and the ports 12. It should
be noted that additional ports 12 may be located
through the inner core 10. Furthermore, in exemplary
embodiments the inner core 10 and the flexible
membrane 13 are constructed such that they fit tightly
together, for example having very close tolerances
which allow for an air-tight seal to be formed between
the flexible membrane 13 and the inner core 10. In
further exemplary embodiments the molding process for
the flexible membrane 13 and the inner core 10, as
well as other components described above as sealing
against one another is an asymmetric molding process
which creates a surface substantially free of defects
or seam lines at the areas of contact where sealing
occurs. Accordingly, in an exemplary embodiment, very
close tolerances between the parts, for example the
inner core 10 and flexible membrane 13 and the other
parts, are used to provide an optimal seal and
operation of the valve assembly. A flexible membrane
13, such as an elastomeric member, is fitted tightly
over the outer surface of the inner core and extends
from the opening in the reservoir 2 to the opposite
end of the inner core 10. As can be noted in Figs.
4A-D, the thickness of the membrane is preferably
variable along its axial length. In the region of the
outlet end of the inner core has, for example, an
axially extending continuous uninterrupted end
considerably thicker than the remainder of the
flexible membrane 13. That is, the band is not
separated in the axial direction by axially extending
cuts. The thicker end ensures that after the valve has
dispensed fluid, as further described below, the valve
closes at the end closest to the opening 7a first,
therefore preventing any backflow. This is effected by
the heavy wall thickness which provides for greater
tension. As a result, the flexible membrane 13
exhibits non¬ uniform tension. In a further example,
in yet other embodiments, the thickness of the
membrane may be variable along its axial length and
the region surrounding the outlet end of the innercore
has, for example, an axially extending continuous
uninterrupted annular band considerably thicker than
the remainder of the flexible membrane 13.
Furthermore, in certain embodiments, the band is not
separated in the axial direction by axially extending
cuts. Alternatively, the elasticity or durometer of
the end of the flexible membrane closest to the valve
opening may be varied, for example it may be reduced,
such that the end closest to the valve opening seals
first when pressure is relieved. In a further
embodiment, flexible membrane 13 and inner core 10 are
substantially tapered or substantially conical at the
ends closest to the controllable outlet orifice 7a
such that the inner core 10 nest into the flexible
membrane 13 one another when being assembled by high
speed automated production equipment. At its end
adjacent to the opening of the reservoir 2, the
flexible membrane 13 has an outwardly extending flange
bearing against a flange on the inner core located at
the opening from the reservoir. An axially extending
valve cover 14 encircles the flexible membrane 13 and,
as shown in the rest position in Fig. 2a, is spaced
radially outwardly from the outer surface of the
flexible membrane. The end of the valve cover 14
adjacent the reservoir 2 has a radially outwardly
extending flange 14a bearing against the flange at the
end of the flexible membrane effecting the seal for
the valve assembly at the opening from the reservoir
2. The valve cover 14 is formed, for example, of an
inner layer of an elastomeric material extending
axially from its flange 14a to and over the outlet end
of the valve assembly 3. Elastomeric material forms a
soft cover 7 over the outlet end of the valve cover 14
which is particularly advantageous when the valve
assembly is used for dispensing an eye care solution.
Such a soft cover 7 prevents, for example, any
likelihood of harm to the delicate outer surfaces of
the eye or surrounding tissue. The soft cover 7 has a
controllable outlet orifice 7a for dispensing the
flowable substance. The outlet orifice is closed in
the restposition of the continuously sealing one way
valve assembly and open in the dispensing 



position. Referring yet again to Figs. 4A-D and to
Fig. 5, various embodiments of the valve assembly 3
are depicted having variations in the structure of the
soft cover 7 as described below. Referring now
especially to Fig. 4A, a valve assembly having a flat
topped soft cover 7 is provided. The soft cover 7 has
a flattened top, which allows for less flowable
substance to adhere to the controllable outlet orifice
7a because the flattened top results in a shorter
controllable outlet orifice 7a. The soft cover 7 has a
controllable outlet orifice 7a which can be formed as
desired to provide a spray or a stream of the flowable
substance. Furthermore, the controllable outlet
orifice 7a can be a cross-slit as shown in Fig. 3.
Alternatively, by selectively dimensioning the
controllable outlet orifice 7a, a drop-like amount of
the flowable substance can be dispensed, for example
if an eye care solution or other solution typically
delivered in droplet form, is being dispensed. If a
greater amount of the flowable substance is to be
dispensed, the controllable outlet orifice 7a can be
formed for dispensing a larger quantity of the
flowable substance, for example by having a larger
diameter opening for products such as eye or nasal
solutions and/or gels. Referring now especially to
Figs. 4B-C, a valve assembly having a rounded soft
cover 7 is provided. The soft cover 7 has a rounded
top useful for dispensing flowable substance into the
outer surfaces of the eye and surrounding tissue or
other sensitive body areas. Because the rounded tip
lacks sharp edges, damage to the eye or other
sensitive tissues is avoided or reduced if incidental
contact occurs during administration of the flowable
substance. The soft cover 7 has a controllable outlet
orifice 7a which can be formed as desired to provide a
spray or a stream of the flowable substance.
Furthermore, the controllable outlet orifice 7a can be
a cross-slit as shown in Fig. 3. Alternatively,
byselectively dimensioning the controllable outlet
orifice 7a, a drop-like amount of the flowable
substance can be dispensed, for example if an eye care
solution or other solution typically delivered in
droplet form, is being dispensed. If a greater amount
of the flowable substance is to be dispensed, the
controllable outlet orifice 7a can be formed for
dispensing a larger quantity of the flowable
substance, for example by having a larger diameter
opening for products such as eye or nasal solutions
and/or gels. Referring now especially to Fig. 4D, a
valve assembly having a flat cover 7 which has an
enlarged version of controllable outlet orifice 7a is
provided. The enlarged version of controllable outlet
orifice 7a is able to accommodate the inner core 10
and flexible membrane 13 and is suitable for
dispensing viscous flowable substances such as
lotions, creams and emollients, but may also be used
for any flowable substance. The enlarged version of
controllable outlet orifice 7a allows flowable
substance to be dispensed without having to move
through two openings - namely the opening at the end
of the flexible elastomer 13 and the controllable
outlet orifice 7a, since these are now flush.
Referring now to Fig. 5 the gap formed between inner
core 10 and the flexible membrane 13 by the
pressurized fluid flowing out of ports 12 can more
easily be seen. The controllable outlet orifice 7a in
soft cover 7 can also be seen and may for example be a
substantially uniform circular bore thought the
material of soft cover 7 or may be suitably
dimensioned as described in the preceding paragraphs.
Referring now to Figs. 6A-B, in another embodiment,
flowable substance flows through a single port 12 in
inner core 10 and expands the flexible membrane 13,
swirling around the exterior of inner core 10, and
exiting via an outlet port 12a as shown in Figs. 6A
and 6B. This results in the need for less cracking
pressure to dispense flowable substance and is
particularly advantageous for use with, though not
limited to, flowablesubstances having higher
viscosities such as viscoelastic solutions and/or
viscoelastic gels. It should be noted that additional
ports 12 may be located through the inner core 10. In
exemplary operation, when the flowable substance is to
be dispensed, the over cap 15 is removed and pressure
is applied to the actuator 2a of the reservoir 2 so
that an amount of the flowable substance passes out of
the reservoir into the passageway 11 in the inner core
10. The substance flows through the ports 12 and
expands the flexible membrane 13 radially outwardly
and flows toward the outlet end of the flexible
membrane where it exits from the flexible membrane
radially inwardly into the controllable outlet orifice
7a in the cover and is dispensed. When the flowable
substance is being dispensed and exits the outlet end
of the 



flexible membrane, it flows radially inward to the
controllable outlet orifice 7a which then opens
allowing the substance to flow out of the valve
assembly. When the flowable substance is dispensed and
pressure on the source is withdrawn the controllable
outlet orifice 7a closes blocking any backflow into
the valve assembly. An over cap 15 is placed over the
valve assembly 3 when it is not in use, protecting it
from contact with ambient contaminants. In another
embodiment, as depicted in Figs. 6A and 6B for
example, flowable substance flows through a single
port 12 in inner core 10 and expands the flexible
membrane 13, swirling around the exterior of inner
core 10, and exiting via an outlet port 12a as shown
in Figs. 6A and 6B. This results in the need for less
cracking pressure to dispense flowable substance and
is particularly advantageous for use with, though not
limited to, flowable substances having higher
viscosities such as viscoelastic solutions and/or
viscoelastic gels. By releasing the pressure on the
actuator 2a of the reservoir, the dispensing operation
is terminated and the flexible membrane 13 returns
inwardly into contact with the outer surface of the
inner core 10. The inward movement of the flexible
membrane starts at its outlet end because of its
increased thickness and affords gradual contact with
the outersurface of the inner core, returning any
flowable substance through the ports back into the
reservoir whereby contaminants cannot enter the
reservoir. Dispensing individual portions of the
flowable substance can be continued until the
reservoir is almost completely emptied. As a result of
the structure and operation of the valve assembly, the
valve assembly according to an exemplary embodiment of
the present invention provides uniform pressure on the
valve components via the pressurization of the
flowable substance. In still another exemplary
embodiment, for example a spray pump such as that
depicted in Fig 2B, an actuator 17 serves to transfer
force to the pump assembly 16 when it is depressed.
This in turn compress the reservoir 2, thus providing
the force necessary to open the valve assembly and in
certain embodiments described above, controllable
outlet port 7a, to dispense flowable substance.
Elastomers suitable to form the soft cover 7, the
flexible membrane 13 and the valve cover 14 in
exemplary embodiments of the present invention include
thermoplastic elastomers such as Dynaflex manufactured
by GLS Corp., C-Flex manufactured by CPT Inc., or
Santoprene manufactured by Advanced Elastomer Systems,
Inc. The elastomers, and the materials comprising any
of the other components of the device may have
integrated, impregnated, otherwise placed within them
anti-microbial ingredients such as silver ions
contained within a ceramic carrier, such as those
supplied by AgION, or sustained-release ionic silver
compounds, such as those supplied by Westlake Plastic
Technologies which are known to be used in the making
of anti-microbial plastics. Furthermore, other
anti-microbial suitable for compounding with or
coating plastics may be used. Furthermore, the soft
cover 7 or the flexible membrane 13 or both could, for
example, be positively charged to repel residual
flowable substance, coated in for example, Teflon
type-plastics, have increased surface tension or be
anti-wetting, or any combination of the above so as to
repel flowable substance.In yet other embodiments,
including those described above, the durometer of the
elastomers can be varied in relation to the viscosity
of the flowable substance. For example, assemblies
containing substances with comparatively higher
viscosities would utilize softer, i.e. lower durometer
elastomers, in order to reduce the cracking force
needed to dispense flowable substance, whereas lower
viscosity flowable substances would utilized harder,
i.e. higher durometer elastomers to maintain a strong
seal. Likewise, flowable substances containing
lubricants would also utilize harder, i.e. higher
durometer elastomers to maintain a strong seal. As
described above, the parts of the dispending and
delivery device, including the valve assembly may be
manufactured to close tolerances such that they form
airtight seals and are close fitting ensuring optimal
seals and operation of the device. Ophthalmological
products or otorhinolarygology products, as described
below, may be dispensed where it is important to
maintain them free of contaminants from the ambient
atmosphere. The flowable characteristics of the
material being dispensed determines the type and
dimension of the valve assembly assembly. As
mentioned, the flowable substance may be a
preservative-free pharmaceutical, such as the
ophthalmological products or otorhinolarygology
products of the examples below, all of which are
intended to be maintained free of contaminants from
the 



ambient atmosphere and of preservatives during storage
within the reservoir 2. The ophthalmological products
or otorhinolarygology products of the examples below
are amenable to storage and dispensing from reservoirs
using the continuously sealing one way valve assembly
and delivery system of the present invention. The
following examples provide embodiments describing
categories of medical products which are amenable to
storage and dispensing from reservoirs using the
continuously sealing one way valve assembly and
delivery system of the present
invention.Preservative-free storage and delivery of
these formulations also can be accomplished by
providing, for example, multi-dose metered, high
barrier and preservative-free systems as described in
U.S. Patent Nos. RE 34,243; 5,092,855; 5,305,783;
5,279,447; 5,305,786; and 5,353,961 all of which are
hereby incorporated by reference in their entirety.
Examples Example 1 In an exemplary embodiment,
preservative free ophthalmic products are amenable to
storage and dispensing from reservoirs using the
continuously sealing one way valve assembly and
delivery system of the present invention. For example
eye drops, and preferably those eye drops involved in
chronic care, for example, dry eye, glaucoma,
allergies and NSAIDs, and also those eye drops
intended for acute care, for example during ocular
surgery, are amenable to storage and dispensing from
reservoirs using the continuously sealing one way
valve assembly and delivery system of the present
invention. As a further example, those eye drops used
to relieve eye fatigue, those eye drops used to
relieve dry eye, those eye drops used relieve dry eye
due to computer use, television use, or fatigue due to
prolonged awake periods are amenable to storage and
dispensing from reservoirs using the continuously
sealing one way valve assembly and delivery system of
the present invention. Examples of dry eye products
can include dry eye products comprised of but not
limited to cellulose derivatives, hyaluronan of
differing molecular weights including high molecular
weight (HMW) alone by itself or in combination with a
low molecular weight hyaluronan component (LMW),
polyethelene glycol 400 0.4%, propylene glycol 0.3%,
glycerin, dextran, polysorbate 80 and mineral oils.
Examples of glaucoma products include glaucoma
products comprising timolol 0.25%/0.50%, brimonidine
tartrate 0.1%, bimatoprost 0.03% and travaprost
0.004%. Examples of allergy products include allergy
productscomprising olopatadine HCL 0.1% and
predisalone acetate 1%. Examples of NSAID products
include NSAID products comprising ketorolac 0.5% and
diclofenac 0.1%. Further, in preferred embodiments for
use on the eye, a formulation of hyaluronan and
demulcents, along with suitable excipients, is stored
and dispensed from reservoirs using the continuously
sealing one way valve assembly and delivery system of
the present invention. Examples and methods of making
such formulations are provided below. Hyaluronan
and/or its derivatives, which can be formulated in its
sodium, potassium, calcium or other salt forms with
concentrations which in certain embodiments may vary
from about 0.05 to about 3.0 percent (w/v) and with a
molecular weight ranging from about 300,000 daltons to
about 7,000,000 daltons in its native form and up to
about 25,000,000 daltons in its cross-linked form, are
utilized in the present formulations. Preferably, use
of about 10 to about 15 million or about 10 to about
25 million dalton hyaluronan (high molecular weight
HA) provides substantial benefits during ocular
surgical procedures. Since patients are undergoing
surgery, often sedated in some manner, a high
molecular weight hyaluronan may be used without the
disadvantage of blurring and foreign body sensations
or eye irritation from the high molecular weight HA
and which provides enhanced benefits. For example, the
requirement to repeatedly irrigate the eye during
ocular surgery is substantially reduced because the
higher molecular weight HA acts as a molecular sponge,
storing and releasing more of the demulcents and
water. Additionally, the cross-linking present in high
molecular weight HA allows a lower concentration of
hyaluronan to be used in the formulation. In addition,
this type of formulation may be advantageous when used
to coat the corneal surface during laser ablation as
used in refractive eye surgery. Since blurring and
foreign body sensation are not a problem in this type
of refractive laser surgery, the use of higher
molecular weight HA will prove to beadvantageous.
Additionally, the cross-linking present in high
molecular weight HA allows a lower concentration of
hyaluronan to be used in the formulation. In a
preferred embodiment, about 1.4 to about 2.0 or about
1.5 to about 2.0 million dalton hyaluronan provides
substantial benefits in formulations for dry eye and
other 



non-surgical uses. For example, side effects such as
blurry vision and foreign body sensation as well as
irritation are minimized and the effective residence
time of each application is increased. This results in
less need to reapply product to the eye. Furthermore,
using hyaluronan at the aforementioned molecular
weights provides improved and prolonged delivery of
demulcents and superior hydration of the corneal
surface while maintaining the vital elastoviscous
properties of the eye drop. Thus the elasticity and
viscosity of the formulation is maintained, before,
during and after the constant blinking process which
aids the coating and recoating of the ocular surfaces
of the eye and the inner surface of the eyelid. In
further embodiments, hyaluronan and/or its derivatives
in combination with glycerin and/or any other
demulcent components acts as an enhanced mucoadhesive,
providing increased residence time and enhanced
coating. In still further embodiments, viscoadaptive
formulations may be used to deliver drugs in
combination with a preservative-free delivery pump or
device to the ocular tissues for the purpose of
enhanced bioavailability and increased residence time.
For example, the residence time of antibiotics on the
ocular tissues can be increased from minutes to hours.
Examples of drugs deliverable in this manner include
anti-glaucoma, anti-allergy, steroids, antibiotics,
NSAIDs, inflammatory, anti-inflammatory, antifungal
and other drugs which are delivered topically to
ocular tissue. Such a viscoadaptive formulation may be
used for the treatment of dry eye conditions due to
noxious environmental conditions, surgery, computer
fatigue, air travel, heating, iatrogenic dry eye, dry
eye syndromes, trauma, medications and
disease.Embodiments of the present invention provide
several surprising benefits, including for example,
superior coating, enhanced mucoadhesive surface
tension to ocular surfaces, longer residence time,
superior patient comfort, superior moisturizing, clear
visibility of the surgical field for surgeons,
superior and more symmetric coating of the corneal
surface during laser refractive surgery to allow
selective ablation of corneal irregularities and
preservative-free multi-dose, multi-use dispensing of
the product. For example, embodiments of the invention
provide superior coating of the corneal surface of the
eye and the conjunctiva with a longer in vivo
residence time due at least in part to the novel
combination of hyaluronan having a particular size
range and/or its derivatives with other demulcent
component(s), including but not limited to glycerin.
Furthermore, superior patient comfort is provided due
to the elastoviscosity of the hyaluronan and/or its
derivative components which is achieved by the novel
sizes and concentrations of the hyaluronan used in the
embodiments. Additionally, superior moisturizing due
to the hyaluronan and or its derivative components
because the novel sizes and concentrations of the
hyaluronan used in the embodiments allow the
hyaluronan to act as a molecular sponge, soaking up
and releasing demulcents and water as the patient
blinks. Furthermore, the embodiments allow for greater
clarity of patient vision because lower concentrations
of the hyaluronan component are used. An additional
surprising benefit is the promotion of a clear field
of view for surgeons when the compositions are used
during surgery as a viscoadaptive fluid corneal shield
(eye drop) on the surface of the eye and smoother
coverage of the corneal surface during laser
refractive surgery. Still further, a preservative-free
delivery system which is capable of containing and
delivering multiple doses of the eye drops, while
keeping the formulation freefrom contamination and/or
spoilage has been developed, eliminating the costly
need for and waste associated with single-use unit
dosing. Such viscoadaptive eye drops are thus
particularly well adapted for the treatment of dry eye
conditions due to, for example, noxious environmental
conditions, surgery, computer fatigue, air travel,
heating, iatrogenic dry eye, dry eye syndromes,
trauma, disease, intra and post-surgical use. In
certain embodiments a visco adaptive eye drop
according to the present invention may include
combinations of cellulose derivatives, dextrans,
gelatin, polyols, polyvinyl alcohols and povidone.
Cellulose derivatives include, but are not limited to,
for example, carboxymethylcellulose sodium,
hydroxyethylcellulose, hydroxypropylmethylcellulose,
and methylcellulose. Cellulose derivatives may
comprise from about 0.05 to about 2.5 percent, by
weight of the final formulation. 



Dextran or dextran derivatives may also be included.
For example, Dextran 70 may be used in formulations
according to the present invention. Typically
concentrations of about 0.1 percent dextran may be
used when another polymeric demulcent agent and
delivery system of the present invention is used.
Gelatin also may be included. When included, gelatin
may comprise about 0.01 percent, by weight. Polyols
may include glycerin, Polyethylene Glycol 300,
Polyethylene Glycol 400 Polysorbate 80, and propylene
glycol. Typically, concentrations of polyols comprise
from about 0.05 to about 1percent by weight of the
composition. Further, glycerin may also be provided
from about 0.05% to about 0.5%Polyvinyl alcohol (PVA),
typically in concentrations ranging from about 0.1 to
about 4 percent and povidone (PVP) in typically in
concentrations ranging from 0.1 to 2 percent, also may
be included. Weight percentages referred to above may
vary under certain conditions as will be appreciated
by a person skilled in the art provided with the
present disclosure. In certain embodiments phosphate
or other buffering agents may be incorporated in the
formulation to maintain a pH varying from about 6.0 to
about 8.0. Sodium chloride or other salts may be
incorporated in certain compositions to maintain
osmolality ranging from about 130 to about 380
mOsmol/Kg. Water may be used to provide an aqueous
medium. In certain embodiments compositions may be
formulated with or without preservatives depending on
the packaging of the final product in order to
maintain sterility. Some packaging options include,
for example: single unit-dose reservoirs without
preservatives, multi-dose reservoirs with
preservatives and multidose reservoirs (which do not
allow air intake) without preservatives and syringes
or ampoules. In certain embodiments, the hyaluronan
used has a molecular weight ranging from about 1.4
million to about 2.0 million daltons. In certain
embodiments, useful in ocular surgery, as described
above, hyaluronan is provided with a molecular weight
ranging from about 2 to about 15 million daltons, or
preferably from about 10 to about 25 million daltons
or more preferably from about 10 to about 15 million
daltons. In certain embodiments hyaluronan is present
in a concentration of about 0.05 to about 0.5 %.In
certain embodiments biofermented hyaluronan is
provided, eliminating the need to use an animal source
for the molecule. This reduces the risk of viral or
other biological contamination of the hyaluronan. In
certain embodiments demulcents, also known as dopants,
are provided in conjunction with hyaluronan. For
example, polyols, PVA and PVP may be used as dopants
because they are less viscous and therefore less
likely to cause discomfort or blurred vision and in
addition provide longer residence time on the cornea.
Therefore, in certain embodiments polyols, would be
used for contact lens comfort drops, day time and
night time drops, or for mild or moderate KCS or dry
eye, as well as in veterinary applications for animals
which depend on their visual acuity during their
active periods and for night time relief from the
symptoms of dry eye as well as for use during laser
refractive surgery. In certain embodiments, cellulose
derivatives would be used as dopants in conjunction
with hyaluronan. For example, cellulose derivatives,
which are more viscous, would be used in bed time,
intra-operative, post surgical and moderate to severe
KCS as well as in veterinary applications where the
animal does not primarily rely on its visual acuity.
In certain embodiments compositions may be formulated
in an aqueous mixture and/or solution as described in
the following table: Table 1: Example 1.1 In one
example, the composition of Table 1 is used to
lubricate the eye of a patient undergoing ocular laser
refractive surgery and other ocular surgeries.
Examples of ocular surgery include corneal
transplantation, cataract, intraocular lens
implantation,glaucoma and retinal surgery. During the
surgery the surgical staff do not have to irrigate and
re-irrigate the eye as often as they would have had
they used any available substitute composition.
Example 1.2 



In another example, the composition of Table 1 is
applied to the eye of a patient who presents with dry
eye syndrome or other conditions of eye dryness or
mild, moderate or severe irritation due to disease,
noxious environmental conditions, insufficiency of
natural tears or work-related conditions such as
prolonged use with computers which retards or
diminishes the natural blinking process leading to
poor lubrication, dryness and irritation. The
patient's dry eye symptoms are relieved and the
patient need not reapply the eye drop as often as they
would have had they used any available substitute
composition. Example 1.3 In yet another example, the
composition of Table 1 is applied to the eye of a
patient suffering from dry eye due to airborne,
environmental, contact lens wear or allergy related
reasons. The patient's dry eye symptoms are relieved
and the patient need not reapply the eye drop as often
as they would have had they used any available
substitute composition. Thus formulations combining
hyaluronan and demulcents and/or preservativefree
storage and delivery of the these formulations are
provided for patients undergoing ocular surgery or
suffering from dry eye irritation and related dryness
conditions are provided with a preservative-free
viscoadaptive eye drop having improved viscosity and
delivery of lubricating demulcents to the eye.
Furthermore, these embodiments are also generally
useful for ear, nose and throat applications. Example
2 In an exemplary embodiment, preservative-free
otorhinolarygological products are amenable to storage
and dispensing from reservoirs using the
continuouslysealing one way valve assembly and
delivery system of the present invention. For example,
nasal medicines, and preferably nasal sprays, external
ear creams, ear drops, steroid ear drops, antibiotic
ear drops, nose drops, and nose drops comprising
phenylephrine 0.25% and pseudoephedrine 30mg, are
amenable to storage and dispensing from reservoirs
using the continuously sealing one way valve assembly
and delivery system of the present invention. Further,
in preferred embodiments for use in the nasal and
sinus cavities, a formulation of hyaluronan and
demulcents, along with suitable excipients, is stored
and dispensed from reservoirs using the continuously
sealing one way valve assembly and delivery system of
the present invention. Examples, and methods of making
such formulations are provided below: Hyaluronan
and/or its derivatives which can be formulated in its
sodium, potassium, calcium, zinc or other salt forms
with concentrations which in certain embodiments may
vary from about 0.05 to about 3.0 percent and with a
molecular weight ranging from about 300,000 daltons to
about 7,000,000 daltons in its native form and up to
about 25,000,000 daltons in its cross-linked form are
utilized in the present formulations. Preferably, a
viscoadaptive formulation including 10 to 15 million
or 10 to 25 million dalton hyaluronan (high molecular
weight HA) in combination with a low molecular weight
demulcent, described below, provides substantial
benefits during or after nasal or trans-nasal sinus
surgical procedures. For example, a visco adaptive
high molecular weight HA formulation may be physically
pumped into the nasal or sinus cavity(ies) of the
patient, eliminating the difficulty associated with
administering nasal moisturizing and/or antiadhesion
fluids to the patient via traditional methods.
Additionally, the cross-linking present in high
molecular weight HA allows a lower concentration of
hyaluronan to be used in the formulation.In a
preferred embodiment, 1.0 to 2.0 or 1.5 to 2.0 million
dalton hyaluronan provides substantial benefits in
formulations for dry nose and other non-surgical and
post¬ surgical uses. For example, the negative effect
of repeated applications of saline solutions to
maintain a minimal level of comfort and moisture are
minimized because the effective residence time is
increased. Less applications needed to maintain
comfort, moisture, hydration and protection is a
significant physical and clinical benefit of the
invention. Such viscoadaptive formulations may be used
for the treatment of dry nose, sneezing and/or
irritation caused by, for example, colds, influenza,
allergies, dust, smoke, air pollution, air
conditioning, winter heating, high altitudes, travel,
oxygen therapy, dryness caused by certain medications,
iatrogenically induced dry nose and dry nose caused by
surgery and anaesthesia. In further embodiments,
hyaluronan and/or its derivatives in combination with
glycerin and/or any other demulcent components acts as
an enhanced mucoadhesive, 



providing increased residence time and enhanced
coating. In still further embodiments, viscoadaptive
formulations may be used to deliver drugs, via a
preservative-free delivery pump or device, to the
nasal tissues by providing enhanced bioavailability
and increased residence time, in a magnitude of up to
10 times or more. For example, the residence time of
antibiotics on the nasal tissue would be increased
from minutes to hours. Examples of drugs deliverable
in this manner include antiallergy, steroids,
antibiotics, NSAIDs, inflammatory drugs,
anti-inflammatory drugs, antifungal drugs and other
drugs which are delivered directly to nasal or sinus
tissue. In certain embodiments a viscoadaptive nasal
fluid according to the present invention may include
combinations of cellulose derivatives, dextrans,
gelatin, polyols, polyvinyl alcohol and
povidone.Embodiments of the present invention provide
several surprising benefits, including for example,
superior coating, enhanced mucoadhesive tension to
nasal and sinus surfaces, longer residence time,
superior moisturizing, easier application, more even
coating of the nasal and sinus surfaces during and
after surgery and preservative-free multi-dose,
multi-use dispensing of the product. Additionally, a
viscoadaptive high molecular weight HA formulation may
be physically pumped into the patient, eliminating the
difficulty associated with administering nasal
moisturizing fluids to the patient via traditional
methods and providing more even coating of the nasal
and sinus surfaces, including inaccessible cavities
and tissue surfaces during surgery. Further, a
preservative-free delivery system which is capable of
containing and delivering multiple doses of the nasal
moisturizing fluid, while keeping the formulation free
from contamination and/or spoilage has been developed,
eliminating the costly need for and waste associated
with single use unit dosing. In certain embodiments a
viscoadaptive nasal fluid according to the present
invention may include combinations of cellulose
derivatives, dextrans, gelatin, polyols, polyvinyl
alcohols and povidone. Cellulose derivatives include,
but are not limited to, for example,
carboxymethylcellulose sodium, hydroxyethylcellulose,
hydroxypropylmethylcellulose, and methylcellulose.
Cellulose derivatives may comprise from about 0.0.5 to
about 2.5 percent, by weight of the final formulation.
Dextran or dextran derivatives may also be included.
For example, Dextran 70 may be used in formulations
according to the present invention. Typically
concentrations of about 0.1 percent dextran may be
used when another polymeric demulcent agent and
delivery system of the present invention is
used.Gelatin also may be included. When included,
gelatin may comprise about 0.01 percent, by weight.
Polyols may include glycerin, Polyethylene Glycol 300,
Polyethylene Glycol 400 Polysorbate 80, and propylene
glycol. Typically, concentrations of polyols comprise
from about 0.05 to about 1 percent by weight of the
composition. Further, glycerin may be provided from
about 0.05% to about 0.5% by weight. Polyvinyl alcohol
(PVA), typically in concentrations ranging from about
0.1 to about 4 percent and povidone (PVP), typically
in concentrations ranging from about 0.1 to about 2
percent, also may be included. Weight percentages
referred to above may vary under certain conditions as
will be appreciated by a person skilled in the art
provided with the present disclosure. In certain
embodiments phosphate or other buffering agents may be
incorporated in the fopnulation to maintain a pH
varying from about 5.0 to about 8.0, more preferably
about 6.0 to about 8.0. Sodium chloride or other salts
maybe incorporated in certain compositions to maintain
osmolality ranging from about 270 to about 350 mq
smol/kg. Water may be used to provide an aqueous
medium. In certain embodiments compositions may be
formulated with or without preservatives depending on
the packaging of the final product in order to
maintain sterility. Some packaging options include,
for example: single unit-dose reservoirs without
preservatives, multi-dose reservoirs with
preservatives and multidose reservoirs (which do not
allow air intake) without preservatives and syringes
or ampoules. In certain embodiments, the hyaluronan
used has a molecular weight ranging 



from about 1.0 million to about 2.0 million daltons,
or about 1.4 million to about 2.0 million daltons.In
certain embodiments, useful in nasal or sinus surgery,
as described above, hyaluronan is provided with a
molecular weight ranging from about 10 to about 25
million daltons, more preferably from about 10 to
about 15 million daltons. In certain embodiments
hyaluronan is present in a concentration of about 0.05
to about 0.5 %. In still other embodiments, useful for
surgical or post surgical applications, hyaluronan is
present in a concentration of about 0.15% to about 0.5
%. In yet another embodiment, useful for daily use for
treatment of dry nose, hyaluronan is present in a
concentration of about 0.15 to about 0.3% or of about
0.05 to about 0.5 %. Weight percentages referred to
above may vary under certain conditions as will be
appreciated by a person skilled in the art provided
with the present disclosure. In certain embodiments
compositions may be formulated with or without
preservatives depending on the packaging of the final
product in order to maintain sterility. Some storage
and/or delivery options include, for example: single
unit-dose reservoirs without preservatives, multi-dose
reservoirs with preservatives and multidose reservoirs
(which do not allow air intake) without preservatives
and syringes or ampoules. In certain embodiments
biofermented hyaluronan is provided, eliminating the
need to use an animal source for the molecule. This
reduces the risk of viral or other biological
contamination of the hyaluronan. In certain
embodiments demulcents, also known as dopants, are
provided in conjunction with hyaluronan. For example,
polyols, PVA and PVP may be used as dopants because
they are less viscous and therefore less likely to
cause discomfort and in addition provide longer
residence time on the nasal tissue. In certain
embodiments, cellulose derivatives would be used as
dopants in conjunction with hyaluronan. For example,
cellulose derivatives, which are more viscous,would be
used in bed time, intra-operative, post-surgical and
moderate to severe dry nose conditions. In certain
embodiments compositions may be formulated in an
aqueous mixture and/or solution as described in the
following table: Table 1 In certain embodiments
hyaluronan and/or its derivatives may be delivered
separately or in combination with other demulcents as
a viscoadaptive fluid in a pumping device, utilizing
the one-way valve and delivery system of the present
invention., for direct application to the nostril(s)
to optimize ease of use and hygienic application
without direct contact with the affected area.
Further, this product also can be delivered in a
tube-type configuration or a reservoir utilizing the
one-way valve and delivery system of the present
invention. Still further, the use of a pumping device
offers superior hygienic covering of the affected area
and ease of use without the need to directly contact
the affected area. Therefore, embodiments of the
invention also relate to the use of hyaluronan and/or
its derivatives either separately or in combination
with other demulcents in a pumping device specifically
for intra-nasal and trans-nasal indications.
Embodiments of the present invention provide several
surprising benefits, including, for example superior
coating, superior patient comfort, superior
moisturizing, superior hydration and preservative-free
multi-dose, multi-use dispensing of the product. For
example, embodiments of the invention provide superior
coating of the nasal and sinus tissue surfaces with a
longer in vivo residence time due at least in part to
thenovel combination of hyaluronan and/or its
derivatives having the particular size ranges,
described above with other demulcent component(s),
including but not limited to glycerin. Furthermore,
superior patient comfort is provided due to the
elastoviscosity of the hyaluronan and/or its
derivative components which is achieved by the novel
sizes and concentrations of the hyaluronan used in the
embodiments. Additionally, superior moisturizing due
to the hyaluronan and or its derivative components is
provided because the novel sizes and concentrations of
the hyaluronan used in the embodiments allow the
hyaluronan to act as a molecular sponge, soaking up
and releasing demulcents and water as needed by the
tissue. Still further, a preservative-free delivery
system which is capable of containing and delivering
multiple doses of the nasal fluids, while keeping the
formulation free from contamination and/or spoilage
has been developed, eliminating the costly need for 



and waste associated with single use unit dosing. Such
viscoadaptive nasal fluids are thus particularly well
adapted for the treatment of dry nose conditions due
to, for example, colds, influenza, allergies, dust,
smoke, air pollution, air conditioning, winter
heating, high altitudes, travel, oxygen therapy,
dryness caused by certain medications and
iatrogenically induced dry nose and dry nose caused by
surgery and anesthesia. Example 2.1 The composition of
Table 1 is applied to the nasal or sinus passages of a
patient undergoing nasal or sinus surgery. During the
surgery the surgeon may have considerably less
difficulty in applying the moisturizing fluid to nasal
and sinus cavities. Additionally, the viscoadaptive
solution has a superior residence time on nasal
tissue, which will allow for longer coating,
moisturizing, lubricating and protection of delicate
nasal tissueand to surgically altered or cut nasal
tissue to prevent unwanted postoperative adhesions of
tissue surfaces especially in the presence of residual
blood following surgery. Example 2.2 The composition
of Table 1 is applied to the ear passages of a patient
undergoing middle or inner surgery of the ear. During
the surgery, the surgeon may have considerably less
difficulty in applying the moisturizing fluid to the
cavities and surfaces of the ear. Also, the
viscoadaptive solution has a superior residence time
on tissue to allow for greater moisturizing,
protection, lubrication and to prevent unwanted
adhesions of tissue during the postoperative period.
In this manner the viscoadaptive solution can
facilitate the healing process by avoiding unwanted
post-operative surgical adhesion of tissues, for
example in the presence of residual blood remaining
post-surgery. Example 2.3 The composition of Table 1
is applied to the nasal or sinus passages of a patient
following nasal or sinus surgery. The patient's dry
nose symptoms are relieved and the patient need not
reapply the nasal fluid as often compared to saline or
other nasal solutions that exhibit different physical
properties with less residence time. Example 2.4 The
composition of Table 1 is applied to the nasal or
sinus passages of a patient suffering from dry nose
due to airborne, environmental, certain medications or
allergy related reasons. The patient's dry nose
symptoms are relieved and the patient need not reapply
the nasal fluid as often as they would have had they
used any available substitute composition. Thus
formulations combining hyaluronan and demulcents
and/or preservativefree storage and delivery of the
these formulations are provided such that patients
suffering from dry nasal conditions are provided with
a preservative-free viscoadaptive nasal fluid,
anddevice for administering the same, having improved,
longer lasting moisturizing, protecting and
lubricating properties. Furthermore, these embodiments
are also generally useful for ear, nose, mouth and
throat as well as vaginal applications where a
moisturizing fluid is needed. Although the system is
designed for use with various preservative free
formulations it may also be used with formulations
which are not preservative free.In the claims: 1. A
continuously sealing one way valve assembly and
delivery system for dispensing a flowable substance,
comprising: a source for storage of the flowable
substance, the source having an opening; a valve
assembly coupled to the opening of the source, said
valve assembly including (i) an inner core having an
inlet opening for receiving the flowable substance
into a passageway and at least one port opening from
the passageway, (ii) a hollow flexible membrane having
a first end and a second end, the first end being
thicker than the second end, wherein the hollow
flexible membrane is fitted over an outer surface of
the inner core and when the flowable substance is
placed under pressure the flowable substance exits
through the at least one port opening and expands said
membrane outwardly from said outer surface of said
inner core; a cover enclosing the flexible membrane
and having an outlet orifice for dispensing the
flowable substance from the valve assembly when
pressure is applied to the 



flowable substance and wherein when the pressure on
the flowable substance is released, the first end of
the hollow flexible membrane moves back into tightly
fitting contact with the outer surface of the inner
core before the remainder of the hollow flexible
membrane moves back into tightly fitting contact with
the outer surface of said inner core, and wherein the
source is filled with a preservative free eye care or
nasal care product comprising: hyaluronan or
derivatives of hyaluronan.2. A continuously sealing
one way valve assembly and delivery system as set
forth in claim 1, wherein the hollow flexible membrane
has an axially extending uninterrupted continuous band
at the first end of the hollow flexible membrane and
encircling the core. 3. A continuously sealing one way
valve assembly and delivery system as set forth in
claim 1, wherein said membrane has a radially
outwardly extending flange at the second end thereof
adjacent to the passageway of the inner core, and the
cover also has a radially outwardly extending flange
pressing the flange on the membrane into fluid tight
contact with a radially outwardly extending flange at
the passageway opening into the inner core. 4. A
continuously sealing one way valve assembly and
delivery system as set forth in claim 3, wherein a
collar and connector member on the source secure the
valve assembly to the source. 5. A continuously
sealing one way valve assembly and delivery system as
set forth in claim 4 wherein the connector member is a
threaded screw which mates to the collar. 6. A
continuously sealing one way valve assembly and
delivery system as set forth in claim 4 wherein a
collar and connector member on the source secure the
valve assembly to the source and effect a positive
lock preventing opening of the source. 7. A
continuously sealing one way valve assembly and
delivery system as set forth in claim 1, wherein the
outlet orifice in the cover is arranged so that it can
dispense a selected quantity of the flowable
substance. 8. A continuously sealing one way valve
assembly and delivery system as set forth in claim 1,
wherein the outlet orifice in the cover is formed of a
soft material. 9. A continuously sealing one way valve
assembly and delivery system as set forth in claim 1,
wherein the outlet orifice in the cover is formed of a
flexible material.10. A continuously sealing one way
valve assembly and delivery system as set forth in
claim 1, wherein the cover is formed of an inner
axially extending flexible member laterally enclosed
by an axially extending rigid plastic shell. 11. A
continuously sealing one way valve assembly and
delivery system as set forth in claim 1, wherein an
overcap is arranged to fit over and form a seal with
said valve assembly sufficient to prevent external
contamination from entering the valve assembly during
storage. 12. A continuously sealing one way valve
assembly and delivery system as set forth in claim 1,
wherein at least two ports extend from the passageway
through the inner core and to the inner surface of the
flexible membrane. 13. A continuously sealing one way
valve assembly and delivery system as set forth in
claim 1, wherein the source comprises a collapsible
reservoir reducible in volume in proportion as the
flowable substance is dispensed from the collapsible
reservoir. 14. A continuously sealing one way valve
assembly and delivery system as set forth in claim 13,
wherein said collapsible reservoir is one of a
bellows, a tube and an internal bag. 15. A
continuously sealing one way valve assembly and
delivery system as set forth in claim 1, wherein an
axially extending housing laterally encloses the
source. 16. A continuously sealing one way valve
assembly and delivery system as set forth in claim 15,
wherein the housing has a slot extending in the axial
direction for applying dispensing pressure to an
actuator of the collapsible reservoir. 17. A
continuously sealing one way valve assembly and
delivery system as set forth in claim 1, wherein the
cover has a closed outlet orifice which opens for
dispensing the flowable substance from the cover when
dispensing pressure is applied to the source.18. A
continuously sealing one way valve assembly and
delivery system, as set forth in claim 17, wherein the
outlet orifice in the cover is impervious to the
flowable substance and does not retain the flowable
substance inwardly of the outlet orifice. 



19. A continuously sealing one way valve assembly and
delivery system as set forth in claim 1 wherein the
inner core is connected to a pump assembly and to an
actuator such that flowable substance is dispensed
from the outlet orifice when the actuator is
depressed. 20. A one-way valve assembly and delivery
system of claim 1, wherein the source is filled with a
preservative free eye care product comprising:
hyaluronan or derivatives of hyaluronan and one or
more demulcents. 2 1. A one-way valve assembly and
delivery system of claim 20, wherein the hyaluronan or
derivatives of hyaluronan range in size from about
300,000 daltons to about 7,000,000 daltons. 22. A
one-way valve assembly and delivery system of claim
20, wherein the hyaluronan or derivatives of
hyaluronan range in size from about 1.4 million
daltons to about 2.0 million daltons. 23. A one-way
valve assembly and delivery system of claim 20,
wherein the hyaluronan or derivatives of hyaluronan
range in size from about 2 million daltons to about 15
million daltons. 24. A one-way valve assembly and
delivery system of claim 20, wherein the hyaluronan or
derivatives of hyaluronan range in size from about 10
million daltons to about 15 million daltons. 25. A
one-way valve assembly and delivery system of claim
20, wherein the hyaluronan or derivatives of
hyaluronan range in size from about 10 million daltons
to about 25 million daltons.26. A one-way valve
assembly and delivery system of claim 20, wherein the
hyaluronan or derivatives of hyaluronan are present at
about 0.05-0.5%. 27. A one-way valve assembly and
delivery system of claim 20, wherein the hyaluronan or
derivatives of hyaluronan are present at about
0.05-3%. 28. A one-way valve assembly and delivery
system of claim 20, wherein the hyaluronan or
derivatives of hyaluronan are obtained from
biofermentation. 29. A one-way valve assembly and
delivery system of claim 20, wherein the wherein the
source is filled with a preservative free eye care
product comprising: hyaluronan or derivatives of
hyaluronan, one or more demulcents and a product
selected from one or more of the following: timolol
0.25%/0.50%, brimonidine tartrate 0.1%, bimatoprost
0.03% and travaprost 0.004%. 30. A one-way valve
assembly and delivery system of claim 20, wherein the
wherein the source is filled with a preservative free
eye care product comprising: hyaluronan or derivatives
of hyaluronan, one or more demulcents and a product
selected from one or more of the following:
olopatadine HCL 0.1% and prednisolone acetate 1%. 31.
A one-way valve assembly and delivery system of claim
20, wherein the wherein the source is filled with a
preservative free eye care product comprising:
hyaluronan or derivatives of hyaluronan, one or more
demulcents and a product selected from one or more of
the following: ketorolac 0.5% and diclofenac 0.1%. 32.
A one-way valve assembly and delivery system of claim
20, wherein the demulcent is selected from one ore
more of the following: cellulose derivatives,
dextrans, gelatin, polyols, polyvinyl alcohols and
povidone. 33. A one-way valve assembly and delivery
system of claim 1, wherein the source is filled with a
preservative free nasal care product comprising:
hyaluronan or derivatives of hyaluronan and one or
more demulcents.34. A one-way valve assembly and
delivery system of claim 33, wherein the hyaluronan or
derivatives of hyaluronan range in size from about 1.4
million daltons to about 2.0 million daltons. 35. A
one-way valve assembly and delivery system of claim
33, wherein the hyaluronan or derivatives of
hyaluronan range in size from about 1 million daltons
to about 2 million daltons. 36. A one-way valve
assembly and delivery system of claim 33, wherein the
hyaluronan or derivatives of hyaluronan range in size
from about 10 million daltons to about 15 million
daltons. 37. A one-way valve assembly and delivery
system of claim 33, wherein the hyaluronan or
derivatives of hyaluronan range in size from about 10
million daltons to about 



25 million daltons. 38. A one-way valve assembly and
delivery system of claim 33, wherein the hyaluronan or
derivatives of hyaluronan are present at about
0.05-0.5%. 39. A one-way valve assembly and delivery
system of claim 33, wherein the hyaluronan or
derivatives of hyaluronan are present at about
0.15-3%. 40. A one-way valve assembly and delivery
system of claim 33, wherein the hyaluronan or
derivatives of hyaluronan are present at about
0.15-0.5%. 4 1. A one-way valve assembly and delivery
system of claim 33, wherein the hyaluronan or
derivatives of hyaluronan are obtained from
biofermentation. 42. A one-way valve assembly and
delivery system of claim 33, wherein the wherein the
source is filled with a preservative free eye care
product comprising: hyaluronan or derivatives of
hyaluronan, one or more demulcents and a product
selected from one or more of the following: timolol
0.25%/0.50%, brimonidine tartrate 0.1%, bimatoprost
0.03% and travaprost 0.004%.43. A one-way valve
assembly and delivery system of claim 33, wherein the
wherein the source is filled with a preservative free
eye care product comprising: hyaluronan or derivatives
of hyaluronan, one or more demulcents and a product
selected from one or more of the following:
olopatadine HCL 0,1% and prednisolone acetate 1%. 44.
A one-way valve assembly and delivery system of claim
33, wherein the wherein the source is filled with a
preservative free eye care product comprising:
hyaluronan or derivatives of hyaluronan, one or more
demulcents and a product selected from one or more of
the following: ketorolac 0.5% and diclofenac 0.1%. 45.
A one-way valve assembly and delivery system of claim
33, wherein the demulcent is selected from one or more
of the following: cellulose derivatives, dextrans,
gelatin, polyols, polyvinyl alcohols, polysorbate 80
and povidone. 46. A continuously sealing one way valve
assembly and delivery system as set forth in claim 1,
wherein the continuously sealing one way valve
assembly and delivery system can dispense multiple
doses of preservative-free product. 47. A continuously
sealing one way valve assembly and delivery system for
dispensing a flowable substance, comprising: a source
for storage of the flowable substance, the source
having an opening; a valve assembly coupled to the
opening of the source, said valve assembly including
(i) an inner core having an inlet opening for
receiving the flowable substance into a passageway and
at least one port opening from the passageway, (ii) a
hollow flexible membrane having a first end and a
second end, the first end being thicker than the
second end, wherein the hollow flexible membrane is
fitted over an outer surface of the inner core andwhen
the flowable substance is placed under pressure the
flowable substance exits through the at least one port
opening and expands said membrane outwardly from said
outer surface of said inner core; a cover enclosing
the flexible membrane and having an outlet orifice for
dispensing the flowable substance from the valve
assembly when pressure is applied to the flowable
substance and wherein when the pressure on the
flowable substance is released, the first end of the
hollow flexible membrane moves back into tightly
fitting contact with the outer surface of the inner
core before the remainder of the hollow flexible
membrane moves back into tightly fitting contact with
the outer surface of said inner core, and wherein the
source is filled with a preservative free eye care or
nasal care product comprising: hyaluronan or
derivatives of hyaluronan and one or more demulcents.
48. A continuously sealing one way valve assembly and
delivery system for dispensing a flowable substance,
comprising: a source for storage of the flowable
substance, the source having an opening; a valve
assembly coupled to the opening of the source, said
valve assembly including (i) an inner core having an
inlet opening for receiving the flowable substance
into a passageway and at least one port opening from
the 



passageway, (ii) a hollow flexible membrane having a
first end and a second end, the first end being
thicker than the second end, wherein the hollow
flexible membrane is fitted over an outer surface of
the inner core and when the flowable substance is
placed under pressure the flowablesubstance exits
through the at least one port opening and expands said
membrane outwardly from said outer surface of said
inner core; a cover enclosing the flexible membrane
and having an outlet orifice for dispensing the
flowable substance from the valve assembly when
pressure is applied to the flowable substance and
wherein when the pressure on the flowable substance is
released, the first end of the hollow flexible
membrane moves back into tightly fitting contact with
the outer surface of the inner core before the
remainder of the hollow flexible membrane moves back
into tightly fitting contact with the outer surface of
said inner core, and wherein the source is filled with
a preservative free eye care or nasal care product
comprising: hyaluronan or derivatives of hyaluronan
and one or more demulcents. 49. A delivery system
comprising: a source for storage of the flowable
substance, the source having an opening; a valve
assembly coupled to the opening of the source, said
valve assembly including (i) an inner core having an
inlet opening for receiving the flowable substance
into a passageway and at least one port opening from
the passageway, (ii) a hollow flexible membrane having
a first end and a second end, the first end being
thicker than the second end, wherein the hollow
flexible membrane is fitted over an outer surface of
the inner core and when the flowable substance is
placed under pressure the flowable substance exits
through the at least one port opening and expands said
membrane outwardly from said outer surface of said
inner core;a cover enclosing the flexible membrane and
having an outlet orifice for dispensing the flowable
substance from the valve assembly when pressure is
applied to the flowable substance and wherein when the
pressure on the flowable substance is released, the
first end of the hollow flexible membrane moves back
into tightly fitting contact with the outer surface of
the inner core before the remainder of the hollow
flexible membrane moves back into tightly fitting
contact with the outer surface of said inner core, and
wherein the source is filled with a preservative free
eye care or nasal care product comprising: hyaluronan
or derivatives of hyaluronan. 


