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PHARMACEUTICAL COMPOSITIONS OF 2’-C-METHYL-GUANOSINE,
5'-[2-{(3-HYDROXY-2,2-DIMETHYL-1-OXOPROPYL) THIO]JETHYL
N-(PHENYLMETHYL)PHOSPHORAMIDATE]

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. application number 61/598,274, filed on
February 13, 2012, which is incorporated by reference herein in its entirety, including any
drawings.

FIELD
[0002] Provided herein are oral pharmaceutical compositions and methods of using the
pharmaceutical compositions in the treatment of viral infections, including hepatitis C virus
infections in hosts in need thereof, In certain embodiments, pharmaceutical compositions of
2’-C-methyl-guanosine, 5°-[2-[(3-hydroxy-2,2-dimethyl-1-oxopropyl)thiojethyl V-
(phenylmethyl)phosphoramidate] are provided which display remarkable efficacy and

exposure for the treatment of, for example, HCV infection in a human.

BACKGROUND

Hepatitis C Virus '
[0003] The hepatitis C virus (HCV) is the leading cause of chronic liver disease worldwide.
(Boyer, N. et al., J. Hepatol. 32:98-112, 2000). HCV causes a slow growing viral infection
and is the major cause of cirrhosis and hepatocellular carcinoma (Di Besceglie, A. M. and
Bacon, B. R., Scientific American, Oct.: 80-85, (1999); Boyer, N. et al., J. Hepatol, 32:98-112,
2000). An estimated 170 million persons are infected with HCV worldwide. (Boyer, N. et al.,
J. Hepatol. 32:98-112, 2000). Cirrhosis caused by chronic hepatitis C infection accounts for
8,000-12,000 deaths per year in the United States, and HCV infection is the leading indication

for liver transplantation.

[0004] HCYV is known to cause at least 80% of post transfusion hepatitis and a substantial

. proportion of sporadic acute hepatitis. Preliminary evidence also implicates HCV in many
cases of “idiopathic” chronic hepatitis, “cryptogenic” cirrhosis, and probably hepatocellular
carcinoma unrelated to other hepatitis viruses, such as Hepatitis B Virus (HBV). A small
proportion of healthy persons appear to be chronic HCV carriers, varying with geography and
other epidemiological factors. The numbers may substantially exceed those for HBV, though
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information is still preliminary; how many of these persons have subclinical chronic liver
disease is unclear. (The Merck Manual, ch. 69, p. 901, 16th ed., (1992)).

[0005] A significant focus of current antiviral research is directed to the development of
improved methods of treatment of chronic HCV infections in humans (Di Besceglie, A. M. and
Bacon, B. R,, Scientific American, Oct.: 80-85, (1999)).

[0006] In light of the fact that HCV infection has reached epidemic levels worldwide, and has
tragic effects on the infected patient, there remains a strong need to provide new effective
pharmaceutical agents to treat hepatitis C that have low toxicity to the host. Further, given the
rising threat of other flaviviridae infections, there remains a strong need to provide new
effective pharmaceutical agents that have low toxicity to the host,

[0007] Therefore, there is a continuing need for effective treatments of flavivirus infections
and HCV infections, and pharmaceutical compositions, particularly oral pharmaceutical
compositions, for use in such treatments. Oral pharmaceutical compositions must meet a
number of United States Food and Drug Administration (FDA) regulatory requirements for
stability, manufacturability, and dissolution in order to be administered to a human or animal

subject.

SUMMARY ,
[0008] Provided herein are pharmaceutical compositions, and particularly oral pharmaceutical
compositions, of 2’-C-methyl-guanosine, 5°-[2-[(3-hydroxy-2,2-dimethyl-1-
oxopropyl)thiojethyl N-(phenylmethyl)phosphoramidate], and methods useful for treating liver

diseases such as HCV infection in a subject using such pharmaceutical compositions.

{0009] In certain embodiments, the oral pharmaceutical composition comprises one or
members of the group consisting of 2'-C-methyl-guanosine, 5’~[2-[(3-hydroxy-2,2-dimethyl-1-
oxopropyl)thio)ethyl N-(phenylmethyl)phosphoramidate]), its pharmaceutically acceptable
salts, its tautomers, its solvates, and its stereoisomers, in combination with one or more
members of the group consisting of pharmaceutically acceptable excipients, carriers, and
diluents, wherein when stored at 25 °C and 60% relative humidity for a duration of time of at
least 12 months, the composition comprises not more than 15 pg of ethylene sulfide per each
gram of compound 1 in the composition. In certain embodiments the oral pharmaceutical

composition is a tablet.

[0010] In certain embodiments, the oral pharmaceutical composition is free from, or

essentially free from, sodium lauryl sulfate, sodium stearyl fumarate, poloxamer 407,
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magnesium stearate, calcium phosphate dibasic dihydrate, phosphate dibasic anhydrous,
calcium tribasic, sodium starch glycolate, and croscarmellose sodium. In certain embodiments,
the oral pharmaceutical composition is a tablet including a disintegrant, a binder, and a tablet
lubricant, and optionally, a flow aid.

[0011] In certain embodiments, the oral pharmaceutical composition is a tablet including
crospovidone, hydrophobic colloidal silice, hydroxypropyl cellulose, poloxamer 188, silicified
microcrystalline cellulose, and stearic acid. In certain embodiments, the oral pharmaceutical
composition, which may be a tablet, comprises 25.0% % 3.0% active pharmaceutical
ingredient, 5.0% = 2.0% crospovidone, 1.0% % 0.5% hydrophobic colloidal silica, 5.0% %
2.5% hydroxypropy! cellulose, 5.0% = 2.0% poloxamer 188, 55.0% =+ 7.0% silicified
microcrystalline cellulose, and 2.0% + 1.0% stearic acid; subject to the condition that the total
.does not exceed 100%, wherein the % represents weight %, and wherein the active
pharmaceutical ingredient is 2'-C-methyl-guanosine, 5'-[2-[(3-hydroxy-2,2-dimethyl-1-
oxopropyl)thio]ethyl N<(phenylmethyl)phosphoramidate], its pharmaceutically acceptable

salts, its tautomers, its solvates, and its stereoisomers.

DESCRIPTION OF EXEMPLARY EMBODIMENTS
[0012] Provided herein are pharmaceutical compositions, and particularly oral pharmaceutical
compositions, of 2'-C-methyl-guanosine, 5'-[2-[(3-hydroxy-2,2-dimethy}-1-
oxopropyl)thio]Jethyl N-(phenylmethyl)phosphoramidate], and methods useful for treating liver

diseases such as HCV infection in a subject using such oral pharmaceutical compositions.

Definitions

[0013] When referring to the compositions and methods provided herein, the following terms
have the following meanings unless indicated otherwise. Unless defined otherwise, all
technical and scientific terms used herein have the same meaning as is commonly understood
by one of ordinary skill in the art. In the event that there is a plurality of definitions for a term

herein, those in this section prevail unless stated otherwise.

[0014] Use of the term “herein” encompasses the specification, the abstract, and the claims of

the present application.

[0015] Use of the singular herein includes the plunil and vice versa unless expressly stated to

be otherwise, or obvious from the context that such is not intended. That is, “a” and “the” refer
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Embodiments will be described with reference to the following drawing figures, in

which like numerals represent like items throughout the figures, and in which:

[0015] FIG. 1 is a diagram of a module.

[0016] FIG 2 is a detail diagram of a corner of a module.

[0017] FIG 3 is a side view of a module.

[0018] FIG. 4 is a front view of a module.

[0019] FIG. 5 is a diagram of a hinge connector.

[0020] FIG. 6 is a diagram of a U-connector.

[0021] FIG. 7 is diagram of a dual pin vertical connector.

[0022] FIG. 8 is a detail diagram of two modules connected with a U-connector.
[0023] FIG. 9 is a detail diagram of two modules connected with a hinge connector.

[0024] FIG. 10 is a diagram of two modules connected using a dual pin vertical

connector.

[0025] FIG. 11 is a detail diagram of two side panels connected using a dual pin vertical

connector.

[0026]  FIG. 12 is a diagram of a single wide top/bottom panel.
[0027] FIG. 13 is a diagram of a double wide top/bottom panel.
[0028] FIG. 14 is a diagram of a triple wide top/bottom panel.
[0029]  FIG. 15 is a diagram of a vertical flag.

[0030]  FIG. 16 is a diagram of a flag support bar.

[0031]  FIG. 17 is a diagram of a flag insert.

[0032] FIG. 18 is a diagram of a tray insert.
4
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[0033] FIG. 19a-b are diagrams of a flat tray insert.

[0034] FIG. 20 is a diagram of a hook insert.

[0035] FIG. 21 is a diagram of a horizontal bar.

[0036] FIG. 22 is an exemplary configuration of a modular storage system.

[0037]  FIG. 23 is an exemplary configuration of a modular storage system.
DETAILED DESCRIPTION

[0038] The invention is described with reference to the accompanying figures. The
figures are not drawn to scale and they are provided merely to illustrate the instant invention.
Several aspects of the invention are described below with reference to example applications
for illustration. It should be understood that numerous specific details, relationships, and
methods are set forth to provide a full understanding of the invention. One having ordinary
skill in the relevant art, however, will readily recognize that the invention can be practiced
without one or more of the specific details or with other methods. In other instances, well-

known structures or operations are not shown in detail to avoid obscuring the invention.

[0039] It should also be appreciated that the terminology used herein is for the purpose of
describing particular embodiments only and is not intended to be limiting of the invention.

As used herein, the singular forms "a", "an" and "the" are intended to include the plural forms
as well, unless the context clearly indicates otherwise. Furthermore, to the extent that the
terms "including", "includes", "having", "has", "with", or variants thereof are used in either
the detailed description and/or the claims, such terms are intended to be inclusive in a manner

similar to the term "comprising."

[0040] Additional definitions are useful in understanding the embodiments of the present
invention. A “dovetail joint” is constructed by slidably interlocking “pins” and “tails”. “Pin”
and “tail” refer to the structures cut into materials that form dovetail joints. “Pin” refers to
the trapezoidal cuts that extend out from the material. “Tail” refers to the trapezoidal

indentations that a pin slides into the form the dovetail joint.

[0041] Further, unless otherwise defined, all terms (including technical and scientific

terms) used herein have the same meaning as commonly understood by one of ordinary skill



WO 2012/112739 PCT/US2012/025359

in the art to which this invention belongs. It will be further understood that terms, such as
those defined in commonly used dictionaries, should be interpreted as having a meaning that
is consistent with their meaning in the context of the relevant art and will not be interpreted in

an idealized or overly formal sense unless expressly so defined herein.

[0042] Referring to FIG. 1, a diagram of an exemplary embodiment of assembled module
10 is shown. In this embodiment, module 10 includes a substantially flat back panel 12, a left
side panel 14a, a right side panel 14b, and top and bottom panels 16. Left and right side
panels 14a, 14b, include alternating pins 18 and tails 20. As is shown in FIG. 1, the pins and
tails alternate throughout the span of left and right side panels 14a, 14b. Further, in the
exemplary embodiment illustrated in FIG. 1, at least two notched tails 22 that include notches
cut into the outward side of left and right side panels at positions near each end of each panel.
In some embodiments, more than four tails are notched. In further embodiments, all tails are
notched. Top/bottom panels 16 include an extending member 25 that is comprised of a pin
24. Top/bottom panels 16 also includes at least one blind hole 30 and at least one boss 28.
Blind holes on the back panel have the appearance of a solid panel. However they may be
punched out with minimal effort if needed for attaching module 10 to a wall, a door hanger,
another module 10, and the like. In certain embodiments, one or more blind holes 30 may be

aligned with one or more bosses 28.

[0043]  Module 10 is constructed by joining top and bottom panels 16 to the left and right
side panels 14a, 14b as shown in FIG. 2. Referring now to FIG. 2, a magnified view of a
corner of module 10 is shown. As shown in FIG 2, left side panel 14a includes at least two
notches 22, and an end tail 23 and an end pin 26. Bottom panel 16 includes an extending
member 25 that includes a pin 24. The joint between left side panel 14a and bottom panel 16
is made by sliding the pin 24 of bottom panel 16 into the end tail 23 of left side panel 14a.
Further, end pin 26 of left side panel 14a inserts into the tail formed between pin 24 and
extending surface 29. This same construction occurs at all four corners of module 10 and
connects top/bottom panels 16 to each side of left and right side panels 14a, 14b. Figures 3
and 4 illustrate additional views of module 10, from a side view and a front view

respectively.

[0044] Embodiments may include different configurations of the top/bottom panel 16
without departing from the inventive concepts described herein. For example, one

embodiment may include a top/bottom panel 16 that does not include extending surface 29.
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In this exemplary embodiment, the top/bottom panel 16 fits between side panels 14a, 14b and
back panel 12, and can be repositioned within the module to function as a shelf. In another
exemplary embodiment, additional extending surfaces (not shown in FIG. 2) may extend
perpendicular from top/bottom panel 16 and along back panel 12. In yet another exemplary
embodiment, all extending surfaces of top/bottom panel 16 may be perforated and break off

from top/bottom panel 16.

[0045] Module 10 forms a single modular customizable and expandable unit in a modular
storage system. As stated above, module 10 is not illustrated to scale in FIGs. 1-4. One of
skill in the art will recognize that the back panel 12, side panels 14a, 14b, and top panels 16
can be of any practical size, length, width, and depth without departing from the scope and
spirit of the inventive embodiments. Further, as described below, inserts can be devised to be
slidably and/or removably insertable into the tails of side panels 14a, 14b. For example,
module 10 can be deep and wide enough to accommodate slidably and/or removably
insertable shelving units for shoe storage. Alternatively, the module 10 can be adapted to
store any variety of items. Further modules may be connected back to back using blind holes

30 and bosses 28 with any connecting means, such as screws, for example.

[0046] Multiple modules 10 can be connected through connector means in vertical and
horizontal directions and can be joined together to expand depth-wise. Referring now to
FIGs. 5-7, exemplary connector means are shown. FIG. 5 illustrates a hinge connector 37.
The hinge connecter 37 includes the hinge cylinder 38 and pin 36. The pin 36 is slidably
and/or removably insertable into one of notched tails 22. One skilled in the art will recognize
that two hinge connectors can be inserted, one into one notched tail 22 in a first module and
the other into a notched tail 22 in a second module to form a pivotally hinged connection.
The hinge is completed by inserting a rod (not shown in FIG. 5) into the hinge cylinder 38 of
both hinge connectors. This connection means is described in further detail below in

reference to FIG 9.

[0047] Referring now to FIG. 6, a U-connector 35 is shown. The U-connector 35
includes a connector surface 34 and two connector pins 33. The connector pins 33 are
slidably and/or removably insertable into notched tails 22. U-connector connects two
modules together horizontally in a fixed manner. This connection means is described in

further detail below in reference to FIG. 8.
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[0032] As used herein, with reference to “particle size” when used in reference to a therapeutic
agent (also known as “drug substance™ and “active pharmaceutical ingredient”) refers to the
average particle size, as determined by dynamic light scattering (DLS), also referred to as
photo correlation spectroscopy. Dynaniic light scattering determines the hydrodynarﬁic
diameter or the Stokes diameter based on diffusion measurements, and includes solvent
associated with the particle. For non-spherical particles, the reported “diameter” is actually the
effective diameter that is the diameter of a sphere with the equivalent hydrodynamic radius.
This means hydrodynamic diameter obtained from DLS is close to the volume-average
diameter. A non-limiting example of a method for determining average diameters is
International Standards Organization (ISO) 13321,

[0033] Particles are generalty polydisperse, i.e., not all the same size. One measure of
polydispersity is the ratio D90/D10. D90 and D10 are the diameters representing the 90% and
10% percentiles of the particle size distribution. For example, D90 and D10 are the diameters
below which 90% and 10% of the particles fall for a number average diameter, or 90% or 10%
of the surface area of the particles falls for the surface area average diameter, and the like. As
used herein when referring to the polydispersity of a therapeutic agent (also known as “drug
substance” and “active pharmaceutical ingredient”), D90 and D10 are determined by dynamic
light scattering, discussed above, unless expressly stated otherwise.

Oral Pharmaceutical Compositions

[0034] Provided herein are pharmaceutical compositions, particularly oral pharmaceutical
compositions, of 2°-C-methyl-guanosine, 5°-[2-[(3-hydroxy-2,2-dimethyl-1-
oxopropylthio]ethyl N~(phenylmethyl)phosphoramidate], which is shown below:

(o)
HO. (/N
S it CHy N / NH
~"No-p-0 0l 3 Y _,/_( .,
o} NH NH,
OH OH
Compound 1

As used herein, the term “compound 17 refers to 2°-C-methyl-guanosine, 5°-[2-[(3-hydroxy~
2,2-dimethyl-1-oxopropyt)thio]ethyl N-(phenylmethyl)phosphoramidate], shown above, and
Compound 1 is also identified by the CAS Registry number (CAS number) 1036915-08-8, and
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[0052] Referring now to FIG. 10, a dual pin vertical connector 40 is shown for
connecting modules vertically. As described above, the dual pin vertical connector 40
includes two vertical connector pins 41 and a vertical connector tail 42. As shown in FIG.
10, modules 100a and 100c are connected together using vertical connectors 40.
Additionally, modules 100b and 100d are connected together using vertical connectors 40.
Modules 100a-d include similar components as those of module 10. Each module includes a
substantially flat back panel 102a-d and right and left side panels 106a-d, 106a’-d’. For
purposes of illustration the top/bottom panels of the module assembly are not shown in FIG

10. They are described in further detail below in reference to FIGs. 12-14.

[0053] As shown in FIG. 10, the dual pin vertical connector 40 is slidably and/or
removably insertable into the end tails 23 of left and right side panels 106a-d, 106a’-d’.
Referring now to FIG. 11, a detail of one such joint is shown. In FIG. 11, dual pin vertical
connector 40 connects side panels 104b’ and 104d’. Vertical connector pins 41 are slidably
and/or removably insertable into end tails 23 of each side panel 104b’, 104d’. The end pins
26 of each side panel form a complete pin that is slidably and/or removably insertable into

vertical connecter tail 41 of dual pin vertical connecter 40.

[0054] As can be seen in FIGs. 10 and 11, the dual pin vertical connector 40 allows for
expandability of the customizable module 10 vertically and may be combined with the U-
connector 35 (as shown in FIG 8) to add strength and stability to the vertical joints. Although
the above vertical connection is described in terms of two modules, one of skill in the art will
recognize that such a connection can be made with any number of modules arranged in a
vertical configuration. The embodiments of the present invention are not limited in this

regard.

[0055] Referring now to FIGs 12-14, embodiments of the top/bottom panels 106a-c are
shown. FIG. 12 shows the single wide top/bottom panel 106a. Top/bottom panel 106a is
similar to top/bottom panel 16 of FIG. 1. Top/bottom panel includes two extending members
25, one near each end of top/bottom panel 106a. Each end of top/bottom panel 1062 includes
an extending surface 29. On each end a top/bottom end tail 27 is formed between the
extending surface 29 and the extending member 25. In certain embodiments, extending
surface 29 is detachable from single wide top/bottom panel 106a. Further, top/bottom panel
106 includes at least one boss 28 and at least one hole 32 bored in boss 28. The bosses 28

allow for sturdy connections with back panels 12 through any appropriate connection means,
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such as screws for example. As described above, the bosses 28 align with blind holes 30 on
back panels 12. This configuration also allows for connection of door hanging means and/or

back to back attachment of modules.

[0056] Referring now to FIG. 13, a second embodiment of a top/bottom panel, double
wide top/bottom panel 106b. This embodiment includes similar features as single wide
top/bottom panel 106a, described above in reference to FIG. 12. However, double wide
top/bottom panel 106b further includes two extending members 25 near the mid-point of
top/bottom panel 106b and forming inner top/bottom end tails 31. One skilled in the art will
note that the end pins 26, 26 as shown in FIG. 8 are slidably and/or removably insertable
into inner top/bottom end tails 31 to form a joint between right and left side panels 14b, 14a’
as shown in FIG. 8 and double wide top/bottom panel 106b of FIG. 13. As with single wide
top/bottom panel 106, extending surface 29 of double wide top/bottom panel 106b may be
detachable in some embodiments. As can be seen in FIG. 13, double wide top/bottom panel

is able to accommodate two modules arranged horizontally.

[0057] Referring now to FIG. 14, another embodiment of a top/bottom panel, triple wide
top/bottom panel 106¢. This embodiment includes similar features as single wide top/bottom
panel 106a of FIG. 12 and double wide top/bottom panel 106b of FIG. 13. However, triple
wide top/bottom panel 106¢ further includes two additional extending members 25 (for a total
of four) forming additional inner top/bottom end tails 31. As mentioned above in reference to
FIGs. 12 and 13, extending surface 29 of triple wide top/bottom panel 106¢ may be
detachable in certain embodiments. As can be seen from FIG. 13, triple wide top/bottom

panel 106¢ is able to accommodate three modules arranged horizontally.

[0058] One of skill in the art will recognize that the above described parts may be
arranged in any combination and configuration to provide a flexible, expandable, and
customizable storage system. Further, the modules may be affixed to a wall, to a door via a

door hanger, or be stand alone.

[0059] In addition to customizable expansion and size, embodiments of the inventive
storage system include a plurality of slidable inserts that include at least one pin on either side
to be slidably and/or removably insertable into tails 20 of module 10. These inserts may be
of any size and shape without departing from the scope of the present invention. These

inserts can include trays, peg boards, hooks, restraining bars, rods, and/or any other form
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useful for storing items. Items which may be stored via the inserts include jewelry, hardware,
shoes, tools, clothing, ties, fishing equipment (including poles, tackle, etc.), audio/visual
media (including compact discs (CDs), digital versatile discs (DVDs), blu-ray discs (BDs),
videotapes, etc.), and/or any other household or personal item. The embodiments of the

present invention are not limited in this regard.

[0060] Referring to FIGs. 15-20, exemplary embodiments of various slidably and/or
removably insertable inserts are provided. Referring to FIG. 17, a flag insert 201 is shown.
FIGs. 15 and 16 show the components of flag insert 201. Referring to FIG 15, a vertical
panel or flag 202 is shown. Flag 202 includes a plurality of holes and slots 203 throughout
the surface of flag 202 and pegs 204 at the top and bottom of flag 202. Referring FIG. 16, a
horizontal member or flag support bar 207 is shown. Flag support bar 207 includes a
plurality of holes 205 and flag end pins 206. As shown in FIG. 17, pegs 204 of flag 202
insert into one of the plurality of holes 205 on each of two flag support bars 207 to form the
completed flag insert 201. As shown in FIG. 17, peg 204 can be slidably and/or removably
inserted into one of holes 205. In an embodiment, peg 204 is round. One of skill in the art
will notice that pins 206 on each end of flag support bars 207 are slidably and/or removably
insertable into appropriate tails 20 of module 10. Although flag insert 201 is shown with
holes and slots 203 that are useful for hanging earrings, the embodiments of the present
invention are not limited in this regard. For example, flag 202 may include a plurality of

hooks or may be comprised of a peg board.

[0061] Referring to FIG 18, a tray insert 209 is shown. Tray insert includes a tray cavity

211 and tray end pins 210. Tray end pins 210 are adapted to slidably and/or removably insert
into tails 20 of module 10. Tray insert 209 as shown is a rectangular tray. One of skill in the
art will recognize that the size and shape of a tray insert is not limited to that illustrated in

FIG. 18.

[0062] FIG. 19A shows another embodiment of a tray insert, flat tray 212. Flat tray 212
includes, vertical pins 213, horizontal pin 214, and removable insert 216. Removable insert
216 further includes slits 215. Vertical and horizontal pins are slidably and/or removably
insertable into tails 20 of module 10. Vertical pins 213 are adapted to allow the flat tray 212
to be inserted vertically into module 10. Horizontal piné 214 are adapted to allow the flat tray
212 to be inserted horizontally into module 10. In an embodiment, each side of flat tray 212
includes one pin 214 adapted to insert the tray horizontally, and two pins 213 adapted to

11
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insert the tray vertically. In this embodiment, flat tray 212 may inserted in a horizontal
position and/or without removable insert 216, as shown in FIG. 19B or a vertical position

and/or with removable insert 216 as shown in FIG. 19A.

[0063] Referring now to FIG. 20, a hook insert 216 is shown. Hook insert 216 includes
back panel 217 and hook 218. Back panel 217 includes a plurality of holes 219 and hook
insert end pins 220. Hook 218 is fixedly insertable into one of the plurality of holes 219 of
back panel 217 as shown in FIG. 20. Hook insert end pins 220 are slidably and/or removably
insertable into tails 20 of module 10.

[0064] Referring now to FIG. 21, a horizontal bar insert 230 is shown. Horizontal bar
insert 230 includes a horizontal bar 232 and two end pieces 234. Each end piece 234 includes
at least one pin 236. Pin 236 is slidably and/or removably insertable into tails 20 of module
10. The horizontal bar 232 includes a peg 238 at each end which is insertable into each end
piece 234. The horizontal bar is capable of pivoting or rotating around the connection of

pegs 238 and end pieces 234.

[0065] Referring now to FIG. 22, an exemplary modular storage system assembly 240 is
shown. In the exemplary embodiment of FIG. 22, modular storage system assembly 240
includes four connected modular assemblies, 242, 244, 246, 248. Each modular assembly
includes six modules, similar to module 10 of FIG 1, connected with vertical connectors 40
and U-connectors 35. Each modular assembly is connected to at least one other modular
assembly to form the modular storage system assembly 240. For example, modular storage
assembly 242 is connected with modular storage assembly 244 with hinge connectors 37. As
shown in FIG 22, modular assembly 242 is pivotally attached to modular assembly 244. In
this exemplary embodiment modular assembly 242 acts as a door that can close the modular
storage system assembly 240. Modular assembly 244 is also attached to modular assembly
246 via any fixed connection means to adjoin the respective back panels of modular
assemblies 244, 246. Such connection means can be screw connections using bosses 28,
blind holes 30, and holes 32 (see FIG. 4, 12-14). In this exemplary embodiment, modular
assemblies 244, 246 form a two sided modular assembly that allows for inserts and storage on
both sides of a flush back panel connection. Further, modular assembly 246 is connected to
modular assembly 248 using hinge connectors similar to those used to connect modular
assemblies 242 and 244. In the exemplary embodiment shown in FIG. 22, door hangers 250
are configured to fit over a door.

12
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[0066] As can be seen in FIG 22, the entire modular storage system assembly 240 can be
arranged in a variety of different configurations depending on the desires of the consumer.
Inserts that can be used with modular storage system assembly 240 include, but are not
limited to, flag insert 207, tray insert 209, rounded tray insert 252, flat tray insert 212, hook
insert 216, and horizontal bar 230. As can be seen in FIG. 22, the flat tray insert 212 can be
inserted vertically (as shown in FIG 22) or can be inserted horizontally. Additionally,
rounded tray 252 includes rounded front corners to allow the opposing hinged modular
assembly 242 to close without interference. Although not shown in FIG. 22, modular

assemblies 246 and 248 also allow for inserts and storage.

[0067) One skilled in the art will recognize from FIG. 22 that the configuration shown is
merely exemplary. Any number of modular assemblies can be attached and expanded using
any connector means. For example, modular storage system assembly 240 may be
configured in an “accordion” like configuration. In a further exemplary embodiment,
modular storage system assembly 240 may be affixed to a wall through some connection
means, e.g. screws. For example, either modular assembly 242 or modular assembly 248
may be fixedly attached to a wall through the use of screws or bolts. One of skill in the art
will recognize that the inventive arrangements described herein can accommodate a nearly
unlimited number of combinations and configurations. The embodiments of the present

invention are not limited in this regard.

[0068] Referring now to FIG. 23, another exemplary modular storage system assembly
300 is shown. Modular storage system assembly 300 includes three deep and wide modules
302, 304, 306. These modules have similar construction as described above in reference to
FIGs. 1-4. A stated above, modules can vary in height, width, and depth. In the exemplary
embodiment shown in FIG. 23, the assembly 300 also includes a plurality of shelves 326.
The shelves include pins that are slidably and/or removably insertable into a series of tails cut
into the side panels of modules 302, 304, 306. One of skill in the art will recognize that a
variety of inserts may be included in modules 302, 304, 306, including but not limited to

those described above in reference to FIGs 15 —20.

[0069] As shown in FIG. 23, modular storage system assembly 300 also includes two
“door” sub-assemblies 301 and 303. As noted above, modules may be attached to expand the
assembly in a horizontal and vertical directions. In the exemplary embodiment shown in

FIG. 23, door sub-assembly 301 includes six smaller modules 308, 310, 312, 314, 316, 318
13
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arranged in a two horizontal by three vertical configuration. Also shown in FIG. 23, door
sub-assembly 303 includes three smaller modules 320, 322, 324 arranged in a one horizontal
by three vertical configuration. One of skill in the art will recognize that the deep and wide
modules 302, 304, 306 and the smaller modules 308, 310, 312, 314, 316, 318, 320, 322,324
may be arranged in a variety of configurations without departing from the inventive concepts
described herein. Further, inventive assemblies my include more or fewer modules than is
shown in FIG 23 or any other drawing. The embodiments of the present invention are not

limited in this regard.

[0070] Although the invention has been illustrated and described with respect to one or
more implementations, equivalent alterations and modifications will occur to others skilled in
the art upon the reading and understanding of this specification and the annexed drawings. In
addition, while a particular feature of the invention may have been disclosed with respect to
only one of several implementations, such feature may be combined with one or more other
features of the other implementations as may be desired and advantageous for any given or
particular application. Thus, the breadth and scope of the present invention should not be
limited by any of the above described embodiments. Rather, the scope of the invention

should be defined in accordance with the following claims and their equivalents.

14
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CLAIMS

1. A modular storage assembly (240, 300), comprising:
a first module (10) comprising:

a first rectangular, substantially flat back panel (12);

a first left and a right side panel (14a, 14b), said first left and right side panels
(14a, 14b) perpendicularly attached to opposite sides of said rectangular back panel (12), and
having a substantially flat outer side and a ridged inner side comprised of alternating evenly
spaced pins (18) and tails (20), wherein each end of said first left and right side panels (14a,
14b) terminates with an end pin (26); and

a top and a bottom panel (16) perpendicularly attached to opposite sides of
said first rectangular back panel (12) perpendicular to said first left and right side panels (14a,
14b), said top and bottom panels (16) having substantially flat outer and inner sides, said
inner side includes an extending member (25) at each end that is slidably insertable into a
first tail (23) from each end of said right and left side panels (14a, 14b) forming a dovetail
joint, wherein said end pin (26) on each side panel (14a, 14b) forms a flush corner with said
top or said bottom panel (16),

wherein said first module (10) forms a rectangular open box when fully assembled.

2. The modular storage assembly (240, 300) of claim 1, wherein said first right and left
side panels (14a, 14b) include a plurality of notches (22) along a side of said first right and
left side panels (14a, 14b) parallel and opposite to said rectangular back panel (12), wherein
each of said plurality of notches (22) coincides with a tail (20).

3. The modular storage assembly (240, 300) of claim 2, further comprising:
a second module (10) that comprises:
a second rectangular, substantially flat back panel (12); and
a second left and a right side panel (14a, 14b), said second left and right side
panels (14a, 14b) perpendicularly attached to opposite sides of said rectangular back panel
(12), and having a substantially flat outer side and a ridged inner side comprised of
alternating evenly spaced pins (18) and tails (20), wherein each end of said second left and
right side panels (14a, 14b) terminates with an end pin (26),
wherein at least one of said first left and right side panels (14a, 14b) are attached to at
least one of said second left and right side panels (14a, 14b) by at least one slidably insertable

15
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fastener (35, 37, 40) inserted into at least one tail (20) of each respective side panel (14a,
14b).

4. The modular storage assembly (240, 300) of claim 3, wherein said first right side
panel (14b) and said second left side panel (14a) are horizontally fixedly attached, wherein
said at least one slidably insertable fastener is a U shaped dovetail connector (35) that is

inserted into at least one of said tails (20).

5. The modular storage assembly (240, 300) of claim 3, wherein at least one of said first
right and left side panels (14a, 14b) and at least one of said second right and left side panels
(14a, 14b) are horizontally pivotally attached, wherein said at least one slidably insertable

fastener is a hinge dovetail connector (37) that is inserted into at least one of said tails (20).

6. The modular storage assembly (240, 300) of claim 5, further comprising:
a third module (10) that comprises:
a third rectangular, substantially flat back panel (12); and
a third left and a right side panel (14a, 14b), said second left and right side
panels (14a, 14b) perpendicularly attached to opposite sides of said rectangular back panel
(12), and having a substantially flat outer side and a ridged inner side comprised of
alternating evenly spaced pins (18) and tails (20), wherein each end of said second left and
right side panels (14a, 14b) terminates with an end pin (26),
wherein said third module (10) is adjoined to said first or second module (10) such
that one of said first and second back panel (12)s are in fixed contact with said third back
panel (12).

7. The modular storage assembly (240, 300) of claim 3, wherein said first side panels
(14a, 14b) and said second side panels (14a, 14b) are vertically fixedly attached, wherein said
at least one slidably insertable fastener is a dual pin vertical connector (40) that is inserted

into said first tail (23)of each end of said first and second side panels (14a, 14b).

8. The modular storage assembly (240, 300) of claim 1, further comprising:
at least one insert (201, 209, 212, 219, 230, 252) that has two ends, each end including
at least one pin (206, 210, 213, 214, 220,236) that is slidably insertable into said tails (20) of

said first right and left side panels (14a, 14b) forming a dovetail joint.
16
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9. The modular storage assembly (240, 300) of claim 8, wherein said insert further
comprises a shelf panel (16) slidably insertable into said assembly (240, 300), said shelf panel

having a substantially flat surface.

10.  The modular storage assembly (240, 300) of claim 8, wherein said insert further
comprises a tray (209, 212, 252).

11.  The modular storage assembly (240, 300) of claim 10, wherein said insert further
comprises a tray (212, 252) configured with rounded front corners.

12.  The modular storage assembly (240, 300) of claim 10, wherein said insert further
comprises a tray (212) that includes at least one pin (213) on each end configured to enable
said tray (212) to be inserted vertically and at least one pin (214) on each end configured to
enable said tray (212) to be inserted horizontally.

13.  The modular storage assembly (240, 300) of claim 12, wherein said tray (212) further
comprises a plurality of slots (215).

14.  The modular storage assembly (240, 300) of claim 8, wherein said insert further
comprises an outwardly rotatable horizontal bar (230) that substantially spans the length
between said right and left side panels(14a, 14b).

15.  The modular storage assembly (240, 300) of claim 8, wherein said insert further
comprises:

a flat panel (217) that includes a plurality of holes (219); and

at least one hook (218) that is configured to insertably attach to said flat panel (217).

16.  The modular storage assembly (240, 300) of claim 8, wherein said insert further
comprises:
a flag insert (201) that comprises:
two horizontal members (207) substantially spanning the length between said
right and left side panels (14a, 14b) that includes a plurality of holes (205); and

17
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at least one flat panel (202) that includes a plurality of holes and slots (203)
and a top and a bottom peg (204) vertically affixed between said two horizontal members
(207) by inserting said top and bottom pegs (204) into at least one of said plurality of holes
(205) in each of said two horizontal members (207).

17.  The modular storage assembly (240, 300) of claim 1 wherein said assembly (240,
300) is fixed to a wall.

18.  The modular storage assembly (240, 300) of claim 1, wherein said assembly (240,
300) is configured to hang over a door.

19. A modular storage assembly (240, 300), comprising:
a first module (10) comprising:
a rectangular, substantially flat back panel (12); and
a first left and a right side panel (14a, 14b), said first left and right side panels
(14a, 14b) perpendicularly attached to opposite sides of said rectangular back panel (12), and
having a substantially flat outer side and a ridged inner side comprised of alternating evenly
spaced pins (18) and tails (20), wherein each end of said first left and right side panels (14a,
14b) terminates with an end pin (26); and
a second module (10) that cbmprises:
a second rectangular, substantially flat back panel (12); and
a second left and a right side panel (14a, 14b), said second left and right side
panels (14a, 14b) perpendicularly attached to opposite sides of said rectangular back panel
(12), and having a substantially flat outer side and a ridged inner side comprised of
alternating evenly spaced pins (18) and tails (20), wherein each end of said second left and
right side panels (14a, 14b) terminates with an end pin (26); and
a top and a bottom panel (106a, 106b, 106¢) perpendicularly attached to opposite
sides of said rectangular back panel (12) perpendicular to said first and second left and right
side panels (14a, 14b), said top and bottom panels (106a, 106b, 106¢) having a substantially
flat outer side and include an extending member (25) at each end that is slidably insertable
into a first tail (23) from each end of said right and left side panels (14a, 14b)forming a
dovetail joint, wherein said end pin on each side panel (14a, 14b) forms a flush corner with

said top or said bottom panel (106a, 106b, 106c),
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wherein said top and bottom panels(106b, 106¢) include two additional extending
members (25) allowing said first and second modules (10) to be fixedly attached side-by-side.

20.  The modular storage assembly (240, 300) of claim 19, further comprising:
a third module (10) that comprises:
a third rectangular, substantially flat back panel (12); and
a third left and a right side panel, said third left and right side panels
perpendicularly attached to opposite sides of said rectangular back panel (12), and having a
substantially flat outer side and a ridged inner side comprised of alternating evenly spaced
pins (18) and tails (20), wherein each end of said third left and right side panels (14a, 14b)
terminates with an end pin (26),
wherein said top and bottom panels (106¢) include two additional extending members

(25) allowing the first, second and third modules (10) to be fixedly attached side-by-side.

21.  The modular storage assembly (240, 300) of claim 19, further comprising:
a third module (10) that comprises:
a third rectangular, substantially flat back panel (12); and
a third left and a right side panel (14a, 14b), said third left and right side
panels (14a, 14b) perpendicularly attached to opposite sides of said rectangular back panel
(12), and having a substantially flat outer side and a ridged inner side comprised of
alternating evenly spaced pins and tails, wherein each end of said third left and right side
panels (14a, 14b) terminates with an end pin,
wherein said third module (10) is pivotally attached to at least one of said first and

second modules.

22. A modular storage assembly (240, 300), comprising:
at least three modules (10) comprising

a rectangular, substantially flat back panel (12);

a left and a right side panel (14a, 14b), said left and right side panels (14a,
14b) perpendicularly attached to opposite sides of said rectangular back panel (12), and
having a substantially flat outer side and a ridged inner side comprised of alternating evenly
spaced pins and tails, wherein each end of said left and right side panels (14a, 14b) terminates

with an end pin; and
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a top and a bottom panel (16) perpendicularly removably attached to opposite
sides of said recfangular back panel (12) perpendicular to said left and right side panels (14a,
14b), said top and bottom panels (16) have substantially flat outer and inner sides, said inner
side includes an extending member (25) at each end that is slidably insertable into a first tail
(23) from each end of said right and left side panels (14a, 14b) forming a dovetail joint,
wherein said end pin (26) on each side panel (14a, 14b) forms a flush corner with said top or
said bottom panel (16; and

at least one insert (201, 209, 212, 219, 230, 252), wherein said at least one insert
includes two ends and each end includes at least one pin (206, 210, 213, 214, 220,236) which
is slidably insertable into said tails (20) of said left and right side panels (14a, 14b),

wherein said at least three modules (10) are connected with at least one slidably
insertable connector (35, 37, 40) that is slidably insertable into at least one tail (20) of said
left and right side panels (14a, 14b),

wherein at least two of said at least three modules (10) are fixedly connected, wherein
said back panels (12) of said at least two modules (10) are substantially in contact with each
other;

wherein at least two of said at least three modules (10) are pivotally connected with a
slidably insertable connecter that is a hinge connecter (37), and

wherein at least two of said at least three modules (10) are fixedly connected with a
slidably insertable connector that is one of a U-connector (35) and a dual pin vertical

connector (40).
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