
PACKAGES FOR OPHTHALMIC LENSES CONTAINING
PHARMACEUTICAL AGENTS FIELD OF THE INVENTION This
invention relates to packages for storing ophthalmic
devices that contain pharmaceutical agents, such as
ketotifen. This invention is a non-provisional filing
of U.S. Pat Application No. 60/81 9,759, which was
filed on July 10, 2006 and is incorporated by
reference in its entirety BACKGROUND Contact lenses
have been used commercially to improve vision since
the 1950s. At first contact lenses were made of hard
materials that were packaged in glass vials, but were
uncomfortable for many patients. Later developments,
gave rise to softer more comfortable lenses made of
hydrophobic hydrogels and generally referred to as
soft contact lenses. Due to the ease of producing
these lenses, some have suggested that soft contact
lenses may be used to deliver pharmaceutical agents to
a patient's eyes. Currently soft contact lenses are
produced on a large scale and are packaged as
individual blister packages having a bowl portion and
a foil top. These packages house the soft contact lens
and its aqueous packaging solution. The bowl portion
is made from a hydrophobic material such as
polypropylene. Polypropylene is a commonly used
material for contact lens packages. Polypropylene is
resilient enough to withstand the sterilization steps
of contact lens manufacture, and can be injection
molded into a number suitable shapes and sizes. See,
U.S. Patent Nos. 4,691 ,820; 5,054,61 0; 5,337,888;
5,375,698; 5,409,1 04; 5,467,868; 5,51 5,964;
5,609,246; 5,695,049; 5,697,495; 5,704,468; 5,71 1,41
6; 5,722,536; 5,573,1 08; 5,823,327; 5,704,468;
5,983,608; 6,029,808; 6,044,966; and 6,401 ,91 5 for
non-limiting examples of such packaging, all of which
are hereby incorporated by reference in their
entirety. However, the use of polypropylene in the
bowl portion of a soft contact lens package can cause
problems when the soft contact lens or its packaging
solution contain pharmaceutical agents, particularly
antihistamines such as ketotifen.The use of ketotifen
as an eye drop to treat the symptoms such as allergic
conjunctivitis is known. Applicants have added
ketotifen fumarate, a pharmaceutically active salt of
ketotifen, to soft contact lenses and packaged those
lenses in a polypropylene bowl. However, the packaging
of these lenses in a polypropylene bowl causes
problems. At the desired drug concentration greater
than fifty percent of drug is absorbed by the
polypropylene packaging material over time and removed
from either or both the soft contact lens and its
packaging solution. This is an undesirable condition
because if the packaging material absorbs the drug, it
will be difficult to determine how much of the drug is
available for use by the patient. Therefore it is
desirable to find materials suitable for the bowls of
blister packages that minimally absorb the drugs
contained in either or both the soft contact lens and
its packaging solution. This need is met by the
following invention. BRIEF DESCRIPTION OF THE DRAWINGS
Fig.1 illustrates the perspective view of a blister
package Fig. 2 illustrates a cross sectional view of a
portion of a blister package Fig. 3 illustrates the
perspective view of a portion of a blister package
Fig. 4 illustrates the perspective view of a portion
of a cross section of a blister package Fig. 5
illustrates a perspective cross sectional view of a
portion of a blister package Fig. 6 illustrates the
perspective view of a blister package Fig. 7
illustrates a perspective view of a portion of a
blister package Fig. 8 illustrates a perspective view
of a portion of a cross section of a blister package
Fig. 9 illustrates a perspective view of a cross
section of a blister package Fig. 10 illustrates a
perspective view of a portion of a cross section of a
blister package DETAILED DESCRIPTION OF THE INVENTION
This invention includes a blister bowl for packaging
ophthalmic lens comprising pharmaceutical agents
wherein said blister bowl comprises amaterial that
absorbs less than about 16 % of said pharmaceutical
agents with the proviso that the material is not
essentially a perfluoropolymer. As used herein
"ophthalmic lens" refers to a device that resides in
or on the eye. These devices can provide optical
correction or may be cosmetic. Ophthalmic lenses
include but are not limited to soft contact lenses,
intraocular lenses, overlay lenses, ocular inserts,
and optical inserts. The preferred lenses of the
invention are soft contact lenses are made from
hydrogels and silicone elastomers, which include but
are not limited to silicone hydrogels, and
fluorohydrogels. Soft contact lens formulations are
disclosed in US Patent No. 



5,71 0,302, WO 9421 698, EP 4061 6 1, JP 200001 6905,
U.S. Pat. No. 5,998,498, U.S. Patent No. 6,087,415,
U.S. Pat. No. 5,760,1 00, U.S. Pat. No.5,776, 999,
U.S. Pat. No. 5,789,461 , U.S. Pat. No. 5,849,81 1,
and U.S. Pat. No. 5,965,631 . The foregoing references
are hereby incorporated by reference in their
entirety. The particularly preferred ophthalmic lenses
of the inventions are know by the United States
Approved Names of etafilcon A, genfilcon A, lenefilcon
A, lotrafilcon A, lotrafilcon B, balafilcon A,
polymacon, bafilcon, acofilcon A acquafilcon A,
alofilcon A alphafilcon A, amifilcon A, astifilcon A,
atalafilcon A, bisfilcon A bufilcon A, crofilcon A,
cyclofilcon A, darfilcon A deltafilcon A, deltafilcon
B, dimefilcon A, drooxifilcon A, epsifilcon A,
estehfilcon A, focofilcon A, galyfilcon A, govafilcon
A, hefilcon A hefilcon B, hefilcon D, hilafilcon A,
hilafilcon B, hixoifilcon A, hioxifilcon B,
hioxifilcon C, hydrofilcon A, lenefilcon A,
licryfilcon A, licryfilcon B, lidofilcon B, lidofilcon
A, mafilcon A, mesifilcon A, methafilcon B, mipafilcon
A, nelfilcon A, netrafilcon A, ocufilcon A, ocufilcon
B, ocufilcon C, ocufilcon D, ocufilcon E, ofilcon A,
omafilcon A, oxyfilcon A, pentafilcon A, perfilcon A,
pevafilcon A, phemfilcon A, senofilcon A, silafilcon
A, siloxyfilcon A, tefilcon A, tetrafilcon A, thfilcon
A, vifilcon A, or xylofilcon A . More particularly
preferred ophthalmic lenses of the invention are
genfilcon A, lenefilcon A, lotrafilcon A, lotrafilcon
B, or balafilcon A. The most preferred lenses include
but are not limited to galyfilcon, senofilcon,
etafilcon A, nelfilcon A, hilafilcon, and polymacon.
Pharmaceutical agents are substances that may be used
to treat or to prevent diseases of the eye.
Pharmaceutical agents include, but are not limited to
antihistamines, antibiotics, antibacterial agents,
antiviral agents, antifungalagents, analgesics,
anesthetics, antiallergeneic agents, mast cell
stabilizers, steroidal and non-steroidal
anti-inflammatory agents, angiogenesis inhibitors;
antimetabolites, fibrinolytics, neuroprotective drugs,
angiostatic steroids, mydriatics, cyclopegic
mydriatics; miotics; vasoconstrictors; vasodilators,
anticlotting agents; anticancer agents, antisense
agents, immunomodulatory agents, carbonic anhydrase
inhibitors, integhn antabonistsl; cyclooxygenase
inhibitors, VEGF antagonists; immunosuppressant
agents, vitamins, supplements and the like.
"Antihistamines" are class of pharmaceutical agents
that are used to treat allergic conditions. Examples
of antihistamines include but are not limited to
achvastine, antazoline, astemizole, azatadine,
azelastine, brompheniramine, buclizine, buhmamide,
carbinoxamine, carebastine, cetihzine, chlorcyclizine,
chlorpheniramine, cimetidine, ciproxifam, clemastine,
clobenpropit, clozapine, cyclizine, cyproheptadine,
desbrompherniramine, desloratadine,
dexbrompheniramine, dexchlorpherniramine,
diphenhydramine, doxylamine, dimenhydhnate,
dimethindene, diphenhydramine, diphenylpyraline,
doxylamine, ebastine, efletirizine, emedastine,
epinastine, famotidine, fexofenadine, hydroxyzine,
impentamine, iodoaminopotentidine, iodophenpropit,
ketotifen, levocabastine, levoceterizine, loratadine,
meclizine, mepyramine, mequitazine, methdilazine,
methapyrilene, mianserin, mifetidine, mizolastine,
norastemizole, norebastine, olopatadine, pheniramine,
phenyltoxamine, picumast, promethazine, pyrilamine,
pyrrobutamin, rantidine, R-sopromidine, S-sopromidine,
tecastemizole, temelastine, terfenadine,
thiethylperazine, tiotidine, trimeprazine,
tripelennamine, thioperamide, triprolidine and
pharmaceutically acceptable salts thereof. The
preferred antihistamines are ketotifen and
pheniramine. The most particularly preferred
antihistamines are ketotifen and pharmaceutically
acceptable salts thereof. The pharmaceutical agent can
be added to the ophthalmic lens by a number of
methods. One method to soak a hydrated hydrogel
ophthalmic lens in a solution that contains the
pharmaceutical agent. Another method is to sterilize a
hydrated hydrogel ophthalmic lens in a solution
containing the antihistamine. Yet another method is to
incorporate the pharmaceutical agents into the
ophthalmic lens formulation prior to curing the
lens.The term "blister bowl" refers to the receptacle
portion of an ophthalmic lens package. Examples of
suitably shaped blister bowls are disclosed in the
following documents which are hereby incorporated by
reference in their entirety, U.S. Patent Nos. D
458,023; 4,691 ,820; 5,054,61 0; 5,337,888; 5,375,698;
5,409,1 04; 5,467,868; 5,51 5,964; 5,609,246;
5,695,049; 5,697,495; 5,704,468; 5,71 1,41 6;
5,722,536; 5,573,108; 5,823,327; 5,704,468; 5,983,608;
6,029,808; 6,044,966; and 6,401 ,915. The receptacle
portion of some ophthalmic lens packages is not bowl
shaped. For purposes of this invention, the
receptacles of those packages are included in the term
blister bowl. Examples of such packages include but
are not limited to ophthalmic lens packages disclosed
in WO 2005/082721 , U.S. Pat. No. 7,086,526, WO 03/01
6 175, and US 2004/0238380, which are hereby
incorporated by reference in their entirety. As used
herein the "material, that absorbs less than about 16%
said pharmaceutical agent" is a polymer. These
materials can be formed in the appropriate shapes by
injection molding, thermoforming, transfer molding,
skin packaging, blow molding, coinjection molding,
film extrusion, or 



film coextrusion and the like. It is preferred that
the blister bowl is transparent to the degree
necessary to permit visual inspection, treatment with
steam, UV sterilization and the like. The amount of
the pharmaceutical agent absorbed by any blister bowl
is measured by treating the blister bowl (or a known
amount of the material that may be formed in a blister
bowl) with a solution containing a known amount of a
pharmaceutical agent or its pharmaceutically
acceptable salt. The treatment of the blister bowl (or
the unformed material) can be allowing a solution of
the pharmaceutical agent to contact the blister bowl
for a period of time at either room temperature or
elevated temperatures. The amount of the
pharmaceutical agent absorbed into the blister bowl
(or unformed material) is measured by HPLC analysis of
the solution for its content of pharmaceutical agent,
before the treatment and after such treatment. The
preferred materials absorb pharmaceutical agents
between about 16% and about 0%, more preferably,
between about 8% and about 3%, most preferably between
about 5% and 1%.The blister bowl may be formed from
materials that can be shaped to accommodate a lens or
a lens and its packaging solution, provided such
materials meet the absorption criteria above. The
preferred materials that form the blister bowl are
polysulfone, polyetherimide, or polycarbonate
co-polymers. Polysulfone polymer sold by Solvay
Advanced Polymers under the tradename UDEL(r) 1700
(CAS Number 251 35-51 -7) and RADEL(r) R-5000 (CAS
Number 25839-81 -0) are preferred. UDEL is a brand of
polysulfone polymers having a glass transition
temperature of about 190 0C. RADEL (r) R-5000 is a
brand of polysulfone sold by Solvay that has a glass
transition temperature of about 220 0C. Another
polysulfone, Ultrason, sold by BASF is also useful in
this invention. Ultrason has a glass transition
temperature of about 188 0C as determined by
differential scanning calorimetry (DCS) at 20 0C per
minute. Other brands of polysulfone polymers having a
glass transition temperature of about 180 0C to about
230 0C are suitable for use in the invention. Other
preferred materials include but are not limited to
polyetherimides, sold by General Electric under the
tradename Ultem (CAS Number 6 1128-24-3). Ultem has a
glass transition temperature of about 229 0C ( as
calculated from a VICAT temperature of 2 19 0C
obtained by ASTM 1525) Polycarbonate co-polymers
having a glass transition temperature of about 147 0C
sold by General Electric under the tradename LEXAN
HPB3144 are particularly preferred. For purposes of
this invention, if the glass transition temperature of
a particular polymer is not known, but the VICAT data
is available, the glass transition temperature may be
calculated by adding about ten degrees to the VICAT
temperature (ASTM D 1525, ISO 306, A2LA Accredited).
Such blisters can be made by introducing polymer
pellets into an injection molding machine. A
reciprocating screw inputs heat and shear in the
pellets and melts them. The melt is then injected in a
mold using either cold or hot runners (in an
alternative method a piston is used, and in yet
another method a partially opened mold may be filled
and coined into its final shape by closing the mold).
The plastic will fill a cavity of design and shape
suitable to obtaining the parts disclosed in this
invention. The polymer then solidifies under pressure
to compensate for part of the shrinkage. After the
part is solidified it isfurther cooled until it
reaches a temperature at which it can be handled. The
part is then removed from the mold via a mechanical or
a pneumatic device and transferred to the machine
downsream. Examples of injection molders that may be
used include, but are not limited to, Arburg,
Battenfeld, Engel, Husky, Netstal, Sumitomo. The term
"solution" refers to any liquid medium in which a
medical device is stored. The preferred solutions
include without limitation, saline solutions, other
buffered solutions, and deionized water. The preferred
aqueous solution is saline solution containing salts
including, without limitation, sodium chloride, sodium
borate, sodium phosphate, sodium hydrogenphosphate,
sodium dihydrogenphosphate, or the corresponding
potassium salts of the same. These ingredients are
generally combined to form buffered solutions that
include an acid and its conjugate base, so that
addition of acids and bases cause only a relatively
small change in pH. The buffered solutions may
additionally include 2-(N-morpholino)ethanesulfonic
acid (MES), sodium hydroxide,
2,2-bis(hydroxymethyl)-2,2',2"-nitrilotriethanol,
n-tris(hydroxymethyl)methyl-2-aminoethanesulfonic
acid, citric acid, sodium citrate, sodium carbonate,
sodium bicarbonate, acetic acid, sodium acetate,
ethylenediamine tetraacetic acid and the like and
combinations thereof. Preferably, the solution is a
borate buffered or phosphate buffered saline solution.
Further the invention includes a method of storing an
ophthalmic lens comprising a pharmaceutical agent,
wherein the method comprises placing said ophthalmic
lens in a blister bowl and covering said blister bowl
with a 



cover, wherein said blister bowl comprises a material
that absorbs less than about 16 % of said
pharmaceutical agents, with the proviso that the
material of the blister bowl is not essentially a
perfluoropolymer. As used herein the terms
pharmaceutical agents, ophthalmic lens and blister
bowl all have their afore mentioned meanings and
preferred ranges. The term "cover" means any means of
enclosing the ophthalmic lens in the blister bowl.
Preferably, the cover is a flexible sheets made from
adhesive laminates of an aluminum foil and extruded or
co-extruded polymer film that can be sealed to the top
surface of the blister bowl in order to form a
hermetic seal for the ophthalmic lens.Examples of such
materials are disclosed in the following publications,
U.S. Pat. Pub. No. 2002/0197478; U.S. Pat Nos.
6,090,471 ; 5,908,527; 5,656,362; 5,653,844; and
5,620,087, which are hereby incorporated by reference
in their entirety. As used herein, the inner layer of
such laminates refers to the layer that is adhered to
the bowl by heat sealing or other means. If the
blister bowl made from a polysulfone material, the
bowl may be covered with a laminate of several layers
having an inner layer of polysulfone which is heat
sealed to the bowl. An example of one such layered
laminate cover contains the following materials listed
in order from the material that is sealed to the bowl
to the outermost layer: polysulfone (i.e. UDEL, RADEL)
adhesive (i.e. Liofol brand sold by Henkel) aluminum
foil adhesive, and polyethylene naptholate or
polyphenylsulfone. Another example of a layered
laminate contains the following materials listed in
order from the material that is sealed to the bowl to
the outermost layer polycarbonate co-polymer (i.e.
LEXAN) adhesive (i.e. Liofol brand sold by Henkel)
aluminum foil adhesive, and polyethylene naptholate or
polyphenylsulfone. Often the ophthalmic lenses
comprising pharmaceutical agents are packaged in
aqueous solutions such as saline or other buffered
solutions. These solutions are generically known as
packaging solutions. Some materials that absorb less
than about 16 % of pharmaceutical agents and are
useful to form the blister bowls of the invention are
materials that allow water vapor to diffuse out of the
blister bowls and covers over time. This loss of water
vapor is known to reduce the shelf life of such
ophthalmic lenses. In order to improve the shelf life
of such agents it would be useful if a portion of the
surface of the blister bowls was surrounded by a
material that inhibited the diffusion of water vapor.
This need is met by the following invention. The
invention includes a blister bowl for packaging
ophthalmic lens comprising pharmaceutical agents
wherein said blister bowl comprises a lens contacting
surface and an outer surface wherein said lens
contacting surface comprises a material that absorbs
less than about 16 % of said pharmaceutical agents and
outer surface comprises a vapor barrier material, with
the proviso that the material of the lens contacting
surface is not essentially a perfluoropolymer. As used
herein, ophthalmic lens, pharmaceutical agents,blister
bowl, and material that absorbs less than about 16 %
of said pharmaceutical agents all have their
aforementioned meanings and preferred ranges. The term
"lens contacting surface" refers to the portion of the
blister bowl that is in contact with the ophthalmic
lens, or with the ophthalmic lens and its packaging
solution. The term "outer surface" refers to portions
of the bowl other than the lens contacting surface.
The term "vapor barrier material" refers to materials
that inhibit the diffusion of packaging solutions
through the blister bowl. Preferred vapor barrier
materials include but are not limited to polypropylene
and alicyclic co-polymer contains two different
alicyclic monomers sold by Zeon Chemicals LP. under
the tradename ZEONOR. There are several different
grades of ZEONOR, having of glass transition
temperatures from 70 to 163 0C. The particularly
preferred ZEONOR, is ZEONOR 1600 or 1420R, which
according the to the manufacturer, ZEON Chemicals LP.
has an melt flow rate ("MFR") range of 20g/1 Omin for
1420R and 7 g/1 0 min for 1600 (as tested by JISK 671
9 at 28O0C)), a specific gravity (H2O = 1) of 1.01 for
both as measured by ASTMD792 and a glass transition
temperature of 136 0C for 1420R and 163 0C for 1600.
The invention is illustrated in further detail by the
following figures Fig. 1 illustrates a perspective
view of blister bowl 0 of the invention. The lens
contacting surface Yl is shaped to house an ophthalmic
lens with or without packaging solution. Lens
contacting surface Yl is made of materials that absorb
less than about 16% of said pharmaceutical agents.
Annular sealing ring 6 is raised surface that is
sealed with a laminate foil to enclose a lens when
blister bowl 10 is closed The preferred lens
contacting surface materials are the aforementioned
polysulfone and polycarbonate co-polymers described
above. The outer surface 14 is a vapor barrier
material. The preferred vapor barrier materials are
thermoplastics that may be heat sealed and have a
vapor barrier sufficient to increase shelf life. The
particular preferred vapor barriers are polypropylene
and alicyclic co-polymers contains 



two different alicyclic monomers. Fig. 2 illustrates a
cross sectional view of the lens contacting surface Yl
and it surrounding flange 18. Fig. 3 illustrates a
perspective view of the outer surface 14 . Fig. 4
illustrates a perspective crosssectional view of outer
surface 14 with internal channel 20. Fig. 5
illustrates outer surface 14 with lens contacting
surface Yl inserted into internal channel 20. In the
embodiment illustrated by the figures, the surrounding
flange 18 is made of the same material as lens
contacting surface 12 and surrounding flange 18 is
covered and interlocked with the internal channel 20.
Another embodiment of the invention is illustrated by
Fig. 6 . In this embodiment the annular ring, 26 which
is used to seal the lens within the blister bowl is
located on the surrounding flange 28. Figure 7
illustrates lens contacting surface 22, its
surrounding flange 28 and annular ring 26. Figure 8
illustrates a perspective cross sectional view of
outer surface 24 with internal channel 30. The
surrounding flange 28 of lens contacting surface 22 is
inserted into the outer surface 24 as illustrated by
Figure 9 . Figure 10, illustrates another embodiment.
Len contacting surface 32 is snapped onto a
substantially planar flange, 34 that covers the
opposite surface of lens contacting surface 32 (not
shown). In this embodiment surrounding. In this
embodiment it is preferred that lens contacting
surface 32 is made from a different material from
planar flange 34. The foregoing blister packs may be
made by a variety of 2 plastics processing injection
molding machines (over-molding, sandwich molding or
insert molding) including but not limted to those
manufactured by Arburg Gmbh, Ferromatik, Elektra,
Engel, and others. In addition several component
injection molding machines may be used to produce
multiple layers of vapor barrier materials. In order
to illustrate the invention the following example is
included. This example does not limit the invention.
They are meant only to suggest a method of practicing
the invention. Those knowledgeable in contact lenses
as well as other specialties may find other methods of
practicing the invention. However, those methods are
deemed to be within the scope of this invention.
EXAMPLES The following abbreviations are used below
Packaging Solution A Deionized water containing the
following ingredients by weight : NaCI (0.83%), Boric
Acid (0.91 %),Sodium tetraborate decahydrate (0.1 %),
and 0.2% polyacrylic acid sodium salt Example 1
Preparation of Packages with Different Materials
Different solutions of ketotifen fumarate in packing
solution A were tested over several experiments to
generate the data in Table I (blister materials and
amounts of ketotifen are shown in are listed in Table
1. note the fumarate salt of ketotifen was used in
solution preparations , but the data reports the
amount of ketotifen present in solution). The blister
bowl materials (grams listed in Table 1) were cut into
small pieces and placed in glass vials with 2.85 ml_
of ketotifen fumarate solution. The vials were closed
with Teflon coated butyl stoppers and heated at 124 0C
for 18 minutes. The solutions were extracted and
tested by HPLC to determine the concentration of
ketotifen (% as compared to control vials without
added blister material that were sterilized with the
test samples).TABLE 1NOVEL GLUCOKINASE ACTIVATORS AND
METHODS OF USING SAME [0001] This application claims a
benefit of priority from U.S. Provisional Application
No. 60/818,912, filed July 6, 2006, the entire
disclosure of which is herein incorporated by
reference. FIELD OF THE INVENTION [0002] The present
invention relates to novel phosphonate and phosphinate
compounds which are activators of the enzyme
glucokinase and thus are useful in treating diabetes,
and to a method for treating diabetes, especially Type
II diabetes, using such compounds. BACKGROUND OF THE
INVENTION [0003] The enzyme glucokinase (GK), which is
mainly found in pancreatic b- cells and liver
parenchymal cells, catalyzes the conversion of glucose
to glucose-6- phosphate, which is the first step in
the metabolism of glucose. Glucokinase is also a
rate-controlling enzyme for glucose metabolism in
pancreatic b-cells and liver parenchymal cells, which
play an important role in whole-body glucose
homeostasis. [0004] Liag, Y. et al, (Biochem. J.,
1995, 309: 167-173) report the finding that Type II
(maturity-onset) diabetes of the young (MODY-2) is
caused by loss of function mutations in the
glucokinase gene, which suggests that glucokinase also
functions as a glucose sensor in humans. Thus,
compounds that activate glucokinase and thus increase
the sensitivity of the glucokinase sensor system and
thereby cause increase in insulin secretion will be
useful in the treatment of hyperglycemia and Type II
diabetes. [0005] Glucokinase activators have been
demonstrated to be effective in 



enhancing: 1) the effect of glucose on insulin release
from isolated rat and human pancreatic islets, and 2)
the glucose induction of pancreatic islet glucokinase
in isolated cultured rat islets (e.g. Matschinsky,
F.M. et al., Diabetes, 2006, 55:1, and ("Glucokinase
and Glycemic Disease, from Basics to Novel
Therapeutics", published by Karger, 2004; F.M.
Matschinsky and M.A. Magnuson, eds., Ch. 6, pp.
360-378). In diabetic animal model studies,
glucokinase activators have been demonstrated
tostimulate insulin release, enhance glycogen
synthesis and reduce hepatic glucose production in
pancreatic clamp studies. Importantly, glucokinase
activators have been demonstrated to dose-dependently
lower blood glucose levels in different standard
animal models of type 2 diabetes, such as the ob/ob
mouse, db/db mouse and Zucker in acute single-dose
studies and also effectively improved the glucose
excursion in both normal C57/BL6J and ob/ob mice in
oral glucose tolerance tests (e.g. in "Glucokinase and
Glycemic Disease, from Basics to Novel Therapeutics",
published by Karger, 2004; F.M. Matschinsky and M.A.
Magnuson, eds., Ch. 6, pp. 360-378 as well as Fyfe,
M.C. et al, Diabetologia, 2007, 50:1277). [0006]
Glucokinase activators have also demonstrated
antidiabetic efficacy in chronic animal models of type
II diabetes. For instance, in a 9-day study in ob/ob
mice, a glucokinase activator improved the overall
glucose profile while showing comparable
antihyperglycemic effects in oral glucose tolerance
tests at the beginning and end of the study (Fyfe,
M.C. et al., Diabetologia, 2007, 50:1277). In another
instance, in a chronic 40-week study, a glucokinase
activator prevented the development of hyperglycemia
in diet-induced obese mice which were glucose
intolerant. The diet-induced obese mice treated with a
glucokinase activator showed marked improvement in the
glucose excursion in an oral glucose tolerance test at
the end of the study relative to the control group
("Glucokinase and Glycemic Disease, from Basics to
Novel Therapeutics", published by Karger, 2004; F.M.
Matschinsky and M.A. Magnuson, eds., Ch. 6, pp.
360-378). SUMMARY OF THE INVENTION [0007] In
accordance with one aspect of the invention, compounds
are provided having the structure I whereinRi is a
heteroaryl substituted by R and optionally substituted
with one or two substituents R5 and/or R6, wherein the
heteroaryl possesses a nitrogen atom adjacent -C-NH-
Il to the atom joining said heteroaryl group to  ; R4
is -(CH2)n-Z-(CH2)m-PO(OR7)(OR8), or
-(CH2)nZ-(CH2)m-PO(OR7)R9, or
-(CH2)n-Z-(CH2)m-O-PO(OR7)R9, or
-(CH2)nZ-(CH2)m-O-PO-(R9)R10, or
-(CH2)nZ-(CH2)m-PO(R9)R10; R7 and R are the same or
different and are independently selected from hydrogen
and alkyl; R and Rio are the same or different and are
independently selected from alkyl, aryl, arylalkyl,
heteroaryl and heteroarylalkyl, any of which may be
optionally substituted; additionally, R7 and R can be
cyclized into a ring similarly, R and R9 can be
cyclized into a ring where q = 1-3 o r where q = 1-3 .
similarly, R9 and Rio can be cyclized into a ring
where q = 1-3 r where q = 1-3 Z is selected from a
bond, alkylene and alkenylene, each of which may be
optionally substituted (e.g. hydroxy, alkoxy,
aminoalkyl, aminoaralkyl, aminoheteroaralkyl,
aminoaryl, aminoheteroaryl or carboxy); m is 0, 1 or
2; n is 0, 1 or 2; and Z may be O, S, SO2 whenm is 1
or 2, n is 0, 1, or 2; R5 and R are the same or
different and are independently selected from
hydrogen, alkyl, halogen or carboxyl, or is absent; X
is selected from X-1 X-2 X-3 X-4 X-5 X-6 and when Y is
absent, X is selected from X-7 X-8 and X-9 R2 is
selected from hydrogen, alkyl, cycloalkyl,
heterocyclyl, aryl, heteroaryl, alkynyl, and alkenyl
(all of which may be optionally substituted); p is 0
or 1; Q is selected from O, S(O)q and CO, where q is
0, 1 or 2; Qi is selected from hydrogen and fluorine;
Rn is selected from hydrogen, lower alkyl, cycloalkyl,
aryl and heteroaryl; R12 is selected from hydrogen,
and lower alkyl, or Rn and R12 together with the
carbon atom to which they are attached form a
cycloalkyl ring of 5 to 7 carbon 



atoms; Ri3 is selected from halo, nitro, amino, cyano,
methyl, trifluoromethyl, hydroxy, methoxy,
trifluoromethoxy, methylthio, methylsulfinyl and
methylsulfonyl; T is selected from aryl and
heteroaryl, each of which may be optionally
substituted; Y is R3-(CH2)S-, or is absent; where R3
is aryl or heteroaryl, each of which may be optionally
substituted; s is 0 or 1;all stereoisomers thereof, a
prodrug ester thereof or a pharmaceutically acceptable
salt thereof. [0008] Preferably in compounds of
formula I ) )n X is -CH- where more preferably n is 1,
and R2 is a cycloalkyl, preferably cyclopentyl or
cyclohexyl, or R2 is a heterocyclyl group such as
cycloalkyl with an embedded hetero atom such as an
oxygen atom or a sulfur atom, for example
tetrahydropyran, tetrahydrofuran, preferably
tetrahydropyran; Y is aryl or heteroaryl or is absent,
still more preferably aryl, more preferably phenyl,
still more preferably R4 is
(CH2)n-Z-(CH2)m-PO(OR7)(OR8) wherein Z is alkylene or
alkenylene, - CHwherein n is 0, m is 0 and Z is a
bond, -CH2-, -CH3-CH=CH-, -CH2CH2- or OH ; and R5 and
R are each H; R7 is H or alkyl; and Rs is H or alkyl.
[0009] The moietyis preferably [0010] R is more
preferably O / P-OC2H5 CH2-P-OC2H5 CH2- P ,P -OC2H5
-P-OCH 3 -P-OCH 3 OC2H5 OC2H5 HO O OCH3 0 0 H OH
[0011] Preferred embodiments of Y-X-CO- wherein X is
X-I include, but are not limited to: (a) (b)(C) and
(d) [0012] Preferred embodiments of Y-X-CO- wherein X
= X-2 include, but are not limited to: (e) and (f)
[0013] Preferred embodiments of Y-X-CO- wherein X =
X-3 include, but are not limited to: (g) and (H)
[0014] Preferred embodiments of Y-X-CO- wherein X =
X-4 include, but are not limited to:[0015] Preferred
embodiments of Y-X-CO- wherein X = X-5 include, but
are not limited to: (I) and (m) [0016] Preferred
embodiments of Y-X-CO- wherein X = X-6 (wherein X is a
bond) include, but are not limited to: (n) (o)(t) (U)
(V) and (W)[0017] Preferred embodiments of Y-X-CO-
wherein X = X-7 include, but are not limited to: (X)
(y) , and (Z) [0018] Preferred embodiments of Y-X-CO-
wherein X = X-8 include, but are not limited to:
[0019] Preferred embodiments of Y-X-CO- wherein X =
X-9 include, but are not limited to: (ab) and (ac)
[0020] Examples of preferred compounds in accordance
with the present invention include, but are not
limited to, the following:SCREENLESS INTERNALS FOR
RADIAL FLOW REACTORS BACKGROUND OF THE INVENTION
[0001] This invention relates to the field of fluid
particle contact and to an apparatus for contacting
fluids and particles. More specifically, this
invention relates to a moving bed of particles with a
cross-flowing fluid. [0002] A wide variety of
processes use radial flow reactors to provide for
contact between a fluid and a solid. The solid usually
comprises a catalytic material on which the fluid
reacts to form a product. The processes cover a range
of processes, including hydrocarbon conversion, gas
treatment, and adsorption for separation. [0003]
Radial flow reactors are constructed such that the
reactor has an annular structure and that there are
annular distribution and collection devices. The
devices for distribution and collection incorporate
some type of screened surface. The screened surface is
for holding catalyst beds in place and for aiding in
the distribution of pressure over the surface of the
reactor to facilitate radial flow through the reactor
bed. The screen can be a mesh, either wire or other
material, or a punched plate. For a moving bed, the
screen or mesh provides a barrier 



to prevent the loss of solid catalyst particles while
allowing fluid to flow through the bed. Solid catalyst
particles are added at the top, and flow through the
apparatus and removed at the bottom, while passing
through a screened-in enclosure that permits the flow
of fluid over the catalyst. The screen is preferably
constructed of a non-reactive material, but in reality
the screen often undergoes some reaction through
corrosion, and over time problems arise from the
corroded screen or mesh. [0004] The screens or meshes
used to hold the catalyst particles within a bed are
sized to have apertures sufficiently small that the
particles cannot pass through. A significant problem
is the corrosion of meshes or screens used to hold
catalyst beds in place, or for the distribution of
reactants through a reactor bed. Corrosion can plug
apertures to a screen or mesh, creating dead volumes
where fluid does not flow. Corrosion can also create
larger apertures where the catalyst particles can then
flow out of the catalyst bed with the fluid and be
lost to the process increasing costs. This produces
unacceptable losses of catalyst, and increases costs
because of the need to add additional makeup
catalyst.[0005] The design of reactors to overcome
these limitations can save significantly on downtime
for repairs and on the loss of catalyst, which is a
significant portion of the cost of processing
hydrocarbons. SUMMARY OF THE INVENTION [0006] A
solution to the above problem is to design a catalyst
retention apparatus wherein the fluid is allowed to
freely flow across the catalyst bed, while the
catalyst is maintained in a catalyst retention volume.
The invention is an apparatus for supporting a
granular solid. The apparatus comprises an inlet
partition having apertures for allowing gas to flow
in, and an outlet partition having apertures for
allowing gas to flow out, where the inlet and outlet
partitions define a volume for holding a granular
solid. The apparatus further comprises at least one
inlet louver, where the louver is positioned over an
inlet aperture and extends into the volume for holding
the solid. The louver extends downward and covers the
inlet aperture to prevent solid from passing through
the inlet aperture. The louver has an upper edge and a
lower edge, and the inlet aperture has an upper edge
and a lower edge, where the louver upper edge is
affixed to the inlet partition at a position where the
louver upper edge is at least as high as the inlet
aperture upper edge and the louver lower edge extends
into the volume for holding the solid and is at least
as low as the inlet aperture lower edge. The louver
extends away from the inlet partition at an angle
between 1 degree and 85 degrees. [0007] Other objects,
advantages and applications of the present invention
will become apparent to those skilled in the art from
the following drawings and detailed description. BRIEF
DESCRIPTION OF THE DRAWINGS [0008] Figure 1 is a
drawing of a portion of an inlet partition for the
apparatus; [0009] Figure 2 is a drawing of a louver
including the extensions; [0010] Figure 3 is a
vertical cross section of a radial flow reactor with
the inlet partition incorporating the invention;
[0011] Figure 4 is a vertical cross section of a
second embodiment of a radial flow reactor with
catalyst containment; [0012] Figure 5 is an embodiment
of a spiral louver around an inner inlet partition of
a radial flow reactor;[0013] Figure 6 shows the use of
inlet vanes on the apparatus; [0014] Figure 7 is a
drawing of a portion of an inlet partition for the
apparatus with the louvers extending outward and away
from the particle retention volume; and [0015] Figure
8 is a vertical cross section of the apparatus wherein
the louvers extend outward from the particle retention
volume. DETAILED DESCRIPTION OF THE INVENTION [0016] A
problem exists with radial flow reactors where a
catalyst flows down an annular region, and the annular
region is defined by an inner screened partition and
an outer screened partition, which defines the
catalyst bed, or a particle retention volume for
holding a granular solid. A fluid, usually a gas,
flows across the partitions and catalyst bed, reacting
with the catalyst to produce a product fluid, also
usually a gas. The reactor holds the catalyst in with
screens where the gas flows through. The screened
partitions need holes sufficiently small to prevent
catalyst particles from passing, but the holes are
subject to plugging and creating dead spaces where the
gas doesn't flow, as well as the partitions are
subject to erosion and corrosion, creating holes that
allow for catalyst to spill out. [0017] The apparatus
can also be an adsorber for adsorbing a constituent
from the fluid flowing over a granular solid
adsorbent. This includes an apparatus where the
adsorbent is loaded and does not flow through the
adsorber, but is held in place by the inlet and outlet
partitions while fluid flows over the granular
adsorbent. The apparatus of the present invention is
oriented for the downward, or in the direction of
gravity, flow of a solid through the apparatus with
the cross flow of a gas, and accordingly, the use of
the terms downward and upward are in reference to
directions relative to the direction of gravity.
[0018] The retrofitting of existing radial flow
reactors provides for a method of improving the
reactors by using a screenless inlet partition. A
section of the inlet partition is shown in Figure 1,
where the invention is described relative to the inlet
partition 10 with one of the apertures 20, and a
louver 30 covering the aperture 20. The louver 30 has
a length, L, and extends into the particle retention
area at an angle q, designated by the number 40. The
louver 30 projects into the particle retention area at
a distance of L*sin(q), and extends downward along the
direction of the inlet partition to a distance
L*cos(q). The apertures havea lower edge 110, and the
louvers have a lower edge 70, where the louver lower
edge 70 



extends to at least the aperture lower edge 110, along
the inlet partition. [0019] During the filling process
of the reactor, the solid fills the particle retention
space, and some of the solids flow up into the void
volume created between the inlet partition 10 and the
louvers 30. The backfilling of this volume can create
a loss of catalyst if the catalyst is allowed to flow
through the inlet aperture 20. Avoiding the loss of
catalyst results in significant savings as catalyst is
one of the most significant costs in a petroleum
refinery. The spilling of catalyst through the
aperture 20 is avoided if the lower edge of the
aperture is at a height above the lower edge of the
louver by a distance determined by the angle of
repose, f, of the granular catalyst. The angle of
repose, designated by the number 50, is a property of
particulate solids. When bulk particles are poured
onto a horizontal surface, a conical pile will form,
and the angle between the edge of the pile and the
horizontal surface is known as the angle of repose.
The angle is related to physical properties of the
material, such as particle size and shape, density,
and the coefficient of friction of the particles.
[0020] Preferably, the distance, or height, of the
aperture lower edge above the louver lower edge is
determined according to the equation, as follows: d =
L * sin(q) * tan(f), where L is the length of the
louver, q is the angle the louver extends away from
the inlet partition, and f is the angle of repose for
the granular solid. The length of the louver, L, is
the length from the upper edge 60 of the louver
attached to the inlet partition 10 spanning to the
lower edge 70 of the louver extending into the
particle retention volume. [0021] The angle 40, q, is
between 10 and 50 degrees from the vertical and
preferably is between 15 and 35 degrees, with a more
preferred angle between 15 and 25 degrees. The angle
of the louver is preferably chosen to provide the same
or greater contact area between the inlet gas and the
surface of the bed of granular solid exposed under the
louver, as the surface area of a screened aperture.
[0022] The angle 40 of the louvers 30 is chosen to
minimize holdup of the granular solid as the solid
flows through the apparatus. It has been found that
the uppermost louver preferably is of a steeper angle
than successive louvers lower in the apparatus. The
uppermost louver preferably should be oriented at an
angle from vertical between 1 degree and 20
degrees.[0023] The apertures 20 can be round holes, or
can be slots having a generally horizontal
orientation, or any size or shaped opening that fits
under the louver subject to having the aperture lower
edge 110 above the louver lower edge by a distance as
determined by equation 1. For the case of an aperture
with a non-straight lower edge, the lower edge
reference is the lowest point along the lower edge of
the aperture. [0024] In one embodiment, the louvers 30
extend the width of the inlet partition 10, or in the
case of a radial reactor, the louvers 30 encircle the
inlet partition 10, or form a ring that is affixed to
the cylindrical inlet partition 10 and each louver 30
covers a plurality of apertures 20. For long louvers,
the apertures 20 can be elongated slots having a
generally horizontal orientation. [0025] In another
embodiment, the louvers 30 do not extend the width of
the inlet partition, but extend over the apertures,
and further include extensions, as shown in Figure 2.
The louvers have side edges 80, and the extensions 90
extend from the side edges 80 of the louvers 30 to the
inlet partition 10, effectively forming a shroud over
the aperture 20. [0026] In a radial flow reactor, the
reactor comprises an inner surface and an outer
surface with the catalyst disposed between the inner
and outer surface forming a cylindrical structure.
Depending on desired flow characteristics, the inner
surface can be the inlet partition, with the outer
surface as the outlet partition. In an alternative,
the outer surface can be the inlet partition and the
inner surface can be the outlet partition.
Characteristics that would dictate the choice include,
but are not limited to, the flow rate of the fluid,
including whether the fluid expands or contracts due
to increasing or decreasing the number of moles of
chemicals within the fluid, as well as temperature
changes in the fluid. A vertical cross-section of a
radial flow reactor is shown in Figure 3, where the
outer surface is the inlet partition 10 and the inner
surface is the outlet partition 100. The gas flows
through the inlet partition 10 as the catalyst flows
down the reactor in the particle retention volume. The
louvers 30 extend into the particle retention volume,
with the lower edge 70 of the louvers extending below
the lower edge 110 of an inlet aperture. The outlet
partition 100 can be screened for retaining catalyst
particles with the screens having holes sized to
prevent the passage of solid granular particles from
the particle retention volume, or can have a
screenless louvered system similar to the inlet
partition 10, as described above and shown in Figure
4, wherein the outlet partition 100 has apertures 120
defined therein, and where the apertures 120 are
covered bylouvers 130 that extend in a downward
direction into the particle retention volume. In one
variation, the outlet partition can be made entirely
of a screen with the screened holes sized sufficiently
small to prevent the passage of catalyst. The outlet
louvers 130 have a lower edge 140 and an upper edge
150, where the upper edge 150 is affixed to the outlet
partition 100 above a covered outlet aperture 120. The
lower edge 140 of the outlet louvers extends to a
distance below the lowest edge of the outlet aperture
by the distance, d as defined above, where the louver
130 extends at an angle, q, from the vertical and the
granular solid has an angle of repose, f. The angle of
the outlet louvers 130 is between 10 degrees and 50
degrees, with a preferred angle between 15 degrees and
35 degrees. The angle for the uppermost outlet louver
130 can be between 1 degree and 20 degrees. [0027] For
reactors that have high fluid cross flow rates, the
outlet louver edge preferably 



extends to a distance below the lower edge of the
outlet partition aperture greater than the distance
the lower edge of the inlet louver extends below the
lower edge of the inlet partition aperture. [0028]
While the preferred embodiment is for a radial flow
reactor, the invention is also applicable to a
reactor, or adsorber, wherein the inlet partition and
outlet partition are substantially parallel planar
structures. [0029] The present invention provides for
many possible designs. One such embodiment is a radial
flow reactor with the inlet partition on the inside of
the reactor. The inlet partition 10 forms a
substantially cylindrical structure, and the louvers
30 are disposed in a spiral arrangement around the
inlet partition on the particle retention volume side
of the inlet partition. The louvers are affixed to the
inner partition 10 and wind in a spiral manner around
the inner partition 10 where the angle of declination
140 between 0.5 degrees and 10 degrees, as shown in
Figure 5. A louver 30 can comprise a single winding
around the inlet partition 10, or can comprise
multiple windings, with the limit of having a single
louver 30 wound around the inlet partition 10. [0030]
The present invention also provides for a variable
angle, q, of the louvers with respect to the inlet
partition 10. The angle that the louver 30 forms with
respect to the inlet partition 10 can, optionally,
vary with position down the length of the reactor
inlet partition 10. It is preferred that the uppermost
angle be the smallest providing the steepest slope of
a louver 30 on the inlet partition, with louvers 30 in
lower positions relative to the uppermostlouver 30
having larger angles. The angles can increase
gradually, or can increase once and remain at that
angle down the length of the inlet partition 10. This
is also true for the design having one or more spiral
louvers, where in the case of a single spiral louver
30, the louver 30 has an initial angle that is small,
and the angle of the louver 30 increases with each
spiral winding around the inlet partition 10. The
angle, q, can vary from 1 degree to 50 degrees. [0031]
The apparatus of the present invention further can
include a fluid inlet at the top of the reactor for
facilitating the downward flow of granular solid
particles in the particle retention volume. [0032]
Another embodiment of the invention incorporates inlet
vanes, as shown in Figure 6. The inlet vanes 150 are
disposed on the inlet partition 10, on the gas side
and away from the particle retention volume side. The
inlet vanes 150 have an upper edge 160 and a lower
edge 170, and are affixed to the inlet partition 10
with the inlet vanes lower edges 170 affixed below the
lower edge 110 of the apertures on the inlet partition
10. The angle of the inlet vanes 150 with respect to
the inlet partition 10 is between 10 degrees and 50
degrees. The inlet vanes 150 can have a variety of
configurations, including but not limited to a
louvered shape and can be extended across a plurality
of inlet apertures, or a rounded shape where each
inlet aperture has an inlet vane. [0033] In an
alternate embodiment, the apparatus comprises an inlet
partition 10 having apertures 20 defined therein, and
an outlet partition 100 having apertures defined
therein, where the inlet and outlet partition define a
particle retention volume between the partitions for
holding a granular solid, and where each inlet
aperture 20 has an upper edge 180 and a lower edge
110. A portion of the inlet partition 10 of the
apparatus of this embodiment is shown in Figure 7. The
apparatus further comprises at least one inlet louver
30, where each louver has an upper edge 60 and a lower
edge 70. Each inlet aperture has a louver 30 affixed
to the inlet partition 10, where the louver lower edge
70 is affixed to the inlet partition 10 at the lower
edge 110 of the inlet aperture 20, and extends away
from the particle retention volume space at an angle,
q, between 1 degree and 85 degrees, and the louver
upper edge 60 extends to a distance, d, above the
aperture upper edge 180 according to equation (1)
above, where L is the length of the louver, q is the
angle the louver extends away from the inlet
partition, and f is the angle of repose for the
granular solid.[0034] In an alternate embodiment, the
apertures have side edges, and the louvers 30 have
side edges. The louvers 30 include a pair of
extensions wherein the extensions are affixed to the
louver side edges, and the extensions span the space
between the inlet partition and the louvers. Each
extension is affixed to an aperture side edge to close
the side gap between the louver and the inlet
partition. The extensions provide a further means for
preventing catalyst from spilling out of the reactor.
[0035] The louvers 30 preferably extend away from the
inlet partition 10 at an angle between 10 degrees and
50 degrees, with a more preferred angle between 15
degrees and 35 degrees hi order to facilitate the flow
of the granular solid through the apparatus, it is
preferred that the uppermost louver 30 extend away
from the inlet partition 10 at an angle between 1
degree and 20 degrees. [0036] As with the first
embodiment, in this embodiment, the outlet partition
100 can comprise screened apertures wherein the screen
has openings sufficiently small to prevent the passage
of the solid granular particles that are flowing
through the apparatus hi an alternative, the apparatus
can comprise an inlet partition 10 and an outlet
partition 100 as shown in Figure 8, wherein the inlet
partition 10 comprises apertures defined therein and
has louvers 30 affixed to the inlet partition 10 at
the lower edge of the inlet apertures, and wherein the
outlet partition 100 comprises apertures defined
therein and has louvers 130 affixed to the outlet
partition 100 at the lower edge of the outlet
apertures hi this embodiment, the louvers 30, 130
extend outward from the particle retention volume.
[0037] The present invention comprises optional
designs and possibilities. One such design that is
possible under this invention is the use of conical
shaped sections or pyramidal 



shaped sections for covering the inlet apertures 20,
wherein the conical sections are affixed to the inlet
partition 10 with the apex of the conic section
pointing in the upward direction, and the lower edge
of the conic section extending to a distance below the
lower edge of the aperture, as described above hi the
context of this invention, upward is the direction
opposing gravity. [0038] Optionally, modifications can
be made to the louvers for purposes of redirecting gas
flow, and further contributing to the prevention of
solid particle spillage through apertures in the
partitions. One such modification includes the
addition of baffles. The baffles are affixed to the
underside of the louvers, and project substantially
perpendicularly from thelouvers into the gas stream,
but above the lower edge of the louvers. Preferably,
the baffles are disposed on the louvers at a position
between 10% and 90% of the length from the louver
upper edge to the louver lower edge. Additionally,
baffles can be added to the inlet partition, where the
baffles on the inlet partition are positioned beneath
the louvers and below the inlet apertures, but above
the position where the granular solid contacts the
inlet partition. The baffles on the inlet partition
will, in general, be above the lower edge of the
louvers. The baffles can further include a screen
positioned above the surface of the catalyst for
redistributing gas flow to the catalyst bed. [0039]
While the invention has been described with what are
presently considered the preferred embodiments, it is
to be understood that the invention is not limited to
the disclosed embodiments, but it is intended to cover
various modifications and equivalent arrangements
included within the scope of the appended
claims.CLAIMS: 1. An apparatus for supporting a
granular solid in a cross-flow system comprising: an
inlet partition (10) having apertures (20) defined
therein, where each aperture (20) has a lower edge (
110) and an upper edge; an outlet partition (100)
having apertures (120) defined therein, where each
aperture (120) has a lower edge and an upper edge, and
wherein the inlet partition (10) and the outlet
partition (120) are spaced to define a particle
retention volume for holding a granular solid; and at
least one inlet louver (30), where each louver (30)
has an upper edge (60) and a lower edge (70), and the
louver upper edge (60) is attached to the inlet
partition (10) at a position above an inlet aperture
(20) and extends into the particle retention volume
space at an angle, q, between 1 degrees and 85 degrees
and the louver lower edge (70) extends to at least the
lower edge ( 110) of the inlet aperture (20). 2. The
apparatus of claim 1 wherein the louver lower edge
(70) extends at least a distance, d, below the
aperture lower edge ( 110) according to the formula: d
= L * sin(q) * tan(f), where L is the length of the
louver, q is the angle the louver (30) extends away
from the inlet partition (10), and f is the angle of
repose for the granular solid. 3. The apparatus of
claim 1 or 2 wherein the louvers have side edges (80),
and the apparatus further comprises a pair of
extensions (90), wherein each extension (90) is
affixed to one edge of the louver (80) and the inlet
partition (10). 4. The apparatus of claim 1 or 2
wherein the inlet partition (10) and outlet partition
(100) are cylindrical structures, and the inlet
louvers (30) extend around the circumference of the
inlet partition (10). 5. The apparatus of claim 4
wherein at least one inlet louver (30) comprises a
helical shaped louver (30) that winds around the inlet
partition (10) and having a declination angle between
0.5 degrees and 10 degrees.6. The apparatus of claim 4
wherein the apparatus is a radial flow reactor having
an inner surface and an outer surface, and wherein the
inlet partition (10) defines the inner surface, and
the outlet partition (100) defines the outer surface.
7. The apparatus of claim 4 wherein the apparatus is a
radial flow reactor having an inner surface and an
outer surface, and wherein the inlet partition (10)
defines the outer surface, and the outlet partition
(100) defines the inner surface. 8. The apparatus of
any of the claims 1 to 5 wherein the angle, q, for the
inlet louvers (30) are at an angle from vertical
between 10 degrees and 50 degrees. 9. The apparatus of
any of the claims 1 to 5 wherein the uppermost inlet
louvers (30) are disposed at an angle from vertical of
between 1 degree and 20 degrees. 10. The apparatus of
any of the claims 1 to 9 further comprising inlet
vanes (150), where the inlet partition (10) has a
particle side and a gas side, and where the inlet
vanes (150) have an upper edge (160) and a lower edge
(170), and where the inlet vane lower edges (170) are
affixed to the inlet partition (10) on the gas side at
the inlet partition aperture lower edges (110). 


