
COMPOUNDS WHICH INHIBIT BETA-SECRETASEACTIVITY AND
METHODS OF USE THEREOF CROSS-REFERENCES TO RELATED
APPLICATIONS [0001] This application claims the
benefit of U.S. Patent Application 60/669,541, filed 5
April 8, 2005, and U.S. Patent Application 60/717,541,
filed September 14, 2005, each of which is
incorporated herein by reference in their entirety for
all purposes. STATEMENT AS TO RIGHTS TO INVENTIONS
MADE UNDER FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
[0002] The invention was made with government support
under grants AG-18933 and AILO 38189 awarded by the
National Institutes of Health. The Government has
certain rights in the invention. BACKGROUND OF THE
INVENTION [0003] Alzheimer's disease is a progressive
mental deterioration in a human resulting, inter alia,
in loss of memory, confusion and disorientation.
Alzheimer's disease accounts for the L5 majority of
senile dementias and is a leading cause of death in
adults (Anderson, R. N., Natl. Vital Stat. Rep.
49/1-87 (2001), the teachings of which are
incorporated herein in their entirety).
Histologically, the brain of persons afflicted with
Alzheimer's disease is characterized by a distortion
of the intracellular neurofibrils and the presence of
senile plaques composed of granular or filamentous
argentophilic masses with an amyloid protein 10 core,
largely due to the accumulation of b-amyloid protein
(Ab) in the brain. Ab accumulation plays a role in the
pathogenesis and progression of the disease (Selkoe,
DJ., Nature 399; 23-31 (1999)) and is a proteolytic
fragment of amyloid precursor protein (APP). APP is
cleaved initially by b-secretase (also referred to as
memapsin 2) followed by g- secretase to generate Ab
(Lin, X., et at, Proc. Natl. Acad. ScL USA
97:1456-1460 (2000); De :5 Strapper, B., et ah, Nature
397:387-390 (1998)). [0004] There is a need to develop
effective compounds and methods for the treatment of
Alzheimer's disease. The present invention fulfills
these and other needs. BRIEF SUMMARY OF THE INVENTION
[0005] The present invention provides novel
b-secretase inhibitors and methods for their 0 use,
including methods of treating Alzheimer's
disease.[0006] In one aspect, the present invention
provides a b-secretase inhibitor compound having the
formula: [0007] In Formula (I), R1 is halogen, -OH,
-CF3, -NO2, -NR8R9, -OR10, -S(O)nR11, -C(O)R12 ,
hydrogen, substituted or unsubstituted C3-C20 alkyl,
substituted or unsubstituted heteroalkyl, substituted
or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted
heteroaryl, or -L4-Y. [0008] R5 is halogen, -OH, -CF3,
-NO2, -NR8R9, -OR10, -S(O)nR1 , -C(O)R12 , hydrogen,
substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted aryl,
or substituted or unsubstituted heteroaryl. [0009] R2
and R3 are independently halogen, -CF3, -NO2, -NR8R9,
-OR10, -S(O)nR1\ -C(O)R12 , hydrogen, substituted or
unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, or -L4-Y. [0010] R4 is
halogen, -OH, -CF3, -NO2, -NR8R9, -OR10, -S(O)nR11,
-C(O)R12 , hydrogen, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted cycloalkyl, substituted
or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted
heteroaryl, or -L4-Y. [0011] R6 and R7 are
independently -S(O)2R11, -C(O)R12 , -NR8R9, hydrogen,
substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, or -L4-Y.
[0012] The symbol n represents integers from 0 to
2.[0013] R8 is independently -C(O)R13, -S(O)2R14 ,
hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted
or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, or substituted or unsubstituted
heteroaryl. [0014] R9 is independently hydrogen,
substituted or unsubstituted alkyl, substituted or 



unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted aryl,
or substituted or unsubstituted heteroaryl. [0015] R10
is independently -C(O)R13, substituted or
unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl, or substituted or
unsubstituted heteroaryl. [0016] R1 1 is independently
hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted
or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, or substituted or unsubstituted
heteroaryl. If n is 2, then R1 1 is optionally
-NR15R16. If n is 1 or 2, then R11 is not hydrogen.
[0017] R12 is independently -NR18R19, -OR19, hydrogen,
substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted aryl,
or substituted or unsubstituted heteroaryl. [0018] R13
is independently -OR19, -NR18R19, hydrogen,
substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted aryl,
or substituted or unsubstituted heteroaryl. [0019] R14
is independently -NR18R19, hydrogen, substituted or
unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl, or substituted or
unsubstituted heteroaryl. [0020] R18 and R19 are
independently hydrogen, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted cycloalkyl, substituted
or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, or substituted or unsubstituted
heteroaryl.[0021] R15 and R16 are independently
hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted
or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, or substituted or unsubstituted
heteroaryl. [0022] L1 and L3 are independently a bond,
-NR17-, -S(O)q-, substituted or unsubstituted
alkylene, or substituted or unsubstituted
heteroalkylene. L2 is substituted or unsubstituted
alkylene, -NR 7-, -S(O)q- or substituted or
unsubstituted heteroalkylene. [0023] R17 is
independently hydrogen, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted cycloalkyl, substituted
or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, or substituted or unsubstituted
heteroaryl. [0024] The symbol q represents an integer
from 0 to 2. [0025] A1 and A2 are independently
substituted or unsubstituted cycloalkyl, substituted
or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, or substituted or unsubstituted
heteroaryl. Y is a carrier moiety. [0026] L4 is a
bond, -OP(OH)2O-, -C(O)OR20-, -C(O)NHR2 1-,
-S(O)2NHR22-, substituted or unsubstituted alkylene,
substituted or unsubstituted heteroalkylene, or a
peptidyl linker. [0027] R20, R2 1, and R22 are
independently substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted
or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, or substituted or unsubstituted
heteroaryl. [0028] hi another aspect of the present
invention, the /3-secretase inhibitor compounds of the
invention can be employed in methods to decrease
memapsin 2 catalytic activity, decrease hydrolysis of
a b-secretase site of a memapsin 2 substrate, and/or
decrease the accumulation of b-amyloid protein
relative to the amount of memapsin 2 catalytic
activity, hydrolysis of a b-secretase site, and
accumulation of b-amyloid protein, respectively, in
the absence of the b- secretase inhibitor. [0029] In
another aspect, the present invention provides
pharmaceutical compositions comprising a memapsin 2
b-secretase inhibitor compound of the invention or a
memapsin 2 b-secretase inhibitor compound in
combination with a pharmaceutically acceptable
carrier. [0030] In another aspect of the present
invention, the b-secretase inhibitor compounds of the
invention can be employed in the treatment of diseases
or conditions associated with b-secretase activity,
hydrolysis of a b-secretase site of a b-amyloid
precursor protein, and/or b- amyloid protein
accumulation. Typically, a mammal is treated for the
disease or condition, hi an exemplary embodiment, the
disease is Alzheimer's disease. DETAILED DESCRIPTION
OF THE INVENTION Abbreviations and Definitions 



[0031] The abbreviations used herein have their
conventional meaning within the chemical and
biological arts. The chemical structures and formulae
set forth herein are constructed according to the
standard rules of chemical valency known in the
chemical arts. [0032] Where substituent groups are
specified by their conventional chemical formulae,
written from left to right, they equally encompass the
chemically identical substituents that would result
from writing the structure from right to left, e.g.,
-CH2O- is equivalent to -OCH2- . [0033] The term
"alkyl," by itself or as part of another substituent,
means, unless otherwise stated, a straight (i.e.
unbranched) or branched chain, or combination thereof,
which may be fully saturated, mono- or polyunsaturated
and can include di- and multivalent radicals, having
the number of carbon atoms designated (i.e. C1-C1O
means one to ten carbons). Examples of saturated
hydrocarbon radicals include, but are not limited to,
groups such as methyl, ethyl, npropyl, isopropyl,
n-butyl, t-butyl, isobutyl, sec-butyl,
(cyclohexyl)methyl, homologs and isomers of, for
example, n-pentyl, n-hexyl, n-heptyl, n-octyl, and the
like. An unsaturated alkyl group is one having one or
more double bonds or triple bonds. Examples of
unsaturated alkyl groups include, but are not limited
to, vinyl, 2-propenyl, crotyl, 2-isopentenyl, 2-
(butadienyl), 2,4-pentadienyl, 3-(l,4-pentadienyl),
ethynyl, 1- and 3-propynyl, 3-butynyl, and the higher
homologs and isomers. An alkoxy is an alkyl attached
to the remainder of the molecule via an oxygen linker
(-O-). [0034] The term "alkylene" by itself or as part
of another substituent means a divalent radical
derived from an alkyl, as exemplified, but not
limited, by -CH 2CH2CH2CH2-, and further includes
those groups described below as "heteroalkylene."
Typically, an alkyl (or alkylene) group will have from
1 to 24 carbon atoms, with those groups having 10 or
fewer carbon atoms being preferred in the present
invention. A "lower alkyl" or "lower alkylene" is a
shorter chain alkyl or alkylene group, generally
having eight or fewer carbon atoms. [0035] The term
"heteroalkyl," by itself or in combination with
another term, means, unless otherwise stated, a stable
straight or branched chain, or cyclic hydrocarbon
radical, orcombinations thereof, consisting of at
least one carbon atoms and at least one heteroatom
selected from the group consisting of O, N, P, Si and
S, and wherein the nitrogen and sulfur atoms may
optionally be oxidized and the nitrogen heteroatom may
optionally be quaternized. The heteroatom(s) O, N, P
and S and Si may be placed at any interior position of
the heteroalkyl group or at the position at which the
alkyl group is attached to the remainder of the
molecule. Examples include, but are not limited to,
-CH2-CH2-O-CH3, -CH2-CH2-NH-CH3, -CH2-CH2-N(CH3)-CH3,
-CH2-S-CH2-CH3, -CH2-CH2 -S(O)-CH3, -
CH2-CH2-S(O)2-CH3, -CH=CH-O-CH 3, -Si(CH3)3,
-CH2-CH=N-OCH 3, -CH=CH-N(CH 3)- CH3, 0-CH 3, -0-CH
2-CH3 and -CN. Up to two heteroatoms may be
consecutive, such as, for example, -CH2-NH-OCH 3 and
-CH 2-O-Si(CH3)3. Similarly, the term "heteroalkylene"
by itself or as part of another substituent means a
divalent radical derived from heteroalkyl, as
exemplified, but not limited by, -CH2-CH2-S-CH2-CH2-
and -CH 2-S-CH2-CH2-NH-CH2- . For heteroalkylene
groups, heteroatoms can also occupy either or both of
the chain termini {e.g., alkyleneoxy, alkylenedioxy,
alkyleneamino, alkylenediarnino, and the like). Still
further, for alkylene and heteroalkylene linking
groups, no orientation of the linking group is implied
by the direction in which the formula of the linking
group is written. For example, the formula -C(O) 2R'-
represents both -C(O) 2R'- and - R1C(O)2- . As
described above, heteroalkyl groups, as used herein,
include those groups that are attached to the
remainder of the molecule through a heteroatom, such
as -C(O)R1, -C(O)NR 1, -NR'R", -OR1, -SR, and/or -
SO2R'. Where "heteroalkyl" is recited, followed by
recitations of specific heteroalkyl groups, such as
-NR'R or the like, it will be understood that the
terms heteroalkyl and -NR'R" are not redundant or
mutually exclusive. Rather, the specific heteroalkyl
groups are recited to add clarity. Thus, the term
"heteroalkyl" should not be interpreted herein as
excluding specific heteroalkyl groups, such as -NR'R
or the like. [0036] The terms "cycloalkyl" and
"heterocycloalkyl", by themselves or in combination
with other terms, represent, unless otherwise stated,
cyclic versions of "alkyl" and "heteroalkyl",
respectively. Additionally, for heterocycloalkyl, a
heteroatom can occupy the position at which the
heterocycle is attached to the remainder of the
molecule. Examples of cycloalkyl include, but are not
limited to, cyclopentyl, cyclohexyl, 1-cyclohexenyl,
3- cyclohexenyl, cycloheptyl, and the like. Examples
of heterocycloalkyl include, but are not limited to, 1
-(1,2,5,6-tetrahydropyridyl), 1-piperidinyl,
2-piperidinyl, 3-piperidinyl, 4- morpholinyl,
3-morpholinyl, tetrahydrofuran-2-yl,
tetrahydrofuran-3-yl, tetrahydrothien-2-yl, 



tetrahydrothien-3-yl, 1 -piperazinyl, 2-piperazinyl,
and the like.[0037] The terms "halo" or "halogen," by
themselves or as part of another substituent, mean,
unless otherwise stated, a fluorine, chlorine,
bromine, or iodine atom. Additionally, terms such as
"haloalkyl," are meant to include monohaloalkyl and
polyhaloalkyl. For example, the term
"halo(C1-C4)alkyl" is mean to include, but not be
limited to, trifluoromethyl, 2,2,2-trifluoroethyl,
4-chlorobutyl, 3-bromopropyl, and the like. [0038] The
term "aryl" means, unless otherwise stated, a
polyunsaturated, aromatic, hydrocarbon substituent
which can be a single ring or multiple rings
(preferably from 1 to 3 rings) which are fused
together or linked covalently. The term "heteroaryl"
refers to aryl groups (or rings) that contain from one
to four heteroatoms selected from N, O, and S, wherein
the nitrogen and sulfur atoms are optionally oxidized,
and the nitrogen atom(s) are optionally quaternized. A
heteroaryl group can be attached to the remainder of
the molecule through a carbon or heteroatom.
Non-limiting examples of aryl and heteroaryl groups
include phenyl, 1-naphthyl, 2-naphthyl, 4-biphenyl,
1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 3- pyrazolyl,
2-imidazolyl, 4-imidazolyl, pyrazinyl, 2-oxazolyl,
4-oxazolyl, 2-phenyl-4- oxazolyl, 5-oxazolyl,
3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, 2-thiazolyl,
4-thiazolyl, 5- thiazolyl, 2-furyl, 3-furyl,
2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl,
2-pyrimidyl, 4- pyrimidyl, 5-benzothiazolyl, purinyl,
2-benzimidazolyl, 5-indolyl, 1-isoquinolyl, 5-
isoquinolyl, 2-quinoxalinyl, 5-quinoxalinyl,
3-quinolyl, and 6-quinolyl. Substituents for each of
the above noted aryl and heteroaryl ring systems are
selected from the group of acceptable substituents
described below. [0039] For brevity, the term "aryl"
when used in combination with other terms (e.g. ,
aryloxy, arylthioxy, arylalkyl) includes both aryl and
heteroaryl rings as defined above. Thus, the term
"arylalkyl" is meant to include those radicals in
which an aryl group is attached to an alkyl group
(e.g., benzyl, phenethyl, pyridylmethyl and the like)
including those alkyl groups in which a carbon atom
(e.g., a methylene group) has been replaced by, for
example, an oxygen atom (e.g., phenoxymethyl,
2-pyridyloxymethyl, 3-(lnaphthyloxy) propyl, and the
like). [0040] The term "oxo" as used herein means an
oxygen that is double bonded to a carbon atom. [0041]
The term "alkylsulfonyl" as used herein means a moiety
having the formula -S(O2)- R , where R' is an alkyl
group as defined above. R' may have a specified number
of carbons (e.g. "C1-C4 alkylsulfonyl").[0042] Each of
the above terms (e.g., "alkyl," "heteroalkyl," "aryl"
and "heteroaryl") are meant to include both
substituted and unsubstituted forms of the indicated
radical. Preferred substituents for each type of
radical are provided below. [0043] Substituents for
the alkyl and heteroalkyl radicals (including those
groups often referred to as alkylene, alkenyl,
heteroalkylene, heteroalkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, cycloalkenyl, and
heterocycloalkenyl) can be one or more of a variety of
groups selected from, but not limited to: -OR1, =0,
=NR', =N-0R', -NR'R", -SR', -halogen, - SiR1R11R",
-OC(O)R', -C(O)R', -CO2R , -CONR1R", -OC(O)NR 1R",
-NR11C(O)R, -NR-C(O)NR 11R"1, -NR11C(O)2R ,
-NR-C(NR1R11R 1O=NR11", -NR-C(NR 1R1O=NR"1, -S(O)R', -
S(O)2R , -S(O)2NR1R", -NRSO2R1, -CN and -NO 2 in a
number ranging from zero to (2m'+l), where m' is the
total number of carbon atoms in such radical. R', R",
R"1and R"" each preferably independently refer to
hydrogen, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted cycloalkyl, substituted
or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl (e.g., aryl substituted with 1-3
halogens), substituted or unsubstituted alkyl, alkoxy
or thioalkoxy groups, or arylalkyl groups. When a
compound of the invention includes more than one R
group, for example, each of the R groups is
independently selected as are each R , R", R"1and R11"
groups when more than one of these groups is present.
When R and R" are attached to the same nitrogen atom,
they can be combined with the nitrogen atom to form a
4-, 5-, 6-, or 7-membered ring. For example, -NR'R" is
meant to include, but not be limited to,
1-pyrrolidinyl and 4-morpholinyl. From the above
discussion of substituents, one of skill in the art
will understand that the term "alkyl" is meant to
include groups including carbon atoms bound to groups
other than hydrogen groups, such as haloalkyl (e.g.,
-CF3 and -CH 2CF3) and acyl (e.g., -C(O)CH3, -C(O)CF3,
-C(O)CH 2OCH3, and the like). [0044] Similar to the
substituents described for the alkyl radical,
substituents for the aryl and heteroaryl groups are
varied and are selected from, for example: halogen,
-OR', -NR1R", -SR1, -halogen, -SiR1R11R1", -OC(O)R1,
-C(O)R', -CO2R , -CONR1R", -OC(O)NR 1R", 



-NR11C(O)R', -NR-C(O)NR 11R1", -NR1 C(O)2R',
-NR-C(NR'R"R 1")=NR"11, -NR-C(NR 1R1O=NR'", -S(O)R1,
-S(O)2R', -S(O)2NR1R", -NRSO2R , -CN and -NO 2, -R 5
-N3, -CH(Ph)2, fluoro(C 1-C4)alkoxy, and fluoro(C
1-C4)alkyl, in a number ranging from zero to the total
number of open valences on the aromatic ring system;
and where R , R", R1" and R11" are preferably
independently selected from hydrogen, substituted or
unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted cycloalkyl,
substituted orunsubstituted heterocycloalkyl,
substituted or unsubstituted aryl and substituted or
unsubstituted heteroaryl. When a compound of the
invention includes more than one R group, for example,
each of the R groups is independently selected as are
each R', R", R"1and R"" groups when more than one of
these groups is present. [0045] Two of the
substituents on adjacent atoms of the aryl or
heteroaryl ring may optionally fonn a ring of the
formula -T-C(O)-(CRR')q-U-, wherein T and U are
independently -NR-, -O-, -CRR'- or a single bond, and
q is an integer of from 0 to 3. Alternatively, two of
the substituents on adjacent atoms of the aryl or
heteroaryl ring may optionally be replaced with a
substituent of the formula -A-(CH2)r-B-, wherein A and
B are independently -CRR'-, -O-, -NR-, -S-, -S(O)-,
-S(O)2-, -S(O)2NR'- or a single bond, and r is an
integer of from 1 to 4. One of the single bonds of the
new ring so formed may optionally be replaced with a
double bond. Alternatively, two of the substituents on
adjacent atoms of the aryl or heteroaryl ring may
optionally be replaced with a substituent of the
formula -(CRR')s-X'-(C"R"')d-, where s and d are
independently integers of from 0 to 3, and X' is -O-,
-NR'-, -S-, -S(O)-, -S(O)2-, or -S(O) 2NR'-. The
substituents R, R', R" and R " are preferably
independently selected from hydrogen, substituted or
unsubstituted alkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted aryl,
and substituted or unsubstituted heteroaryl. [0046] As
used herein, the term "heteroatom" or "ring
heteroatom" is meant to include oxygen (O), nitrogen
(N), sulfur (S), phosphorus (P), and silicon (Si).
[0047] A "substituent group," as used herein, means a
group selected from the following moieties: [0048] (A)
-OH, -NH2, -SH, -CN, -CF3, -NO2, oxo, halogen,
unsubstituted alkyl, unsubstituted heteroalkyl,
unsubstituted cycloalkyl, unsubstituted
heterocycloalkyl, unsubstituted aryl, unsubstituted
heteroaryl, and [0049] (B) alkyl, heteroalkyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl,
substituted with at least one substituent selected
from: [0050] (i) oxo, -OH, -NH2, -SH, -CN, -CF3, -NO2,
halogen, unsubstituted alkyl, unsubstituted
heteroalkyl, unsubstituted cycloalkyl, unsubstituted
heterocycloalkyl, unsubstituted aryl, unsubstituted
heteroaryl, and[0051] (ii) alkyl, heteroalkyl,
cycloalkyl, heterocycloalkyl, aryl, and heteroaryl,
substituted with at least one substituent selected
from: [0052] (a) oxo, -OH, -NH2, -SH, -CN, -CF3, -NO2,
halogen, unsubstituted alkyl, unsubstituted
heteroalkyl, unsubstituted cycloalkyl, unsubstituted
heterocycloalkyl, 5 unsubstituted aryl, unsubstituted
heteroaryl, and [0053] (b) alkyl, heteroalkyl,
cycloalkyl, heterocycloalkyl, aryl, or heteroaryl,
substituted with at least one substituent selected
from oxo, -OH, -NH2, -SH, -CN, -CF3, -NO2, halogen,
unsubstituted alkyl, unsubstituted heteroalkyl,
unsubstituted cycloalkyl, unsubstituted
heterocycloalkyl, unsubstituted aryl, and
unsubstituted heteroaryl. 0 [0054] A "size-limited
substituent" or " size-limited substituent group," as
used herein means a group selected from all of the
substituents described above for a "substituent
group," wherein each substituted or unsubstituted
alkyl is a substituted or unsubstituted C1-C2 alkyl,
each substituted or unsubstituted heteroalkyl is a
substituted or unsubstituted 2 to 20 membered
heteroalkyl, each substituted or unsubstituted
cycloalkyl is a substituted or 5 unsubstituted C4-C8
cycloalkyl, and each substituted or unsubstituted
heterocycloalkyl is a substituted or unsubstituted 4
to 8 membered heterocycloalkyl. [0055] A "lower
substituent" or " lower substituent group," as used
herein means a group selected from all of the
substituents described above for a "substituent
group," wherein each substituted or unsubstituted
alkyl is a substituted or unsubstituted C1-Cg alkyl,
each O substituted or unsubstituted heteroalkyl is a
substituted or unsubstituted 2 to 8 membered
heteroalkyl, each substituted or unsubstituted
cycloalkyl is a substituted or unsubstituted C5- C7
cycloalkyl, and each substituted or unsubstituted
heterocycloalkyl is a substituted or unsubstituted 5
to 7 membered heterocycloalkyl. [0056] The term
"pharmaceutically acceptable salts" is meant to
include salts of the active 



5 compounds which are prepared with relatively
nontoxic acids or bases, depending on the particular
substituents found on the compounds described herein.
When compounds of the present invention contain
relatively acidic functionalities, base addition salts
can be obtained by contacting the neutral form of such
compounds with a sufficient amount of the desired
base, either neat or in a suitable inert solvent.
Examples of pharmaceutically acceptable base 0
addition salts include sodium, potassium, calcium,
ammonium, organic amino, or magnesium salt, or a
similar salt. When compounds of the present invention
contain relatively basic functionalities, acid
addition salts can be obtained by contacting the
neutral form of suchcompounds with a sufficient amount
of the desired acid, either neat or in a suitable
inert solvent. Examples of pharmaceutically acceptable
acid addition salts include those derived from
inorganic acids like hydrochloric, hydrobromic,
nitric, carbonic, monohydrogencarbonic, phosphoric,
monohydrogenphosphoric, dihydrogenphosphoric,
sulfuric, monohydrogensulfuric, hydriodic, or
phosphorous acids and the like, as well as the salts
derived from relatively nontoxic organic acids like
acetic, propionic, isobutyric, maleic, malonic,
benzoic, succinic, suberic, fumaric, lactic, mandelic,
phthalic, benzenesulfonic, ptolylsulfonic, citric,
tartaric, methanesulfonic, and the like. Also included
are salts of amino acids such as arginate and the
like, and salts of organic acids like glucuronic or
galactunoric acids and the like {see, for example,
Berge et al, "Pharmaceutical Salts", Journal of
Pharmaceutical Science, 1977, 66, 1-19). Certain
specific compounds of the present invention contain
both basic and acidic functionalities that allow the
compounds to be converted into either base or acid
addition salts. [0057] Thus, the compounds of the
present invention may exist as salts, such as with
pharmaceutically acceptable acids. The present
invention includes such salts. Examples of such salts
include hydrochlorides, hydrobromides, sulfates,
methanesulfonates, nitrates, maleates, acetates,
citrates, fumarates, tartrates (eg (+)-tartrates,
(-)-tartrates or mixtures thereof including racemic
mixtures), succinates, benzoates and salts with amino
acids such as glutamic acid. These salts may be
prepared by methods known to those skilled in the art.
[0058] The neutral forms of the compounds are
preferably regenerated by contacting the salt with a
base or acid and isolating the parent compound in the
conventional manner. The parent form of the compound
differs from the various salt forms in certain
physical properties, such as solubility in polar
solvents. [0059] In addition to salt forms, the
present invention provides compounds, which are in a
prodrug form. Prodrugs of the compounds described
herein are those compounds that readily undergo
chemical changes under physiological conditions to
provide the compounds of the present invention.
Additionally, prodrugs can be converted to the
compounds of the present invention by chemical or
biochemical methods in an ex vivo environment. For
example, prodrugs can be slowly converted to the
compounds of the present invention when placed in a
transdermal patch reservoir with a suitable enzyme or
chemical reagent. [0060] Certain compounds of the
present invention can exist in unsolvated forms as
well as solvated forms, including hydrated forms. In
general, the solvated forms are equivalent
tounsolvated fopns and are encompassed within the
scope of the present invention. Certain compounds of
the present invention may exist in multiple
crystalline or amorphous forms. In general, all
physical forms are equivalent for the uses
contemplated by the present invention and are intended
to be within the scope of the present invention.
[0061] Certain compounds of the present invention
possess asymmetric carbon atoms (optical centers) or
double bonds; the racemates, diastereomers, tautomers,
geometric isomers and individual isomers are
encompassed within the scope of the present invention.
The compounds of the present invention do not include
those which are known in the art to be too unstable to
synthesize and/or isolate. [0062] The compounds of the
present invention may also contain unnatural
proportions of atomic isotopes at one or more of the
atoms that constitute such compounds. For example, the
compounds may be radiolabeled with radioactive
isotopes, such as for example tritium (3H), iodine-125
(125I) or carbon-14 (14C). All isotopic variations of
the compounds of the present invention, whether
radioactive or not, are encompassed within the scope
of the present invention. [0063] A "hydrophobic" group
is a group that does not reduce the solubility of a
compound in octane or increases the solubility of a
compound in octane. Examples of hydrophobic groups
include aliphatic groups, aryl groups, and aralkyl
groups. [0064] As used herein, the term "natural amino
acid" refers to the twenty-three natural amino acids
known in the art, which are as follows (denoted by
their three letter acronym): 



Ala, Arg, Asn, Asp, Cys, Cys-Cys, GIu, GIn, GIy, His,
HyI, Hyp, He, Leu, Lys, Met, Phe, Pro, Ser, Thr, Trp,
Tyr, and VaI. The term "side-chain of an amino acid",
as used herein, is the substituent on the alpha-carbon
of a natural amino acid. [0065] The term "non-natural
amino acid" refers to compounds of the formula NH2-
C(R32)2-COOH, where R32 for each occurrence is,
independently, any side chain moiety recognized by
those skilled in the art; examples of non-natural
amino acids include, but are not limited to:
hydroxyproline, homoproline, 4-amino-phenylalanine,
norleucine, cyclohexylalanine, a-aminoisobutyric acid,
N-methyl-alanme, N-methyl-glycine, N-methylglutamic
acid, t r -butylglycine, a-aminobutyric acid, t
rt-butylalanine, ornithine, a- aminoisobutyric acid,
2-aminoindane-2-carboxylic acid, etc. and the
derivatives thereof, especially where the amine
nitrogen has been mono- or di-alkylated.[0066] A
peptide substituent is a sequence of natural or
non-natural amino acids that are linked together via
an amide bond which is formed by reaction of the
a-amine of one amino acid with the a-carboxylic acid
of an adjacent amino acid. Preferably, a peptide
sequence includes only natural amino acids. In one
embodiment, a peptide substituent is a sequence of 5
about 6 natural amino acids. In another embodiment, a
peptide substituent is a sequence of 2 natural amino
acids. In yet another embodiment, a peptide
substituent is 1 natural amino acid. [0067] A
"transition state isostere," or "isostere," as used
herein, is a compound comprising the hydroxyethylamine
linking group -CH(OH)-CH2-NH-. This isostere is also
referred to LO herein as a "hydroxyethylamine
isostere." The hydroxyethylamine linking group may be
found between a pair of natural or non-natural amino
acids of a peptide. A hydroxyethylamine group is an
isostere of the transition state of hydrolysis of an
amide bond. [0068] "Memapsin 2," as used herein,
refers to proteins identified by National Center for
Biotechnology Information ("NCBI") accession number
NP_036236 (sometimes referred to L5 as "b-site
APP-cleaving enzyme 1" or "BACE-I"), including
homologs, isoforms and subdomains thereof that retain
proteolytic activity (also referred to as a b
secretase). Sequence identities of active memapsin 2
proteins and protein fragments (and nucleic acid
coding sequences thereof) have been previously
disclosed and discussed in detail in copending U.S.
Application No. 20040121947, and International
Application No. .0 PCT/USO2/34324 (Publication No. WO
03/039454), each of which are herein incorporated by
reference in their entirety for all purposes. A
"memapsin 2 protein," as used herein, means a
full-length memapsin 2 protein or fragment thereof
that retains proteolytic activity. [0069] "Memapsin
1," as used herein, refers to proteins identified by
National Center for Biotechnology Information ("NCBI")
accession number NP_036237 (sometimes referred to 15
as "b-site APP-cleaving enzyme 2" or "BACE-2") and/or
those previously disclosed and discussed in detail in
copending U.S. Application No. 20040121947, and
International Application No. PCT/USO2/34324
(Publication No. WO 03/039454), incorporated by
reference herein in their entirety for all purposes,
including homologs, isoforms and subdomains thereof
that retain proteolytic activity. 0 [0070] "Cathepsin
D," as used herein, refers to proteins identified by
National Center for Biotechnology Information ("NCBI")
accession number NP_036236 (sometimes referred to as
"b-site APP-cleaving enzyme 1" or "BACE-I") and or
proteins identified by EnzymeStructure Database
subclass EC 3.4.23.5., including homologs, isoforms
and subdomains thereof that retain proteolytic
activity. [0071] A "b-secretase site" is an amino acid
sequence that is cleaved by an active memapsin 2 or
active fragment thereof. Specific b-secretase sites
have also been previously set forth and discussed in
detail in copending U.S. Application No. 20040121947,
and International Application No. PCT/USO2/34324
(Publication No. WO 03/039454), which are herein
incorporated by reference for all purposes in their
entirety, and include the Swedish mutation sequence,
and the native b-amyloid precursor protein cleavage
sequence. Thus, b- secretase inhibitors may be tested
for their ability to decrease the hydrolysis of the b-
secretase site of a substrate, such as the b-amyloid
precursor protein, analogs of b-amyloid precursor
protein, or fragments of b-amyloid precursor protein.
[0072] A "beta-secretase inhibitor" (i.e. b-secretase
inhibitor) refers to a compound capable of reducing
the proteolytic activity of memapsin 2 relative to the
activity in the absence of inhibitor. [0073] The terms
"a" or "an," as used in herein means one or more. In
addition, the phrase "substituted with a[n]," as used
herein, means the specified group may be substituted
with one or more of any or all of the named
substituents. For example, where a group, such as an 



alkyl or heteroaryl group, is "substituted with an
unsubstituted C1-C20 alkyl, or unsubstituted 2 to 20
membered heteroalkyl," the group may contain one or
more unsubstituted C1-C20 alkyls, and/or one or more
unsubstituted 2 to 20 membered heteroalkyls. [0074] An
"effective amount" of a compound of the present
invention is the amount effective to achieve its
intended purpose. The term "effective amount," when
used in the context of a method of treating a subject
(e.g. a mammal, human, etc.) is a therapeutically
effective amount (i.e. the amount effective to achieve
therapeutically effective results against the stated
disease or disease state). "Treatment" or "treating"
includes prevention and amelioration of a particular
disease or disease state, and in some cases, curing a
disease. I . b-Secretase Inhibitors [0075] In one
aspect, the present invention provides compounds that
inhibit (i.e. decrease) the catalytic activity of the
b-secretase enzyme (memapsin 2). These compounds may
be referred to herein as "compounds of the present
invention," "b-secretase inhibitorcompounds," or
"memapsin 2 b-secretase inhibitors." In this aspect,
the compounds have the formula: [0076] In Formula (I),
R1 is halogen, -OH, -CF3, -NO2, -NR8R9, -OR10,
-S(O)nR11, -C(O)R12, hydrogen, substituted or
unsubstituted C3-C2 alkyl, substituted or
unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, or -L4-Y.
[0077] R5 is halogen, -OH, -CF3, -NO2, -NR8R9, -OR10,
-S(O)nR11, -C(O)R 12, hydrogen, substituted or
unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl, or substituted or
unsubstituted heteroaryl. [0078] R2 and R3 are
independently halogen, -CF3, -NO2, -NR8R9, -OR10,
-S(O)nR1 , -C(O)R12, hydrogen, substituted or
unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, or -L4-Y. [0079] R4 is
halogen, -OH, -CF3, -NO2, -NR8R9, -OR10, -S(O)nR1 ,
-C(O)R 12 , hydrogen, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted cycloalkyl, substituted
or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted
heteroaryl, or -L4-Y. [0080] R6 and R7 are
independently -S(O)2R1\ -C(O)R12 , hydrogen,
substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, or -L4-Y.
[0081] The symbol n represents integers from Oto
2.[0082] R8 is independently -C(O)R13, -S(O)2R14,
hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted
or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, or substituted or unsubstituted
heteroaryl. [0083] R9 is independently hydrogen,
substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted aryl,
or substituted or unsubstituted heteroaryl. [0084] R10
is independently -C(O)R13, substituted or
unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl, or substituted or
unsubstituted heteroaryl. [0085] R11 is independently
hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted
or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, or substituted or unsubstituted
heteroaryl. If n is 2, then R1 1 is optionally
-NR15R16 . If n is 1 or 2, then R11 is not hydrogen.
[0086] R12 is independently -NR18R19, -OR19, hydrogen,
substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted aryl,
or substituted or unsubstituted heteroaryl. [0087] R13
is independently -OR19, -NR18R19, hydrogen,
substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted aryl,
or substituted or unsubstituted heteroaryl. 



[0088] R14 is independently -NR18R19, hydrogen,
substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted aryl,
or substituted or unsubstituted heteroaryl. [0089] R18
and R19 are independently hydrogen, substituted or
unsubstituted alkyl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl, or substituted or
unsubstituted heteroaryl.[0090] R15 and R16 are
independently hydrogen, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted cycloalkyl, substituted
or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, or substituted or unsubstituted
heteroaryl. [0091] L1 and L3 are independently a bond,
-NR17-, -S(COq-, substituted or unsubstituted
alkylene, or substituted or unsubstituted
heteroalkylene. L2 is substituted or unsubstituted
alkylene, -NR 17-, -S(O) q- or substituted or
unsubstituted heteroalkylene. [0092] R17 is
independently hydrogen, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted cycloalkyl, substituted
or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, or substituted or unsubstituted
heteroaryl. [0093] The symbol q represents an integer
from 0 to 2. [0094] A1 and A2 are independently
substituted or unsubstituted cycloalkyl, substituted
or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, or substituted or unsubstituted
heteroaryl. Y is a carrier moiety. [0095] L4 is a
bond, -OP(OH) 2O-, -C(O)OR 20-, -C(O)NHR 2 1-, -S(O)
2NHR22-, substituted or unsubstituted alkylene,
substituted or unsubstituted heteroalkylene, or a
peptidyl linker. [0096] R20, R2 1, and R22 are
independently substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted
or unsubstituted cycloalkyl, substituted or
unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, or substituted or unsubstituted
heteroaryl. [0097] In some embodiments, L3 is
unsubstituted C1-C (e.g. C1-C3) alkylene. L3 may also
be unsubstituted 2 to 5 membered heteroalkylene. hi
other embodiments, L3 -(CH2)e-S-. The symbol e
represents an integer from 0 to 10. In some
embodiments, e is 1. [0098] In some embodiments, R1 is
hydrogen, halogen, -NR8R9, -OR10, or -S(O)nR11 . hi
other embodiments, R1 is hydrogen, -NR9S(O)nR14, -OR
10, or -S(O)nR11. R1 may also be hydrogen or
-NR9S(O)nR14 . [0099] R5, R8, R9, R10 , and R11may
independently be hydrogen, substituted or
unsubstituted C1-C2 alkyl, substituted or
unsubstituted 2 to 20 membered heteroalkyl,
substituted or unsubstituted C5-C7 cycloalkyl,
substituted or unsubstituted 5 to 7 membered
heterocycloalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, or
-L4-Y.[0100] In some embodiments of Formula (I), each
substituted or unsubstituted alkylene is an
R23-substituted or unsubstituted C1-C 0 alkylene, each
substituted or unsubstituted heteroallcylene is an
R23-substituted or unsubstituted 2 to 20 membered
heteroalkylene, each substituted or unsubstituted
alkyl is an R23-substituted or unsubstituted C1-C20
alkyl, each 5 substituted or unsubstituted heteroalkyl
is an R23-substituted or unsubstituted 2 to 20
membered heteroalkyl, each substituted or
unsubstituted cycloalkyl is an R23-substituted or
unsubstituted C5-C7 cycloalkyl, each substituted or
unsubstituted heterocycloalkyl is an R23- substituted
or unsubstituted 5 to 7 membered heterocycloalkyl,
each substituted or unsubstituted heteroaryl is an
R24-substituted or unsubstituted heteroaryl, and each
substituted L0 or unsubstituted aryl is an
R24-substituted or unsubstituted aryl. [0101] R23 is
independently oxo, halogen, -CN, -CF3, -OCF3, -OR27,
-S(O) R27, -OCH3, -C(O)R27, -NR28R29, -NR28C(O)R27,
-C(O)NR28R29, R25-substituted or unsubstituted Ci-C20
alkyl, R25-substituted or unsubstituted 2 to 20
membered heteroalkyl, R25-substituted or unsubstituted
C5-C7 cycloalkyl, R25-substituted or unsubstituted 5
to 7 membered L5 heterocycloalkyl, R26-substituted or
unsubstituted heteroaryl, or R26-substituted or
unsubstituted aryl. [0102] R24 is independently
halogen, -CN, -CF3, -OCF3, -OCH3, OR27, -S(O)tR27,
-OCH3, -C(O)R27, -NR28R29, -NR28C(O)R27, -C(O)NR28R29,
R25-substituted or unsubstituted Ci-C20 alkyl,
R25-substituted or unsubstituted 2 to 20 membered
heteroalkyl, R25-substituted or 10 unsubstituted C5-C7
cycloalkyl, R25-substituted or unsubstituted 5 to 7
membered heterocycloalkyl, R26-substituted or
unsubstituted heteroaryl, or R26-substituted or
unsubstituted aryl. 



[0103] The symbol t is independently an integer form 0
to 2. [0104] R27, R28, and R29 are independently
hydrogen, R25-substituted or unsubstituted Ci- 25 C20
alkyl, R25-substituted or unsubstituted 2 to 20
membered heteroalkyl, R25-substituted or unsubstituted
C5-C7 cycloalkyl, R25-substituted or unsubstituted 5
to 7 membered heterocycloalkyl, R26-substituted or
unsubstituted heteroaryl, or R26-substituted or
unsubstituted aryl. If t is 1 or 2, then R27 is not
hydrogen. [0105] R25 is independently oxo, halogen,
-CN, -OH, -CF3, -OCF3, -OCH3, unsubstituted 0 Ci-C20
alkyl, unsubstituted 2 to 20 membered heteroalkyl,
unsubstituted C5-C7 cycloalkyl, unsubstituted 5 to 7
membered heterocycloalkyl, unsubstituted aryl, or
unsubstituted heteroaryl. R26 is independently
halogen, -CN, -OH, -CF3, -OCF3, -OCH3, unsubstituted
CiC2oalkyl, unsubstituted 2 to 20 membered
heteroalkyl, unsubstituted C -C7 cycloalkyl,
unsubstituted 5 to 7 membered heterocycloalkyl,
unsubstituted aryl, or unsubstituted heteroaryl.
[0106] In some embodiments, A1 and/or A2 are
independently R23-substituted or unsubstituted C5-C7
cycloalkyl, R23-substituted or unsubstituted 5 to 7
membered heterocycloalkyl, R24-substituted or
unsubstituted heteroaryl, or R24-substituted or
unsubstituted aryl. [0107] In other embodiments, R2,
R3, R8, R9, R10, R1 1, and/or R12 are independently
hydrogen, R23-substituted or unsubstituted C1-C2O
alkyl, R23-substituted or unsubstituted 2 to 20
membered heteroalkyl, R23-substituted or unsubstituted
C5-C7 cycloalkyl, R23-substituted or unsubstituted 5
to 7 membered heterocycloalkyl, R24-substituted or
unsubstituted heteroaryl, or R24-substituted or
unsubstituted aryl. R2, R3, R8, R9, R10, R1 1, and/or
R12 may be substituted or unsubstituted C1-C20 alkyl
or substituted or unsubstituted heterocycloalkyl. R2,
R3, R4, R8, R9, R10, R1 1, and/or R12 may also be
unsubstituted C1-C20 alkyl. R2, R3, R8, R9, R10, R1 1,
and/or R12 may also be unsubstituted C1-C5 alkyl.
[0108] R4, R6, and/or R7 may independently be
hydrogen, R23-substituted or unsubstituted C1-C20
alkyl, R23-substituted or unsubstituted 2 to 20
membered heteroalkyl, R23-substituted or unsubstituted
C5-C7 cycloalkyl, R23-substituted or unsubstituted 5
to 7 membered heterocycloalkyl, R24-substituted or
unsubstituted heteroaryl, or R24-substituted or
unsubstituted aryl. R4, R6, and/or R7 may also
independently be hydrogen, or unsubstituted C1-C20
alkyl. In some embodiments, R , R , and/or R7 are
independently hydrogen, or unsubstituted C1-C5 alkyl.
[0109] R27, R28, and R29 may independently be
hydrogen, R25-substituted or unsubstituted C1-C20
alkyl, or R25-substituted or unsubstituted 2 to 20
membered heteroalkyl. R23 may independently be oxo,
halogen, -CN, -CF3, -OCF3, -OR27, -S(O)tR27, -OCH3,
-C(O)R27, -NR28R29, -NR28C(O)R27, -C(O)NR28R29,
R25-substituted or unsubstituted C1-C20 alkyl, or
R25-substituted or unsubstituted 2 to 20 membered
heteroalkyl. R24 may independently be halogen, -CN,
-CF3, -OCF3, -OCH3, -OR27, -S(O) R27, -OCH3, -C(O)R27,
-NR28R29, -NR28C(O)R27, -C(O)NR28R29, R25-substituted
or unsubstituted C1-C20 alkyl, orR25- substituted or
unsubstituted 2 to 20 membered heteroalkyl. [0110] hi
some embodiments, R2 and R3 may independently be
hydrogen, halogen, or unsubstituted C1-C20 alkyl.[OHl]
R5 may be R23-substituted or unsubstituted C -C7
cycloalkyl, R23-substituted or unsubstituted 5 to 7
membered heterocycloalkyl, R24-substituted or
unsubstituted heteroaryl, or R24-substituted or
unsubstituted aryl. R5 may also be R24-substituted or
unsubstituted heteroaryl, or R24-substituted or
unsubstituted aryl. In some embodiments, R5 is R24-
substituted or unsubstituted aryl. In some related
embodiments, R24 is halogen, -CN, -OH, - CF3,
unsubstituted C1-C20 alkyl, or unsubstituted alkoxy
(e.g. C1-C20 alkoxy). R5 may also be halophenyl (e.g.
difluorophenyl) or phenyl. In some related
embodiments, L3 is unsubstituted C1-C5 (e.g. C1-C3)
alkylene. [0112] In some embodiments, R5 is selected
from substituted or unsubstituted tetrahydrofuranyl,
substituted or unsubstituted tetrahydropyranyl, and
substituted or unsubstituted pyridylmethyl. In some
related embodiments, L3 is unsubstituted C1-C alkyl.
In other related embodiments, L3 is methylene. [0113]
In some embodiments, R5 is R24-substituted or
unsubstituted aryl, or R24-substituted or
unsubstituted heteroaryl (e.g. substituted or
unsubstituted thiazolyl, substituted or unsubstituted
oxazolyl, substituted or unsubstituted imidazolyl, or
substituted or unsubstituted pyrazolyl). hi some
embodiments, R5 is R24-substituted or unsubstituted
phenyl (e.g. halophenyl such as 3,5-difluorophenyl),
or R24-substituted or unsubstituted thiazolyl. m a
further related embodiment, L3 is methylene. 



[0114] In some embodiments, R5 is selected from
substituted or unsubstituted phenyl, substituted or
unsubstituted pyrazolyl, substituted or unsubstituted
furanyl, substituted or unsubstituted imidazolyl,
substituted or unsubstituted isoxazolyl, substituted
or unsubstituted oxadiazolyl, substituted or
unsubstituted oxazolyl, substituted or unsubstituted
pyrrolyl, substituted or unsubstituted pyridyl,
substituted or unsubstituted pyrimidyl, substituted or
unsubstituted pyridazinyl, substituted or
unsubstituted thiazolyl, substituted or unsubstituted
triazolyl, substituted or unsubstituted thienyl,
substituted or unsubstituted dihydrothienopyrazolyl,
substituted or unsubstituted thianaphthenyl,
substituted or unsubstituted carbazolyl, substituted
or unsubstituted benzimidazolyl, substituted or
unsubstituted benzothienyl, substituted or
unsubstituted benzofuranyl, substituted or
unsubstituted indolyl, substituted or unsubstituted
quinolinyl, substituted or unsubstituted
benzotriazolyl, substituted or unsubstituted
benzothiazolyl, substituted or unsubstituted
benzooxazolyl, substituted or unsubstituted
benzimidazolyl, substituted or unsubstituted
isoquinolinyl, substituted or unsubstituted
isoindolyl, substituted or unsubstituted acridinyl,
substituted orunsubstituted benzoisazolyl, substituted
or unsubstituted dimethylhydantoin, substituted or
unsubstituted pyrazinyl, substituted or unsubstituted
tetrahydrofuranyl, substituted or unsubstituted
pyrrolinyl, substituted or unsubstituted pyrrolidinyl,
substituted or unsubstituted morpholinyl, substituted
or unsubstituted indolyl, substituted or unsubstituted
diazepinyl, substituted or unsubstituted azepinyl,
substituted or unsubstituted thiepinyl, or substituted
or unsubstituted oxepinyl. [0115] A1 and A2 may
independently be substituted or unsubstituted C5-C7
cycloalkyl, substituted or unsubstituted 5 to 7
membered heterocycloalkyl, substituted or
unsubstituted aryl, or substituted or unsubstituted
heteroaryl. A1 and/or A2 may also independently be
substituted or unsubstituted aryl (e.g. phenyl), or
substituted or unsubstituted heteroaryl (e.g.
pyridyl). [0116] hi some embodiments, A and A are
independently substituted or unsubstituted phenyl,
substituted or unsubstituted pyrazolyl, substituted or
unsubstituted furanyl, substituted or unsubstituted
imidazolyl, substituted or unsubstituted isoxazolyl,
substituted or unsubstituted oxadiazolyl, substituted
or unsubstituted oxazolyl, substituted or
unsubstituted pyrrolyl, substituted or unsubstituted
pyridyl, substituted or unsubstituted pyrimidyl,
substituted or unsubstituted pyridazinyl, substituted
or unsubstituted thiazolyl, substituted or
unsubstituted triazolyl, substituted or unsubstituted
thienyl, substituted or unsubstituted
dihydrothieno-pyrazolyl, substituted or unsubstituted
thianaphthenyl, substituted or unsubstituted
carbazolyl, substituted or unsubstituted
benzimidazolyl, substituted or unsubstituted
benzothienyl, substituted or unsubstituted
benzofuranyl, substituted or unsubstituted indolyl,
substituted or unsubstituted quinolinyl, substituted
or unsubstituted benzotriazolyl, substituted or
unsubstituted benzothiazolyl, substituted or
unsubstituted benzooxazolyl, substituted or
unsubstituted benzimidazolyl, substituted or
unsubstituted isoquinolinyl, substituted or
unsubstituted isoindolyl, substituted or unsubstituted
acridinyl, substituted or unsubstituted benzoisazolyl,
substituted or unsubstituted dimethylhydantoin,
substituted or unsubstituted pyrazinyl, substituted or
unsubstituted tetrahydrofuranyl, substituted or
unsubstituted pyrrolinyl, substituted or unsubstituted
pyrrolidinyl, substituted or unsubstituted
morpholinyl, substituted or unsubstituted indolyl,
substituted or unsubstituted diazepinyl, substituted
or unsubstituted azepinyl, substituted or
unsubstituted thiepinyl, substituted or unsubstituted
piperidinyl, or substituted or unsubstituted
oxepinyl.[0117] In some embodiments, L3 and L1 are
independently a bond, unsubstituted alkylene, or
unsubstituted heteroalkylene. In other embodiments, L3
and L1 are independently a bond, unsubstituted C1-C20
alkylene, or unsubstituted 2 to 20 membered
heteroalkylene. L3 and L1 may also independently be a
bond, unsubstituted C1-C alkylene, or unsubstituted 2
to 5 membered heteroalkylene. L3 may also be C1-C
alkylene. L1 may be a branched unsubstituted C1-C5
alkylene. [0118] In some embodiments, L2 is an
unsubstituted C1-C20 alkylene, or unsubstituted 2 to
20 membered heteroalkylene. In other embodiments, L2
is unsubstituted C1-C5 alkylene, or unsubstituted 2 to
5 membered heteroalkylene. L2 may be unsubstituted
C1-C5 alkylene. L2 may be a branched unsubstituted
C1-C5 alkylene. L2 may also be methylene. In some
related embodiments, A2 is substituted or
unsubstituted heteroaryl (e.g. pyridyl) or substituted
or unsubstituted aryl (e.g. phenyl). In some related
embodiments, A1 is substituted or unsubstituted
heteroaryl (e.g. pyridyl) or substituted or
unsubstituted aryl (e.g. phenyl). [0119] In some
embodiments, where R1 is -NR8R9 and R8 is -S(O)2R14,
then R6 is hydrogen. R7 may be substituted or
unsubstituted alkyl. R7 may be unsubstituted C1-C5 



alkyl. R2 and R3 may both be hydrogen. Thus, in some
embodiments, R1 is -NR8R9, R8 is -S(O)2R14 , R6 is
hydrogen, R7 is unsubstituted C1-C5 alkyl, and R2 and
R3 are hydrogen. [0120] In some embodiments, where R1
is hydrogen, then R6 is not hydrogen. In some related
embodiments, R6 is substituted or unsubstituted alkyl.
In some related embodiments, R6 is unsubstituted C1-C5
alkyl. In some related embodiments, R6 is substituted
or unsubstituted C3-C6 cycloalkyl. In some related
embodiments, R6 is substituted or unsubstituted
cyclopropyl. In some related embodiments, R7 is
hydrogen. In some related embodiments, R2 and R3 are
hydrogen. [0121] In some embodiments, R1 is hydrogen.
R2, R3, and R4 may be hydrogen. A1 may be substituted
or unsubstituted heteroaryl, or substituted or
unsubstituted heterocycloalkyl. In some related
embodiments, A1 is substituted or unsubstituted
heteroaryl (e.g. substituted or unsubstituted
thioazolyl, substituted or unsubstituted oxazolyl,
substituted or unsubstituted imidazolyl, or
substituted or unsubstituted pyrazolyl). A2 may be
substituted or unsubstituted aryl or heteroaryl. A2
may also be substituted or unsubstituted phenyl, or
substituted or unsubstituted pyridyl. R6 may be
substituted or unsubstituted alkyl, or substituted or
unsubstituted cycloalkyl (e.g. unsubstituted (C1-C6)
alkyl or unsubstituted (C3-C6)cycloalkyl). L1 may be
unsubstituted methylene. L2 may be unsubstituted
methylene. In some relatedembodiments, R6 is methyl or
cyclopropyl, R7 is hydrogen, L1 is unsubstituted
methylene, and L2 is unsubstituted methylene. L3 may
be unsubstituted methylene. R5 may be substituted or
unsubstituted phenyl. In some related embodiments, A1
is substituted or unsubstituted 2-thiazolyl (e.g.
unsubstituted 2-thiazolyl or 2-thiazolyl substituted
with substituted or unsubstituted alkyl, such as one
or more unsubstituted (C1-Cs) alkyl(s)). For example,
A1 may be 2-(4-methylthiazolyl). A2 may be substituted
or unsubstituted 3-pyridyl or substituted or
unsubstituted phenyl (e.g. 3-(5-substituted pyridyl)
or meta-substituted phenyl). In some embodiments, the
3-(5-substituted pyridyl) and meta-substituted phenyl
are substituted with substituted or unsubstituted
alkyl (e.g. unsubstituted C1-C alkyl or C1-C5
haloalkyl). Some or all of the embodiments for each
substituent definition in this paragraph may be
combined to form an appropriate subgenus. Thus, in
some embodiments, R1, R2, R3, and R4 are hydrogen, A1
is substituted or unsubstituted 2-thiazolyl, A2 is
substituted or unsubstituted 3-pyridyl or substituted
or unsubstituted phenyl, R is unsubstituted (C1-C6)
alkyl or unsubstituted (C3-C6)cycloalkyl, R7 is
hydrogen, and L1, L2, and L3 are unsubstituted
methylene. [0122] In some embodiments, R1 is
-NR9S(O)nR14 . R6 may be hydrogen. A1may be
substituted or unsubstituted phenyl. A2 may be
substituted or unsubstituted phenyl, or substituted or
unsubstituted pyridyl. In some related embodiments, n
is 2, R9 is unsubstituted (C1-C5) alkyl (e.g. methyl),
and R14 is unsubstituted (C1-C ) alkyl (e.g. methyl).
L2 maybe unsubstituted methylene. L1 may be
methylmethylene. R2, R3, and R4 may be hydrogen. Some
or all of the embodiments for each substituent
definition in this paragraph may be combined to from
an appropriate subgenus. Thus, in some embodiments, R1
is -NR9S(O)nR14, R6 is hydrogen, A1 is substituted or
unsubstituted phenyl, A2 is substituted or
unsubstituted phenyl or substituted or unsubstituted
pyridyl, n is 2, R9 is unsubstituted (C1- C5) alkyl
(e.g. methyl), R14 is unsubstituted (C1-C ) alkyl
(e.g. methyl), L2 is unsubstituted methylene, L1 is
methylmethylene, and R2, R3, and R4 are hydrogen.
[0123] In some embodiments, the b-secretase inhibitor
compound has the formula:In Formula (II), L1, L2, L3,
R1, R2, R3, R4, R5, R6, R7, A1 and A2 are as defined
above in the discussion of Formula (I). [0124] In some
embodiments, the b-secretase inhibitor compound has
the formula: In Formula (III), L1, L2, L3 R1, R2, R3,
R4, R5, R6, R7, A1 and A2 are as defined above in the
discussion of Formula (I). [0125] In another
embodiment, the b-secretase inhibitor compound has the
formula: In Formula (II), L1, L2, L3, R1, R2, R3, R4,
R5, R6, R7, R23, A1 and A2 are as defined above in the
discussion of Formula (I). In some embodiments, R23 is
an unsubstituted C1-C alkyl. [0126] In another
embodiment, the b-secretase inhibitor compound has the
formula: In Formula (V), L1, L2, L3 R1, R2, R3, R4,
R5, R6, R7, R23, A1 and A2 are as defined above in the
discussion of Formula (I). In some embodiments, R23 is
an unsubstituted C1-C5 alkyl. [0127] i another
embodiment, the b-secretase inhibitor compound has the
formula:In Formula (VI), L1, L2, L3, R1, R2, R3, R4,
R5, R6, R7, R23, A1 and A2 are as defined above in the
discussion of Formula (T). In some embodiments, R23 is
an unsubstituted C1-C5 alkyl. [0128] In another
embodiment, the b-secretase inhibitor compound has the
formula: In Formula (VII), L1, L2, L3, R1, R2, R3, R4,
R5, R6, R7, R23, A1 and A2 are as defined above in the
discussion of Formula (T). hi some embodiments, R23 is
an unsubstituted C1-C5 alkyl. 



[0129] In some embodiments, each substituted group
described above in the compound of Formulae (I) -
(VII) is substituted with at least one substituent
group. More specifically, in some embodiments, each
substituted alkyl, substituted heteroalkyl,
substituted cycloalkyl, substituted heterocycloalkyl,
substituted aryl, substituted heteroaryl, substituted
alkylene, or substituted heteroalkylene described
above in the compounds of Formulae (T) - (VII) is
substituted with at least one substituent group hi
other embodiments, at least one or all of these groups
are substituted with at least one size-limited
substituent group. Alternatively, at least one or all
of these groups are substituted with at least one
lower substituent group. [0130] hi other embodiments
of the compounds of Formulae (I) - (VII), each
substituted or unsubstituted alkyl is a substituted or
unsubstituted C1-C20 alkyl, each substituted or
unsubstituted heteroalkyl is a substituted or
unsubstituted 2 to 20 membered heteroalkyl, each
substituted or unsubstituted cycloalkyl is a
substituted or unsubstituted C4-C8 cycloalkyl, each
substituted or unsubstituted heterocycloalkyl is a
substituted or unsubstituted 4 to 8 membered
heterocycloalkyl, each substituted or unsubstituted
alkylene is a substituted or unsubstituted C1-C20
alkylene, and each substituted or unsubstituted
heteroalkylene is a substituted or unsubstituted 2 to
20 membered heteroalkylene. [0131] Alternatively, each
substituted or unsubstituted alkyl is a substituted or
unsubstituted C1-C8 alkyl, each substituted or
unsubstituted heteroalkyl is a substituted or
unsubstituted 2 to 8 membered heteroalkyl, each
substituted or unsubstituted cycloalkyl is a
substituted or unsubstituted C5-C7 cycloalkyl, each
substituted or unsubstituted heterocycloalkyl is a
substituted or unsubstituted 5 to 7 membered
heterocycloalkyl, each substituted or unsubstituted
alkylene is a substituted or unsubstituted C1-C8
alkylene, andeach substituted or unsubstituted
heteroalkylene is a substituted or unsubstituted 2 to
8 membered heteroalkylene. [0132] In some embodiments,
the compounds of the present invention include any one
or all of the compounds of Table 1. In some
embodiments, the compounds of the present invention
include t any one or all of the compounds of Example 4
below. A. Carrier Moieties [0133] In copending U.S.
Application No. 20040121947, and International
Application No. PCT/USO2/34324 (Publication No. WO
03/039454), which are herein incorporated by reference
for all purposes, isostere b-secretase inhibitors with
and without a carrier moiety were shown to effectively
reduce Ab production in tg2576 mice expressing the
Swedish mutation of the human amyloid precursor
protein (Hsiao, K., et al., Science 21A, 99-102
(1996)). Thus, one of skill in the art will recognize
that the compounds of the invention may be
administered with or without a carrier moiety. A
carrier moiety may be attached to any appropriate site
on the compounds of the present invention. [0134] A
"carrier moiety," as used herein, refers to a chemical
moiety covalently or noncovalently attached to a
b-secretase inhibitor compound of the invention that
enhances the ability of the compound to traverse the
blood-brain barrier (BBB). The b-secretase inhibitors
of the invention may be attached or conjugated to the
carrier moiety by covalent interactions (e.g., peptide
bonds) or by non-covalent interactions (e.g., ionic
bonds, hydrogen bonds, van der Waals attractions).
[0135] The blood-brain barrier is a permeability
barrier that exists between the extracellular fluid in
the brain and the blood in the capillary lumen. The
barrier stems from structural differences between the
capillaries in the brain and capillaries found in
other tissues. Most significant among the structural
differences of brain capillaries are the tight
junctions between endothelial cells. These specialized
tight junctions create a very high transendothelial
electrical resistance of 1500-2000 ohms/cm2 compared
to 3-33 ohms/cm2 in capillary endothelial cells lying
outside the brain, reducing the aqueous based
para-cellular diffusion observed in other organs
(Brightman, M. in Bradbury MWB (ed) Physiology and
Pharmacology of the blood-brain barrier. Handbook of
experimental pharmacology 103, Springer-Verlag,
Berlin, (1992); Lo, E.H., et al., Brain Res. Rev.,
38:140-148, (2001)). Thus,in some embodiments, the
compounds of the present invention are covalently
attached to a carrier moiety (represented by the
symbol Y in the formulae above). [0136] Any
appropriate carrier moiety may be used in the present
invention. Useful carrier moieties include, for
example, lipophilic carrier moieties, enzymatic
substrate carrier moieties, peptidyl carrier moieties,
and nanoparticle carrier moieties. Carrier moieties
may also include an oligosaccharide unit or other
molecule linked to the compound by phosphoester or
lipid-ester or other hydrolyzable bonds which are
cleaved by glycosidases, phosphatases, esterases,
lipases, or other hydrolases in the lysosomes and
endosomes. The 



carrier moieties may contain contain guanidine, amino,
or imidizole functional groups. 1. Lipophilic Carrier
Moieties [0137] Lipophilic carrier moieties increase
the overall lipophilicity of a compound, thereby
aiding in passage through the BBB. Lipophilicity can
be quantified using any suitable approach known in the
art. For example, the partition coefficient between
octanol and water (log P0/w) may be measured thereby
indicating the degree of lipophilicity. In some
embodiments, the lipophilic carrier moiety has a log P
0/w of 1.5-2.5. Lipophilic carrier moieties are widely
known in the art and are discussed in detail, for
example, in Lambert, D.M., Eur J Pharm Sci., ll:S15-27
(2000). Exemplary lipophilic carrier moieties used to
increase the lipophilicity of a compound include
modified and unmodified diglycerides, fatty acids, and
phospholipids. [0138] Some lipophilic carrier moieties
undergo enzyme mediated oxidation after traversing the
BBB, resulting in a hydrophilic membrane impermeable
form of the carrier moiety that remains trapped behind
the BBB (Bodor et al., Pharmacol Ther 76:1-27 (1997);
Bodor et al., American Chemical Society, Washington,
DC pp317-337 (1995); Chen et al., J Med Chem
41:3773-3781 (1998); Wu et al., J Pharm Pharmacol
54:945-950 (2002)). Exemplary lipophilic carrier
moieties that undergo enzyme mediated oxidation
include 1,4- dihydrotrigonelline (Palomino et al., J
Med Chem, 32:622-625 (1989)); alkyl phosphonate
carrier moieties that have been successfully used to
transport testosterone and zidovudine across the
blood-brain barrier (Somogyi, G., et al., Int J Pharm,
166:15-26 (1998)); and the lipophilic dihydropyridine
carrier moieties that are enzymatically oxidized to
the ionic pyridinium salt (Bodor et al., Science,
214(18):1370-1372 (1981)).2. Peptidyl Carrier Moieties
[0139] Peptidyl carrier moieties are moieties
partially or wholly composed of a peptide (including
polypeptides, proteins, antibodies, and antibody
fragments) used to aid in the transport of compounds
across the BBB (Wu et ., J Clin Invest 100:1804-1812
(1997); U.S. Pat. No. 4,801,575; Pardridge et al., Adv
Drug Deliv Rev, 36:299-321 (1999)). [0140] Peptidyl
carrier moieties may interact with specific peptide
transport systems, receptors, or ligands, that target
the corresponding ligand or receptor on an endothelial
cell of the BBB. Specific transport systems may
include either carrier-mediated or receptormediated
transport across the BBB (U.S. Pat. App. No. 200401
10928). Exemplary peptidyl carrier moieties include
insulin (Pardridge et al., Nat Rev Drug Discov,
1:131-139 (2002)); small peptides such as enkephalin,
thyrotropin-releasing hormone, arginine-vassopressin
(Bergley, JPharm Pharmacol, 48:136-146 (1996)), Banks
et al., Peptides, 13:1289-1294 (1992)), Han et al.,
AAPS Pharm. SL, 2:E6 (200b)); chimeric peptides such
as those described in WO-A-89/10134; amino acid
derivatives such as those disclosed in U.S. Pat. App.
No. 20030216589; tat peptide (Schwarze, S.R., et al.,
Science 285:1569-1572 (1999); polyarginine peptide
(Wender, P.A., et al., Proc. Natl. Acad. Sd. USA
97:13003-13008 (2000)); insulin-like-growth factor-1;
insulin-like-growth factor-2; transferrin; leptin;
lowdensity lipoprotein (Pardridge, Nat. Rev. Drug
Discov. 1:131-139 (2002); Colma et al., Pharm. Res.
11:266-21A (2000); Pardridge, Endocrine Rev, 7:314-330
(1986); Golden, et al., JCHn Invest, 99:14-18 (1997);
Bickel et al., Adv. Drug Deliv. Rev. 46(l-3):247-79
(2001)); and basic fibroblast growth factor (bFGF)
(U.S. Pat. App. No. 20040102369). [0141] Copending
U.S. Application No. 20040121947, and International
Application No. PCT/USO2/34324 (Publication No. WO
03/039454), disclose that confocal microscopic images
of cells incubated with a fluorescent tat-conjugated
isosteric b-secretase inhibitor showed uneven
distribution inside cells. Some high fluorescence
intensity was associated with the endosome and
lysosome intracellular vesicular structures. This
indicated that the tat carrier moiety may have been
modified by proteases within the lysosome or endosome
resulting in an inhibitor that was unable to exit the
lysosomal or endosomal compartment. Lysosomes and
endosomes contain many proteases, including hydrolase
such as cathepsins A, B, C, D, H and L. Some of these
are endopeptidase, such as cathepsins D and H. Others
are exopeptidases, such as cathepsins A and C, with
cathepsin B capable of both endo- and exopeptidase
activity. The specificities of these proteases are
sufficiently broad to hydrolyzea tat peptide away from
the inhibitor compound, thus, hydrolyzing the carrier
peptide away from the isosteric inhibitor. Thus, it
has been shown that tat and other carrier peptides may
be particularly useful for specific delivery of
isosteric inhibitors to lysosomes and endosomes. When
administered to a mammal by a mechanism such as
injections, the conjugated compound will penetrate
cells and permeate to the interior of lysosomes and
endosomes. The proteases in lysosomes and endosomes
will then hydrolyze tat, thereby 



preventing to escape from lysosomes and endosomes.
[0142] The carrier peptide may be tat or other basic
peptides, such as oligo-L-arginine, that are
hydrolyzable by lysosomal and endosomal proteases.
Specific peptide bonds susceptible for the cleavage of
lysosomal or endosomal proteases may be installed,
thereby facilitating the removal of the carrier
compound from the inhibitor. For example, dipeptides
Phe-Phe, Phe-Leu, Phe-Tyr and others are cleaved by
cathepsin D. [0143] hi one embodiment, the peptidyl
carrier molecule includes cationic functional groups,
such as the tat-peptide (Schwarze, S.R., et ah,
Science 285: 1569-1572 (1999)), or nine arginine
residues (Wender, P. A., et al, Proc. Natl. Acad. ScL
USA 97:13003-13008 (2000)). Useful cationic functional
groups include, for example, guanidine, amino, and
imidazole functional groups. Thus, cationic functional
groups also include amino acid side chains such as
side chains of lysine, arginine, and histidine
residues. In some embociments, the peptidyl carrier
molecule may includes from 1-10 cationic functional
groups. When a compound of the invention is conjugated
or attached to a carrier moiety, the resulting
conjugate may be referred to herein as a "Carrier
Peptide-Inhibitor" conjugate or "CPI." The CPI
conjugate can be administered to an in vitro sample or
to a mammal thereby serving as a transport vehicle for
a compound or compounds of the invention into a cell
in an in vitro sample or in a mammal. The carrier
moieties and CPI conjugates result in an increase in
the ability of the compounds of the invention to
effectively penetrate cells and the blood brain
barrier to inhibit memapsin 2 from cleaving APP to
subsequently generate Ab. [0144] Adsorptive-meditated
transcytosis (AME) provides an alternative mechanism
whereby peptidyl carrier moieties may cross the BBB.
AME differs from other forms of transcytosis in that
the initial binding of the carrier moiety to the
luminal plasma membrane is mediated through either
electrostatic interactions with anionic sites, or
specific interactions with sugar residues. Uptake
through AME is determined by the C-terminal structure
and basicity of the carrier moiety. Exemplary
adsorptive peptidyl carrier moieties includepeptides
and proteins with basic isoeletric points (cationic
proteins), and some lectins (glycoprotein binding
proteins). See Tamai, L, et al., J . Pharmacol. Exp.
Ther. 280:410-415 (1997); Kumagai, A. K., et al., J.
Biol. Chem. 262: 15214-15219 (1987). [0145] Peptidyl
carrier moieties also include antibody carrier
moieties. Antibody carrier moieties are carrier
moieties that include an antibody or fragment thereof.
Typically, the antibody or antibody fragment is, or is
derived from, a monoclonal antibody. Antibody carrier
moieties bind to cellular receptors, or transporters
expressed on the luminal surface of brain capillary
endothelial cells (U.S. Patent App No. 20040101904).
Exemplary antibodies, or fragments thereof, include
MAb 83-14 that binds to the human insulin receptor
(Pardridge et al., Pharm Res. 12:807-816 (1995));
anti-transferrin antibody (Li, J .Y., et al., Protein
Engineering 12:787-796 (1999)); and monoclonal
antibodies that mimic an endogenous protein or peptide
which is known to cross the BBB as discussed above. 3.
Nanoparticle Carrier Moieties [0146] Nanoparticle
carrier moieties are solid colloidal carriers
generally less than a micron in diameter or length.
The compound may be encapsulated in, adsorbed onto, or
covalently linked to the surface of the nanoparticle
carrier moiety. Nanoparticle carrier moieties have
been used to successfully deliver a variety of
compounds to the brain, including hexapeptide
dalagrin, an enkephalin analog; loperamide;
tubocerarine; and doxorubicin (Ambikanandan, et al.,
J. Pharm Pharmaceut Sd 6(2):252-273 (2003)). In
addition to aiding transport into the brain, nonionic
detergents such as polysorbate-80, which can be used
to coat the nanoparticle, maybe used to inhibit the
efflux pump. Zordan-Nudo, T., et al., Cancer Res,
53:5994-6000 (1993). Exemplary materials for the
manufacture of nanoparticle carrier moieties include
polyalkylcyanoacrylate (PACA) (Bertling et al.,
Biotechnol. Appl. Biochem. 13: 390-405 (1991));
polybutylcyanoacrylate (PBCA) (Chavany et al., Pharm.
Res. 9: 441- 449 (1992)); polybutylcyanoacrylate with
the peptide-drug complex absorbed onto the surface and
coated with polysorbate 80 (Kreuter, J., et al., Brain
Res, 674:171-174 (1995), Kreuter, L, Adv Drug Deliv
Rev, 47:65-81, (2001), Kreuter, J., CurrMed Chem,
2:241-249 (2002)); polyisohexylcyanoacrylate (PIHCA)
(Chavany et al., Pharm. Res. 11: 1370-1378 (1994));
polyhexylcyanoacrylate (PHCA) (Zobel et al., Antisense
Nucleic Acid Drug Dev. 7:483-493 (1997)); and
PEGylated polycyanoacrylate (Pilar, C , et al., Pharm
Res 18(8):1157-1166 (2001)).4. Linker Moieties [0147]
Linker moieties may be used to attach the carrier
moiety to the b-secretase inhibitors of the present
invention. For example, steric hinderance between the
compound 



and the carrier can be prevented using polymer
technology (e.g. PEGylation) in conjunction with the
linker molecule to introduce a long spacer arm
(Yoshikawa, T., et al., J Pharmacol Exp Ther,
263:897-903, 1992). Linker moieties maybe cleavable or
non-cleavable. [0148] Cleavable linker molecules
include a cleavable moiety. Any appropriate cleavable
moiety is useful in the present invention, including
for example, phosphoesters, esters, disulfides, and
the like. Cleavable moieties also include those
moieties capable of being cleaved by biological
enzymes, such as peptidases, glycosidases,
phosphatases, esterases, lipases, or other hydrolases.
Cleavable linker molecules are especially useful where
the carrier moiety interferes with the biological
activity of the compound. Exemplary cleavable linker
molecules include
N-succinimidyl-3-2-pyridyldithioproprionate (SPDP), or
Nhydrosuccinimide (NHS). [0149] Non-cleavable linker
molecules are those that involve the attachment of a
carrier moiety to the compound through a linkage that
is generally stable to biological conditions and
enzymes.. Non-cleavable linker molecules are typically
used when the carrier moiety does not interfere with
the biological activity of the compound. Exemplary
non-cleavable linker molecules include thio-ether
(e.g., m-maleimidobenzoyl N-hydroxysuccinimide ester
(MBS)); amide (e.g., N-hydrosuccinimide (NHS-XX-);
extended amide (e.g., Nhydrosuccinimide polyethylene
glycol (NHS-PEG); and extended hydrazide linkages
(e.g., hydrazide-PEG-biotin-); avidin-biotin; and PEG
linkers (Ambikanandan et al., J. Pharm Pharmaceut Sd
6(2):252-273 (2003); Pardridge, Adv Drug Deliv Rev,
36:299-321 (1999); U.S. Pat. No. 6,287,792). II.
Exemplary Syntheses [0150] The compounds of the
invention are synthesized by an appropriate
combination of generally well known synthetic methods.
Techniques useful in synthesizing the compounds of the
invention are both readily apparent and accessible to
those of skill in the relevant art. The discussion
below is offered to illustrate certain of the diverse
methods available for use in assembling the compounds
of the invention. However, the discussion is not
intended todefine the scope of reactions or reaction
sequences that are useful in preparing the compounds
of the present invention. Scheme 1 [0151] In Schemes
1, 2, and 3, L1, L2, L3, R1, R2, R3, R4, R5, R6, R7,
A1, and A2 are as defined above. Synthesis of certain
I s and 2s compounds is detailed in the Examples
section below. Treatment of I s with triethylamine and
mesyl chloride followed by sodium azide followed by
palladium reduction yields the methylamine substituted
ring 2s. The isophthalamide 4s is formed by amide bond
formation between the partially protected isophthalic
acid 3s and methylamine 2s. Finally, the alkylated
amide 5s is produced via a sodium hydride-mediated
alkylation using an alkyl halide. Scheme 2[0152]
Alternatively compound 5s can be prepared following
the sequence in Scheme 2 wherein reductive amination
of aldehyde 6s with an appropriate amine and sodium
cyanoborohydride yields amine 7s. Amine 7s is then
coupled with 3s followed by ester hydrolysis to yield
alkylated amide 5s. Scheme 3 [0153] Treatment of
epoxide 8s with an appropriate amine yields
aminoalcohol 9s. Removal of the Boc protecting group
with acid followed by coupling with fragment 5s
(Scheme 1) gives rise to final inhibitor 10s. III.
Beta-Secretase Inhibitor Activity [0154] To develop
useful b-secretase inhibitors, candidate inhibitors
capable of selectively decreasing memapsin 2 catalytic
activity may be identified in vitro and subsequently
tested for their ability to reduce the production of
Ab. The activity of the inhibitor compounds can be
assayed utilizing methods known in the art and/or
those methods presented herein. [0155] Compounds that
decrease memapsin 2 catalytic activity may be
identified and tested using biologically active
memapsin 2, either recombinant or naturally occurring.
Memapsin 2 can be found in native cells, isolated in
vitro, or co-expressed or expressed in a cell.
Measuring the reduction in the memapsin 2 catalytic
activity in the presence of an inhibitor relative to
the activity in the absence of the inhibitor may be
performed using a variety of methods known in the
art.[0156] For example, the compounds may be tested
for their ability to cause a detectable decrease in
hydrolysis of a b-secretase site of a peptide in the
presence of memapsin 2. These data can be expressed,
for example, as Ki, K apparent, Vi/Vo, or percentage
inhibition. K; is the inhibition equilibrium constant
which indicates the ability of compounds to inhibit a 



given enzyme (such as memapsin 2, memapsin 1, and/or
cathepsin D). Numerically lower K; values indicate a
higher affinity of the compounds of the invention for
the enzyme. The K value is independent of the
substrate, and converted from K apparent. [0157] K
apparent is determined in the presence of substrate
according to established techniques (see, for example,
Bieth, J., Bayer-Symposium V: Proteinase Inhibitors,
pp. 463- 469, Springer-Verlag, Berlin (1994)). The
standard error for the K; apparent is the error from
the nonlinear regression of the Vi/Vo data measured at
different concentrations of the compounds of the
invention (e.g., between about 10 nM to about 1000 nM)
employing wellknown techniques (see, for example,
Bieth, J., Bayer-Symposium V: Proteinase Inhibitors,
pp. 463-469, Springer-Verlag, Berlin (1994),
Ermolieff, J., et al, Biochemistry 39:12450- 12456
(2000), the teachings of which are incorporated herein
by reference in their entirety). Vi/Vo depicts the
ratio of initial conversion velocites of an enzyme
substrate (Ermolieff, et al, Biochemistry
40:12450-12456 (2000)) by an enzyme in the absence
(Vo) or presence (Vi) of an inhibitor. A Vi/Vo value
of 1.0 indicates that a compound does not inhibit the
enzyme. A Vi/Vo value less than 1.0 indicates that a
compound of the invention inhibits enzyme activity.
[0158] Once compounds are identified that are capable
of reducing the hydrolysis of a b- secretase site of a
peptide in the presence of memapsin 2, the compounds
may be further tested for their ability to selectively
inhibit memapsin 2 relative to other enzymes.
Typically, the other enzyme is a peptide hydrolase,
such as memapsin 1 or cathepsin D. Compounds that
decrease cathepsin D catalytic activity or memapsin 1
catalytic activity are tested using biologically
active enzyme, either recombinant or naturally
occurring. Cathepsin D or memapsin 1 catalytic
activity can be found in native cells, isolated in
vitro, or co-expressed or expressed in a cell.
Inhibition by a compound of the invention is measured
using standard in vitro or in vivo assays such as
those well known in the art or as otherwise described
herein. [01 59] For example, selectivity may be
measured by determining the extent to which memapsin 2
hydrolyzes a substrate peptide compared to the extent
to which the same compound inhibits memapsin 1 and/or
cathepsin D cleaving of a b-secretase site of
asubstrate peptide. Exemplary substrate peptides are
useful in determining the activity of memapsin 2
includes APP and derivatives thereof, such as FS-2
(Bachem Americas, Torrance, CA). Exemplary substrate
peptides are useful in determining the activity of
memapsin 1 and cathepsin D include, for example,
peptides with include the sequence ELDLAVEFWHDR. These
data can be expressed, for example, as Kj, K apparent,
Vi/Vo, or percentage inhibition and depict the
inhibition of a compound for memapsin 2 catalytic
activity relative to memapsin 1 or cathepsin D
catalytic activity. For example, if the K; of a
reaction between an inhibitor compound of the
invention and memapsin 1 or cathepsin D is 1000 and
the Kj of a reaction between an inhibitor compound of
the invention and memapsin 2 is 100, the inhibitor
compound inhibits the b-secretase activity of memapsin
2 ten fold, relative to memapsin 1. [0160] Compounds
demonstrating the ability to cause a detectable
decrease in hydrolysis of a b-secretase site of a
peptide in the presence of memapsin 2 (or, in
addition, selectivity of action toward memapsin 2),
may be tested in cell models or animal models for
their ability to cause a detectable decrease in the
amount or production of b-amyloid protein (Ab). For
example, isosteric inhibitors of memapsin 2 have been
tested for their ability to decrease Ab production in
cultured cells (copending U.S. Application No.
20040121947, and International Application No.
PCT/USO2/34324 (Publication No. WO 03/039454)).
Briefly, inhibitors maybe added to a culture of cells
(e.g. human embryonic kidney (HEK293) cells, HeLa
cells, Chinese hamster ovary cells, or neuroblastoma
line M17 cells) stably transfected with a nucleic acid
constructs that encode human APP Swedish mutant (or
London mutation or double mutant) and, if needed, a
nucleic acid construct encoding human memapsin 2.
Immunoprecipitation of Ab followed by SDS-gel
electrophoresis allows detection and quantitation of
the amount of Ab produced in the presence and absence
of inhibitor. [0161] In addition to cell cultures,
animal models may be used to test inhibitors of
memapsin 2 for their ability to decrease Ab
production. For example, an animal (e.g. tg2576 mice)
expressing the Swedish mutation of the human amyloid
precursor protein (Hsiao, K., et at, Science 21A,
99-102 (1996) may be injected intraperitoneally with
an inhibitor. The plasma may then be collected and Ab
levels determined by capture ELISA (BioSource
International, Camarillo, CA). [0162] The presence of
inhibitors in organs of animal models or within
cellular 



compartments may be ascertained using a fluorescent
tag conjugated to the inhibitor andvisualization via
confocal microscopy (copending U.S. Application No.
20040121947, and International Application No.
PCT/USO2/34324 (Publication No. WO 03/039454)). [0163]
The sample obtained from the mammal can be a fluid
sample, such as a plasma or serum sample; or can be a
tissue sample, such as a brain biopsy. The amount of
b-amyloid protein or a decrease in the production of
b-amyloid protein can be measured using standard
techniques (e.g. western blotting and ELISA assays).
[0164] Further examples of assays for identifying
memapsin 2-b-secretase inhibitors are set forth in the
Examples section below. Other methods for assaying the
activity of memapsin 2, memapsin 1, and cathepsin D
and the activity of agents that decrease the activity
of these enzymes are known in the art. The selection
of appropriate assay methods is well within the
capabilities of those of skill in the art. rV.
Pharmaceutical Compositions [0165] In another aspect,
the present invention provides pharmaceutical
compositions comprising a b-secretase inhibitor
compound of the invention or a b-secretase inhibitor
compound in combination with a pharmaceutically
acceptable carrier. The pharmaceutical compositions
include optical isomers, diastereomers, or
pharmaceutically acceptable salts of the inhibitors
disclosed herein. For example, in some embodiments,
the pharmaceutical compositions include a compound of
the present invention and citrate as a
pharmaceutically acceptable salt. The b-secretase
inhibitor included in the pharmaceutical composition
may be covalently attached to a carrier moiety, as
described above. Alternatively, the b-secretase
inhibitor included in the pharmaceutical composition
is not covalently linked to a carrier moiety. [0166] A
"pharmaceutically suitable carrier," as used herein
refers to pharmaceutical excipients, for example,
pharmaceutically, physiologically, acceptable organic,
or inorganic carrier substances suitable for enteral
or parenteral application which do not deleteriously
react with the extract. Suitable pharmaceutically
acceptable carriers include water, salt solutions
(such as Ringer's solution), alcohols, oils, gelatins
and carbohydrates such as lactose, amylose or starch,
fatty acid esters, hydroxymethycellulose, and
polyvinyl pyrrolidine. Such preparations can be
sterilized and, if desired, mixed with auxiliary
agents such as lubricants, preservatives, stabilizers,
wetting agents, emulsifiers, salts for
influencingosmotic pressure, buffers, coloring, and/or
aromatic substances and the like which do not
deleteriously react with the compounds of the
invention. [0167] The compounds of the invention can
be administered alone or can be coadministered to the
patient. Coadministration is meant to include
simultaneous or sequential administration of the
compounds individually or in combination (more than
one compound). Thus, the preparations can also be
combined, when desired, with other active substances
(e.g. to reduce metabolic degradation). A.
Formulations [0168] The b-secretase inhibitors of the
present invention can be prepared and administered in
a wide variety of oral, parenteral and topical dosage
forms. Thus, the compounds of the present invention
can be administered by injection (e.g. intravenously,
intramuscularly, intracutaneously, subcutaneously,
intraduodenally, or intraperitoneally). Also, the
compounds described herein can be administered by
inhalation, for example, intranasally. Additionally,
the compounds of the present invention can be
administered transdermally. It is also envisioned that
multiple routes of administration (e.g.,
intramuscular, oral, transdermal) can be used to
administer the compounds of the invention.
Accordingly, the present invention also provides
pharmaceutical compositions comprising a
pharmaceutically acceptable carrier or excipient and
one or more compounds of the invention. [0169] For
preparing pharmaceutical compositions from the
compounds of the present invention, pharmaceutically
acceptable carriers can be either solid or liquid.
Solid form preparations include powders, tablets,
pills, capsules, cachets, suppositories, and
dispersible granules. A solid carrier can be one or
more substance, which may also act as diluents,
flavoring agents, binders, preservatives, tablet
disintegrating agents, or an encapsulating material.
[0170] In powders, the carrier is a finely divided
solid, which is in a mixture with the finely divided
active component, hi tablets, the active component is
mixed with the carrier having the necessary binding
properties in suitable proportions and compacted in
the shape and size desired. [0171] The powders and
tablets preferably contain from 5% to 70% of the
active 



compound. Suitable carriers are magnesium carbonate,
magnesium stearate, talc, sugar, lactose, pectin,
dextrin, starch, gelatin, tragacanth, methylcellulose,
sodiumcarboxymethylcellulose, a low melting wax, cocoa
butter, and the like. The term "preparation" is
intended to include the formulation of the active
compound with encapsulating material as a carrier
providing a capsule in which the active component with
or without other carriers, is surrounded by a carrier,
which is thus in association with it. Similarly,
cachets and lozenges are included. Tablets, powders,
capsules, pills, cachets, and lozenges can be used as
solid dosage forms suitable for oral administration.
[0172] For preparing suppositories, a low melting wax,
such as a mixture of fatty acid glycerides or cocoa
butter, is first melted and the active component is
dispersed homogeneously therein, as by stirring. The
molten homogeneous mixture is then poured into
convenient sized molds, allowed to cool, and thereby
to solidify. [0173] Liquid form preparations include
solutions, suspensions, and emulsions, for example,
water or water/propylene glycol solutions. For
parenteral injection, liquid preparations can be
formulated in solution in aqueous polyethylene glycol
solution. [0174] When parenteral application is needed
or desired, particularly suitable admixtures for the
compounds of the invention are injectable, sterile
solutions, preferably oily or aqueous solutions, as
well as suspensions, emulsions, or implants, including
suppositories, hi particular, carriers for parenteral
administration include aqueous solutions of dextrose,
saline, pure water, ethanol, glycerol, propylene
glycol, peanut oil, sesame oil, polyoxyethylene-block
polymers, and the like. Ampules are convenient unit
dosages. The compounds of the invention can also be
incorporated into liposomes or administered via
transdermal pumps or patches. Pharmaceutical
admixtures suitable for use in the present invention
are well-known to those of skill in the art and are
described, for example, in Pharmaceutical Sciences
(17th Ed., Mack Pub. Co., Easton, PA) and WO 96/05309,
the teachings of both of which are hereby incorporated
by reference. [0175] Aqueous solutions suitable for
oral use can be prepared by dissolving the active
component in water and adding suitable colorants,
flavors, stabilizers, and thickening agents as
desired. Aqueous suspensions suitable for oral use can
be made by dispersing the finely divided active
component in water with viscous material, such as
natural or synthetic gums, resins, methylcellulose,
sodium carboxymethylcellulose, and other well-known
suspending agents. [0176] Also included are solid form
preparations, which are intended to be converted,
shortly before use, to liquid form preparations for
oral administration. Such liquid formsinclude
solutions, suspensions, and emulsions. These
preparations may contain, in addition to the active
component, colorants, flavors, stabilizers, buffers,
artificial and natural sweeteners, dispersants,
thickeners, solubilizing agents, and the like. [0177]
The pharmaceutical preparation is preferably in unit
dosage form. In such form the preparation is
subdivided into unit doses containing appropriate
quantities of the active component. The unit dosage
form can be a packaged preparation, the package
containing discrete quantities of preparation, such as
packeted tablets, capsules, and powders in vials or
ampoules. Also, the unit dosage form can be a capsule,
tablet, cachet, or lozenge itself, or it can be the
appropriate number of any of these in packaged form.
[0178] The quantity of active component in a unit dose
preparation may be varied or adjusted from 0.1 mg to
10000 mg, more typically 1.0 mg to 1000 mg, most
typically 10 mg to 500 mg, according to the particular
application and the potency of the active component.
The composition can, if desired, also contain other
compatible therapeutic agents. [0179] Some compounds
may have limited solubility in water and therefore may
require a surfactant or other appropriate co-solvent
in the composition. Such co-solvents include:
Polysorbate 20, 60 and 80; Pluronic F-68, F-84 and
P-103; cyclodextrin; polyoxyl 35 castor oil; or other
agents known to those skilled in the art. Such
co-solvents are typically employed at a level between
about 0.01 % and about 2% by weight. [0180] Viscosity
greater than that of simple aqueous solutions may be
desirable to decrease variability in dispensing the
formulations, to decrease physical separation of
components of a suspension or emulsion of formulation
and/or otherwise to improve the formulation. Such
viscosity building agents include, for example,
polyvinyl alcohol, polyvinyl pyrrolidone, methyl
cellulose, hydroxy propyl methylcellulose,
hydroxyethyl cellulose, carboxymethyl cellulose,
hydroxy propyl cellulose, chondroitin sulfate and
salts thereof, hyaluronic acid and salts thereof,
combinations of the foregoing, and other agents known
to those skilled in the art. Such agents are typically
employed at a level between about 0.01% and about 2%
by 



weight. Determination of acceptable amounts of any of
the above adjuvants is readily ascertained by one
skilled in the art. [0181] The compositions of the
present invention may additionally include components
to provide sustained release and/or comfort. Such
components include high molecular weight, anionic
mucomimetic polymers, gelling polysaccharides and
finely-divided drug carrier substrates. These
components are discussed in greater detail in U.S.
Pat. Nos. 4,91 1,920;5,403,841; 5,212,162; and
4,861,760. The entire contents of these patents are
incorporated herein by reference in their entirety for
all purposes. B. Effective Dosages [0182]
Pharmaceutical compositions provided by the present
invention include compositions wherein the active
ingredient is contained in a therapeutically effective
amount, i.e., in an amount effective to achieve its
intended purpose (defined above). The actual amount
effective for a particular application will depend,
inter alia, on the condition being treated. For
example, when administered in methods to treat
Alzheimer's disease, such compositions will contain an
amount of active ingredient effective to achieve the
desires result (e.g. decreasing b-secretase activity
or b-amyloid production). Determination of a
therapeutically effective amount of a compound of the
invention is well within the capabilities of those
skilled in the art, especially in light of the
detailed disclosure herein. [0183] The dosage and
frequency (single or multiple doses) administered to a
mammal can vary depending upon a variety of factors,
including a disease that results in increased activity
of memapsin 2 or increased accumulation of b-amyloid
protein, whether the mammal suffers from another
disease, and its route of administration; size, age,
sex, health, body weight, body mass index, and diet of
the recipient; nature and extent of symptoms of the
disease being treated (e.g., Alzheimer's disease),
kind of concurrent treatment, complications from the
disease being treated or other health-related
problems. Other therapeutic regimens or agents can be
used in conjunction with the methods and compounds of
Applicants' invention. Adjustment and manipulation of
established dosages (e.g., frequency and duration) are
well within the ability of those skilled in the art.
[0184] For any compound described herein, the
therapeutically effective amount can be initially
determined from cell culture assays. Target
concentrations will be those concentrations of active
compound(s) that are capable of reducing the activity
of memapsin 2 catalytic activity, as measured using
the methods described herein or known in the art.
[0185] As is well known in the art, therapeutically
effective amounts for use in humans can also be
determined from animal models. For example, a dose for
humans can be formulated to achieve a concentration
that has been found to be effective in animals. The
dosage in humans can be adjusted by monitoring
memapsin 2 inhibition and adjusting the dosage upwards
or downwards, as described above. Adjusting the dose
to achieve maximal efficacyin humans based on the
methods described above and other methods as are
well-known in the art is well within the capabilities
of the ordinarily skilled artisan. [0186] Dosages may
be varied depending upon the requirements of the
patient and the compound being employed. The dose
administered to a patient, in the context of the
present invention should be sufficient to effect a
beneficial therapeutic response in the patient over
time. The size of the dose also will be determined by
the existence, nature, and extent of any adverse
side-effects. Determination of the proper dosage for a
particular situation is within the skill of the
practitioner. Generally, treatment is initiated with
smaller dosages which are less than the optimum dose
of the compound. Thereafter, the dosage is increased
by small increments until the optimum effect under
circumstances is reached. In one embodiment of the
invention, the dosage range is 0.001% to 10% w/v. In
another embodiment, the dosage range is 0.1% to 5%
w/v. [0187] Dosage amounts and intervals can be
adjusted individually to provide levels of the
administered compound effective for the particular
clinical indication being treated. This will provide a
therapeutic regimen that is commensurate with the
severity of the individual's disease state. [0188]
Utilizing the teachings provided herein, an effective
prophylactic or therapeutic treatment regimen can be
planned which does not cause substantial toxicity and
yet is entirely effective to treat the clinical
symptoms demonstrated by the particular patient. This
planning should involve the careful choice of active
compound by considering factors such as compound
potency, relative bioavailability, patient body
weight, presence and severity of adverse side effects,
preferred mode of administration and the toxicity
profile of the selected agent. 



C. Toxicity [0189] The ratio between toxicity and
therapeutic effect for a particular compound is its
therapeutic index and can be expressed as the ratio
between LD50 (the amount of compound lethal in 50% of
the population) and ED5O (the amount of compound
effective in 50% of the population). Compounds that
exhibit high therapeutic indices are preferred.
Therapeutic index data obtained from cell culture
assays and/or animal studies can be used in
formulating a range of dosages for use in humans. The
dosage of such compounds preferably lies within a
range of plasma concentrations that include the ED50
with little or no toxicity. The dosagemay vary within
this range depending upon the dosage form employed and
the route of administration utilized. See, e.g. Fingl
et al, In: THE PHARMACOLOGICALBASIS OF THERAPEUTICS,
Ch. 1, p.l, 1975. The exact formulation, route of
administration and dosage can be chosen by the
individual physician in view of the patient's
condition and the particular method in which the
compound is used. V. Methods of Reducing the Catalytic
Activity of Memapsin 2 [0190] In another aspect of the
present invention, the /3-secretase inhibitor
compounds of the invention can be employed in methods
to decrease memapsin 2 catalytic activity, decrease
hydrolysis of a b-secretase site of a memapsin 2
substrate, and/or decrease the accumulation of
b-amyloid protein relative to the amount of memapsin 2
catalytic activity, hydrolysis of a b-secretase site,
and accumulation of b-amyloid protein, respectively,
in the absence of the b- secretase inhibitor. [0191]
In an exemplary embodiment, a method of reducing
memapsin 2 catalytic activity is provided. The method
includes contacting a memapsin 2 protein with an
effective amount of a /3-secretase inhibitor compound
of the present invention. The memapsin 2 may be
contacted in any appropriate environment. The memapsin
2 catalytic activity is decreased relative the amount
of activity in the absence of /3-secretase inhibitor.
[0192] In another exemplary embodiment, a method is
provided of selectively reducing memapsin 2 catalytic
activity using an inhibitor of the present invention.
Selective reduction of the activity of memapsin 2
means that memapsin 2 is not only reduced relative to
its activity in the absence of inhibitor, but is
reduced to a greater extent as compared to the
reduction in activity due to inhibitor action against
another peptide hydrolase. For example, as described
above, the reduction in activity of an enzyme may be
expressed in terms of the inhibitory constant (Kj).
Where an inhibitor selectively reduces the activity of
memapsin 2, the K of the reaction between an inhibitor
compound of the invention and memapsin 2 is less than
the K of the reaction between an inhibitor compound of
the invention and another peptide hydrolase. [0193] In
an exemplary embodiment, the Ki of the reaction
between an inhibitor compound of the invention and
memapsin 2 is at least 2 times less than the K of the
reaction between an inhibitor compound of the
invention and another peptide hydrolase. In another
exemplary embodiment, the Ki of the reaction between
an inhibitor compound of the invention andmemapsin 2
is at least 10 times less than the K; of the reaction
between an inhibitor compound of the invention and
another peptide hydrolase. In another exemplary
embodiment, the K of the reaction between an inhibitor
compound of the invention and memapsin 2 is at least
100 times less than the Ki of the reaction between an
inhibitor compound of the invention and another
peptide hydrolase. In another exemplary embodiment,
the Kj of the reaction between an inhibitor compound
of the invention and memapsin 2 is at least 1000 times
less than the Ki of the reaction between an inhibitor
compound of the invention and another peptide
hydrolase. In another exemplary embodiment, the K of
the reaction between an inhibitor compound of the
invention and memapsin 2 is at least 10000 times less
than the K; of the reaction between an inhibitor
compound of the invention and another peptide
hydrolase. [0194] In some related embodiments, the
inhibitor selectively reduces the activity of memapsin
2 as compared to memapsin 1. In other related
embodiments, the inhibitor selectively reduces the
activity of memapsin 2 as compared to cathepsin D.
[0195] Thus, the present invention provides methods of
selectively reducing the activity of memapsin 2. The
method includes contacting a memapsin 2 protein with
an effective amount of a b-secretase inhibitor
compound of the present invention. In a related
embodiment, the method includes contacting the
memapsin 2 with a /3-secretase inhibitor in the
presence of memapsin 1. In an alternative related
embodiment, the method includes contacting the
memapsin 2 with an effective amount of a -secretase
inhibitor in the presence of cathepsin D. In yet
another related embodiment, the method includes
contacting the memapsin 2 with 



an effective amount of a /3-secretase inhibitor in the
presence of cathepsin D and memapsin 1. [0196] In some
embodiments, the activity of b-secretase may be
determined by measuring the hydrolysis of a
b-secretase site of a b-secretase substrate. Thus, the
present invention also relates to a method of
decreasing the hydrolysis of a b-secretase site of a
b-secretase substrate by contacting a memapsin 2
protein with a b-secretase inhibitor compound of the
present invention. In some embodiments, the hydrolysis
of a b-secretase site is decreased relative the amount
of hydrolysis in the absence of the inhibitor. In
other embodiments, the hydrolysis is selectively
reduced as compared to hydrolysis by memapsin 1 and/or
cathepsin D. Thus, a method of selectively decreasing
hydrolysis of a b-secretase site of a b-amyloid
precursor protein relative to memapsin 1 and/or
cathepsin D in a sample is provided. The
methodincludes contacting a memapsin 2 protein with a
b-secretase inhibitor compound of the present
invention. [0197] In another embodiment, the present
invention relates to a method of decreasing the amount
of b-amyloid protein in a sample by contacting the
memapsin 2 with an effective amount of a b-secretase
inhibitor compound of the present invention. The
amount of b- amyloid protein in a sample is decreased
relative the amount of b-amyloid protein in the sample
in the absence of the inhibitor. Thus, the
accumulation of b-amyloid protein is thereby
decreased. [0198] Memapsin 2 may be contacted in any
suitable environment or any suitable sample. For
example, memapsin 2 may be contacted in vitro, within
a cell, or within a mammal. Typically, in vitro
solutions are selected such that the components do not
substantially interfere with the enzymatic activity of
memapsin 2 (e.g. aqueous solutions). In some
embodiments, the in vitro solution includes a
biological sample, such as a mammalian sample.
Exemplary mammalian samples include plasma or serum
samples and tissue samples, such as a brain biopsy.
Any appropriate cell or cellular sample may be
selected in which to contact the memapsin 2 with the
inhibitor. The cell may contain endogenous memapsin 2
or recombinant memapsin 2 as previously described
(copending U.S. Application No. 20040121947, and
International Application No. PCT/USO2/34324
(Publication No. WO 03/039454)). Exemplary cells
include human embryonic kidney (HEK293) cells, HeLa
cells, Chinese hamster ovary cells, or neuroblastoma
line Ml 7 cells HeIa cells, 293 cells. In an exemplary
embodiment, the compounds of the invention are
administered to a mammal to inhibit the hydrolysis of
a b-secretase site of a b-amyloid precursor protein
(e.g. a mouse, rabbit or human). VI. Methods of
Treating Alzheimer's Disease [0199] In another aspect
of the present invention, the b-secretase inhibitor
compounds of the invention can be employed in the
treatment of diseases or conditions associated with b-
secretase activity, hydrolysis of a b-secretase site
of a b-amyloid precursor protein, and/or b- amyloid
protein accumulation. Typically, a mammal is treated
for the disease or condition hi an exemplary
embodiment, the disease is Alzheimer's disease. [0200]
Thus, in some embodiments, the invention provides a
method of treating Alzheimer's disease in a mammal
comprising the step of administering to the mammal
aneffective amount of a b-secretase inhibitor of the
invention. The mammals treated with the inhibitors may
be human primates, nonhuman primates and/or non-human
mammals (e.g., rodents, canines). In one embodiment,
the mammal is administered a compound of the invention
that reduces b-secretase activity (inhibits memapsin 1
and memapsin 2 catalytic 5 activity). In another
embodiment, the mammal is administered a compound that
selectively reduces memapsin 2 catalytic activity. In
a related embodiment, the compound has minimal or no
effect on reducing memapsin 1 catalytic activity.
Therefore, the present invention also provides a
method of treating Alzheimer's disease in a subject in
need thereof, the method comprising administering to
the subject a b-secretase inhibitor compound. In an
exemplary 10 embodiment, the b-secretase inhibitor
compound is part of a pharmaceutical formulation, as
described above. [0201] The inhibitor compounds of the
invention can be employed in the treatment of diseases
or conditions associated with b-secretase activity,
which can halt, reverse or dimmish the progression of
the disease or condition, in particular Alzheimer's
disease. In L5 addition to compounds that decrease
memapsin 2 catalytic activity, compounds that
selectively reduce memapsin 2 catalytic activity are
useful to treat diseases or conditions or biological
processes association with memapsin 2 catalytic
activity rather than diseases or conditions or
biological processes associated with both memapsin 2
catalytic activity and another peptide hydrolase (such
as cathepsin D or memapsin 1). 



O [0202] For example, both memapsin 1 and memapsin 2
cleave amyloid precursor protein (APP) at a
b-secretase site to form b-amyloid protein (also
referred to herein as Ab or b-amyloid protein). Thus,
both memapsin 1 and memapsin 2 have b-secretase
activity (Hussain, L, etal, J. Biol. Chem. 2
75:23322-23328 (2001)). However, the b-secretase
activity of memapsin 1 is significantly less than the
b-secretase activity of memapsin 2 '.5 (Hussain, L, et
ah, J. Biol. Chem. 27(5:23322-23328 (2001)). Memapsin
2 is localized in the brain, and pancreas, and other
tissues (Lin, X., et ah, Proc. Natl. Acad Sd. USA
97:1456- 1460 (2000)) and memapsin 1 is localized
preferentially in placentae (Lin, X., et ah, Proc.
Natl. AcadSci. USA 97:1456-1460 (2000)). Alzheimer's
disease is associated with the accumulation of Ab in
the brain as a result of cleaving of APP by
b-secretase (also referred to 0 herein as memapsin 2,
ASP2 and BACE). Thus, methods employing the compounds
which selectively inhibit memapsin 2 catalytic
activity relative to memapsin 1 catalytic activity may
be important in the treatment of memapsin 2-related
diseases, such as Alzheimer's disease.13342 Selective
inhibition of memapsin 2 catalytic activity makes the
compounds of the invention suitable drug candidates
for use in the treatment of Alzheimer's disease. A.
Methods of Administering Beta-Secretase Inhibitors to
the CNS [0203] The inhibitor compounds of the present
invention may be administered to the CNS through
either invasive or non-invasive methods. Non-invasive
methods of administration include those methods that
do not require the use of a mechanical or physical
means to breach the integrity of the blood-brain
barrier. Typically, non-invasive methods include the
use of immunoliposomes, blood-brain barrier disruption
(BBBD), or the olfactory pathway. [0204]
Immunoliposomes are liposomes with antibodies or
antibody fragments that bind to ) receptors or
transporters expressed on brain capillary endothelial
cells attached to the surface of the liposome. An
exemplary immunoliposome combines polymer (e.g.
PEGylation) technology with that of chimeric peptide
technology. For example, the b-secretase inhibitor may
be packaged into a unilamellar lipid vesicle
containing a PEG2000 derivative that contains a
reactive groups at one end, for attachment to a
complimentary reactive group of an antibody 5 or
fragment thereof. Complimentary reactive groups are
well known in the art and, include, fro example, amine
and activated carboxylic acids, thiols and maleimides,
and the like (Ambikanandan et al., J. Pharm Pharmaceut
Sci 6(2):252-273 (2003); Huwyler et al., Proc. Natl.
Acad. Sci. USA, 93:14164-14169 (1996); and Huwyler et
al., J Pharmcol Exp Ther. 282:1541-1546 (1997); and
U.S. Pat. No. 6,372,250). 0 [0205] Blood-brain barrier
disruption is a temporal loss of the integrity of the
tight junctions between endothelial cells that
comprise the blood brain barrier. Typically, the
compound is administered via systemic or intercarotid
injection in conjuction with transient blood-brain
barrier disruption (BBBD). Exemplary agents useful for
inducing BBBD include solvents such as dimethyl
sulfoxide (DMSO); ethanol (EtOH); metals (e.g.
aluminum); X- 5 irradiation; induction of pathological
conditions (e.g. hypertension, hypercapnia, hypoxia,
or ischemia); anti-neoplastic agents (e.g. VP-16,
cisplatin, hydroxyurea, flurouracil and etoposide); or
concurrent systemic administration of the convulsant
drug metrazol and the anti-convulsant drug
pentobarbital (Ambikanandan et al., J Pharm Pharmaceut
Sci 6(2):252- 273 (2003)); vasoactive leukotrienes
(Black et al., JNeurosurg, 81(5):745-751 (1994)); 0
intracarotid infusion of bradykinin, histamine, or the
synthetic bradykinin analog RMP-7 (Miller et al.,
Science 297:1116-1118 (2002), Matsukado, et al.,
Neurosurgery 39:125-133 (1996), Abbott, et al., MoI
Med Today 2:106-113 (1996), Emerich et al., CHn
Pharmacokinet40:105-123 (2001)); hyaluronidase (U. S.
Pat App No. 20030215432, Kreil, et al. Protein ScL,
4(9): 1666-1669 (1995)); and intercarotid injection of
inert hypertonic solutions such as mannitol, or
arabinose (Neuwelt, E.A., et al., in Neuwelt EA (ed),
Implications of the Blood Brain Barrier and its
Manipulation: Clinical Aspects. Vol. 2, Plenum Press,
New York, (1989), Neuwelt, et al., JNuclMed,
35:1831-1841 (1994), Neuwelt et al., Pediatr Neurosurg
21:16-22 (1994), Kroll et al., Neurosurg, 42:1083-1099
(1998), Rapoport, Cell MoI Neurobiol 20:217-230
(2000), and Doran et al., Neurosurg 36:965-970,
(1995)). [0206] Olfactory pathway administration is
the intranasal delivery of the compound to the
olfactory nerves in the upper third of the nasal
passages. After intranasal delivery, the compound is
transported back along the sensory olfactory neurons
to yield significant concentrations in the cerebral
spinal fluid (CSF) and olfactory bulb (Thome et al.,
Brain Res, 692(l-2):278-282 (1995); Thome et al., Clin
Pharmacokinet 40:907-946 (2001); Ilium, Drug Discov
Today 7:1184-1189 (2002); U.S. Pat. 6,180,603; U.S.
Pat. 6,313,093; and U.S. Pat App No. 20030215398). 



[0207] Invasive methods of administration are those
methods that involve a physical breach of the
blood-brain barrier typically through a mechanical or
physical means to introduce the compound into the CSF,
or directly into the parenchyma of the brain.
Typically, invasive methods of administration may
include injection or surgical implantation of the
compound. [0208] hi injection methods, a needle is
used to physically breach the BBB and deliver the
compound directly into the CSF. Exemplary injection
methods include intraventricular, intrathecal, or
intralumbar routes of administration and may also
involve infusion of the compound through a reservoir
external to the body (Krewson et al., Brain Res
680:196-206 (1995); Harbaugh et al., Neurosurg.
23(6):693-698 (1988); Huang et al., JNeurooncol 45:9-
17 (1999); Bobo et al., Proc Natl Acad Sd USA
91:2076-2082 (1994); Neuwalt et al., Neurosurg. 38(4):
1129-1 145 (1996)). [0209] In surgical implantation
methods, the compound is placed directly into the
parenchyma of the brain. Exemplary surgical
implantation methods may include incorporation of the
compound into a polyanhydride wafer placed directly
into the interstitium of the brain (Bremet al., Sci
Med 3(4): 1-11 (1996); Brem et al., J Control Release
74:63-67 (2001)).VII. Crystallized Complexes [0210] In
another aspect, the present invention provides a
crystallized complex containing a memapsin 2 protein
and a b-secretase inhibitor of the present invention.
Memapsin 2 proteins useful in forming co-crystals with
isostere compounds (e.g. memapsin 2 protein fragments,
transmembrane proteins, etc.) have been previously
discussed in detail (copending U.S. Application No.
20040121947, and International Application No.
PCT/USO2/34324 (Publication No. WO 03/039454)). These
memapsin 2 proteins are equally useful in forming
crystallized complexes with b-secretase inhibitors of
the present invention. [0211] The crystallized complex
may be formed employing techniques described in )
copending U.S. Application No. 20040121947, and
International Application No. PCT/USQ2/34324
(Publication No. WO 03/039454). Briefly, a nucleic
acid construct encoding the protein is generated, is
expressed in a host cell, such as a mammalian host
cell (e.g., HeIa cell, 293 cell) or a bacterial host
cell (e.g., E. coli), is purified and is crystallized
with a compound or compounds of the invention. The
diffraction resolution limit of the 5 crystallized
protein can be determined, for example, by x-ray
diffraction or neutron diffraction techniques. I
[0212] In an exemplary embodiment, the crystallized
protein may have an x-ray diffraction resolution limit
not greater than about 4.0 D. The crystallized protein
may also have an x-ray diffraction resolution limit
not greater than about 4.0 D, about 3.5 D, about 3.0
D, about 2.5 D, ,0 about 2.0 D, about 1.5 D, about 1.0
D, or about 0.5 D. In some embodiments, the
crystallized protein may also have an x-ray
diffraction resolution limit not greater than about 2
D. The diffraction resolution limit of the
crystallized protein can be determined employing
standard x-ray diffraction techniques. [0213] In an
other exemplary embodiment, the b-secretase inhibitor
of the crystallized 5 complex is in association with
said protein at an S3 1binding pocket, an S4' binding
pocket and/or an S4 binding pocket. S3', S4', and S4
binding pockets are discussed in detail in copending
U.S. Application No. 20040121947, and International
Application No. PCT/USO2/34324 (Publication No. WO
03/039454). [0214] The terms and expressions which
have been employed herein are used as terms of 0
description and not of limitation, and there is no
intention in the use of such terms and expressions of
excluding equivalents of the features shown and
described, or portions thereof,it being recognized
that various modifications are possible within the
scope of the invention claimed. Moreover, any one or
more features of any embodiment of the invention may
be combined with any one or more other features of any
other embodiment of the invention, without departing
from the scope of the invention. For example, the
features of the b- secretase inhibitors of the present
invention are equally applicable to the methods of
treating disease states and/or the pharmaceutical
compositions described herein. All publications,
patents, and patent applications cited herein are
hereby incorporated by reference in their entirety for
all purposes. VIII. Examples The following examples
are for illustrative purposes only and are not
intended to limit the scope of the invention. Example
1: Preparation of Selected Beta-Secretase Inhibitor
Compounds 



Example 1.1: Synthesis of tert-butyl
3-hydroxy-4-(3-methoxybenzylammo)-lphenylbutan-
2-ylcarbamate [0215] Methylthiazole (1.0 g, 10.1 mmol)
in THF at - 78 0C was treated with n-BuLi (1.6 M, 7.56
niL) for 30 min, DMF (1.4 mL, 18.2 mmol) was added
dropwise. The resulting reaction mixture was warmed to
r.t. After the starting material was disappeared (by
TLC), the reaction mixture was recooled to 0 0C and
LAH (0.69 g, 18.5 mmol) was added. The mixture was
warmed to r.t. and stirred for 1 h, the reaction was
quenched with aqueous NH4Cl, diluted with EtOAc. The
organic solution was separated, extracted twice with
EtOAc, dried with Na2SO4, and concentrated. The
residue was purified with flash chromatography to give
the corresponding alcohol as a light yellow oil.
1H-NMR: (300 MHz, CDCl3), d: 6.89 (s, 1 H); 4.95 (s, 2
H); 2.48 (s, 3 H). [0216] Methylthiazole methanol
(0.57 g, 4.4 mmol) was treated with mesyl chloride
(0.42 mL, 5.4 mmol) and triethyl ethylamine at 0 0C in
dichloromethane . The resulting mixture was stirred
for 20 minutes followed by quenching with aqueous
NH4Cl. Evaporation of the solvent from the organic
layer and flash chromatography of the residue afforded
the corresponding mesylate as an oil. The mesylate
(0.25g, 1.2 mmol) was then dissolved in DMF and sodium
azide (0.62g, 9.6 mmol) was added. The mixture was
heated to reflux for 2 hours followed by cooling and
washing with aqueous NH4Cl. Evaporation of the solvent
from the organic layer resulted in the corresponding
azide. The azide (0.14g, 0.91mmol) wasdissolved in
ethyl acetate, Pd(OH)2 (0.07g) was added, and the
suspension was stirred under a hydrogen atmosphere for
5 hours. The suspension was filtered through Celite.
Evaporation of the solvent and flash chromatography of
the residue afforded methylthiazole methylamine as a
yellow oil. 1H-NMR: (300 MHz, CDCl3), d: 6.74 (m, 1
H); 4.09 (m, 2 H); 2.37 (s, 3 H). 5 [0217] Mono-Methyl
isophthalate (0.054g, 0.30mmol) was treated with EDCI
(0.064g, 0.33mmol), HOBt (0.046g, 0.34mmol), DIPEA
(0.07mL, 0.4mmol), and methylthiazole methylamine
(0.046g, 0.36mmol)..The resulting mixture was stirred
at room temperature for 15h under argon followed by
quenching with water. The layers were separated and
the aqueous layer was extracted with CHCl3 (2 x 20
mL). The combined organic layers were 0 dried with
Na2SO4 and concentrated under reduced pressure. The
resulting oil was dissolved in THF (5 mL) to which was
added 3 mL of 1.0N LiOH(aq). The resulting mixture was
stirred rapidly for 1.5 h. The volatiles were removed
via rotary evaporation and the resulting aqueous
solution was extracted with CHCl3 (x3). The aqueous
solution was then acidified to pH 1 with IN HCl(aq)
and extracted with CHCl3 (x3). The combined organic
layers were dried 5 with Na2SO4 and concentrated under
reduced pressure to provide the corresponding
isophthalic acid. This product (0.042g, 0.1 lmmol) was
dissolved in DMF and treated with NaH (0.01 5g,
0.62mmol) and MeI (0.04mL, 0.64mmol) and stirred
overnight. The volatiles were removed via rotary
evaporation and the resulting solution was diluted
with IN LiOH and extracted with CHCl3 (x3). The
aqueous solution was then acidified to pH 1 with IN 10
HCl(aq) and extracted with CHCl3 (x3). The combined
organic layers were dried with Na2SO4 and concentrated
under reduced pressure to provide
N-Methyl-N-(4-methyl-thiazol-2-
ylmethyl)-isophthalamic acid. 1H-NMR: (300 MHz,
CDCl3), d: 8.16 (m, 2H), 7.70 (m, IH), 7.51 (m, IH),
6.91 (s, IH), 5.05 (s, 1.5H), 4.75 (s, 0.5H), 3.2-3.0
(m, 3H), 2.46 (s, 3H). [0218] To a stirred solution of
tert-Butyl (l-oxiranyl-2-phenylethyl)carbamate (0. 5
g, 1.9 5 mmol) in iPrOH was added 3-methoxybenzyl
amine (0.28mL, 2.1 mmol). The mixture was heated to
reflux overnight followed by cooling and removal of
the volatiles under reduced pressure. Flash
chromatography of the residue resulted in the
corresponding aminoalcohol as a solid. 1HNMR (300 MHz,
CDCl3) : d 7.35- 7.17 (m, 6H), 6.93-6.78 (m, 3H), 4.65
(d, IH), 3.90-3.7 (m, 5H), 3.51 (m, IH), 3.15-2.65 (m,
6H), 1.34 (s, 9H). 10 [0219] To a stirred solution of
tert-butyl
3-hydroxy-4-(3-methoxybenzylamino)-lphenylbutan-
2-ylcarbamate (0.032g, 0.079mmol) in dichloromethane
was added TFA. The resulting mixture was stirred for
lhour followed by removal of the volatiles under
reducedpressure. This amine was dissolved in
dichloromethane, treated with DIPEA, and added to a
solution of
N-Methyl-N-(4-methyl-thiazol-2-yhnethyl)-isophthalamic
acid (0.021g, 0.071mmol), EDCI (0.015g, 0.078mmol),
and HOBt (0.01 Ig, 0.081mmol) in dichloromethane. The
resulting mixture was stirred at room temperature
overnight followed by washing with water, drying with
Na2SO4, and removal of volatiles under reduced
pressure. Flash chromatography of the residue provided
the target molecule. 1H NMR (300 MHz, CDCl3) : d
7.8-7.1 (m, HH), 6.94-6.76 (m, 4H), 4.95 (s, 1.5H),
4.63 (s, 0.5H), 4.38 (m, IH), 3.90-3.64 (m, 5H),
3.18-2.74 (m,9H), 2.44 (s, 3H). Example 1.2: Synthesis
of
Nl-(3-hydroxy-4-(3-methoxybenzylamino)-l-phenylbutan-2
- 



yl)-5-(N-methylmethyIsuIfonamido)-N3-(l
-phenylethyl)isophthalamide [0220] Tert-butyl
3-hydroxy-4-(3-methoxybenzylamino)-
1-phenylbutan-2-ylcarbamate was obtained in a single
step by the ring opening reaction of t
t-butyl-(l-oxiranyl-2- phenylethyl)-carbamate with
3-methoxybenzylamine under reflux condition in
2-propanol. Deprotection of Boc group by treatment of
TFA in CH2Cl2 or methanolic HCl provided 3- amino-
l-(3-methoxybenzylamino)-4-phenylbutan-2-ol, which was
directly exposed to peptide coupling reaction with
3-(N-methyhnethylsulfonamido)-5-(lphenylethylcarbamoyl
) benzoic acid in presence of iV-ethyl-iV-
(dimethylaminopropyl)carbodiimde hydrochloride (EDC),
1-hydroxybenzotriazole hydrate and
diisopropylethylamine in a mixture of DMF and CH2Cl2
to afford Nl-(3-hydroxy-4-(3- methoxybenzylamino)-
1-phenylbutan-2-yl)-5-(N-methylmethylsulfonamido)-N3-(
l - phenylethyl)isophthalamide. [0221] Dimethyl
5-aminoisophthalate was mesylated by treating with
methane sulfonylchloride and pyridine in
dichloromethane. Then iV-alkylationwith methyl iodide
under NaH/DMF condition gave dimethyl
5-(N-methylmethylsulfonamido)isophthalate. Selective
hydrolysis of dimethyl
5-(N-methylmethylsulfonamido)isophthalate, followed by
EDC/HOBT/DIPEA mediated coupling with
a-methylbezylamine provided methyl
3-(Nmethylmethylsulfonamido)-
5-(l-phenylethylcarbamoyl)benzoate. Ester hydrolysis
using aq. IN NaOH in presence of THF/MeOH provided
pure
3-(N-methylmethylsulfonamido)-5-(lphenylethylcarbamoyl
) benzoic acid as white solid. [0222] To a stirred
solution of t r
t-butyl-(l-oxiranyl-2-phenylethyl)-carbamate (131.6
mg, 0.5 mmol), 3-methoxy-benzylamine (0.25 mL, 2 mmol)
in 3 mL of 2-propanol was heated to reflux for 12 h to
afford tert-butyl 4-(3-methoxybenzylamino)-3 -hydroxy-
l-phenylbutan-2-ylcarba-mate. The solvent was
evaporated and the crude product was purified by
silica gel flash column chromatography (5-10% MeOH in
CHCl3) to give 4 in 77% yield (154 mg) as a colorless
solid. [0223] To a stirred solution of dimethyl
5-aminoisophthalate (2.09 g, 10 mmol) in 5
dichloromethane (30 mL), pyridine (2.43 mL, 30 mmol)
was added at room temperature. At O0C, methanesulfonyl
chloride (0.86 mL, 11 mmol) was added and the
resulting mixture was stirred at room temperature for
overnight. Then the reaction mixture was concentrated
under reduced pressure and ethyl acetate (50 mL) was
added. The resulting white precipitate was filtered
and washed with hexanes to give the sulfonamide in 95%
(2.715 g) yield as a white 10 solid. [0224] To a
stirred suspension of NaH (0.24 g, 10 mmol, 60% in oil
dispersion) in 10 mL of DMF was added the above
sulfonamide (1.435 g, 5 mmol) followed by iodomethane
(0.62 mL, 10 mmol) at room temperature. After 5 hours,
the reaction was quenched by H2O (25 mL). Then the
reaction mixture was extracted with EtOAc, further
washed with H2O to [5 remove excess of DMF, dried over
anhydrous Na2SO4 and concentrated. The crude product
thus obtained was washed with hexanes to give dimethyl
5-(Nmethylmethylsulfonamido) isophthalate as a white
solid in 91% (1.37 g) yield. [0225] dimethyl
5-(N-methylmethylsulfonamido)isophthalate. (0.842 g,
2.8 mmol) was dissolved in THF:MeOH (1:1) (8 mL) and
H2O (3 mL). Solid NaOH (0.112 g, 2.8 mmol) \0 was
added and stirred at room temperature for 18 hours.
The reaction mixture was concentrated under reduced
pressure. Saturated NaHCO3 (10 mL) solution was added
to the reaction mixture and extracted with toluene (to
remove <10% unreacted starting material). The aqueous
solution was acidified with dilute HCl (10%),
extracted with EtOAc, and dried over anhydrous Na2SO4.
The solvent was evaporated and dried under reduced
pressure to 5 give the
3-(methoxycarbonyl)-5-(N-methylmethan-5-ylsulfonamido)
benzoic acid: as a white solid (75%, 0.598 g) which
was used for further reaction without purification.
[0226] To a stirred solution of
3-(Methoxycarbonyl)-5-(N-methylmethan-5-
ylsulfonamido)benzoic acid (0.215 g, 0.75 mmol), EDC
(0.172g, 0.9 mmol), HOBt (0.122 g, 0.9 mmol) in
DMF/CH2C 12 (1:5 mL) at room temperature was added
a-methylbezylamine 0 (0.1 mL, 0.75 mmol) followed by
diisopropylethylamine (0.5 mL). The reaction mixture
was stirred at room temperature for 16 h. Then water
was added and the reaction mixture was extracted with
EtOAc. The organic layers were dried overNa2SO4 and
concentrated. Thecrude product thus obtained was
purified by silica gel flash column chromatography (3%
MeOH in CHCl3) to provide the corresponding amide 10
(0.343 g) which was dissolved in THFMeOH (1:1) (6 mL)
and H2O (2 mL). Solid NaOH (80 mg, 2.0 mmol) was added
and stirred at room temperature for 6 hours. The
reaction mixture was concentrated under reduced
pressure. Saturated NaHCO3 (10 mL) solution was added
to the reaction mixture and 



extracted with toluene (to remove organic impurities).
The aqueous reaction mixture was acidified with
diluted HCl (10%), extracted with EtOAc, dried over
anhydrous Na2SO4. The solvent was evaporated and dried
under reduced pressure to give 3-(N-methylmethan-5-
ylsulfonamido)-5-((l-phenylethyl)carbomoyl)benzoic
acid (0.198 g, 60 %,) as a white solid. [0227] To a
solution of tert-butyl
3-hydroxy-4-(3-methoxybenzylamino)-l-phenylbutan-2-
ylcarbamate (40 mg, 0.1 mmol) in CH2Cl2 ( 1 mL) was
added TFA (0.5 mL) at room temperature. The reaction
mixture was stirred at room temperature for 30 min.
After this period, the mixture was concentrated under
reduced pressure and dissolved in CH2Cl2 (ImL) and
stirred with diisopropylethylamine (0.2 mL). This
mixture was added to a stirred solution of
3-(N-methylmethan-5-ylsulfonamido)-5-((l
-phenylethyl)carbomoyl)benzoic acid (37.6 mg, 0.1
mmol), EDC (24 mg, 0.125 mmol), HOBt (16.9 mg, 0.125
mmol) in DMF/ CH Cl2 ( 1:2 mL). The reaction mixture
was stirred at room temperature for 19 h. Then water
was added and the reaction mixture was extracted with
EtOAc. The organic layers were dried over Na2SO4 and
concentrated. The crude product
N1-(4-(3-methoxybenzylamino)-3-
hydroxy-l-phenylbutan-2-yl)-5-(N-meth-ylmethan-5-ylsul
fonamido)-N 3-(lpheynylethyl) isophthalamide thus
obtained was purified by silica gel flash column
chromatography (10% MeOH in CHCl3) to provide the
target molecule (22.3 mg, 34%) as white solid. 1H NMR
(500 MHz, CDCl3) : d 1.58 (3H, d), 2.72 (3H, s),
2.74-2.83 (4H, m), 3.22 (3H, s), 3.69-3.83 (6H, m),
4.29-4.33 (IH, m), 5.26 (IH, q), 6.78 (IH, dd),
6.85-6.86 (2H, m), 7.13-7.37 (12H, m), 7.76 (IH, s),
7.89 (2H, s), 8.11 (IH, s). Example 2: Syntheses of
Selected Precursor Compounds [0228] The precursor
compounds synthesized below are useful in the methods
of making compounds of the present invention provided
herein. Using the guidance provided in the Exemplary
Syntheses and Example 1 above, one skilled in the art
will immediately recognize that the below precursor
compounds may be elaborated by modifying the below
syntheses using well known techniques to arrive at a
wide variety of inhibitor compounds.Example 2.1:
l-(pyridin-3-yl)ethanamine: [0229] To a solution of
3-acetylpridine (82.6 mmol) in methanol (200 mL) was
added ammonium acetate (1.03 mol) in one portion at
room temperature. After the mixture has been stirred
for 20 min, sodium cyanoborohydride (57.8 mmol) was
added to this mixture. After being stirring for one
day, 6M hydrochloric acid was added to the reaction
mixture. The resulting solution was washed with
diethyl ether, and then the aqueous phase was basified
to PH = 10 with potassium hydroxide. The liberated
amine was extracted with chloroform, and the combined
organic extracts were dried over anhydrous sodium
sulfate. After removal of the solvent under reduced
pressure, the crude amine was obtained as a colorless
oil, which was further purified by distillation under
reduced pressure. 1H NMR (300 MHz, CDCl3), d: 8.552
(d, 1 H), 8.453 (dd, 1 H), 7.678 (m, 1 H), 7.206-7.261
(m, 1 H), 4.148 (q, 1 H), 1.378 (d, 3 H). [0230] The
above procedure was also used to produce the following
compounds: [0231] l-(3-methoxyphenyl)ethanamine: 1H
NMR (300 MHz, CDCl3), d: 7.274-7.219 (m, 1 H),
6.941-6.905 (m, 2 H), 6.796-6.757 (m, 1 H), 4.090 (q,
1 H), 3.811 (s, 3 H), 1.382 (d, 3 H). [0232]
l-(3-fluorophenyl)ethanamine: 1H NMR (300 MHz, CDCl3),
d: 7.297-7.224 (m, 1 H), 7.105-7.032 (m, 2 H),
6.903-6.862 (m, 1 H), 4.100 (q, 1 H), 1.352 (d, 3 H).
Example 2.2: tert-butyl
(3-methylisoxazol-5-yl)methylcarbamate [0233] A
solution of 321 mg (2.27 mmol) of
2-(3-methylisoxazol-5-yl)acetic acid, 0.5 mL (2.32
mmol) of diphenylphosphorylazide (DPPA), and 0.35 mL
(2.51 mmol) of triethylamine in 30 mL of distilled
tert-butyl alcohol was refluxed for 13.5 hours. The
solution was concentrated, and the crude residue was
dissolved in EtOAc. The organic layer was washed with
IN HCl (3x10 mL) and saturated NaHCO3 solution (3x10
mL). The organic layer was dried over sodium sulfate,
filtered, concentrated. Purification by flash silica
gel chromatography (28% EtOAc/hexanes) provided 50 mg
(10% yield) of the protected amine as a pale yellow
solid. Example 2.3:
(3-(methoxymethyl)phenyl)methanamine [0234]
1,3-phenylenedimethanol was converted to
(3-(methoxymethyl)phenyl)methanol using the procedure
found in the following reference: Liu, Xuan; Zheng,
Qi-Huang; Fei, Xiangshu; Wang, Ji-Quan; Ohannesian,
David W.; Erickson, Leonard C ; Stone, K. Lee;
Hutchins, Gary D.; Bioorg. Med. Chem. Lett. 2003, 13,
641 - 644. (3-(methoxymethyl)phenyl)methanol was
converted to the target molecule following standard
reactions including formation of the azide with DPPA
and reduction. Example 2.4: tert-butyl
3-acetamidobenzyIcarbamate 



[0235] To a stirred solution of tert-butyl
3-aminobenzylcarbamate (Hah, Jung-Mi; Martasek, Pavel;
Roman, Linda J.; Silverman, Richard B.; J. Med. Chem.;
2003, 46,1661 - 1669) (287 mg, 1.29 mmol) in CH2Cl2
(10 mL) at OC was added Et3N (0.27 mL, 2.0 mmol) and
acetyl chloride (0.10 mL, 1.4 mmol) and the resulting
solution was warmed up to room temperature slowly.
After further stirring of 4 h, the reaction was
quenched with saturated aqueous NH4Cl. The layers were
separated and the aqueous layer was extracted with
CH2Cl2 (2 x 20 mL). The combined organic layer was
washed with H2O, brine, dried with Na2SO4 and
concentrated under reduced pressure. The residue oil
was purified by column chromatography (60% EtOAc in
hexanes) to provide acetamide (123.1 mg, 36%). Example
2.5: tert-butyl 3-(methylamino)benzyIcarbamate [0236]
Tert-butyl 3-aminobenzylcarbamate was converted to the
target molecule following standard reductive amination
conditions using formaldehyde and sodium
cyanoborohydri.de. Example 2.6: 5-fluoroisophthalic
acid [0237] To a gently refluxing solution of 1.9 g
(15.3 mmol) of 5-fluoro-m-xylene in about 13.5 mL of
pyridine and about 9.5 mL of water was added 13.8 g
(87.3 mmol) OfKMnO4 in several portions. After the
mixture was refluxed for about 7 h, sodium sulfite was
added to quench the excess KMnO4. The warm mixture was
filtered, and IN HCl was added to a pH=3. The filtrate
was washed with EtOAc, saturated with NaCl, and
extracted with the extract of a mixture of (80 mL
CHCl3: 10 mL MeOH: 10 mL H2O) 3-4 times. The combined
extracts were dried over sodium sulfate, filtered, and
concentrated to give about 400 mg (14% yield) of
diacid as a pale yellow solid. Example 2.7: methyl
5-(benzyloxy)nicotinate [0238] A mixture of 818 mg
(5.34 mmol) of 5-hydroxynicotinic acid, 1.70 g (12.3
mmol) OfK2CO3, and 1.0 mL (8.41 mmol) of benzyl
bromide in 25 mL of DMF was heated at 60 C under Ar
for 16 h. The mixture was filtered through cotton, and
the residue was dissolved in CHCl3. The organic layer
was washed with water (2x30 mL), brine (30 mL), dried
over Na2SO4, filtered, and concentrated. Purification
by flash silica gel chromatography provided 363 mg of
the benzyl ether in 28% yield as an orange oil.Example
2.8: (5-(benzyloxy)pyridin-3-yl)methanoI [0239] To a
stirring solution of 363 mg (1.49 mmol) of methyl
5-(benzyloxy)nicotinate in 10 mL of THF at 0 C was
added 141 mg (3.71 mmol) OfLiAlH4. The ice bath was
removed, and after 55 min., 20.5 mg OfLiAlH4 was
added. After 40 min., the reaction was quenched by
adding successively 160 mL of H2O, 160 mL of 15%
aqueous NaOH, and 480 mL of brine. Purification by
flash silica gel chromatography (2 mL MeOH/100 mL
CHCl3) provided 250 mg of alcohol (yellow oil) in 78%
yield. Example 2.9:
3-(azidomethyl)-5-(benzyloxy)pyridine [0240] To a
stirring solution of 250 mg (1.17 mmol) of
(5-(benzyloxy)pyridin-3- yl)methanol in 8mL of toluene
was added 310 mL (1.44 mmol) of DPPA. The mixture was
cooled to 0 C and 210 mL (1.44 mmol) of
l,8-diazabicyclo[5.4.0]-undec-7-ene] (DBU) was added.
The ice bath was removed, and stirring was continued
with warming to room temperature. After about 20 h,
the solution was diluted with EtOAc, and IN HCl was
added to a pH between 7 and 8. The organic layer was
washed with water (2x15 mL) and brine (15 mL) and
dried over Na2SO4. After filtration and concentration,
the crude product was purified by flash silica gel
chromatography (56-60% EtOAc/hexanes) to give 181 mg
(65% yield) of the azide as a colorless oil. Example
2.10: (5-(benzyloxy)pyridin-3-yl)methanamine [0241] To
a stirring solution of 181mg of
3-(azidomethyl)-5-(benzyloxy)pyridine in 6 mL of THF
at 0 C was added 80.6 mg (2.12 mmol) OfLiAlH4. The ice
bath was removed and stirring was continued with
warming to r.t. After 30 min. the reaction was
quenched by adding successively 160 mL OfH O, 160 mL
of 15% aqueous NaOH, and 480 mL of brine. The mixture
was filtered through Celite and concentrated. The
crude product was used for the next reaction without
further purification. Example 2.11:
(5-methylpyridin-3-yl)metlianol [0242] To stirring
solution of 233 mg ( 1.70 mmol) of 5-methylnicotinic
acid (synthesized following the general procedure for
5-fluoro-isophthalic acid) in 30 mL of THF at 0 C was
added 181 mg (4.76 mmol) OfLiAlH4. After 25 min., the
reaction was quenched by adding successively 180 mL
OfH2O, 180 mL of 15% aqueous NaOH, and 540 mL of
brine. The mixture was filtered through Celite and
concentrated to give 87 mg of crude alcohol which was
used for the next reaction without further
purification.Example 2.12:
(5-methylpyridin-3-yl)methanamine 



[0243] The precursor compound was synthesized from the
corresponding alcohol following the general procedure
as described above for the nicotinic acid benzyl ether
derivative. Example 2.13:
(5-methoxypyridin-3-yl)methanamine [0244] The
precursor compound was synthesized from the
hydroxynicotinate following the general procedure as
described above for the nicotinic acid benzyl ether
derivative. Example 2.14: 4-fluoro-isophthalic acid
[0245] The precursor compound was synthesized from
2-fluoro-5-methylbenzoic acid following the procedure
described for 5-fluoro-isophthalic acid. Example 2.15:
4-methyl-isophthalic acid [0246] The precursor
compound was synthesized from 2,5-dimethylbenzoic acid
following the procedure described for
5-fluoro-isophthalic acid. Example 2.16: tert-butyl
l-(4-methylthiazol-2-yl)ethylcarbamate [0247] A
mixture of BOC-alanine-thioamide (1.39g, 6.81 mmoles),
chloroacetone (0.65 mL, 8.18 mmoles) and calcium
carbonate (1.Og, 10.22mmoles) were refluxed in ethanol
(25mL) for 4h. The reaction was cooled to room
temperature and quenched with 2OmL of saturated aq.
NaHCO3 solution. Ethanol was evaporated under reduced
pressure and extracted with ethyl acetate (2x30mL).
The combined organic layers was dried over Na2SO4 and
concentrated. The residue was chromatographed on
silica gel (20% ethyl acetate/ 80% hexane) to yield
48% of the desired product. Example 2.17: tert-butyl
4-((lH-benzo[d]imidazol-2-yl)methylamino)-3-hydroxy-lp
henylbutan- 2-ylcarbamate [0248] A solution of
tert-butyl 1-(oxiran-2-yl)-2-phenylethylcarbamate (185
mg, 0.7 mmoles), (lH-benzo[d]imidazol-2-yl)methanamine
dih.ydrochlori.de salt (232 mg, 1.01 mmoles) and
Hunig's base (0.49 mL, 2.8 mmoles) in iPrOH (6mL) was
refluxed for 12h. The reaction was cooled to room
temperature, solvent evaporated under reduced pressure
and chromatographed (5% MeOH/ 95% CHCl3) to obtain 175
mg (61%) of the desired product.Example 2.18:
Nl-(3-hydroxy-4-((l-isobutylpiperidin-4-yl)methylamino
)-lphenylbutan-
2-yl)-5-(N-methylmethylsulfonamido)-N3-(l-phenylethyl)
isophthalamide dihydrochloride [0249]
l-(oxiran-2-yl)-N-((oxoboryl)methylene)-2-phenylethana
mine (1.61 mmol, 424 mg) and benzyl
4-(aminomethyl)piperidine-l-carboxylate (1.94 mmol,
480 mg) in isopropanol (20 mL) was heated at 80 C for
overnight. Evaporated the solvent and purified by
flash chromatography to get benzyl
4-((2-hydroxy-3-((oxoboryl)methyleneamino)-4-
phenylbutylamino)methyl) rireridine-l-carboxylate (880
mg). 1HNMR (300 MHz, CDCl3), d: 7.363-7.174 (m, 10 H),
5.118 (s, 2 H), 4.767 (br, 1 H), 4.187 (m , 2 H),
3.786 (m, 1 H), 3.458 (m, 1 H), 3.023-2.671 (m, 6 H)5
2.484 (d, J=6.6 Hz, 2 H), 1.733 (m, 2 H), 1.600 (m, 1
H), 1.347 (s, 9 H), 1.135 (m, 2 H). [0250] benzyl
4-((2-hydroxy-3
-((oxoboryl)methyleneamino)-4-phenylbutylamino)methyl)
piperidine-1-carboxylate (1.04 mmol, 530 mg) in
dichloromethane was added TFA (7.6 mL) and stirred for
40 min at room temperature. The solvent was
evaporated. The residue was dissolved in
dichloromethane, added diisopropylethylamine (4.14
mmol, 0.72 mL) and tirred for 30 min. Then acid (1.04
mmol, 390 mg) and BOP reagent (1.14 mmol, 504 mg) were
added to the flask. The resulting mixture was stirred
for overnight and the solvent was evaporated. The
residue was dissolved into chloroform, washed with
water and brine. Finally the yellow residue was
purified by flash chromatography to get the product
(320 mg). 1H NMR (300 MHz, CDCl3), d: 7.992 (s, 1 H),
7.865 (m, 1 H), 7.715 (s, 1 H), 7.383-7.106 (m, 15 H),
5.241 (m, 1 H), 5.093 (s, 2 H), 4.291 (m, 1 H), 4.146
(m , 2 H), 3.843 (m, 1 H), 3.232 (s, 3 H), 3.065 (m, 1
H), 2.962-2.626(m, 7 H), 2.779 (s, 3 H), 1.714 (m, 3
H), 1.579 (d, J=6.9 Hz, 3 H), 1.120 (m, 2 H). [0251]
The above compound (318 mg, 0.413 mmol) was dissolved
into anhydrous methanol, followed by triethylamine
(0.2 mL, excess) and t-butyl dicarbonate (108.3 mg 0.5
mmol). The resulting mixture was stirred for
overnight. The solvent was then evaporated and the
residue was dissolved methanol, hydrogenated with
Pd(OH) 2 at 1 arm. After the filtration the solvent
was evaporated and the residue was purified by flash
chromatography to get the product (215 mg). 1H NMR
(300 MHz, CDC13+CD3OD), d: 8.227-7.802 (m, 3 H),
7.365- 7.059 (m, 10 H), 5.214 (m, 1 H), 4.308 (br, 1
H), 3.885 (m, 1 H), 3.467 (m, 1 H), 3.293-2.879 (m, 6
H), 3.211 (s, 3 H), 2.805-2.668 (m, 3 H), 2.782 (s, 3
H), 1.717 (m, 3 H), 1.562 (d, J=6.9 Hz, 3 H), 1.386
(s, 9 H), 1.174 (m, 2 H).[0252] The amine (50 mg,
0.068 mmol) dissolved in methanol/acetonitrile(5/l)
was added isobutyraldehyde (0.1 mL, excess) and
stirred for 15 min , NaBCNH3 (12.8 mg, 0.2 



mmol)was then added and continued to stir for 30 min.
5 drops of acetic acid was added to the reaction
mixture and continued to stir for overnight. The
solvent was evaporated. The white solid was then
dissolved in chloroform, washed with aqueous NaHCO 3,
brine, filtrated and dried with anhydrous Na2SO4. The
resulting residue was purified by flash chromatography
to get the product (40 mg). 1H NMR (300 MHz, CDCl3),
d: 8.014 (s, 1 H), 7.902 (s, 1 H), 7.798 (s, 1 H),
1.312-1 i (m, 10 H), 5.261 (m, 1 H), 4.340 (m, 1 H),
3.870 (m , 1 H), 3.420-3.207(m, 3 H), 3.282 (s, 3 H),
3.103-2.890 (m, 4 H), 2.841 (s, 3 H), 2.610 (m, 3 H),
2.132 (m, 2 H ), 1.935-1.774 (m, 3 H), 1.569 (d, J=6.9
Hz, 3 H), 1.422 (s, 9 H), 1.302 (m, 2 H), 0.979 (d,
J=6.6 Hz, 3 H), [0253] The above compound was
dissolved in 4 M HCl dioxane solution and stirred for
1 hr. Evaporated the solvent and recovered
Nl-(3-hydroxy-4-((l-isobutylpiperidin-4-
yl)methylamino)-l-phenylbutan-2-yl)-5-(N-methylmethyls
ulfonamido)-N3-(lphenylethyl) isophthalamide
dihydrochloride as a white solid. Example 2.19: methyl
3-(isopropyI((4-methylthiazol-2-yl)methyl)carbamoyl)be
nzoate [0254] Et3N ( 1 drop, catalytic) was added to a
stirred suspension of 7 o o-Methyl isophthalate (0.294
mmol, 1.0 eq) in 2 ml SOCl2 under Ar. The mixture was
heated to reflux at 90 0C for 2h. The reaction was
cooled to RT, and the solvent was removed in vacuo.
The residue was placed under an Ar atmosphere and
dissolved in 2 ml anh CH2Cl2. The resulting solution
was treated with a solution of
N-((4-methylthiazol-2-yl)methyl)propan-2-amine (0.294
mmol, 1.0 eq made from reductive amination of
4-methylthiazole-2-carbaldehyde with isopropylamine)
dissolved in 1ml anh CH2Cl2 under Ar. After stirring
at RT for 30 min, the reaction was treated with ET3N
(0.294 mmol, 1 eq). After stirring at RT for 30 min,
the reaction is poured into a seperatory funnel,
washed with sat. NaHCO (xl), water (x3), brine (xl),
and dried over Na2SO4. The inorganics were removed via
filtration, and the solvent was removed in vacuo
yielding the crude product in 93% yield. Example 2.20:
tert-butyl (3-methylisoxazol-5-yl)methylcarbamate
[0255] A solution of 321 mg (2.27 mmol) of
2-(3-methylisoxazol-5-yl)acetic acid, 0.5 mL (2.32
mmol) of diphenylphosphorylazide (DPPA), and 0.35 mL
(2.51 mmol) of triethylamine in 30 mL of distilled
tert-butyl alcohol was refluxed for 13.5 hours. The
solution was concentrated, and the crude residue was
dissolved in EtOAc. The organic layer was washedwith
IN HCl (3x10 mL) and saturated NaHCO3 solution (3x10
mL). The organic layer was dried over sodium sulfate,
filtered, concentrated. Purification by flash silica
gel chromatography (28% EtOAc/hexanes) provided 50 mg
(10% yield) of tert-butyl (3-
methylisoxazol-5-yl)methylcarbamate as a pale yellow
solid. Example 2.21: 5-fluoroisophthaIic acid [0256]
To a gently refluxing solution of 1.9 g (15.3 mmol) of
5-fluoro-m-xylene in about 13.5 mL of pyridine and
about 9.5 mL of water was added 13.8 g (87.3 mmol) of
KMnO4 in several portions. After the mixture was
refiuxed for about 7 h, sodium sulfite was added to
quench the excess KMnO4. The warm mixture was
filtered, and IN HCl was added to a pH=3. The filtrate
was washed with EtOAc, saturated with NaCl, and
extracted with the extract of a mixture of (80 mL
CHCl3: 10 mL MeOH: 10 mL H2O) 3-4 times. The combined
extracts were dried over sodium sulfate, filtered, and
concentrated to give about 400 mg (14% yield) of
5-fluoroisophthalic acid as a pale yellow solid.
Example 2.22: (5-(benzyloxy)pyridin-3-yI)methanamine
[0257] A mixture of 818 mg (5.34 mmol) of
5-hydroxynicotinic acid, 1.70 g (12.3 mmol) OfK2CO3,
and 1.0 mL (8.41 mmol) of benzyl bromide in 25 mL of
DMF was heated at 60 C under Ar for 16 h. The mixture
was filtered through cotton, and the residue was
dissolved in CHCl3. The organic layer was washed with
water (2x30 mL), brine (30 mL), dried over Na2SO4,
filtered, and concentrated. Purification by flash
silica gel chromatography provided 363 mg of methyl
5-(benzyloxy)nicotinate in 28% yield as an orange oil.
[0258] To a stirring solution of 363 mg (1.49 mmol) of
methyl 5-(benzyloxy)nicotinate in 10 mL of THF at 0 C
was added 141 mg (3.71 mmol) OfLiAlH4. The ice bath
was removed, and after 55 min., 20.5 mg OfLiAlH4 was
added. After 40 min., the reaction was quenched by
adding successively 160 mL of H20 , 160 mL of 15%
aqueous NaOH, and 480 mL of brine. Purification by
flash silica gel chromatography (2 mL MeOH/100 mL
CHCl3) provided 250 mg of
(5-(benzyloxy)pyridin-3-yl)methanol (yellow oil) in
78% yield. [0259] To a stirring solution of
(5-(benzyloxy)pyridin-3-yl)methanol 250 mg (1.17 mmol)
in 8mL of toluene was added 310 mL (1.44 mmol) of
DPPA. The mixture was cooled to 0 C and 210 mL (1.44
mmol) of l,8-diazabicyclo[5.4.0]-undec-7-ene] (DBU)
was added. The 



ice bath was removed, and stirring was continued with
warming to room temperature. After about 20 h, the
solution was diluted with EtOAc, and IN HCl was added
to a pH between 7 and 8. The organic layer was washed
with water (2x15 mL) and brine (15 mL) and driedover
Na2SO4. After filtration and concentration, the crude
product was purified by flash silica gel
chromatography (56-60% EtOAc/hexanes) to give 181 mg
(65% yield) of 3- (azidomethyl)-5-(benzyloxy)pyridine
as a colorless oil. [0260] To a stirring solution of
181mg of 3-(azidomethyl)-5-(benzyloxy)pyridine in 6 mL
of THF at 0 C was added 80.6 mg (2.12 mmol) of LiAlH4.
The ice bath was removed and stirring was continued
with warming to r.t. After 30 min. the reaction was
quenched by adding successively 160 mL of H20 , 160 mL
of 15% aqueous NaOH, and 480 mL of brine. The mixture
was filtered through Celite and concentrated to yield
crude (5- (benzyloxy)pyridin-3-yl)methanamine. The
crude product was used without further purification.
Example 2.23: (5-methylpyridin-3-yI)methanol [0261] To
stirring solution of 233 mg (1.70 mmol) of
5-methylnicotinic acid (synthesized following the
general procedure for 5-fluoro-isophthalic acid) in 30
mL of THF at 0 C was added 181 mg (4.76 mmol)
OfLiAlH4. After 25 min., the reaction was quenched by
adding successively 180 mL OfH2O, 180 mL of 15%
aqueous NaOH, and 540 mL of brine. The mixture was
filtered through Celite and concentrated to give 87 mg
of crude (5- methylpyridin-3-yl)methanol which was
used for the next reaction without further
purification. Example 2.24:
l,5-bis(chIoromethyl)-2,4-dimethyIbenzene [0262] A
solution of 3 mL (24.4 mmol) of m-xylene , 2.6 g (28.5
mmol) of 1,3,5-trioxane, and 2.6 g (19.0 mmol) OfZnCl2
in 100 mL of 1.0 M HCl in acetic acid was heated at 90
0C. After 23 h, water, NaHCO3, and EtOAc were added.
The layers were separated, and the organic layer was
washed with water (3-4x) and brine, dried over Na2SO4,
filtered, and concentrated. Purification by flash
silica gel chromatography (hexanes to 3%
EtOAc/hexanes) provided 2.45 g of
l,5-bis(chloromethyl)-2,4-dimethylbenzene as a
colorless solid in 49% yield. Example 2.25:
(5-ethylpyridin-3-yl)methanol [0263] To a stirring
mixture of 1.08 g (12.0 mmol) of CuCN in 20 mL of THF
at -78 0C was added 24 mL of EtMgBr (IM in THF). After
stirring for 20 min., 387 mg of 5- (5-
bromopyridin-3-yl)methanol in 20 mL of THF was added
and stirring was continued at -78 0C for 3 h. The
reaction mixture was then allowed to warm to r.t.,
stirred for about 17 h, and ammonium hydroxide was
added. The mixture was stirred until the color became
a royalblue and was allowed to stand overnight. It was
extracted with CHCl (2x), dried over Na2SO4, filtered,
and concentrated. Purification by flash silica gel
chromatography (2.5% MeOH/CHCl 3) provided 37 mg of
(5-ethylpyridin-3-yl)methanol as a yellow oil in 13 %
yield. Example 2.26: methyl 5-fluoronicotinate [0264]
To a stirring solution of 243 mg (1.6 minol) of methyl
5-aminonicotinate in 5 mL of HF-pyridine at 0 0C was
added 119 mg (1.72 mmol) OfNaNO2. The mixture was
stirred at 0 0C for 30 min. and at 50 0C for 1 h. The
reaction was quenched by ice and sat. NaHCO3 solution.
The aqueous layer was extracted with CHCl3, dried over
Na2SO4, filtered, and concentrated. Purification by
flash silica gel chromatography (1% MeOH/CHCl 3)
provided 139 mg of methyl 5-fluoronicotinate as a
yellow solid in 56% yield. Example 2.27:
2-chloro-l-(2,4-difluoro-5-methylphenyl)ethanone
[0265] To a stirring solution of 2,4-difluorotoluene
was added 6.3g (47.3 mmol) OfAlCl3, and 3.4 mL (42.6
mmol) of chloroacetyl chloride at 0 0C After the
mixture was stirred for 10 min. at 0 0C and then at 45
0C for 30 min. The mixture was allowed to cool to r.t,
about 16 mL of cone. HCl, 25 mL of water, and 100 mL
of EtOAc were added. The organic layer was separated
and washed with brine and sat. NaHCO3 (2x), and dried
over Na2SO4. The solution was filtered and
concentrated to give 9.0 g of
2-chloro-l-(2,4-difluoro-5- methylphenyl)ethanone as a
colorless solid that was used without further
purification. Example 2.28: methyl
5-isopropoxynicotinate [0266] A solution of 677 mg
(3.28 mmol) of dicyclohexylcarbodiimide (DCC), 0.3 mL
(3.92 mmol) of isopropanol, and 7.7 mg (0.078 mmol) of
CuCl was heated at 60 0C. After 13 h, 460 mg (3.0
mmol) of 5-hydroxynicotinic acid methyl ester and 10
mL of benzene were added and heated at 105 0C for 24.5
h. The mixture was diluted with chloroform and
filtered. The organic layer was washed with 15 mL of
sat. NaHCO3, water, and brine and dried over 



Na2SO4. Purification by flash silica gel
chromatography (100% CHCl3) provided 274 mg of methyl
5-isopropoxynicotinate as a yellow oil in 47% yield.
Example 2.29: l-(3-methylisoxazoI-5-yl)ethanol [0267]
To a stirring solution of 5.2 mL (84.9 mmol) of
acetaldehyde oxime, 6.7 mL (85.5 mmol) of
3-butyn-2-ol, and 1.2 mL (8.6 mmol) OfEt3N in 20 mL
OfCH2Cl2 at 0 0C was added 275 mL of NaOCl over a
period of 2h 45 min. The ice bath was removed and
stirring was continued at r.t.for 18 h. Chloroform was
added, and the layers were separated. Theorganic layer
was extracted with CHCl3 (2x) and with the extract of
a mixture of (80 niL CHCl3: 10 niL H2O: 10 mL MeOH)
(2x). The combined extracts were dried over Na2SO4,
filtered and concentrated. Purification by flash
silica gel chromatography (2% MeOH/CHCl3) provided 2.2
g of l-(3-methylisoxazol-5-yl)ethanol as an
orange-yellow oil in 20% yield. Example 2.30:
(4-methoxypyridin-2-yl)methanamine [0268] To a
stirring mixture of 1.2 g (9.67 mmol) of
4-methoxypyridine-N-oxide in 18 mL OfCH2Cl2 at r.t.
was added 1.6 mL (12.0 mmol) of TMSCN. After 5 min.
0.9 mL (9.8 mmol) of dimethylcarbamoyl chloride. The
solution was stirred at r.t. for 13 h and CHCl3 and 20
mL of 10% K2CO was added. The aqueous layer was
extracted with CHCl3 3 times, and the combined
extracts were dried over Na2SO4, filtered, and
concentrated. Purification by flash silica gel
chromatography (38-44% EtOAc/hexanes) provided 949 mg
of 4- methoxypicolinonitrile as a colorless solid in
73% yield. [0269] To a stirring solution of 949 mg of
4-methoxypicolinonitrile in 15 mL of THF at 0 0C was
added about 0.6 g of LiAlH4. The reaction became very
exothermic. The mixture was allowed to warm to r.t
.and after 40 min., the following were added in
succession: 0.4 mL ofH 20, 0.4 mL of 15% NaOH (aq.),
and 1.2 mL of brine. The mixture was stirred at r.t.
for 75 min. and then filtered through Celite and
concentrated to give 377 mg of (4-
methoxypyridin-2-yl)methanamine which was used for the
next reaction without further purification. Example
2.31: methyl 5-(dimethylamino)nicotinate [0270] To a
stirring solution of 283 mg (1.86 mmol) of methyl
5-aminonicotinate in 19 mL OfCH3CN and 19 mL of 37%
formaldehyde in H2O was added 353 mg (5.62 mmol) of
NaCNBH3, and 50 drops of acetic acid. The solution was
stirred at r.t. for 18.5 h and 40 mL of EtOAc and 40
mL of sat. NaHCO3 solution was added. The layers were
separated, and the organic layer was washed with 25 mL
of sat. NaHCO3 and 25 mL of brine, dried over Na2SO4,
filtered, and concentrated. Purification by flash
silica gel chromatography (0.5% MeOH/CHCl 3) resulted
in 124 mg of methyl 5-(dimethylamino)nicotinate as a
yellow oil in 37% yield.Example 2.32: methyl
3-(2,2-dimethyl-l-((4-methylthiazol-2-
yl)methyl)hydrazinecarbonyl)benzoate [0271] To the
acid 3-(methoxycarbonyl)benzoic acid (253 mg, 1.40
mmol) in CH2Cl2 at rt, EDCI (312 mg, 1.64mmol) and
HOBT (189mg, 1.40 mmol) were added and stirred at rt
for 20 min. To that mixture, N, N-dimethyl hydrazine
was added followed by DIPEA (404 mg, 14.0 mmol).
Reaction mixture was stirred at rt for 16h. Then
reaction mixture was diluted with chloroform, washed
with water, brine and dried. Crude residue was
purified by column chromatography to yield 60% of
methyl 3-(2,2-dimethylhydrazinecarbonyl)benzoate.
[0272] To the sodium hydride (16mg, 0.68 mmol) in THF
(3 ml) at O0C, methyl 3-(2,2-
dimethylhydrazinecarbonyl)benzoate (lOOmg, 0.45 mmol)
was added. After 10 min, 4- methyl-2-bromo methyl
thiazole (103 mg, 0.54 mmol) was added and reaction
mixture was stirred at 3-40C overnight. Reaction
mixture was quenched with MeOH and diluted with
ethylacetate. Organic layer was washed with water,
brine and dried. Crude residue was purified by column
chromatography to yield 70% of methyl
3-(2,2-dimethyl-l-((4-
methylthiazol-2-yl)methyl)hydrazinecarbonyl)benzoate.
Example 2.33: tert-butyl
3-(fluoromethyl)benzylcarbamate [0273] To the DAST
(600mg, 3.72 mmol) in CH2Cl2 (30 ml) at -780C, alcohol
tert-butyl 3- (hydroxymethyl)benzylcarbamate (630 mg,
2.65 mmol) was slowly added. Reaction mixture was
stirred for Ih at -780C and a further Ih at rt. Then
reaction mixture was quenched with methanol, followed
by sodium bicarbonate. After solvent removal, crude
residue was column chromatographed to yield 60% of
tert-butyl 3-(fluoromethyl)benzylcarbamate. Example
2.34: (3-isopropylphenyl)methanamine [0274] To the
methyl triphenylphosphoniumbromide (4.3 gm, 12 mmol)
in THF at O0C, n- BuLi (1.6M, 7.5 ml, 12 mmol) was
added and stirred for 30 min. Then
3-acetylbenzonitrile in 



THF was slowly added and the reaction mixture was
stirred at O0C for further 3h. Then reaction mixture
was quenched with aqeous ammonium chloride and diluted
with ethyl acetate. Organic layer was washed with
water, brine and dried. Crude residue after column
purification yielded 3-(prop-l-en-2-yl)benzonitrile in
86% yield. [0275] To 3-(prop-l-en-2-yl)benzonitrile
(1.2 gm, 8.3 mmol) in ethyl acetate (30 ml) 10% Pd/C
(120 mg) was added and stirred under hydrogen
atmosphere for 16h. Then the reaction mixture was
filtered and solvent evaporated to obtain
3-isopropylbenzonitrile in quantitative yield.[0276]
To 3-isopropylbenzonitrile in THF at O0C, LAH (1.74
gm, 45.7 mmol) was slowly added and the reaction
mixture was allowed to come to rt and stirred at rt
for 48h. Then reaction mixture was cooled to 0c,
diluted with ether and quenched with saturated sodium
sulfate solution. The residue was filtered and solvent
was evaporated to obtain the amine (3-
isopropylphenyl)methanamine in quantitative yield.
Example 2.35:
3-(3-methoxy-4-methylphenyl)propan-l-amine [0277] To
methyl 3-methoxy-4-methylbenzoate (3gm, 16.6 mmol) in
THF (60 ml) at O0C, LAH (3gm, 66.6 mmol) was slowly
added. After stirring at O0C for further 30 min,
reaction mixture was worked up as described above to
obtain the alcohol (3-methoxy-4- methylphenyl)methanol
in quantitative yield. [0278] Dess-Martin periodinane
(3gm, 7.07 mmol) was added to (3-methoxy-4-
methylphenyl)methanol (lgm, 6.57 mmol) in CH2Cl2 (35
ml) at O0C. After stirring at O0C for 0.5h, some of
the CH2Cl2 was removed, reaction mixture was diluted
with ether, washed with sodium bicarbonate solution,
sodium thiosulfate solution and water. Organic layer
was dried and evaporated to obtain
3-methoxy-4-methylbenzaldehyde in quantitative yield.
[0279] Wittig reaction of
3-methoxy-4-methylbenzaldehyde with cyanomethyl
triphenylphosphorane gave
3-(3-methoxy-4-methylphenyl)acrylonitrile in 77% yield
which was further transformed to
3-(3-methoxy-4-methylphenyl)propan-l-amine using the
above described procedures. Example 2.36: tert-butyl
4-(3-ethynylbenzyIammo)-3-hydroxy-l-phenylbutan-2-
ylcarbamate: [0280] To tert-butyl
3-bromobenzylcarbamate (220 mg, 1 mmol) in
triethylamine (3 ml), trimethylsilyl acetylene (147mg,
1.5 mmol) was added followed by cuprous iodide (8mg,
0.04 mmol). After stirring for 5 min, dichloro bis
(triphenylphosphine) palladium (II) (35 mg, 0.05 mmol)
was added and the reaction mixture was heated at 9O0C
for 18h. Then the reaction mixture was filtered,
diluted with ethyl acetate and washed with water.
Organic layer was dried, evaporated and the crude
residue was purified by column chromatography to
obtain tert-butyl
3-((trimethylsilyl)ethynyl)benzylcarbamate in 67%
yield. [0281] Boc-group was removed from tert-butyl
3-((trimethylsilyl)ethynyl)benzylcarbamate and the
resulting amine was used to open the epoxide,
tert-butyl (S)-l-((S)-oxiran-2-yl)-2-
phenethylcarbamate to obtain tert-butyl 3-hydroxy-l-
rhenyl-4-(3-
((trimethylsilyl)ethynyl)benzylamino)butan-2-ylcarbama
te in 60% yield.[0282] To tert-butyl 3-hydroxy-
1-phenyl-4-(3
-((trimethylsilyl)ethynyl)benzylamino)butan-
2-ylcarbamate in a mixture of THF (2 ml) and MeOH (2
ml), IM K2CO3 (0.25 ml) was added and the reaction
mixture was stirred at rt for 18h. Then solvent was
removed, crude residue was redissolved in ethyl
acetate, washed with water, brine and dried. Column
purification ! yielded tert-butyl
4-(3-ethynylbenzylamino)-3-hydroxy-l-phenylbutan-2-ylc
arbamate in 85% yield. Example 2.37: diethyl
5-(methylsulfonylmethyl)isophthalate [0283] To diethyl
5-(hydroxymethyl)iso rhthalate (2.52 gm, 10 mmol) in
THF (30 ml), triphenyl phosphine (5.25 gm, 20 mmol)
was added followed by thiolacetic acid (1.52 gm, 20 )
mmol) and Diisopropylazodicarboxylate (4.04 gm, 20
mmol) at O0C. Reaction mixture was then allowed to
come to rt and stirred for 2h. Then solvent was
removed, crude was redissolved in minimum amount
OfCH2Cl2. With stirring, hexane was added and the
resultant solids were discarded. Filtrtae was
evaporated to dryness and the residue was column
purified to yield diethyl
5-(acetylthiomethyl)isophthalate in 95% yield. 5
[0284] To diethyl 5-(acetylthiomethyl)isophthalate
(1.02 gm, 3.30 mmol) in THF (10 ml) and MeOH (10 ml),
sodium methoxide (207 mg, 3.63 mmol) was added and
stirred at rt for 2h. Then methyl iodide (0.69 ml,
10.9 mmol) were added in two portions. After stirring
at rt for 4h, THF and MeOH were removed in vacuum and
the reaction mixture was diluted with ethyl acetate.
Organic layer was washed with water, brine and dried.
Column purification of :0 the crude residue yielded
diethyl 5-(methylthiomethyl)isophthalate in 55% yield.



[0285] m-CPBA (990 mg, 4.43 mmol) was added to the
S-methyl compound (500 mg, 1.77 mmol) in CH2Cl2 (10
ml) at O0C . After stirring for 15 min, reaction
mixture was allowed to come to rt and stirred for 2Oh.
Then reaction mixture was diluted with CH2Cl2 and
washed with sodium bicarbonate solution. Crude residue
was column purified to obtain diethyl 5- 5
(methylsulfonyhnethyl)isophthalate in 73% yield.
Example 3: Inhibition of Memapsin 2 Catalytic Activity
[0286] Potency of compounds were determined by
measurement of their inhibition of memapsin 2
catalytic activity toward a fluorescent substrate.
Kinetic inhibition experiments were performed using
the procedure as described in Ermolieff, et al.
{Biochemistry 39: 12450- 0 12456 (2000), the teachings
of which are incorporated hereby in their entirety).
Briefly, assays were performed at pH 4, 37 C, by
pre-incubation of memapsin 2 enzyme with compound for
20 minutes. Activity measure was initiated by addition
of a fluorogenicsubstrate FS-2 (Bacheni Americas,
Torrance, CA). Fluorescent signal increase over time
was measured as a rate of hydrolysis of the peptide
substrate. Inhibition of hydrolytic rate was expressed
relative to uninhibited controls and fit to a model
for tight-binding inhibitors (J. Bieth, in "Proteinase
Inhibitors," Bayer Symposium V, 463-469, 1974). The
results are presented in Table 1 below. Table 1A
COMMUNICATIONS NETWORK The present invention relates
to communications networks, generally, and more
particularly to a communications network is suited for
bridging the gap between large capacity high data rate
networks, such as networks typically installed by
telephone operators to carry calls and data between
large communities, such as towns and cities, and the
individual end user. The present invention can be used
to provide both plain old telephone services and high
bandwidth data services to users. Typically within a
cable based telephone system, the connection between
an individual user's telephone and an exchange can be
considered as a combination of the following: I)A
single cable from the user's house to a nearby
telephone pole. Other users typically have cables
running to the pole; 2)A path, typically underground
or in a multi-pair cable between poles, where a
relatively modest number of cables are routed to a
local connection/junction box; 3)A path from the
junction box to the exchange, many hundreds of users
may share this path; and 4)A path from the exchange to
a trunk network, which forms a backbone of the
telecommunication system. Of these connections, the
connections designated 1) and 2) above are costly to
install since relatively expensive ground works are
often required to deliver services to a small number
of users. Optical fiber communications technology has
been accepted as a means for low signal loss
communications at large data-carrying capacity rates.
Until recently however, the cost of implementing
optical fiber communications to the home has been
prohibitive, especially due to the requirement for
more expensive optical transmitters and
receivers.According to the present invention there is
provided a distributed communications network
comprising a plurality of nodes and a plurality of
user devices, wherein each node comprises: i.a
communications device for establishing bi-directional
wireless communication with at least one user device;
and, ii.a data processor in association with a local
memory for storing information for presentation to
users, and wherein at least one of the nodes further
includes a communications device connected to a
further communications network, and wherein nodes are
grouped into clusters that cooperate with one another
such that if a user requests information which is held
in the local memory of a node within a cluster then
the nodes cooperate to supply that information to the
user and if a connection between a user and the
further communications network is required, the nodes
cooperate to establish it. The node may further
comprise a communications device for establishing
bi-directional communication with at least one other
node; however, as mentioned, may be stand-alone with a
back haul connection (e.g., DSL, cable, optical fiber,
GPRS, UV light at < 280 nm wavelengths, etc.) to the
further communications network, e.g., Internet. It is
thus possible to provide a communications network
which is suited for providing a cost effective
connection between a large communications network,
such as the high bandwidth backbone of a regional or
national telecommunications network or the Internet,
and user. The 



user may be at their home or place of work, or
traveling and equipped with devices configured with
standard wireless communications technologies
(implementing Bluetooth, IrDA, IEEE 802.1 1, GPRS
(General Packet Radio Service) protocols for example).
Preferably, nodes within a first cluster can establish
wireless contact with nodes in a second cluster via a
wired (e.g., cable, optical fiber) or, wireless
communications infrastructure. Preferably, a node
within a cluster and wishing to establish connection
with the further communications network can
communicate with that further communications network
either through members of its own cluster or via the
second cluster. Communication between nodes within a
cluster may be established utilizing a wireless
communications infrastructure atfrequencies outside
the KU band, e.g., above 20 GHz range or 65 - 75 GHz
frequency range, for example, or, at optical
frequencies via optical fiber connections between
nodes. OPreferably, the nodes can co-operate to form a
cluster as a function of a cost penalty for relaying
transmissions. As clusters expand, they will overlap
with neighboring clusters, and these clusters will
start to coalesce into web or "sea of connectivity" in
which requests for information can be sought outside
of the cluster by using the multiple connection paths
that become available. The network administrator or
operator may seek to define clusters by giving each
node within a cluster the same cluster identity or by
using a unique identity given to each node to enable
the operator to define which nodes are to group
together to form a cluster. In an alternative scheme
each node may define its own "ad hoc" cluster as a
function, for example, of the number of nodes it can
communicate with directly and the number of
intervening nodes required to make contact with a
specific node. Thus, each intervening node used to
relay a communication is modeled as incurring a cost
penalty and hence the clusters tend to limit
themselves in size as a function of control parameters
(cost penalties) defined by the node owner or
operator. Further it may be mat adjacent clusters have
different owners or operators and hence such operators
may agree financial charges for traffic passing
between them on the basis of these computed cost
penalties, or these cost penalties might be used to
generate other third party charging, for instance to
users requesting information. To put this into
perspective consider a typical housing estate of low
occupancy dwellings. Typically the individual houses
are spaced along the sides of roads. Telephone and
data services are routed to each house via an
individual cable. These cables are either buried or
carried overhead to telephone poles, which support the
wires to several houses. Some of the poles then route
the individual cables down to below ground level
whilst others take the connection further from pole to
pole as individual pairs or multi-pair bundles, which
are eventually terminated at a local node or a sub
exchange. However new services are now frequently
required within the home or office. These services
include, but are not limited to, broadband Internet
connectivity and multi-channel digital television.
There is a limit to the data bandwidth that can
delivered to the home or office on a conventional
local loop copper pair using ADSL (asymmetric digital
subscriber line) or DSL technology. Current
solutionsfor providing increased capacity typically
include fiber optic cables or high bandwidth copper
co-axial or twisted pairs. In recent build areas
conduits may have been installed through which the new
cable or optical fiber may be pulled. However the
conduits may not extend all the way to each property
so some groundwork may still be required. There may
also be technical limitations on the number of taps on
to a cable or fiber to produce a termination for an
individual user. In older areas without conduits
ground works will be needed in addition to forming the
terminations and these tend to be a disruptive and
costly business. In contrast, the present invention
enables most of the cabling to be dispensed with only
one of the nodes within a cluster needing a
"termination" to connect it, and hence the cluster, to
the telephone/data/telecommunications network.
Furthermore, it can be seen that as the clusters
coalesce, then any individual home or office may be
able to route to the telecommunications backbone via
several terminations. Preferably each node and a
device with which it is in wireless communication, be
it a user device or another node, can apply security
measures to the communication to reduce the chance of
the communication being intercepted and understood.
The security measures may, as part of a non-exhaustive
list, include encryption or use of a cipher or other
code to scramble the message. For secure
communications the sending and receiving units may
cooperate to use a "one time pad" coding system where
each portion of a communication is coded with a
distinct code, and the code changes between portions.
Typically portions will be single bytes, with each
byte encoded by some simple and reversible
mathematical process with a new byte from a code
table. The codes in such a scheme are derived from
code books 



or code tables which are random in nature and
pre-agreed between the parties to the transaction.
Preferably a node further has the ability to direct
its transmit, and optionally its receive wireless
(radio) beams. This may be achieved by the use of
multiple directional antennas, beam steering
techniques or the use of electronically reconfgurable
antennas, such as plasma antennas. Plasma antennas are
known devices, but reference can be made to
WO03/056660. The use of such directional antennas
confers several benefits. Firstly the security of the
wireless communication is enhanced because it becomes
more difficult for an eavesdropper to intercept the
signal if they are not positioned in the direction of
the transmission lobe of the antenna. Secondly, given
that the transmit antenna, and optionally the receive
antenna,exhibits antenna gain then the transmit power
may be reduced. This reduces RF interference from the
devices and, given that the public has often been
concerned about the health effects from the placement
of nodes, reduces the RF power transmitted into the
environment surrounding a node. Preferably, each node
of a cluster has a modular architecture permitting
connectivity between a plurality of devices that
provide for, among other things: data storage; data
transmission, ability to receive various power inputs
(e.g., 110 Vac, 220 Vac, photovoltaic, or other power
supply means); protection from environmental
conditions; the ability to generate local alarms and
automatically notify emergency and other governmental
agencies. Preferably, processing ability at a node is
provided in the form of dedicated RISC-based
processors and associated architectures as will be
described hereinafter in greater detail. Preferably
the local memory provided at the node is formed of
non-volatile memory and is able to retain data storage
without external power, for example, by utilizing
FLASH memory, or, where memory lifetime and speed is
important, e.g., SRAM, where a constant voltage source
is supplied (e.g., via battery). Where nodes are
located indoors or in environmentally suitable
locations, hard disks with long Mean Time Between
Failures, or like devices are advantageously employed.
In outdoor or environmentally harsh conditions, where
temperature cycling and vibration can adversely effect
the longevity of such devices (disk drives), solid
state memory is preferred as storage size is rapidly
increasing whilst cost is decreasing. The local memory
is preferably used as a cache. High-speed DRAM (e.g.,
DDR RAM) is utilized as part of the core mode
architecture as will be described in greater detail
herein. The local cache may hold several types of
data. The cache may, for example, hold data concerning
businesses, and preferably local businesses. The data
may include, but is not limited to: hours of business;
location; services offered; price details; promotional
offers; anddetails of items available. The above list
should not be considered as being exhaustive. For
instance a node may store geographical data relevant
to the area around the node or cluster and presents
this information to a user's device. A node may store
data describing the layout of a building, and this
data can be presented to a user's device such that a
user can be given information about the building. The
information held in the cache may be organized in a
searchable form. For example, the information may be
represented using a mark up language such as XML
(although other schemes for representing the
information are available). This allows the data to be
structured such that graphics and other media can be
included within the document (which term should be
construed broadly to include both text and deliverable
multimedia content) or data offering. Additionally
hyperlinks may be included such that the document can
link to other documents or web pages. XML and HTML are
intrinsically searchable. However, in one aspect, the
present invention uses a formal registry such that
information can be classified in a way that is both
precise and flexible. The use of the registry may
require, or at least encourage, data providers to
include predefined descriptors or definitions which
may be thought of acting as a main category word. The
main category word may then be modified by one or more
optional parameters expressed, for example, in the
form: Attribute = argument 



Where an attribute is a property that qualifies a main
category word, and the argument that is assigned to
the attribute assigns a value that is representative
of the properties of the information that the registry
entry indexes, i.e. that it relates to. The attributes
are selected from a predefined list that is applicable
to the main category word, and these are designed (and
maintained) by the network administrator to allow
ready and accurate cross comparison between entries.
Thus, for example, a hotel may be entered in the
registry as: HOTEL, establishment_name="KINGS COURT
HOTEL",
star_rating=3,Bedrooms=25,restaurants=l,swimmingjool=l
,training_room=l,
bedroom_001_one_person_bed_and_breakfast=$90,
bedroom_002_one_person_half_board=$120, ,
building_picture=filename(<path>/KINGSCOURT_EXTERIOR.j
pg) This entry defines that the hotel is called the
"Kings Court Hotel", and it is a 3 star hotel with 25
bedrooms, a restaurant, a swimming pool and a training
room. Details of the individual bedrooms and tariffs
are then presented. These registry entries can be very
long but the format is fixed and consistent, and can
be easily parsed by a computer. The entries enable
pertinent data to be expressed in an very succinct
form. Thus all available rooms could be listed
together with their price. In a variant of the scheme,
all rooms could be listed together with an
availability flag or range indicator, thereby allowing
automatic updating of the registry to be performed
from the hotel's reservation and booking computer.
Thus, in response to a request for information the
node could search through its registry to find results
that match the search criteria. Where multiple
criteria are expressed, the node may combine the
searches, for example using Boolean algebra, and match
both content information parameters, and location and
time based informational elements to find the results
that match all the search criteria, or alternatively
it could transmit those registry entries that match
any one of the criteria to the user device such that
the computational load of refining the search is borne
by the user device. Authoring tools may be provided by
network operators to help validate that businesses are
submitting their data in a form which should work with
the nodes. These tools may validate that the entries
for submission to the registry only contain the
correct classifications. The tools may also validate
that technically a document as submitted should be
supportable by the nodes and browsers of the user
devices. Businesses choosing to advertise their
presence using a communications system according to
the present invention may upload their details to the
registry of one or more nodes and may also upload a
website to the cache of the node. Operators of the
communications system may charge businesses for
hosting the information in the cache. The charge may
be a function of volume of memory occupied, time and
duration for which the information should be offeredto
users, geographical proximity between a user and the
business, and temporal significance of the business.
If a user was seeking a restaurant, those restaurants
which are geographically nearer a given user (given
that the position of the restaurant is known and the
position of the node is known) may be presented in
preference to those restaurants which are further away
or, alternatively, may be charged at a different, and
probably lower, rate for hosting their information on
a node. Similarly, if a restaurant's opening hours are
such that, at the time a user makes an enquiry it is
shut but the restaurant may be open later, then that
restaurant may be demoted down the list of restaurants
or alternatively charged a higher rate for
presentation to a user if it wishes not to be demoted
down the list. Each time a user enquires about a
business, the result of that enquiry can be logged.
The data can be compared to predetermined criteria
preset, for example, in the registry by the author,
and depending upon those choices the system may fetch
the data and provide it to the business in order that
it can assess the effectiveness of its choices of
nodes for hosting information about the business. The
fetching of the data may incur a cost, which may be
borne by the data supplier or the user, thus the
tariff to host the business information may consist of
a time based 'standing charge', and a 'pay-per-view'
element reflecting the success of the node in
promoting the business. The choice of who bears the
cost may be a function of the service level enjoyed by
each of the user and the business and the nature of
the information that is being requested. Therefore if
a user makes an enquiry about a business and the user
is located outside of the geographical area in which
the business has chosen to post its information, the
data can be provided to the business and it has a
choice as to whether to make that information
available to the user, probably at cost to the
business, or whether to restrict the information from
the user. Typically network operators will charge a
higher amount to the business per viewing of the
information than would be the case if the business 



had contracted with the operator to host that
information on that node, so as to encourage
businesses to enter into the permanent hosting
contracts on the maximum number of nodes, and the
business might be offered conditional tariffs such
that changeover to a permanent contract could be
effected automatically if volumes of user requests
merited such change. Alternatively the information may
be offered to the user at the user's cost, or might be
provided free if the operator was for instance
offering such free service as a promotional tool.
Furthermore, depending on regulatory conditions and
users' sensitivity about exchange of information
rating to them, the business may be provided with
information about the usermaking the request. The
information may, at one level, be quite general such
as merely specifying the gender of the person making
the request. However more information may be available
about the user, such as their age and interests, and
this additional information may be presented to the
business, either as part of a service provided by the
network operator or as information which may be
provided to the business at cost. 'Data Mining', a
term referring to the extraction from data sets which
record such user interests of information useful to
advertisers and retailers, can be enhanced by
facilities in these nodes. User access to information
can be recorded down to very precise levels. This
metering of activity can be passed back via the
managing servers to various bodies, or used locally on
the node. For instance users could ask a node which is
the most popular restaurant in the locality, and could
qualify that request by specifying a particular style
or cuisine. A node could maintain its 'top ten' in
many categories. Users could add their own electronic
testimonials concerning business, which were promoted
on the node. Statistics of usage could be supplied to
advertisers, advertising audit organizations, the node
operators, advertising and content regulators, and the
node itself could have an effectiveness ranking. This
list is not exhaustive. Some more national businesses,
such as retailers or renters of music and film may
also choose to host data within one or more nodes
within a cluster. These businesses may then allow
users to view, either on a pay-per-view basis, or to
download for permanent ownership, the latest releases
of music of video or other forms of media content. It
is estimated that, in the US, 90% of rental income for
movies comes only from the ten most recent blockbuster
movies. Other countries may be expected to show
similar patterns. It is feasible and cost effective,
even at the prices prevailing early in 2005, to
install sufficient flash memory in each node for it to
hold two movies at DVD quality. This requires about 8
to 9Gb (gigabytes) of storage. It will also be
apparent that different nodes in a cluster can hold
different movies such that even a small cluster
comprising only five nodes could hold ten of the most
recent or popular movies. Thus the present invention
could allow a movie rental business to avoid the costs
and overheads associated with obtaining multiple
copies of a movie for physical distribution and could
instead allow it to stream or sell unlimited copies of
movies as of the first day of its release. The present
invention allows those selling or renting copyright
media content opportunities which are difficult or
impossible with current technology: for instancethere
is a current convention that feature movies are shown
first in cinemas or movie-theatres, and then progress
via video and DVD releases for sale thence finally to
the rental market. Using this invention a business
involved with the renting or distribution of movies or
music could operate a dynamic charging policy, whereby
movies viewed within the first few days of their
release could be charged at a premium, or could charge
for pre-releases, or release ahead of the current
convention, generating a new market in which the cost
of viewing would be related to more to the newness of
the material and less directly related to the medium
of storage or viewing. Such a scheme also provides for
enhanced copyright protection since, given that no
physical copies of the movie or music need to be made,
each electronic copy could have a unique identity code
or license associated with it controlling the rights
and permissions associated with that copy. A
co-pending patent application commonly assigned to
Last Mile Communications/TIVIS Limited describes a
security system using tables of random bytes which can
be interpreted either as long numbers (so long that
the chances of guessing a specific one are practically
zero) or as encoding bytes for securely encoding
communications, wherein the bytes are generated as key
pairs for very secure mutual authentication. An
individual's numbers are contained in a hardware
device, which may be referred to as a key device. Such
a security scheme may be used in conjunction with the
nodes of the present invention to ensure that media
downloaded over the communication system is associated
with a key. More preferably, when a user wishes to
acquire protected media content (such as a film or
music), 



then the system reads a public part of the user's data
and transmits this (preferably in a secure channel)
over the communications network to a bank or trusted
service provider with whom the user has registered to
enable the user to use their shared secrets as a way
identify themselves and a way to pay for their
transactions. The user may then browse titles offered
by participating vendors. Supposing that the user
chooses to buy a media item, the vendor or a remote
service provider who is authorized by the copyright
holder to make the sale contacts the bank's computer
and completes the sale, preferably by the exchange of
long number authorization codes. The vendor then
exchanges an authentication with the user, again
preferably using long number authorization codes and
encoded communication of messages, marking a remote
copy of the user's account with the fact that this
purchase has occurred.For security the vendor may also
contact the bank to validate that this transaction has
occurred. Copies of all of these transactions are
transferred into a secure memory. The secure memory
may be in the key device described above, or another
device. By means of this secure purchase the user may
buy a conventional media copy for instance a DVD or
CD, or may choose to buy a "virtual" copy of the media
held remotely on the vendor's or service provider's
computer, together with an authenticated entry in
his/her personal electronic storage and key device.
The user may be enabled to play this media through any
device, which can interface with his key device. This
can be on an unlimited play basis, or some other
charging model where the cost per play may vary, and
the copyright owner or vendor may allow outright
purchase after a number of 'rental' plays, as an
alternative sales mode. The user has the advantage
that they can build up a large media library without
incurring the penalty of actually having to store the
data, and, if using progressive payment, of enjoying
the material without incurring the full purchase cost
'upfront'. This of course means that copyright theft
is limited because the user need not actually ever be
in possession of a digital media file. However, in
alternative models of operation, the key device and
the media player may be combined or connectable such
that media may be downloaded to a user's player, but
this can only be accessed using the correct codes
which have been downloaded with the media and which
must be matched with a corresponding code in the key
device to enable replay. As a further alternative time
limited rental of the media, for example through
streaming of the data, may be used to provide user
access whilst limiting the chances of copyright theft.
The key device may be provided with the capability to
interrogate the devices in a replay network with a
view to disabling media replay if a device is attached
which has the capability of making a copy of the
media, although there is often a risk that copying may
be achieved using an analogue recording device. Such
copyright theft by copying after decode can be avoided
if the point of connection of the key device to the
replay equipment, and.thus of decode of content that
has been encoded by a 'long number' or another
encryption technique, is electronically very close,
and very closely integrated with the means of replay,
such that there are no user accessible data streams in
conventional or open formats. For instance, the replay
of visual images over flat paneldisplays requires that
the information for each 'pixel' of the display has to
be encoded into row and line drives: putting the point
of combination of the key device and decoding
circuitry onto the same circuit board as the row and
column drive circuitry removes any practical
opportunity for the interception of a conventional
video signal that could be recorded. Similarly it is
now understood in audio enthusiast circles that the
cables carrying analogue audio signals to conventional
speakers are a limiting factor in the eventual audio
quality. Thus 'active' speaker systems are now common
where the power amplifiers are now integrated into the
audio speaker cabinets. In a further trend, many audio
power amplifiers now work on the 'one-bit' or
switching principle in which an electrical drive
presents either a positive or a negative voltage, with
minimized switching time between the two states, and
switching at a significantly higher frequency than the
highest audio frequency to be rendered, such that this
signal can be fed through a passive low pass filter to
the speaker drive point, with the audio voltage
waveform rendered faithfully after the filter. Such
drives, closely integrated with the speaker, are ideal
points for implementation of decode with the key
device, and would render it very difficult for a
member of the general public to obtain a good analogue
audio signal to record. Where program material was in
a conventional audio-visual form, with one visual data
stream, and one or more audio streams, then there
could be one point of connection of the user's key
device, for instance on the visual display device, and
separate digital data streams could be passed by
conventional means (wired or wireless or infra-red) to
the audio speakers, to enable the decode of those data
streams. 



As with all equipment that seeks to prevent copyright
theft of recorded media, the individual who wished to
make unlicensed copies might not identify their
interests with such prevention means, however if the
recording and media industries had such techniques
then sale of media at a cheaper price when in such
protected form should produce market pressures such
that the equipment manufacturers would adopt the
protective techniques. It is expected that, in order
to provide high reliability, nodes may be provided at
frequent intervals. They may, for example, be
positioned at each streetlight or every other street
light or other item of roadside furniture in a housing
development or along a roadside. This gives the
capability of the devices forming a mesh or
cross-linked grid where each user could potentially be
served by two or even more nodes providing redundancy
against failure of a node, or temporary degradation of
performance of the node. Note here a distinction
whichcorresponds to emerging usage of terms: a mesh
generally implies that the same wireless communication
means or standard is used to communicate between nodes
as is used to communicate from a node to a user with a
wireless enabled device such as a PDA, laptop or
phone. Use of the same standard degrades the total
bandwidth for either activity. By contrast a
cross-linked grid will use a different frequency or
band or modulation for the linking between the nodes
than is used to link to users, and this gives full
bandwidth to a user group served by a node. Further,
the cross links have a fixed direction, and so
directional antennas may be used to increase the
antenna gain in the direction of the next node. On the
one hand this allows either a decrease in transmission
power, or an increase in data rate for the same power,
or a combination of both. On the other hand, and more
importantly, if the transmission beams are made very
narrow, then mutual interference between the various
links between nodes is minimized, and the licensed
bandwidth can be used more effectively by re use of
sub-bands or channels of that licensed bandwidth at
closer geographic distances. Narrow beams are obtained
by use of antennas with dimensions of many
wavelengths: use of high frequencies allows such high
gain directional antennas to be physically small. At
60 GHz the wavelength is approximately 5 mm and a
narrow beam of about 5 degrees can be formed with
antennas with dimensions of about 100mm. Such a dense
covering of nodes provides the possibility of
implementing automated neighborhood security. Thus,
each node may be provided with one or more sensors,
such as microphones and/or one or more video cameras.
This list is non-exhaustive and other sensor devices
may be included such as ionizing radiation detectors,
detectors responsive to specific chemicals or
biological agents, accelerometers and seismometers and
other environmental monitoring devices. A data
processor may record the output of the microphones and
video cameras, or such sensors as are provided, in
order to provide a recent log, for example spanning
the most recent 24 hours, of a events occurring
adjacent the node such that this information may be
available to authorities in the event that a crime has
been committed. This data is normally kept locked away
from access, but may be released upon provision of a
security code for inspection by suitably authorized
individuals or authorities, such as the police or
homeland security agencies. Furthermore, the data
processor may analyze, in real time or near real time,
the output from the microphone or camera in order to
search for significant events, which may require
automatic notification to a human operator for further
investigation. Thus the data processor could ran
algorithms searching, for example, forgunshots, the
sound of vehicle crashes, or screams for help and, if
it locates a suitable candidate event, could
automatically contact a central node whereby an
operator could review the most recent audio or video
recordings, or view the environment live, in order to
assess whether assistance is required. Additionally
this processor might be enabled to trigger additional
local sensors to come live or to an enhanced state,
such as causing CCTV monitors to run continuously or
at high definition or full frame rate, so that for a
period of time after that trigger event recorded data
was of an enhanced quality. Similarly, the camera
could provide images for traffic flow or crowd control
purposes to a surveillance node, and its output could
also automatically be monitored to, for example,
detect the presence of a fire or a crash in the
vicinity such that the emergency services could be
automatically alerted. This describes how the nodes
can host and provide power and connectivity for
sensors to detect and assess emergency situations.
Additionally they can be used to disseminate public
warnings of disasters, and of what the public should
do. Warnings of floods, earthquake, extreme weather,
tidal wave, fires and so on can be disseminated both
wirelessly to the normal client base of connected PDAs
and mobile phones, but also by attached visual
displays and audio means. Interaction is also possible
with the emergency services, for instance providing
high bandwidth connectivity to stream CCTV generated
from portable 



cameras back to an emergency control centre, or to
telemeter medical data on a patient being treated
locally to the node back to a hospital or medical
emergency centre for more expert assessment. Emergency
control personnel such as the police might also have
access to the node to load particular warning material
pertinent to that location for dissemination via the
above-mentioned means. Preferably the communication
from one node to another node within a cluster is via
wireless communications. Thus a node may have direct
wireless communication with its nearest neighbors. The
node may have indirect communication with more remote
nodes within a cluster by using one or more
intermediate nodes to act as relay nodes. This forms
the "sea of connectivity" described hereinbefore.
Where dwellings are provided with fixed user devices,
which are always on, then it is possible for these to
be used as relay nodes as well. This further enhances
the provision of multiple data routes for the
provision of data transfer. Where, for security
reasons dwellingshave been provided with a fixed
directional antenna, the antenna may need upgrading to
facilitate direction switching, or multiple antennas
may be provided. The user devices may be static
devices provided in a user's home, in order to provide
the equivalent of fixed telephone and television
connections. Additionally or alternatively, the user
devices may be portable. Therefore a user can obtain
information about their environment as they pass by
one or more nodes of a cluster. The portable user
device advantageously includes local processing such
that it can cooperate with the local nodes in order to
present information to the user. Advantageously a
graphical user interface is supported such that map
data from the cluster can be provided to the portable
user device in order to present a map representing
significant features of the locality to the user,
together with a representation of the user's position.
Those features which are represented may be searchable
by the user. Therefore, if for example a user wishes
to search for local hotels, then the map may display
hotels and guest houses matching the search criteria
defined by the user and limited implicitly to those
businesses which are local to the node (although
"local" may encompass a radius of several kilometers),
or explicitly by a geographical region that the user
has selected. The selection of a region is preferably
made by pointing to a region of a map displayed on the
display of the user's device. Advantageously the map
may be presented in a three dimensional form, for
example using techniques borrowed from the computer
aided design or computer gaming worlds in order to
present a virtual representation of the street.
Representations of those businesses which the user has
expressed an interest in may be highlighted, either by
use of a different level of intensity, a marker, the
use of flashing, or by providing a high definition or
enhanced representation of the building in which the
business is located whereas surrounding buildings are
presented in reduced definition or an outline form
only. Where the three dimensional representation is
used, the general topography and outlines of the
buildings can be taken directly from the contours and
building outline data of established map sets from
national authorities or others, for instance in the UK
from the Ordnance survey data. Advantageously, the
registry entry for the database held in the cache
memory of the node allows an information author to
supply data, such as a reference to a three
dimensional model or even the model itself, pertaining
to a building or area of interest. The
displayapplication of a user's device can then render
this data so that, for example, a shop or hotel can be
viewed as a simulated virtual reality model. The
modeling need not be restricted to the external view
of the building. A combined model of the exterior and
interior of a building can be particularly useful, and
may for example simulate the arrival of a passenger at
an airport terminal and their passage from the correct
entrance to their check-in area. A similar facility
might also be useful in hospitals to enable patients
and visitors to find the correct department. Such
visualization data also has value to the emergency
services: for instance in the event of a fire or
evacuation, emergency response crews arriving on the
scene would be able to visualize the interior of the
building, and, for instance, seek alternate evacuation
exits. In local or regional emergencies, a further
aspect of the invention is advantageous. Each element
of the data in the registry can have a value included
which determines its priority or importance, or that
of a particular service that the data controls or
enables, in times of emergency. An authorized agency,
for instance FEMA in the USA, a police or fire and
rescue service, can instruct the network that a
certain level of emergency is now declared, and
content that has a priority less than this is simply
made passive in memory. Such instructions can be for a
whole area of a network, or different for individual
nodes in a network. This will have the effect of
allowing the transactional load on the network to be
reduced or controlled, 



and if the network is equipped with back-up power
supplies, for instance battery backup, this will
enable the network to run for a longer time on the
available backup supply. For example the emergency
level might be coded 0 to 9, with 0 being no
emergency, and 9 being the most severe. If brand
adverts for products were given a priority of 1, then
they will be available to users when the emergency
level is set to zero or 1, but would be rendered
passive by an emergency declaration of level 2.
Emergency information messages from the authorities
might be encoded 10, meaning that they can never be
blocked. An example of data, which might have an
intermediate value, might be first aid information or
courses, or mapping data of an area, which would
remain useful in an emergency, but might still be
turned off if power constraints were severe. Since the
data in the registry is either content, which can
include messages, or blocks of data which control the
services and hardware aspects of the operation of the
node, such a coding scheme allows progressive shutdown
of the non-emergency aspects of the node network,
turning the full capacity over to the emergency
control authorities. This facility is in contrast to
the existing cell phone networks, which would be
intrinsically useful in an emergency, but which have
had to be completely shutdown duringterrorist attacks
because there is no such progressive and
discriminatory mechanism. Use of high priority codes
can be assured to legitimate emergency authorities by
other aspects of the design of the system. Data
pertaining to an area need not be limited to fixed
installations. Temporary events such as sports or
music events or traveling events such as fairs and
county shows can also use the present invention. The
nodes might well be leased from the network operator
and authenticated as mobile devices. Such "mobile"
nodes may be equipped with positioning devices, such
as GPS receivers, or may simply interface with the
mobile telephone infrastructure to have that
infrastructure perform a positional fix for the node.
Each "mobile" node may then authenticate with a
controlling server that has a list of acceptable
locations for that node pre-loaded, and if the node is
in an approved location then the node can be enabled
to offer its full range of services. If however the
node is not in the correct area or it cannot establish
a communication link back to its server, then it may
enter a security procedure based on the assumption
that it has been stolen. Unlocking the node may then
require a secure release code to be sent to it next
time it can establish communication with the network,
or may even require the connection of a secure key to
the node. "Mobile" units such as those described above
might also be used by a number of business whose
operations involve changing locations such as real
estate agents (realtors), builders, highways
contractors and so on. In the example of real estate
agents or builders they could place these mobile
devices outside buildings that they were selling,
offering a great deal of detail to those equipped with
a PDA or other device, including virtual reality tours
and high definition digital images, without having to
have an agent present in person, or to make
appointments with such agents. Such business might
chose to allow third party content onto these "mobile"
nodes, in which case they have all the functionality
of a normal node with the equivalent up-link
capability. Additionally such mobile units might be
used as charging entry points or toll station at
events such as horse race meetings or county shows,
issuing electronic entry tickets wirelessly to users
with a device such as a PDA and a chargeable account
with which to effect payment. Other users might choose
versions of nodes having reduced functionality, for
example much smaller caches and/or modified
communication capability. Such modified nodes may
beprogrammed with data pertaining solely to the goods
and services offered by that business, e.g. the
properties of a realtor, and the communications
capability may be modified such that the device will
only uphold voice or video calls to that business.
Internet traffic may be similarly restricted to
inhibit visits to the sites of competing
organizations. The level of service presented to a
user may depend upon their preferences and/or the
amount of money, which they are prepared to pay. Thus,
for example, a minimal level of service may only
present to a user, information which has been posted
by advertisers and/or local authorities. A higher and
hence more expensive service level may include the
option to use the bi-directional telecommunications
capability between the user device and the nodes in
order to provide for telecommunications and Internet
style services. Further features, such as the use of
the mapping and search facilities may also be
dependent upon the service level that a user is
prepared to pay for. Advantageously wireless
communications from one node to another is performed
using a microwave link. Microwave transmit power may
be limited in order to reduce the range of each node
thereby reducing the potential for overlap.
Alternatively, the frequency chosen for 



the transmission may be selected so as to limit the
transmission range. A transmission frequency around
65GHz exhibits such properties as this corresponds to
the oxygen absorption band. According to a second
aspect of the present invention, there is provided a
surveillance system comprising a plurality of nodes
having sensors for surveying the environment, the
nodes further comprising wireless communication
devices for establishing communication between the
nodes, and the nodes arranged into groups with one
node within the group having connection to a further
telecommunications network such that a node can send
data via the telecommunications network. According to
a third aspect of the present invention there is
provided a media delivery system comprising a
plurality of nodes having memory for storing media
content, and the nodes can deliver the media content
in a copy protected format wirelessly to suitably
enabled user devices.A content provider may
speculatively load content in to the memory of a node,
such that it is readily available in case a user
wishes to access the content. Viewing patterns for a
large population tend to be relatively predictable and
the latest blockbuster movie releases would tend to be
most wanted, and hence would be suitable candidates
for speculative uploading into the memory. A fourth
aspect of the invention provides a distributed
communications network comprising a plurality of nodes
and a plurality of user devices, wherein each node
comprises: a communications device for establishing
bi-directional wireless communication with at least
one user device; a communications device for
establishing bi-directional communication with at
least one other node; and a data processor in
association with a local memory for storing
information for presentation to users, and wherein the
information is held in the local memory in a
searchable form. A fifth aspect of the invention
provides a distributed communications network
comprising a plurality of nodes and a plurality of
user devices, wherein each node comprises: a
communications device for establishing bi-directional
wireless communication with at least one user device;
a communications device for establishing
bi-directional communication with at least one other
node; and a data processor in association with a local
memory for storing information for presentation to
users, wherein the information includes data enabling
a map to be presented on a user device in
three-dimensional form. A sixth aspect of the
invention provides a distributed communications
network comprising a plurality of nodes and a
plurality of user devices, wherein each node
comprises: a communications device for establishing
bi-directional wireless communication with at least
one user device and a data processor in association
with a local memory for storing information for
presentation to users, wherein the information
includes time data, and wherein the data processor is
programmed to deliver information to a user which
varies in accordance with the time data. The node may
be further provisioned with a communications device
for establishing bi-directional communication with at
least one other node, or may be stand-alone with a
back haul connection (e.g., DSL, cable, optical fiber,
etc.) to the Internet. Various embodiments of the
sixth aspect of the invention are described herein
with reference to a "difference engine".The present
invention will further be described, by way of
example, with reference to the accompanying drawings,
in which: Figure 1 schematically illustrates the cable
paths required to connect a group of dwellings to a
POTS telephone network of the prior art; Figure 2
schematically illustrates one way in which the group
of dwellings could have telephone and data services
provided using a communications network constituting
an embodiment of the present invention; Figure 3a
schematically illustrates the components within a node
constituting an embodiment of the present invention;
Figure 3b illustrates an alternative node
construction; Figure 4 schematically illustrates a
user device; Figure 5 schematically illustrates a
portable user device; Figure 6 schematically
illustrates the connectivity between various system
components and a telecommunications network; Figure 7
schematically illustrates component inter-operability
with a system constituting an embodiment of the
present invention; Figure 8 illustrates the process of
validating content and sending it to node; 



Figure 9 illustrates an entry in a registry held in a
node; Figure 10 shows a further example of a registry
entry; and Figures 1IA and 1IB depict a smart card for
use in conducting commerce transactions within said
communications network of the invention.Figure 1
schematically illustrates an arrangement of houses 10
to 24 arranged along a street. In titiis prior art
arrangement each house is served by a telephone cable,
which runs to the house from one of the telephone
poles labeled 30, 3 1 and 32. There are practical
limits on the length of cable, which should run
between a house and a telephone pole and consequently
the poles only serve a relatively small number of
physically close houses. Thus, in this example,
telephone pole 30 has connections running from it to
houses 10, 11, 23 and 24. Telephone pole 3 1 only has
connections to houses 12, 13, 2 1 and 22. Finally
telephone pole 32 has connections to houses 14 to 20.
Each pole is typically connected by subterranean
wiring to an access point 34 which in turn is
connected by subterranean cabling to other components
within the telephone infrastructure, such as local
exchanges and ultimately the data carrying backbone,
such as fiber optic links, which represent the trunk
routes within the telephone infrastructure. The use of
subterranean wiring is often not a preferred technical
solution, but may b e imposed upon operators by local
authorities who may be keen to avoid the visual impact
of over head wires and poles. It is known that laying
underground cables is relatively expensive and, as of
2005 it is estimated that the cost of placing an
underground cable is in the region of $200 per meter.
It can be seen from Figure 1 that, even if multiple
cables run along a single conduit, a significant
amount of trenching still needs to be done between the
access point 34 and telephone pole 32 in order to
serve a relatively small number of customers. A
communications device constituting an embodiment of
the present invention, enables the conventional
telephone cabling to be replaced with short range and
secure wireless links. This is illustrated in Figure 2
where the same housing layout is serviced by
communication devices constituting embodiments of the
present invention. In one embodiment of the device,
microwave communication is used for point to point
transmission and it is therefore reasonable to assume
that data communication is effectively restricted to a
line of sight travel. However, alternate embodiments
make use of communications devices or other digital
devices adapted for "near" line-of-sight wireless
communications, e.g., outside of the KU frequency band
in a 20 GHz range band. Furthermore, multiple re-use
of electromagnetic spectrum frequency space can be
achieved by limiting the transmission range of each
device, at least in built up areas, to several hundred
meters. Of course, this does not preclude use oflonger
transmission ranges where appropriate either by
increasing the transmit power or by using antenna
systems exhibiting higher directional gain. In the
arrangement shown in Figure 2, nodes constituting
embodiments of the present invention have been placed
in the positions that would have been occupied by
telephone poles. Thus a first node, labeled 40
occupies the same position as telephone pole 30. A
second node labeled 4 1 occupies the position of
telephone pole 3 1 of Figure 1 and a node 42 occupies
the same position as the telephone pole 32 in Figure
1. Each node is assumed to be able to establish line
of sight contact with the houses 10 to 24 which it can
see directly, but houses, which are partially obscured
by another house or houses which are distant from the
node are not assumed to be able to establish contact.
Thus, in this scenario, the first node 40 can
establish contact with houses 10, 11, 12, 22, 23, 24
and the node 41. It is also feasible; depending on
transmit power and aerial gain, that the first node 40
might also be able to establish contact with houses
20, 17 and the third node 42. The first node 40 is
also in communication with the telephone system via
the access point 34 or by being cabled to the local
exchange or trunk network. The second node 4 1 can
establish communication with houses 11, 12, 13, 14,
16, 17, 19, 20, 2 1 and also has communication with
both nodes 40 and 42. The third node 42 can establish
communication with houses 13, 14, 15, 16, 17, 18, 19,
20 and 2 1 and depending on signal strength may also
be able to be able to establish communication with
houses 12, 11 and 22. As noted before the node 42 is
definitely in communication with node 4 1 and may be
able to establish communication with node 40. It is
understood that such communications between the first
nodes, second node and third nodes, or between nodes
and the telephone system, are enabled by provision of
a wireless communications network infrastructure
including devices adapted for communications outside
of the KU frequency band, such as, for example,
between about 20 GHz to about 75 GHz. It is
particularly advantageous to enable wireless
communications between nodes in 



the 20 GHz range band. Additionally, it is
particularly advantageous to enable wireless
connectivity between nodes and the user devices
(computers, digital devices (e.g., PDAs)) whether at a
places of residence or business, and mobile telephone
devices), utilizing standard wireless access protocols
(e.g., Bluetooth, IrDA, etc.). It is further
understood thatthe node is adapted for receiving a
third party installation (i.e., from a user, business
or other entity) comprising, for example, an optical
fiber connection, a satellite dish, or other
communications device for connection to a further
communications network or another node. Moreover,
optical fiber connectivity may be provided between the
first nodes, second node and third nodes, and between
nodes and a backbone network. Such optical fiber
communications network infrastructure enables
communication data rates of up to 300 GBits/sec or
greater. Preferably, a nodes is architected with
functionality to receive, extract and store data at
Terabit/sec data rates as transmitted via optical
fibers. Particularly, useful is the adaptability of
the node to receive a third party fiber optic
installation (i.e., from a user, business or other
entity) delivering high speed transmission of data to
others via the node, for instance, utilizing the
emerging wavelength division multiplexing (WDM)
scheme. In a further embodiment, it is understood that
mobile devices may be equipped with mobile electronic
communications capability for receiving and
transmitting near line-of-sight (LOS) communications
(e.g., about 20 GHz range) or more LOS 63 - 75 GHz
range). This is particularly useful for nodes at more
sparsely populated areas, e.g., in area of mountainous
or desert topologies where distances between
neighboring towns is great and high capacity
communications infrastructures are limited and or
non-existent. In such a scenario, it would be
advantageous to enable a node to download its payload,
i.e., data content, to a mobile vehicle that is
passing by, e.g., a car, equipped with memory capacity
and communications infrastructure to receive high
frequency data signals, e.g., in the 63 - 75 GHz
range, temporarily cache the downloaded data content,
physically move the cached information to different
locales and, be synchronized to upload the data
content back to another node it passes downstream,
e.g., at a locale down the road. Thus, the mobile
vehicle, in essence, provides a data replication or
uplink function as it may be programmed to store,
physically re-locate the data payload and,
re-synchronize transmission of the data payload to
another remotely located node, a process herein
referred to as "Tire net". In still yet a further
embodiment, it is understood that hand-held devices,
assuming greater processor speeds and processing power
capabilities may be equipped for receiving and
transmitting communications via standard wireless
(e.g., WiFi, Bluetooth, IrDa) communications
protocols. Thus, the user hand-held device, e.g., a
PDA or like pervasivedigital device may provide the
data replication or uplink function as it may be
programmed to store, physically re-locate a data
payload and, synchronize transmission of the data
payload to another remotely located node. It is
understood that each of the communications modalities
described herein provide security, e.g., by way of
applying data either encoding and encryption
technologies, or both. Thus, with respect to the
uplink function, only a node that can understand the
encoding and encryption method applied may synchronize
with the data synchronized uplink device. Current mesh
network designs implement similar technologies that
are adaptable for use in this context. As illustrated
in Figure 2, the limit of connectivity around each
node is represented by the chain lines 43, 44 and 45
for the nodes 40, 41 and 42 respectively where the
nodes are engaging in omni-directional transmission
and reception, as might be the case using WiFi.
However, the nodes may also support switchable
directional antennas to enable transmit and receive
beam steering. In which case the range at which
connectivity may be established may be increased due
to the antenna gain. The transmit/receive beam width
would of course be much narrower and current
directional antenna technology for use with 65GHz or
greater, e.g., 75 GHz, microwave communication systems
enables beam widths of around 10 degrees to be formed
to rapidly in order to form a time division
multiplexed service to the individual houses. The node
to node communication may also be performed using
steerable antennas, but in general is established
using more conventional dished antennas (say 200mm
diameter or so) to provide permanent directional
capability form one node to the next. Any given node
may have several such fixed antennas installed to
enable it to communicate with its neighboring nodes. A
directional transmit beam is schematically illustrated
as beam 48 between the node 40 and house 23. Increased
functionality is additionally provided by equipping
the nodes with ability to communicate with other nodes
and homes, business and residences and user devices at
much lower frequencies, i.e., wireless communications
outside 



of the line-of-sight or "near" line-of-sight
frequencies, e.g., outside KU frequency band.
Comparing the arrangement shown in Figure 1 and Figure
2, it can be seen that the amount of underground
cabling to service the houses 10 to 24 has been
significantly reduced compared to that shown in Figure
1. However, in each scenario the houses can still
enjoy at least thesame telecommunications standards
although it is expected that the houses using the
communication system constituting an embodiment of the
invention will actually receive an improved
telecommunication service for reasons that will be
described hereinafter. Supposing, with reference to
Figure 2, that the occupants of house 17 wish to make
a telephone call or access the Internet. Their
telephone or computer (if using voice over IP) will
establish communication via a user device located
within the house with the node 42. Node 42 will then
co-operate with node 4 1 and node 40 such that a relay
chain is formed from node 40, to node 41, then to node
42, and then to the house 17 such that communications
can be established between the house 17 and the
telecommunications network. However, in situations
where the node 42 can communicate directly with the
node 40, then a direct link between these nodes may be
formed. Although the arrangements shown in Figures 1
and 2 relate to only a single road running off a main
road, housing estates are generally more densely
populated and hence similar groups of houses might be
expected to be positioned quite close to the one
illustrated in Figures 1 and 2. This gives rise to the
possibility that nodes 4 1 and 42 may be able to see
other nodes which themselves can see further nodes
some of which are connected to the telephone/data
network infrastructure access node. This is
advantageous since it means, for example, that node 42
might still be able to establish a link with the
telephone infrastructure via these other nodes even if
a fault were to develop on node 40. This provides
redundancy against system failure and also provides
enhanced reliability against the possibility of a
device becoming "busy" due to a transitory high
workload. Figure 3a schematically illustrates the
components within an embodiment of a node. The node
comprises a data processor, which controls the
functionality provided by the node. The data processor
is in communication with a wireless communication
device 52 which provides bi-directional communication.
The wireless communications device 52 may comprise one
or more wireless systems having a network
infrastructure adapted for communicating at
frequencies of 20 GHz or greater, up to 75 GHz.
Furthermore, although the wireless communication
device 52 may only comprise one device, it
nevertheless logically provides user communication and
system communication and these separate functions have
been designated 54 and 56, respectively. The data
processor 50 further has access to a
secondarycommunication device 58, which may be a
wireless communication device, a cable operated
communications device or a combination of both. The
secondary communication device 58 may comprise devices
adapted for receiving and decoding wavelength division
multiplexed signals transmitted via optical fibers.
Thus, in additional embodiments, a high capacity optic
fiber infrastructure may be provided to enable
Communications between nodes and other nodes and/or
between nodes and the user, home or business. Current
optical communications systems have demonstrated
communication capacity in the Terabit range, and
certainly accommodate communication data rates up to
300 GBits/sec or more along existing single mode
fiber, e.g., running 140 Km to 160 kilometers, in
length. Utilizing the emerging WDM standard, the data
carrying capacity of single mode fiber is greatly
increased. Lower loss transmissions are achievable
using newer optical fiber cables optimized for
transmission in the portion of the spectrum between
1310 nm and 1620 nm wavelengths and utilizing state of
the art laser diodes and photodetectors. However, it
is understood that connectivity is not limited to this
wavelength range, and multiple fibers may provide I/O
and data communications at wavelengths ranging between
1310 nm and about 405 nm. As further shown in Figure
3A, the data processor 50 also has access to at least
one local cache memory 60 and may have access to a
second and indeed further cache memories 62. The cache
memory 60 and 62 is, in a preferred embodiment,
provided by non-volatile rewritable semiconductor
memory. Current FLASH memory devices are routinely
available in sizes in excess of 1 Gb and several
devices can be used together in order to form a
composite cache memory whose size is of the order of
several Gb. Memory cost has been falling rapidly
whilst, simultaneously, memory size has been
increasing rapidly. It is therefore envisaged that
large memory sizes will become used routinely as
memory technology evolves. The data processor 50 is
also in communication with a system memory 64. The
system memory 64 holds instructions to be executed by
the data processor for providing the desired
functionality of the node and may also hold keys or
ciphers or other 



data which may be used to control a user's access to
the system, the privileges they enjoy on it, and which
also may be used to code or encrypt data flow from a
node to a user device or from a node to the
telecommunication system or network control system of
the present invention. The system memory 64 is itself
likely to be implemented in FLASH electrically
erasable programmable read only memory (EEPROM) such
that operators of the node can add new functionality
remotely. The data processor 50 may also drive a
display device 66upon which visual messages may be
placed. These messages may include, without
limitation, warnings, local information,
advertisements and the like. In addition, the data
processor 50 has access to a local memory device 69
provided in the node that comprises a non-volatile
memory, particularly a memory that is able to retain
data storage without external power, for example, by
FLASH memory, or, where memory lifetime and speed is
important, e.g., SRAM, where a constant voltage source
is supplied (e.g., via battery). Where nodes are
located indoors or in environmentally suitable
locations, hard disks such as Seagate Technology's
NL35 Series with long (i.e., greater than 1 million
hours) Mean Time Between Failures, or like devices are
advantageously employed. In outdoor or environmentally
harsh conditions, where temperature cycling and
vibration can adversely effect the longevity of such
devices (disk drives), solid state memory is preferred
as storage size is rapidly increasing whilst cost is
decreasing. The local non-volatile memory is
preferably used as a cache. High-speed DRAM (e.g., DDR
RAM) may be utilized as part of the node architecture.
One embodiment of a local memory device 69 provided at
the node as shown in Figure 3A is the "Shared Storage
Plus" hard-disk drive available from Maxtor Inc.
(based in Milpitas, CA). This drive provides storage
of up to 500 Gbyte or more capacity, and implements
multi tasking capacity and functionality for providing
content to a plurality of user devices (e.g., home
theatre, music player, video game player, etc.) while
completely bypassing connectivity to any user's
personal computer. Such devices may be implemented at
a node located at the home, for storing and delivering
data content to users in the home or business
location, to users via their wireless devices outside
the home via the communications devices described.
This current mass storage device technology implements
media-management software such as available from
Mediabolic, Inc. (San Mateo, CA). This software
provides devices with functionality in conformance
with industry standards (e.g., the Digital Living
Network Alliance (DLNA), Universal Plug and Play
(UPnP), and Intel Corp.'s Networked Media Product
Requirements (NMPR)) that permit many user devices to
connect with the hard drive such that it can perform
without requiring the central intelligence of a
personal computer. Thus firewall-like security is
ensured. Moreover, the build-up of such a memory cache
close to the user virtually eliminates contention.
Advantageously, a host environment provisioned with
significant storage such as available from a Maxtor
mass storage device, enables thedelivery of full
catalogues of media content (e.g., movies) to the
users, currently unachievable by conventional cable
content providers. Further as shown in Figure 3A, the
data processor is also in communication with a
security device 67 whose function is to monitor the
node for signs of tampering, theft or subversion and
to take appropriate action if it is deemed that any of
these events have occurred. Thus, if the security
device detects circumstances which suggest that an
attempt has been made to steal the node, for example
because vibration detectors have detected excess
vibration, or internal accelerometers have detected
that the device is being transported when such
transport has not been authorized, then the security
device may refuse to release the system keys to the
data processor which enable the data in the caches 60
and 62 or information in the system memory 64 to be
decrypted. Alternatively, the security device may
instruct that the content of the caches 60 and 62 be
erased. Moreover, use of frequency tuned tools may be
used as an authentication process to prevent
unauthorized tampering. In this embodiment, an RF chip
set is built into the tool and used to communicate
random number codes as set forth in applicant's
co-pending United States Patent Application
corresponding to European Patent Application No.
EP05252250.5 entitled "Method and Device for
Communicating Using Random Codes" filed April 11, 2005
[attorney docket P106603EP; 19145]. Thus, prior to
making any type of repair or otherwise opening the
device housing will require first a tool to
communicate a code to the data processor or security
device that will verify an authorized user of the
tool. If such verification process is not performed
prior to the opening, the caches may be rendered
useless, e.g., data content erased. Figure 3b
schematically illustrates an alternative design of
node in which a passive back 



plane is an architectural feature but, more
significantly, there is no single processor. Instead,
each functional element contains one or more
processors and the functional elements co operate by a
set of protocols and messages. It can be seen that
there is direct one to one correspondence between each
function designated in Figure 3a and the equivalent
function shown in Figure 3b. Thus the system wireless
portion 56 of Figure 3a is now designated 56' in
Figure 3b. The architecture shown in Figure 3b has
several advantages. Firstly reduced instruction set
Harvard architecture processors or hardware
equivalents can be used breakingthe tasks down into
smaller fixed sub-tasks without the possibility of
unauthorized parties hacking into the firmware of the
system memory. Furthermore a set of small processors,
each doing part of a task, can generally outstrip the
overall performance of a single more powerful
processor. Performance is further enhanced by the
absence of an operating system generally provided in a
single processor implementations or by the use of very
much smaller operating systems which operate faster
and with lower overheads. The tasks in the software
and hardware are segmented and consequently a
subsystem, which is working can remain unchanged
whilst other parts of the system are developed or
modified. From a management point of view, the use of
multiple subsystems attached to a backplane may also
have the advantage of providing hot swappable cards
such that maintenance may be performed without taking
the system down. The wireless communications device 52
or 52' will typically support microwave communication
for communicating from one node to another, and also
for communicating from a node to suitably enabled
wireless user devices. Various modulation schemes may
be employed on the microwave communication link.
Ideally a universal communications scheme would be
adopted such that user devices could roam from one
country to another. However national governments are
responsible for allocating the frequency spaces and
transmission schemes available within their
jurisdictions and there remains a possibility that
governments might frustrate the adoption of a single
frequency and transmission scheme. Well understood and
relatively easily implemented transmission schemes
include quadrature amplitude modulation, frequency and
phase shift keying. It is already well known that
quadrature amplitude modulation may be provided with
different levels of complexity, depending upon the
number of symbols that are supported, and once again
it will be envisaged that at least a base line
standard would be adopted to facilitate
inter-operability between user devices which generally
operate in different countries. The communication
system 52 also preferably supports other well known
transmission standards for establishing local
connections to user devices. Thus other transmission
standards include the 802.11 variants, such as 802.1
IA, 802.1 IB and 802.1 IG. Similarly infrared
communications and Bluetooth communications may also
be supported. The provision of the extra
communications standards is particularly advantageous
where a cluster, which hitherto has described as being
in an "external" environment, such as at the road
side, is extended into or provided within an interior
space such as a shopping mall or an airport. The nodes
may alsosupport the DECT telephone standard, thereby
enabling users of domestic wireless telephones to be
able to dispense with the DECT node and have the
telephones interfaced directly with the node of the
communication system constituting an embodiment of the
present invention. The secondary communications
devices can, for simplicity, be a replica of the
primary communications device and can either be used
as a backup system or can be used in conjunction with
the primary device in order to increase data rate
capacity. The secondary communications device may also
handle the interface between the node and a cable
network to which it is "tied". However this
functionality could, once again, be provided within
the primary communications device 52. The node shown
in Figure 3a probably has to remain continuously
powered, due to the overhead is placing such a
conventional architecture into a "sleep" mode. However
the node shown in Figure 3b is expected to have a much
quicker wake up time period and consequently can put
itself into a sleep state. Such a node can generally
power up its wireless communications module every 100
to 200 ms, and broadcast an identity message to see if
there is any response from a passing user device, for
example in a passing vehicle. If no response is
received, then it can power down again. However if it
gets a response, then all of the other modules can be
woken up under hardware command an its next broadcast
cycle may include a broadcast of its registry contents
thereby enabling the passing user device to initiate a
search for information, it may also broadcast priority
data, such as recent road safety and weather
announcements, and it may then proceed to broadcast
information which, based on historical statistical
usage, had been requested from that node together with
any 



commercial messages which are set as high priority or
mandatory messages. If the passing vehicle makes a
request for specific data, then the node will search
its cache to see if that information is available and
if not, will place a request for that information to
be received from the telecommunications network and
either forwarded to that node, or the next node in the
direction of vehicle travel. Once the data exchanges
have been completed, the node may re-enter its waiting
state. The nodes may also include environmental
sensors 350, as shown in Figure 3b, for monitoring the
environment around each node. The sensors may include
cameras andmicrophones. The output of these devices
may be stored in a short term memory, for example
holding one or two day's worth of output. This data is
normally kept locked away from access, but may be
released upon provision of a security code for
inspection by suitably authorized individuals or
authorities, such as the police or home land security
agencies. Figure 4 schematically illustrates the
components within a static user device, which may, for
example, be provided within a user's dwelling or place
of work to provide a gateway to a telephone network
and to the Internet and optionally to audio visual
entertainment, given that the radio, television and
Internet technologies are converging. The user device
shown in Figure 4 comprises a data processor which is
in communication or advantageously is bound to a
security device 82 such that the integrity of
operation of the user device can be assured and such
that the user device is protected against subversion,
either from a user attempting to access services and
facilities to which they are not entitled, or from an
external malicious individual trying to access the
user's personal data. Such "personal data" may include
a user device identity and address such that the user
device is uniquely and securely associated with one or
more given users. The data processor is in
communication, via a data bus, with a wireless
communications device 84, which handles the
communications interface with the node. The data
processor 80 is also in communication with a wireless
network router 86, for example compliant with the
current 802. 11 standard or any successor technologies
as may be developed which become established for
providing local area short range data communications
primarily between computers. The wireless network
router 86 may also support the Bluetooth standard or
any successor technology thereto. The data processor
80 is also in communication with a bulk data store 88
which may be a magnetic store since it is not
envisaged that the static user devices will be
subjected to extremes of temperature cycling or
vibration. However the bulk data store 88 may also be
implemented within FLASH memory. A magnetic store is,
at the present time, preferred since these provide
higher data storage volumes at less cost compared to
FLASH technology. The bulk data store may be used for
storing a user's personal data, for example documents
that they are working on or music that they listen to,
as well as user applications which a user may wish to
run on the device, thereby enabling it to act both as
communications interface and optionally home computer.
The bulk data store 88 may also act as a temporary
repository of music or video, which may be recorded by
a user. The data processor is also incommunications
with an audio-visual or other multi-media interface
90, which handles both the input and output of audio
and visual content such that the device can function
both as a music player and as a television.
Furthermore, cooperation between the audio-visual
interface 90 and the bulk data store 88 means that the
device can also function as a video recorder enabling
television or other audio visual content to be
recorded for later replay. The data processor 80 is
also in communication with a telephone interface 92
which supports both cable connection to a user's
telephones and wireless connection, for example via
Bluetooth or DECT, to wireless telephones. Thus the
static user device may, if all of these subsystems are
implemented, provide convergence between a computer, a
telephone, and an entertainment system. As mentioned
herein, the bulk data store 88 may further comprises
the "Shared Storage Plus" hard-disk drive available
from Maxtor Inc. that provides multi-tasking
functionality for providing content to a plurality of
user devices (e.g., home theatre, music player, video
game player, etc.) while completely bypassing
connectivity to any one user's personal computer. Such
devices may be implemented at a node located at the
home, for storing and delivering data content to users
in the home or, to users via their wireless devices
outside the home via the communications devices
described. This current mass storage device technology
implements media-management software that is adaptable
for receiving commands for initiating the download to
a plurality of users at a time. Provision of memory
devices such as the Shared Storage Plus hard-disk
drive thus enables a home or residence to function as
a host capable of delivering content to other users
via the 



wireless devices (see Figures 3A, 3B and 4) in a
secure manner. That is, implementing such a device
that bypasses connectivity to the PC is ultimately
secure as no connectivity is established to a host's
PC that may have personal or confidential content.
Thus, as a host, the data processor device receives
user requests for information and performs steps for
authorizing the downloading of content to a user
device from the bulk storage. The data processor, via
conventional means, provides the ability to conduct a
transaction to receive payment from a requesting user,
or otherwise authorize that user to receive content
via their wireless devices from the bulk
storage.Figure 5 schematically illustrates the
components within a portable user device, which may
interface with the communications system constituting
an embodiment of the present invention. The portable
device includes a data processor 100, which is in
communication with a memory 102 which may store both
operating instructions for the device and user data.
The data processor 100 is also in communication with a
wireless communications device 104 and a display and
user input device 106. The device 106 may comprise a
touch screen such that the user can enter information
via the display device, either by touching various
portions of it with their finger, in effect pressing
soft buttons, or may use a pointing device such as a
stylus for entering more complex information. The
basic functionality of the user device can, as of
2005, be provided by a personal digital assistant
although it should be recognized that with the
convergence between PDAs, mobile telephones and
portable music players that this term in future may
become redundant due to the convergence of these
technologies. A user interface for both the portable
and static devices may, advantageously, build upon
existing browser technology since the interface
technology is itself well established and users are
familiar with it. This therefore facilitates ready
uptake and acceptance of the interface. Figure 6
schematically illustrates the way in which the node
and user devices according to the present invention
can interface with existing telecommunications systems
and how an operator of the network according to the
present invention can control and administer the
content provided or hosted at each of the nodes and
can also enable content providers to control and vary
their content. A plurality of nodes 110, 112 and 114
are provided. In this example, the nodes are installed
within "street furniture" such as road signs or
"posts". Each node is the type described hereinbefore
with respect to Figure 3A or 3B. Considering node 110
more fully, the node can support a high speed data
link, in the range of 40 to several hundred Mbs using
its microwave link or optical fiber link and this can
communicate with suitably enabled user devices in
dwellings 118 and 120. The node 110 can also support
communication with portable or handheld user devices,
such as a personal digital assistant 122 over a WiFi
(802.1 1) data link. Each node 110, 112, 114 is
connected to a high capacity data communications
network such as the backbone of the telecommunication
system, either directly or through a cluster of
managing servers for managing the node devices. Both
types of connection are schematically illustrated in
Figure 6. Connection via dedicated managing servers
115 has the potential to provide enhanced integrity
considering the content hosted on each node in its
cache. However direct connection to the telecoms
backbone 126, as shownfor node 114 provides an
alternative route for the node 114 to communicate with
its managing servers, and indeed other servers which
have a presence on the data network 126. The data
network 126 is schematically shown as providing
connections to the Internet, itself being an
ill-defined cluster of servers on a data network, and
via the Internet to administration servers 130
operated by the "owners" of the nodes and content
servers 132 owned and operated by those entities,
typically businesses, which choose to pay to have
their own information published or hosted on the nodes
110, 112 and 114. For completeness, it can also be
seen that the communications network of the present
invention need not stand alone and that a portable
user device 122 may also, like mobile telephone 124,
receive data directly from WAP enabled or other
servers 140 using the GSM/GPRS mobile telephone
infrastructure, and also using the 3G successor
networks in due course. Moreover, the communications
network is equipped with self diagnostics capability.
As part of both communications and node diagnostics,
the node may "ping" the home office with a discrete
message. It may be simply a code that is implanted in
either ROM or Flash that gets transmitted
periodically, e.g., twice a day, that verifies that
connections are still clean and the node is alive.
This will aid in determining all links in the
daisy-chain as well as backhaul as necessary. It will
also become a validation signal that information is
not lost due to either random or bias bit error. For
example, in one embodiment, test codes of various
lengths (e.g., 1024 bits) may be utilized and sent
through various parts of the network (high reliability
and 



analog portions) to ensure that raw Bit Errors (e.g.,
in the analog channels portions) of the network are
completely random (i.e., no bias exhibited). If bias
towards certain errors is detected (not complete
randomness), it may be determined that that portion of
the network may not be used in communication of
transaction information (e.g., long number codes). It
is understood however, that alternate statistical
solutions may be utilized for communications on that
portion of the network (or that part of the network
completely bypassed for that kind of transmission) .
The telecommunications backbone 126 also provides the
method by which a content publisher, i.e. a business,
may design and author the information that they wish
to be hosted on a node, and then submit this via the
Internet service provider 142 for hosting, subject
tochecking and authentication as necessary by the
administration servers 130 and the host servers as
necessary. It should be noted that those devices
capable of establishing an Internet or data connection
via the nodes of the present invention may transmit
voice using the "voice over IP" technology thereby
enabling phone calls to standard telephones to be set
up. It is useful to consider the operation of such a
network, both in terms of how potential data providers
place information into the network, and how users can
search for that information and a criteria which might
be invoked within the network or node to determine the
order in which information is returned to a user. When
a business wishes to advertise its presence or present
other information via a network constituting an
embodiment of the present invention, the business's
content author 160 designs a series of "pages" that
are to be hosted in one or more nodes. This design
process is represented as step 250 in Figure 8. The
design of pages is similar, if not identical, to the
design of web pages for presentation over the
Internet. However, where a content author presenting
pages over the Internet can be assured that the device
retrieving those pages will be a computer having full
screen display capabilities, the same cannot be
guaranteed with the present invention. This is because
some of the pages may be picked up by mobile users,
such as pedestrians 162 using a device such a personal
digital assistant 122, whereas other information may
be picked up by automotive users 164 using "in-car"
versions of the device or, where the PDA 122 can be
used via an interface in a car 116, and if the car
user is not a passenger then functionality of the PDA
122 or 'in car1 device may be restricted due to the
extra safety considerations that need to be addressed
given that it is important that a car driver is not
unduly distracted from the task of progressing safely
and competently along the highway. For that reason, it
is useful for the content author to use, as an option,
a publishing tool 182 which facilitates the design of
the "web pages" using well understood language, such
as XML, and which then presents the pages (step 252)
across the backbone 126 to one of the administration
server 130 running a content validation database 180.
Whilst the administration server 130 cannot validate
the factual content of the web page, for example it
cannot tell if a price has been incorrectly entered,
it nevertheless can validate at step 254 the page
layout in order to determine whether that page should
be capable of being displayed orreproduced in an
understandable form against a range of devices which
the content publisher has indicated as being target
devices for their content. The content validation
database within administration servers 130 can then
communicate the results of its validation to the
content author 160. If the content needs modification
the author can attend to this at step 256. Once the
author is satisfied that the pages are sufficient for
his purposes, he can then submit the completed pages
for hosting on various nodes. The content author 160
need not necessarily be restricted in their
presentation of information since, it is possible for
the author to host only one or two of their most
significant pages on the nodes, and hyperlinks can be
provided to additional pages held on the content
publisher's own servers 132. This is possible because
the node will, for suitably authorized customers,
enable them to establish an Internet session via the
communications capabilities held within the node. Such
flexibility is balanced by cost considerations since
the user will in this instance generally be charged
for access over the Internet connection: thus there is
an incentive for businesses to pay to host promotional
content within the nodes so as to attract the widest
possible audience. Following successful validation of
the content at step 254, the publisher then proceeds
to step 258 where the content author is presented with
a selection of nodes in which the content may be
hosted. In a preferred embodiment the nodes are
represented on a map such that an author can select,
depending on the scale at which the author views the
map, either nodes within a geographical area, for
example within a town or city, or if the map is viewed
at higher resolution, clusters or individual ones of
nodes. The software tools used for node selection 



may also include demographic information, so that a
business can select, down to the level of individual
nodes, those that they judge best represent their
target audience. It follows, from this hierarchical
approach to presenting nodes, that under certain
circumstances a company could choose to use such a
system for a national launch of its products although
it would be envisaged that such blanket covering using
this network would incur a high financial cost to the
content author. Following selection of the nodes at
step 258, together with selection of the date range
for which the nodes will hold that information and
optionally the time at which that information will be
presented, control then moves to step 260 where the
client is billed, and then to step 262 in which a
registry 182 is updated. The registry structure will
be described hereinafter, but for the moment it is
sufficient to indicate that the registry contains a
formalized and searchable description of the goods or
services offered by the content author so as to
facilitate and provide structure to a search process
which may be initiated by a user.Control then passes
to step 264 where permissions associated with the
content author are set up and stored. The permissions
define whether the content author can make changes to
the content hosted on the nodes. Such permissions may
allow for periodic or even continual update of
relevant data. Thus, for example, a hotel might
regularly update the number of beds that it has
available and such update could come automatically
from the hotel's own reservation system. The
permission server might also generate a shared secret
known only between itself and the content author such
that it can validate that a person seeking to update
the content of a page is a permitted person. The
shared secret may, for example be a one time pad
thereby preventing a malicious individual from
observing a session between the content author and the
permission server and attempting to gain authority to
alter that content by implementing a replay attack.
The permissions set in step 264 are maintained within
a permissions database 184 held within the
administrations servers 130. A copy of the content
hosted on a server, together with permissions and
billing information may also be maintained within an
administration database 186 which can be used to trace
a history of events occurring within the communication
network if, for example, these are required for
verification by some authority, for example the
police. Once the content permissions in billing has
been established, the content can then be migrated to
the selected nodes. However, at this time, another
layer of checking may be involved. This is because,
unlike the Internet where the user generally browses
the Internet from their own home, the nodes are
typically owned or under the authority of a land owner
or similar entity. Thus, for example, those nodes
which are provided in street furniture will be under
the authority of the relevant local authority or
highways agency. Such governmental institutions may
have restrictions on the sort of content that is
allowed to be hosted by nodes within their control.
Thus, as a matter of government policy, advertisements
for tobacco products may be banned. Similarly nodes
situated near schools may be subject to controls
implemented by the school authorities and may have a
blanket prohibition on offering pornographic content.
Therefore attempts by a content author, after having
selected the nodes and received their permissions, to
place content into the nodes via the managing servers
115 may, depending on other operational conditions be
allowed without further checking or alternatively
require a further level of scrutiny by the servers in
order to applyrules dictated by the node "owner". The
term "owner" is used to include the possibility where
the node is strictly owned by one operator but
permissions concerning the content that the node might
post are determined by other bodies, such as education
authorities, highways agencies or local authorities as
described above. Where a further level of scrutiny is
required, this can generally be done automatically
since any content author who deliberately lies about
their content in order to post unsuitable material
could, upon detection of this action, be banned from
the network either on a temporary or permanent basis,
or subject to contract may be fined. Once content has
been provided by the content author 160, optionally
using a bespoke publisher 182, to the management
servers 115, the servers can then propagate that
content to individual ones of the nodes 110, 112 and
114. In this context, the nodes act as embedded
content servers. Each node/server has stored within
its cache a local copy of the content that the author
160 wishes it to host, together with relevant extracts
in its own node registry such that local searching can
be performed using the data processing capabilities
within the node, or the registry can be transmitted to
a user device which can search the registry or the
search can be started in the node and refined in the
user device. In order to provide real functionality to
users, it is necessary for them to be able to sift the



information held in the local cache and to access
useful information from it. Such a search process
could be performed by sifting through the web pages
provided by each content provider looking for key
words. A defined registry structure however, is
advantageous to use in order to collect information in
a consistent and searchable manner. The registry
therefore provides a linkage between the data content
and the search mechanism. The registry is divided into
a series of nodes, and each node within the registry
corresponds to a set of data files that comprise the
content pages. The entries in the registry node
summarize the corresponding content of pages and it is
the registry nodes that is searched by the search
engine. The entries within the registry can be formed
from a mixture of predefined terms which in effect can
act as tags and these tags can themselves be
associated with attributes. Figure 9 illustrates an
example of a node entry which may be associated with a
hotel. Comments concerning each entry are provided in
order to facilitate the understanding of the entry. A
first portion 300 of the registry entry contains
system information, such as anidentity of the author,
the identity of the registry node (essentially an
index), the identity to be invoiced if, for example,
the information to users is being presented on a "per
hit" basis, the expiry date for the node entry, the
date of the last revision, the identity of the person
who made the last revision, and, where appropriate, a
title. The next section, 302, contains contact details
for the business. These contact details are fairly
standard and hence include the street address as
broken down into name of business, two address lines,
town or city, the country or state, the postal or zip
code and the country identity, together with phone,
fax, e-mail and web address details. The next section,
generally designated 304, provides specific
information concerning the services offered by that
business. The first relevant entry 306 is a predefined
word, selected from a list of business descriptions,
which in this example indicates that the business is a
hotel. An attribute may be associated with a
description of the business as being a hotel, and such
an attribute might be a quality or star rating for
that hotel. Further information for that hotel might
then be given. Thus, for example, the block of data
generally designated 308 refers to a series of rooms
that the hotel has. The word "rooms" acts as a search
key. Information about the rooms is then provided
using other predefined search terms. Thus, the block
308 indicates that some rooms are available with a
room tariff of between 40 and 48 sterling. Each of
these rooms has a sleeping capacity of 1, i.e. it is a
single room, and the quantity of rooms available
equals 20. Therefore 20 of such rooms exist. A vacancy
field indicates that the three rooms are vacant for
today. A second block of data, generally designated
310 gives details of another series of rooms. In this
example these rooms have a tariff of between 60 and 80
and a sleeping capacity of 2, i.e. they are double or
twin rooms. The quantity of rooms in this category is
40, and 6 of these rooms have vacancies. Rooms which
are somehow designated special, for example penthouses
or honeymoon suites may be detailed individually. Thus
the next block of data 312 refers to a specific room
which, within the hotel has been given room identity 3
and which has a tariff of 70 and a sleep capacity of
2. The data indicates that this room is currently
vacant. Such individual room specifications would
provide the user with a greater degree of certainty,
since it would be possible to effect 'offer and bid'
contracts between hotelier and user, in which a user
could instruct his/her device to book and pay for that
individual room, and receive from the hotelier a firm
booking confirmation: the complexity of the registry
entries is simply handled by a computer. Thus
hoteliers using such specific features may enhance
their business by 'clearing the market' forhotel
rooms. Similar data is provided for a further room
designated room 4 as set out in the block 314. Another
block of data, designated 316 refers to the facilities
offered by the hotel. In this example, the block 316
refers to the car parking facilities, as designated by
the use of the keyword "car park" and attributes
indicate that secure parking is available, that
off-road parking is available but no sheltered parking
is available. If the hotel has a restaurant, data
about that restaurant may also be provided. Such data
is represented in Figure 10. Inspection of the data
shows that this restaurant has a seating capacity of
40 and has an Italian style of cuisine. Opening time
data also shows that the restaurant is open for lunch
everyday between noon and 2 pm and that according to
the booking system 15 vacancies are available for
lunch today. Further data, generally designated 320
shows that the restaurant is open in the evenings from
1900 hrs to 2130 hours on Monday, Thursday, Friday and
Saturday and that 6 vacancies are available for today.
Special events may override the general opening and
closing times and block 322 indicates that the
restaurant will be open for lunch time on the included
date of 25th December 2005. A further block of data
324 modifies the opening time to show that the
restaurant is shut, by 



virtue of exclude dates, on the 24th April 2005 and
the 26th December 2005. It can be seen that, such a
registry structure, allows each node to hold a
quantified amount of data concerning the business,
where that data need not be presented in any specific
order, with a proviso that within a block data may
need to be presented in a specific order, but which
also still allows that data to be searched efficiently
because the data tags have been defined in order to
create an efficient search space. One of the
advantages of such a search mechanism, and its use of
an XML style presentation is that the search
categories can be modified in order to improve them
over the passage of time. The user device includes a
"browser" within it and which is adapted to make use
of the registry to facilitate searching. The browser
can hold several "pages" and these are presented as
tabs such that the user can select a page as the
active page for display as a "point of focus" and/or
processing purposes. As an alternative to selecting a
specific page, the browser may cycle through the
pages.The browser may also allow a user to define and
store several criteria, and may repeatedly repeat the
search and present new results as new matching data is
found. The browser may score or rank the data so as to
provide only a suitable number of hits and/or hits in
order of relevance. If the number of matching results
is relatively low, then results from business located
relatively far away may be included. However if the
number of hits is relatively high, then the scoring
will be tightened, for example by including a penalty
based on distance between the location of the business
and the current position of the user (which can be
looked up and calculated based on the ID of the node
or transmitted explicitly from the node to the user
device). The user can define their own presentation
rules, as to whether new data appears at the top of
the "point of focus" such that when the user returns
to the page that the search is displayed on then the
new results can be brought to their attention, for
example by being displayed at the top of the page. As
an alternative, the last seen data may remain on a
given page in an unupdated form and the user may
toggle the page between the un-updated form and the
updated form. The user may also mark entries such that
they are always displayed, or indeed never displayed
until such time as the rules for displaying entries
are modified by the user or a new search criterion
established. As noted before, different users may
enjoy different service levels. When a user first
signs up to the services offered by the present
invention he may be invited to select, and pay for, a
given service level. The user may then be issued with
an identity which directly encodes their service
level. This obviates the need to check a user's
service credentials each time then communicate with a
node. However, statistical checking of users may be
performed and user identities may be periodically
updated without knowledge of the user in order to
prevent hackers seeking to gain access to services
that they have not paid for. The system that is
described above can be extended to describe all other
sorts of business and activity that an individual or
organization might want to have present within the
content of a node.It should be noted that the
structure of the registry entry is centrally
controlled, so that a content author may only select
elements for inclusion in the registry that are in the
current structure. The structure and allowed words
will be a matter of continual update, and will be
published over the Internet in the conventional way.
The content author however is not bound to include any
more fields than he/she wishes, and so there is no
need to include null entries in data fields that are
not of interest. An additional advantage of this
system is that the category word, for instance HOTEL,
sets a context for the qualifiers, which as has been
described are in the form attribute=argument, and so
where in the normal usage of language there might be
ambiguity in the meaning of a particular attribute,
the context provided by the main word may be used
algorithmically to resolve such ambiguity without need
to use separate words. So, for instance, the word
'bed' can be resolved to have a common meaning under
all contexts that imply accommodation (e.g. HOTEL,
MOTEL, GUESTHOUSE) but a distinct meaning under the
context FURNITURE_STORE, and thus the software would
not offer prices on beds in a furniture store when the
user was seeking somewhere to stay. Another aspect of
this invention may now be described. The nodes are in
dynamic communication with a plurality of information
sources, and these sources may update their
information, or subsets of that information, as needed
or regularly. As is clear with computing equipment,
such updates may happen very frequently, and so if a
digital image is 



considered as a subset of content, and it is updated
at a video frame rate, for example, then it becomes a
live video feed. The concepts of 'real-time' and
'updated' content thus merge with the only distinction
being the time since the last information update took
place. However it is understood that all information
on a node is referenced in the registry. Thus the
combination of the specific information in the
registry, and the dynamic update of content make an
important feature of this invention possible.
Conventional web pages, such as available over the
Internet, are essentially static information, and
where they relate to real-time events that relation
has to be interpreted and acted on by the user.
However, as has been described above, the browser of
this invention can use pre-selected user criteria to
continue to 'harvest' information without user
intervention.In an extension to that, a subset of the
software of the browser (or harvester) can
conveniently be described as a 'difference engine1.
This brings to this invention the concept 1I am here
and now, and I need information about that activity
which is there and then' (i.e. in a different place
and in the future). An illustrative example would be a
user with a booked plane ticket, driving to an
airport. The difference engine element of the
harvester software could be invoked, applying to a
'point of focus' which is the departure airport.
Information relating to the flight, obtained via the
registry, would include the earliest and last check-in
times, and the user would confirm these to the
difference engine software. The user might be using an
'off-airport' car park, and so the user could enter,
again from a specific entry found in the registry
entry for that car park, a 'time to departure' time,
i.e. the advised time between arriving at the parking,
and arrival at the check in: the software would
subtract this, i.e. derive earlier times, from both
the earliest and last check-in times. These times
would become way-points for the journey. The software
would 'know' the given position of the node that he
was communicating with and the time, and so it could
compute, using a user set or average speed, or an
advised speed from information on the node, how much
time margin, if any, the user had to meet the time
window for check-in. As the journey progressed, the
user could be advised, in many different formats of
choice, the rate of progress, and it could factor into
its communications traffic speed information for the
route ahead derived from real time data taken from the
nodes, in conjunction with standard routing
information, which might be part of the content of a
node, or built into the difference engine software. A
useful format of choice might be 'you are running 40
minutes ahead of last check-in time'. The difference
engine would have the flight number as a parameter,
and could periodically interrogate the road-side nodes
for flight information. As previously described nodes
remote from the airport would not have this
information, and so it would be requested at user cost
via the Internet connectivity of the node. As the user
neared the airport it is possible that the airport
would, at its cost, arrange that flight information
for the next few hours be hosted atall near nodes. As
noted above the difference engine will readily find
that information because it has a unique reference
given in the registry entry process, and so that
reference is unchanged whatever route the information
comes by. The utility to the user is that if for
instance a flight is delayed and the user is late,
then he knows he has more time to make the flight.
Similarly, if flights are re-routed, for instance
during bad weather, the user can change plans and make
for the new airport. It can be seen that this
'difference engine' software package is useful in
innumerable other applications, for instance catching
trains, or going to a restaurant, meetings, theatres
and so forth. It can also be used as a routine
navigation tool, thus it is in receipt of up to date
traffic information, and it could be linked with
mapping information to calculate several alternate
routes and to offer one or more diversions that might
save time. Such a facility is particularly of use to
delivery and logistics companies. Not only can they
route their scheduled delivery according to actual
traffic information, they can download new pick-up and
drop off locations whilst en-route, and these can be
integrated and optimized. There are applications where
it also works the other way. The difference engine can
send ahead to the airline information that the
passenger will make the flight, or that the restaurant
table or hotel bed will be used. If the user is not
going to be able to take up an opportunity, then in
general the supplier is open to let this to some other
customer, and so there is cost saving, and since there
is now real time contact the first booker might
receive a partial refund. An alternative user device
(not illustrated) for use in a taxi-cab, bus, train,
ferry, plane or hotel lobby will now be described. The
device comprises a single data processor, memory and
wireless communication interface. In the example of a
bus, these elements may be 



housed in a box on the dashboard. Coupled to these
elements are a number of display devices, which may be
installed for instance in the backs of the bus seats,
or in the roof lining. The driver of the bus might
have a switch, or the system might have a GPS or a
flux gate compass that could determine whether the bus
was going to or coming from an airport such as
Heathrow. If it was going to Heathrow then it would
know the time, and as a relativelytrivial example the
difference engine would be pre-programmed to know that
its 'time of interest' for arrivals would be those up
to half an hour before the expected arrival time at a
terminal, and say one hour after. For departures its
'time of interest' would be those flights say 45
minutes before the beginning of check in up to actual
departure. The screen could then flip, exactly like
those in arrival and departure halls in the airport,
firstly between arrivals and departures, and then
between terminals. Passengers arriving on time for
departures would be reassured. People meeting arrives
could be directed to the baggage claim for a flight.
Users with WAP enabled phones, PDAs could be patched
through the bus microwave (typically) 63 GHz link to
pick up particular information or use all the other
facilities. A public terminal might be provided for
those who do not have their own device. The bus might
also use the link to stream film or audio content, in
exactly the way described above for a house. An
alternative user device (not illustrated) for use in a
taxi-cab, will now be described. In this example, the
user device is a computer with a code which is issued
which authenticates it as a taxi-cab. Content users
putting content on nodes can then authorize the node
to supply content to the taxi-cabs, and to credit the
taxi-cab driver for taking the content. So if a cab
driver selects West End shows within 3km as search
criteria, then the automated browser downloads
information on these and puts them on screen, then
passes a verification code back to the node, which
collects this up with all the other billing messages
to generate a credit. The taxi-cab driver is likely to
have a good idea what his clients appreciate most, so
he uses the search engine to select accordingly. The
taxi-cab driver gets a small credit for the content,
but a big and significant credit if someone transacts
something from his taxi-cab. It also provides feedback
to advertisers: if they believe that the taxi-cab
drivers know what they are doing then they can get
direct statistics of the selection made by studying
the micropayments. A further embodiment of this
invention is now described. It has already been
described how the nodes may charge in various ways for
access to a certain element of information, and, via a
systematic relay of this information back via the
'Managing Servers' to the 'Billing Servers',customers
with accounts with various operators of the system, or
organizations in partnership with the operators, can
charge the access to this information to the user in a
regular way, for instance monthly. A further aspect of
this invention is that it can now be used to enable
many different and new business models, and also to
provide a channel for billing of other commodities
that a user might purchase. Many of these new business
models can be grouped together under the title
'pay-as-you-go' and is supported by the network
infrastructure of the present invention. In these
models features of this invention include: the means
of estimating, or costing some other service or
.commodity, as well as the means for charging for it.
One example would be motor insurance. Currently
insurance brokers have to base a premium estimate on a
combination of 'hard facts' supplied by a user, such
as sex, age, home address and driving experience, and
some other statements, for instance as to the general
purpose of the insurance, loosely classified as social
domestic and pleasure, or business. However insurers
generally have a far better understanding of risk if
they could understand the individuals driving
patterns. Use of this invention allows the user to
have motor insurance on a 'pay-as-you-go' basis,
combining regular, say monthly billing, and charging
which is variable according to some agreed formula,
with usage. According to one formula a driver might
pay a fixed monthly fee, but might receive each month
an estimate of the following year's premiums if the
driving maintained the same pattern. According to
another formula each month's charges might be a direct
representation of the assessed risk: these are
examples only and not exhaustive. The insurer could
log for each driver their driving patterns and habits
by receiving information from the network of nodes. On
motorways and highways the posts could determine the
user's habits in respect of speed limits. Driving
through areas with high collision risk and parking in
areas with high theft and damage risk, and long
driving days might all incur premium penalties,
whereas those who drove only on low congestion country
roads, or who drove at off-peak times would benefit by
lower premiums. Insurance companies and the police
could 



also use the invention to track vehicles when it is
known or suspected that they have been stolen. Other
examples of new business models enabled by the
invention would be the creation of a 'value priced'
market in services such as parking: in certain areas
public authorities or landowners could allow users in
vehicles to bid for parking in sought after locations
or at peak times, or to match certain events. Further
examples of this extended use would be: as
connectivity to a building to enable utility meter
readings to be recovered, which could then be billed
out as described. This could be combined with or
extended to monitor houses, for break-ins, smoke or
fire, damp or flood, and thus to generally protect
unoccupied property. Connectivity could also be to
vending machines using the payment options already
described so that users could buy from the vending
machines without using cash by charging it to one of
their accounts supported by the invention. Computer
and arcade games, lotteries and gaming via the user
device can be offered in a similar way. Provision of
other facilities might include message boards, for
instance for 'dating', and also electronic graffiti
areas: of course since these are electronic users who
might be offended would be completely able to avoid
seeing the material, whereas those who now generate
damaging graffiti might be attracted to the new
medium. Smaller wireless devices could be given to
children, or attached to pets, so that they may be
tracked by the network of nodes so as to avoid or
prevent loss or abduction. This could be extended so
that groups, such as school or family parties could
identify themselves as a group to the network, and
their passage past each node would be monitored in
case any member becomes lost or disconnected. Other
members of the group would then be able to interrogate
any node, authorizing a search mode (permission for
which would be implicit in each member of the group
initially registering with the network) by which the
lost members could be located. Similarly the tags or
bracelets uses to restrict criminals who are allowed
into the community on parole or on community
punishment schemes could use the network of nodes to
report into the controlling authorities and to monitor
the criminal's location. In further implementations,
an ASP (Application Service Provider) may own, license
or rent bandwidth and memory and processing at a node.
Thus, cache content at the node may be used by an ASP
to store and make resident the data content at the
node. The ASP may then, on a pay as you go basis,
download executable programs to users via their
devices (mobile or handheld). Similarly, an ASP may
execute programs that run on the content cached at
thenode. The applications and the cached content may
be fractalized and distributed among a plurality of
nodes such that if one node ceases to perform or is
down, the application set is not lost. One application
may include, for a campus type environment, any
application set relating to the secure storage and
distribution of medical records and patient care
information. Thus, for instance, such healthcare type
applications may be propagated to and made resident on
nodes located at schools and school districts,
colleges and universities to enable local
diagnosticians, e.g., a school nurse, to diagnose
potential illnesses in students who exhibit certain
symptoms. In such an example application, a school
nurse may access a node through a wireless equipped
computer and retrieve information that is relevant to
the student in the school district, for instance. In
another example scenario, a social worker may access a
psychoanalytical program in order to diagnose a
student having emotional or behavioral problems. In
each instance, a user may download an application from
a node on a pay-per-use basis thus, avoiding all of
the problems associated with accessing such diagnostic
tools and aids through conventional network
communications means. Moreover, doctors and other
healthcare service providers, e.g., hospitals, can
provide patient information to be stored at a node
that may be securely downloaded on-demand. As
mentioned, such applications may be fractalized, for
redundancy, and more importantly for security reasons.
Moreover, the data content may be fractalized and
stored on different nodes such that if content at any
one node is compromised, security may not be breached.
The nodes may be additionally considered real property
and/or an asset as it may mounted to an existing
structure (e.g., a house) or buried in the ground, it
may be programmed to cache relevant information
related to the structure which said node is located.
Thus, for instance, a home placed on sale may carry a
node equipped with cache having downloaded data
content including information pertinent to the sale of
that home. Such cached content may comprise, but is
not limited to: a description of the home/property for
sale, the lot layout, floor plans, video tour,
financial analysis and all cross-linking interfaces,
e.g., lender information, attorneys, insurance
companies, etc. Being mounted on a house or building
itself, it is 



considered real property and may be sold with the
house or building and financed in the mortgage. Thus,
not only does the provision of a node at the home
provide high-bandwidth for Internet connectivity, as a
node owner, an annuity or revenue flow may be
generated tothe home when the node is adapted to
provide a service or enable commercial activity, e.g.,
store/download content and/or applications for third
parties willing to pay for that storage. Extreme
flexibility is provided by homes or residences
provisioned with a node, in that it provides a
convenient way to measure and monitor environmental
conditions, via a sensor network or sensors located at
the node, and execute optimization applications for
system and devices employed at the home, e.g., water
sprinklers, home energy usage/temperature control,
etc. Thus, utility companies can read measurement and
upload data immediately back to an application, for
example, housed at that node or nearby node for
eventual uplinking to the utility company. Further
applications including expanding the cache capacity of
the home node in order provide streaming entertainment
capabilities, e.g., downloading information to the
entire home such as streaming video, audio or A/V.
Thus, the nodes function as a server for the home of
such content. The communications network of the
invention has the property of being very flexible and
expandable into small-regions by adding relatively
low-cost nodes called "posts". Post cost and
installation fees are paid for by the immediate needs
of a relatively small cluster of users. In essence, a
new franchise of this communications system is easily
affordable by one or two beneficiaries. Continued
revenues are then accrued for a variety and large
number of lowrevenue small usages of the system.
Flexibility of installation and expandability of the
system based upon fast post-post communication and
ability to use memory at each post to cache large
amount of small, but useful pieces of information is
advantageous. For example, an owner who wishes to sell
his/her house contacts a local franchise or national
realtor organization that would place a post at that
property complete with sales information (description)
of the property for sale. Potential buyers may use
wireless handheld computers or a tool leased or loaned
from a realtor to receive information about the
property from their car. The post would be a permanent
fixture in the house and its cost would be assimilated
into the basis of the house being sold. In communities
with high real estate turnover, posts could heavily
populate the community within two or three years.
Posts with technical improvements (like more power for
longer transmission range, more extensive caches or
newwavelengths for communication or back channel
communication) come into the local cluster of posts as
new sales occur. The new homeowner, having purchased a
house with a post, could make use of other post value
such as security or water leak monitoring ... or as a
local Internet connection or rich source of local
information. Multiple posts in a community might allow
a web of monitoring and reporting of local conditions
such as theft rates, houses for sale, school
information, town meeting information, pizza specials,
or civil defense information. For example, a person
who sees some suspicious activity taking place in
their neighborhood may upload suitable information to
a node that may be forwarded to appropriate
authorities. Besides enabling a neighborhood
monitoring function, the individual comprises a first
line of intelligence gathering for more serious
potential threats. Memory in the posts coupled with
fast post-post communication allows a network of
multiple posts sharing their collective memory to
allow storage of large and extensive data records. For
example, on a suburban street with ten posts, each
post might store a different ten Gigabyte movie. Any
person on the street might access and view the movie
contained in a local post so that ten movies are
available even though each home's post might only be
capable of storing one movie. Multiple posts provide
redundant delivery of post information if one post
fails so that service is continuous to a homeowner
despite failure. This communication system is
different from laying fiber (or cable) to a street and
the significant costs of burying and connecting the
fiber before any single user can be serviced is
avoided, as is the risk of the basic service being
installed in an area where it won't be used.
Furthermore the legal complexities of obtaining rights
to install physical communication media over property
owned by multiple owners is avoided. A single post
with a single back channel can be added for a cost
within the range of value accrued from one or more
commercial or government uses, and other value
immediately realized by the user from the post's
communication and caching ability. As more posts are
added, each post's value increases as neighboring
posts share memory caches and communication
reliability is increased by the redundancy of multiple
communicating posts. Since costs are low, improvements
in communications technology to a back-channel can be
simply realized in a 



net-work of posts by adding a small number of new
posts with the improvements that can then be shared
among the communicating posts.This Communications
system is different from a system of receivers that
download satellite information in several respects.
First, the capital cost of the satellite is avoided
(although a satellite may be a communications back
channel for one post in a cluster in rural areas).
Secondarily, high bandwidth communication among posts
will exceed the bandwidth available from a single
satellite as well as avoid communication uncertainties
(signal loss) due to the limited power of the
satellite. The cost of a post and its installation is
comparable as the cost of a satellite receiver and its
installation, suggesting that the same quest for
eyeballs that causes satellite companies to install
receivers at a loss could similarly fuel a franchise
that installs posts and their back channels. In highly
urban environments, post installation can be very
simple and low cost due to the short distance between
neighbors minimizing communications power or antenna
adjustment. Furthermore posts can be installed inside
a house or a garage with the advantages of thenbeing
out of the weather, away from vandalism and able to
run or recharge batteries from conventional electric
power mains in the house. In rural environments
post-to-post communication may take the form of
communicating with mobile posts in vehicles to move
large quantities of information, like a movie, from
one post that is out of wireless range from another
post. Obviously, a rural area has a lower density of
users and will be less rich with local information or
revenue possibilities from large numbers of users. Use
of vehicles for "packet transmission" where data is
physically carried in memory on vehicle and connected
to posts as they pass by with limited-range wireless
connections can provide information security as well
as minimize the need for a continuous chain of posts
in sparsely populated areas. Transmission can also be
vehicle-to-vehicle to maintain local information in a
local region by having vehicles leaving the region
pass the information via high bit-rate wireless
transmissions to vehicles entering the region. For
secure commerce transactions, private talk networks,
and general communications among users, and user types
(e.g., police department networks, and fire department
networks) use and employment is made of applicant's
co-pending United States Patent Application
corresponding to European Patent Application No.
EP05252250.5 entitled "Method and Device for
Communicating Using Random Codes" filed April 11, 2005
[attorney docket P106603EP; 19145] the whole contents
and disclosure of which is incorporated by reference
as if fully set forth herein. That is, the
communications system ofthe present invention, enables
entities to host (locally cache) data content at one
or more nodes, a plurality of nodes forming a cluster,
with at least one node back haul connected to a
network such as the Internet. Users may, through their
conventional mobile and hand-held wireless devices
(implementing Bluetooth, WiFi 802.11 protocols, for
example), initiate the downloading of content from a
node or node cluster to the user device, or receive
Internet based services via the user device. In one
embodiment, the user devices are furnished at
manufacture (i.e., stored in erasable memory) or may
be furnished with an add-on card or attachment (flash
card, usb key, RFID, Bluetooth, for example) with a
list of random codes, e.g., on the order of a billion
"large" numbers (e.g., 128 digit codes (base 10)).
These codes are additionally maintained by a
verification service accessible by the network server
device at the node or cluster in the network. The
verification service maintains a registry of
subscribing users and the list of random codes
associated with that user's device. Additionally
associated with each user is a predetermined service
level that a user has subscribed to for transacting
within the network. Subsequently, when a user
initiates a wireless transaction with a node in the
network, the large number code is wirelessly
transmitted to the server which accesses the
verification service to verify that the user device
that is communicating is authorized to conduct a
particular transaction. The random code may be either
transmitted in the subsequent communication, or used
as an encoding key in the subsequent communication. In
response, the server can verify the particular device
with each code associated with a device and device
owner (user). Additional transaction authorization is
provided to ensure the operator of the device is
indeed the owner of the device (or at least the
authorized user). This further authentication may be
implemented by requiring a user to enter a PIN (ID
number) or provide biometric data, which may be used
to verify that the user/device is authorized to
conduct a transaction with a host node. According to a
further aspect of the invention, there is provided a
transaction enabling device, akin to a credit card,
adapted for wireless connectivity in the
communications network of the invention to enable
users to conduct transactions with a host. Referred to
as a ubiquitous or 



"UBI card", this device is carried by users and
provided with means to communicate with a back-end
dedicated server or device for receiving requests for
content and authorizing transactions for a host at a
node or cluster. The card is adapted to deliver the
highest level of security in commerce, information
exchange and access. It includes a multi-layered
lamination encapsulating a passive "RF" (radio or
multi-frequency) transceiver circuit or chipin
conjunction with a small 4-6 point keypad allowing
integration of a PIN or personal identification number
for additional security. Preferably, the RF chip is
encoded and/or programmed at manufacture to correlate
to a defined "Large Number Active Security" algorithm
found within one of a large set of acceptable,
randomly generated codes in the communications
network. In operation, when a consumer comes into
active proximity to a network node, the network will
recognize the passive chip embedded in the UBI card
through automatic synchronization via a
multi-frequency transmission activated within the
passive RF tag by the network. This is just part of
the authentication process described in
above-identified commonly-owned, copending United
States Patent Application [attorney docket P106603EP;
19145]. A consumer who wants to then purchase any
product or, download content from a node, would
depress the keypads on the card in the proper sequence
to pass final authentication. Once authentication is
complete, the transaction is authorized and the
purchase is simply deducted from a secure financial
account associated with the consumer's UBI card in a
similar fashion to credit card use in e-commerce
transactions today. Preferably, as shown in Figures HA
and H B the UBI card 400 has the following components:
1. A user keypad 405 for activating the UBI and
entering a pin that confirms the proper owner before
enabling a transaction. 2. A block of flash memory 410
(e.g. 0.2 megabytes ) which is programmed to contain a
plurality of long numbers (e.g. approximately 10,000
20-byte numbers) used as in the one-time pad for
assuring confidential transactions. The memory must be
erasable, or at least provisioned with functionality
to erase segments of the memory after it has been used
once. 3. A microprocessor 415 and associated number
generation hardware as described in United States
Patent Application corresponding to European Patent
Application No. EP05252250.5 entitled "Method and
Device for Communicating Using Random Codes" filed
April 11, 2005 [attorney docket P106603EP; 19145],
which generates codes via the coding port described
therein, with a device pair in any of the described
modes and is provisioned with an unchangeable program
in ROM (read only memory) 420 that defines the loading
and use of the one-time pad. The one-time pad and unit
identification number is only programmed once during
or after manufacture and before use. The programming
operation requires loading 500,000 bytes of random
numbers either at manufacture or at the time of
placement into service. WIFI can be used for the data
loading operation.4. A low-power processor 415 is
programmed for reading the keypad, accessing flash,
and conducting transactions and communication
protocols. All programs reside in permanent ROM and a
small amount of RAM (not shown) is additionally
available for temporary use in normal operation. The
processor is able to access the flash by pointers and
to erase used sections of the flash. The processor
preferably has a low power sleep mode and is awakened
by pressing key on the keypad. 5. A WIFI transceiver
425 and antenna 430 for conducting normal WIFI
communications at distances of up to 200 feet.
AUcommunications are originated by the UBI card 400 so
that external systems cannot wake up or begin
transactions with the UBI. It is understood that
conventional communication protocols are used in the
UBI system to minimize disruption to existing
standards or available WIFI hardware. 6. A battery 440
for powering the unit for up to 10,000 transactions.
Each transaction is estimated to require a small
number of milliwatt-hours of power. When the processor
is sleeping power consumption is in the microwatt or
nanowatt range. Preferably, the card 400 is designed
to have a life of about three years with an average of
about ten transactions per day or 10,000 transactions.
7. A housing 450 to contain all the components and
keypad 405 that is capable of preventing access to the
flash in the event a unit is lost. Access may be
prevented by destructing the flash during access. The
housing additionally allows for the placement of logos
and written owner identification information. 8. One
or more visual indicators 445 (e.g., LEDs, liquid
crystals) to provide feedback to the 



user that the unit is operational, in a WIFI
environment, and that a transaction was properly
completed. In advanced forms, the visual indicator may
be a small 1 by 10 or 2 by 8 character screen that can
display a transaction reference number or the amount
of money to be or that was exchanged. Such UBI card
components may designed in a variety of physical
configurations or form factors, e.g., from key-chain
devices that look like an electronic car key to thick
credit cards. Accordingly temperature, shock,
acceleration and moisture limits are included in the
physical design. Although not a component of the card,
the UBI system requires access to WIFI communications,
and a link (generally the Internet) from the WIFI
receiver to a centralized computer (this could be a
regional computer or a local computer for the facility
requiring secure identification. Such a computer has a
subsystem that securely stores each UBI card's twin
one-time pad. Various secure methods as suggested in
the commonly-owned, copending United States Patent
Application [attorney docket P106603EP; 19145] may be
used for generating the one-time pad and its
counterpart (twin). Further operational details of the
UBI card 400 include, but are not limited to: 1. The
ability to "wake up" the microprocessor for a period
of several minutes or until a transaction is completed
in response to a user's touching any keypad key. 2.
The ability to enable the user pin number to be
reprogrammed whenever desired by the UBI user/owner of
the card. 3. The ability to initiate transactions by
the user entry of the pin number on the keypad. 405
The user can specify whether more than one transaction
can be performed with the card or whether it is
restricted to one transaction per activation. This
allows a user to enter the pin, authorize a
transaction and give it to a host or other business
entity to complete one and only one transaction. With
an advanced display the user can also specify the
amount or limit the amount of the transaction with the
keypad. 4. The ability to initiate and conduct a
transaction in a WIFI or "post" environment. The UBI
sends out a query to the local communications system
which upon receiving a response causes the UBI to send
it's identity number and the type of transaction
desired. The transaction is then entered, confirmed
available, and the pad numbers exchanged according to
the techniques described in the commonly-owned,
co-pending United States Patent Application [attorney
docket Pl 06603EP; 19145]. Preferably, appropriate
security measures in the UBI card prevent limit
unauthorized interactions such as a limit of three
transactions per pin entry or three uncompleted
transactions with a financial institution.
Conventional security measures such as encryption or
repeated transmissions may be applied to the UBI
communications to prevent unauthorized knowledge of
the amounts of funds or user ID numbers being sent
through the card. Additionally, communication ranges
may be limited by low-power RF operation or even by
use of line-of-sight IR communication. This method for
providing highly secure transactions provides better
authentication than a personal signature (which could
be forged) and as such can be recognized by those in
the business as an "in person" transaction affording
the vendor or supplier of the goods/service the least
costly transaction fee due to the heightened security
and virtual elimination of fraud. In another
embodiment of this invention, it should be recognized
that this same authentication process can be applied
to the exchange of highly secure documents pertaining
to private, medical, government or military
information where absolute positive identification is
a requirement.In another embodiment of this invention,
the UBI card facilitates secure access into any
physical location, be it corporate, military or
private sector, and becomes a least cost alternative
to the myriad of systems in use today. An additional
benefit to the secure network integration is a
complete time-stamped record of all access and exit
traffic to and from a facility. In another embodiment
of this invention, users of the system could easily
access a comprehensive set of private or public
transportation systems such as buses, trains, boats,
taxis, planes and be automatically charged for the
specific time or distance traveled without the need of
stopping at a ticket booth. This same design would
also be applicable to a plurality of venues such as
sporting events, movies, theatres, theme parks and
other entertainment related concourses. In another
embodiment, summarized exchange reports can be made
available to the consumers on a periodic basis.
Another benefit that the system offers is an actual
accounting 



of all products viewed/bought or experienced through
the system. This data tracking system would lend
itself to a first of its kind accountability to the
advertisers and/or promoters to bring hard evidence to
the effectiveness of their ads and the ad dollars
being spent by their clients. The creation of a "UBI
Top 100" list or a "Best of list would provide real
time feedback and establish a defacto public
endorsement of any of the best products or services as
viewed or experienced by consumers. As mentioned, the
UBI card is a wireless device for assuring the
identity of a person in financial transactions or
other security situations using a large single-use
table of numbers that provide confirmation that a
specific UBI is in use. The UBI card can also be used
as a second channel of verification for a credit card
transaction. In addition to the applications described
herein, the communications network and UBI transaction
mechanism of the present invention can be used for a
variety of hosts and application service providers
relating to, but not limited to: Public Sector/Public
Safety applications including, for example, a
Transportation Dept. (e.g., asset tracking, pay as you
go buses, taxis, subways, ferries, trains, etc.);
Municipal (Council); Legislative (e.g., for receiving
Public feedback or for polling); a local Chamber of
Commerce (e.g., promoting theCity/Town, current events
(e.g., post every event that is coming up in a time
interval) and demographics (e.g., downloading
community information for potential home buyers such
as what is the make-up of the town, schools, houses of
worship, etc.); Parking (e.g., Automated metering,
space locator (e.g., downloading information regarding
availability of parking space for a car in the city);
Local Information (e.g., locations, prices and
availability of Restaurants (drilling down into menus,
Hotels, Motels, B&Bs, Clubs and Entertainment);
Emergency (e.g., Priority traffic light switching
(e.g., preventive maintenance; prioritize traffic by
controlling lights, e.g., if a emergency vehicle needs
to get through); Emergency vehicle locator; Traffic
optimizer (e.g., the network may be used as an
extension to vehicle navigation systems (e.g.,
Magellan) the system will know the current traffic
patterns and know which routes are best that can be
communicated to a user's mobile device); Citizen alert
(e.g., Broadcast messages, Individual "Help Me" calls,
etc.); Homeland Security (Home/Office) applications:
Sensor monitoring (e.g. air, water, sound, shock,
seismic, radiation, plume detection and direction and,
other security systems); Corporate applications: e.g.,
banking/payment/transaction, Private Voice Networks,
Security (e.g., Document, Laptop); Employee Tracking,
Asset Tracking, Entrance and Exit Traffic; Retail,
fast moving consumer goods (FMCG), Services, 'Product
Finding'/Yellow Pages, Intelligent Advertising (e.g.,
only advertising to those who care), Data mining,
Market trends and analysis, Pilot ads before national
rollouts; Logistics/Transport Industry applications
(e.g., Road Tolling, Global Track and Trace (e.g.,
knowing when a delivery is to be made to a home),
Telematics, Trains, Planes, Busses, Containers,
Highway use, Maintenance and Repairs, embedded scales
(full speed weight reports on commercial vehicles);
Utility Metering such as for Load Balancing (e.g.,
real-time feeding (RF communication) of meter
information to assimilate usage of an entire town or
city, for example, to detect power usage and
potentially avoid brown out condition, etc.),
historical trend analysis for consumer conservation
(e.g., ohmmeter readings collected at the node
enabling a consumer to access information regarding
costs of their power usage for a period of time, and
ascertaining impact if users were to adjust their
power usage, (e.g., doing electric drier
loads/laundries at night rather in the afternoon) and
provide utility company availability to adjust price
(e.g., or optimally implement tiered pricing based on
time of day), Anti-theft); Broadband Delivery, VoIP;
Media applications (e.g., Digital Distribution (e.g.,
Video, New and Old catalog, Music (e.g., custom play
lists by consumer, Load and Go all user favorites);
Communications applications (e.g., VoIP, Video Calls,
Person to Person, photo albums, Message board, Instant
messaging; Weather-relatedapplications (e.g., Node
weather stations, Temperature, Humidity, Wind Speed
(by product wind chill); UV monitoring (and associated
health warning), Severe weather alerts; News related
applications (e.g., Traffic Reports, Weather); CCTV;
Public Polling; Classified Ads; Auctions; Radio
applications, Ad free radio, Genre Specific; Games and
Contests (e.g., Name that tune, Retail promotion
scavenger hunt); Real Estate applications (e.g.,
Listings, Local Demographics, Photos/Video, Floor
Plans, Specifications, FSBO (For Sale by Owner)
including Local Demographics, Photos/Video, Floor
Plans, Specifications; notice; Buyers (e.g., Home
wanted ads, Search criteria enabled); Renters; Cross
promotion of Insurance Companies, Attorneys,
Appraisers, Home inspectors, Mortgage Brokers/Lenders,
etc.; Newspaper; Daily news; People's Choice or
back-feed or audit capability whereby consumer
provides feedback as to how the product or service
performs (e.g., Top 100 Music, Hotels, 



Restaurants, Movies, Products, Ads, Consumer Products,
Services, Sports Highlights, Entertainment, etc.)
based on the number of bits; Classified, Local News
from around the world, and, ability to select news
from anywhere. The invention has been described herein
with reference to particular exemplary embodiments.
Certain alterations and modifications may be apparent
to those skilled in the art, without departing from
the scope of the invention. The exemplary embodiments
are meant to be illustrative, not limiting of the
scope of the invention.CLAIMS 1. A communications
system comprising: a plurality of nodes and a
plurality of user devices, a group of nodes comprising
a cluster, and each node comprising: means for
providing bi-directional wireless communication with
at least one user device and optionally a further node
device, a local memory storage means within a cluster
of nodes for storing information for presentation to
users, and a processing means associated with a node
for receiving a request for said information via said
first communications subsystem and in response,
initiate communication of said requested information
to a user device via said bi-directional
communications means, wherein processing means at said
nodes of a cluster cooperatively interact via said bi
directional communication means at each node to access
information requested by a user held in the local
memory storage means at a node within a cluster, to
establish communication of said information to a
requesting user device. 2. The system as claimed in
Claim 1, wherein said local memory storage means
cooperatively interacts with a means for providing
bi-directional wireless communication with at least
one user device for storing and delivering said data
content to a plurality of users without intervention
of a host personal computer device. 3. The system as
claimed in Claim 1, wherein at least one of the nodes
of a cluster includes a means for providing
bi-directional communication with a further
communications network, said processing means at said
nodes of a cluster cooperatively interact to establish
a connection between a user and the further
communications network. 4. The system as claimed in
Claim 1, wherein said further communications network
is an Internet, and public or private intranet.5. The
system as claimed in Claim 1, wherein said means for
providing bi-directional communication with at least
one other node comprises one selected from the group
comprising: an infrared communications system, an
optical network communications system, an RF or
microwave communications system. 6. The system as
claimed in Claim 3, communications network as claimed
in claim 1, wherein the information is organized in a
searchable form. 7. The system as claimed in claim 3,
in which the information is held in a registry and the
information is provided via the use of predefined
descriptions. 8. The system as claimed in claim 7, in
which the predefined descriptions may be modified by
further parameters. 9. The system as claimed in claim
3, further including at least one management server
means for performing at least one task selected from a
list comprising: allowing data providers to place data
on selected nodes; charging data providers for hosting
data on selected nodes; logging use of the
communication system; and. returning requests for
further information from a user to a relevant data
provider. 10. The system as claimed in claim 1, in
which at least one node within a cluster stores audio
or visual or A/V media information for distribution to
users. 11. The system as claimed in claim 6, in which
a content provider stores movies in the local memory
of a node for sale or rental to users.12. The system
as claimed in claim 7, further including a copyright
protection mechanism in which a key is associated with
copyright material and a user can only replay the
material if they are in possession of the correct key.
13. The system as claimed in claim 1, in which a
user's device includes a security mechanism for
validating that a user is entitled to access a service
over the communication system. 14. The system as
claimed in claim 9, in which the user's device can
interface with, or has built in, a key containing a
one time pad for authenticating transactions. 15. The
system as claimed in claim 9, in which the security
mechanism interrogates devices which are in networked
communication with the user's device and to inhibit
reproduction of copyright material if it determines
that any of the devices are unable to uphold 



protection of the copyright material. 16. The system
as claimed in claim 1, wherein at least one node
further comprises sensors for monitoring the
environment, said node monitoring an output of the
sensors and automatically notifying an operator if an
event appears to require further investigation. 17.
The system as claimed in claim 1,wherein each a user
device is located in a user vehicle traveling by a
node, said user device configured to receive data
content transmitted as high frequency data signals,
temporarily cache the downloaded data content at said
vehicle, physically move the cached information to
different locales and, be synchronized to upload the
data content back to another node. 18. A surveillance
system comprising a plurality of nodes having sensors
for surveying the environment, the nodes further
comprising wireless communication devices for
establishing communication between the nodes, and the
nodes arranged into groups with one node within the
group having connection to a further
telecommunications network such that a node can send
data via the telecommunications network.19. A media
delivery system comprising a plurality of nodes having
memory for storing media content, and the nodes can
deliver the media content in a copy protected format
wirelessly to suitably enabled user devices. 20. A
distributed communications network comprising a
plurality of nodes and a plurality of user devices,
wherein each node comprises: a communications device
for establishing bi directional wireless communication
with at least one user device; a communications device
for establishing bi-directional communication with at
least one other node; and a data processor in
association with a local memory for storing
information for presentation to users, and wherein the
information is held in the local memory in a
searchable form. 21. A network according to claim 16
wherein the information is stored in one or more
registry nodes adapted to enable the nodes to be
searched by a search engine. 22. A distributed
communications network comprising a plurality of nodes
and a plurality of user devices, wherein each node
comprises: a communications device for establishing bi
directional wireless communication with at least one
user device; a communications device for establishing
bi-directional communication with at least one other
node; and a data processor in association with a local
memory for storing information for presentation to
users, wherein the information includes data enabling
a map to be presented on a user device in
three-dimensional form. 23. A distributed
communications network comprising a plurality of nodes
and a plurality of user devices, wherein each node
comprises: a communications device for establishing bi
directional wireless communication with at least one
user device; a communications device for establishing
bi-directional communication with at least one other
node; and a data processor in association with a local
memory for storing information for presentation to
users, wherein the information includes time data, and
wherein the data processor isprogrammed to deliver
information to a user which varies in accordance with
the time data. 24. A network according to claim 23
wherein the data processor is programmed to monitor a
rate of progress of a user device, and to deliver a
time margin to the user device based on the time data
and the monitored rate of progress. 25. A network
according to claim 19 wherein the data processor is
programmed to deliver information associated with a
specified time of interest. 26. A method for providing
content hosting service comprising: enabling a data
providing entity to temporarily store data content to
a memory storage means associated with a node of a
communications network comprising a plurality of
nodes, each node comprising: i. first means for
providing bi-directional wireless communication with
at least one user device, and, ii. second means for
providing bi-directional communication with at least
one other node in said cluster; charging said data
providing entity for hosting data at said nodes;
providing a registry maintained at a host server
associated with a cluster, said registry including a
description of data content offered by the data
providing entity in a manner to facilitate a search
process initiated by a user; a user subscribing to a
service offered to select, and pay for, a given
service level, wherein in response to receipt of a
user request for accessing said registry via a user
device verifying a user subscription to said offered
service and authorizing a valid 



transaction for pulling selected data content
according to that user's subscribed service level,
whereby, processing means at said nodes of a cluster
cooperatively interact via respective second means for
providing bi-directional communication at each node
toaccess information requested by a user held in the
local memory storage means at said node, to establish
communication of said data content to a requesting
user device. 27. The method for hosting content as
claimed in Claim 26, wherein said content is authored
by a business and designed for a node. 28. The method
for hosting content as claimed in Claim 27, wherein
said registry includes a formalized and searchable
description of the goods or services offered by the
business. 29. The method for hosting content as
claimed in Claim 27, further comprising assigning
permissions to enable updating content at a selected
node. 30. The method for hosting content as claimed in
Claim 27, further comprising: selecting a time and a
date duration for which a node is to retain said data
content. 31. The method for hosting content as claimed
in Claim 27, further comprising submitting said data
content to one or more nodes via a server device. 32.
The method for hosting content as claimed in Claim 27,
further comprising enabling nodes via said second
bi-directional communications means to dynamically
communicate with a plurality of information sources,
said sources updating their data content, or subsets
of that content at periodically or as needed. 33. The
method for hosting content as claimed in Claim 27,
further comprising dividing data content amongst two
or more nodes of a cluster, wherein data content is
fractalized to enhance security should data content at
any one node be compromised.34. The method for hosting
content as claimed in Claim 27, further enabling users
to provide feedback information via their user device
to a node regarding a quality or rating of data
content downloaded. 35. The method for hosting content
as claimed in Claim 27, wherein a business is a
Application Service Provider, said method enabling a
user to own, license or rent bandwidth and memory and
processing at a node. 36. The method for hosting
content as claimed in Claim 36, further comprising
executing programs, by said Application Service
Provider that run on the content cached at the node,
said applications and the stored data content
fractalized and distributed among a plurality of nodes
such that if one node ceases to perform, the
application is not lost. 


