
NOVEL LDPE ENABLING HIGH OUTPUT AND GOOD OPTICS WHEN BLENDED WITH OTHER
POLYMERS REFERENCE TO RELATED APPLICATIONS [0001] This application claims
the benefit of U.S. National Application No. 12/482,517, filed June 11,
2009 and fully incorporated herein by reference. BACKGROUND OF THE
INVENTION [0002] There are many types of polyethylene made and sold today.
One type in particular is made by various suppliers and sold in large
quantities. This polyethylene is called high pressure free radical
polyethylene (usually called LDPE) and is usually made using a tubular
reactor or an autoclave reactor or sometimes a combination. Sometimes
polymer users blend LDPE with other polymers such as linear low density
polyethylene (LLDPE) to try to modify properties such as flowability or
processability. [0003] We have now discovered new LDPE polymers which,
especially when blended with LLDPE, can have improved processability
especially in terms of increased output due to increased bubble stability,
while maintaining other performance attributes. SUMMARY OF THE INVENTION
[0004] An ethylene-based polymer characterized as having a density from
about 0.9 to about 0.94 grams per cubic centimeter, a molecular weight
distribution (Mw/Mn) from about 8 to about 30, a melt index (I ) from about
0.1 to about 50 grams per 10 minutes, a gpcBR value greater than 0.05 as
determined by a gpcBR Branching Index and a log_LSCDF value (Y) less than
about 2, and preferably less than about 1.5, and most preferably less than
about 1.2, has now been made. The ethylene polymer can be a homopolymer or
a copolymer. Preferably, the ethylene-based polymer can have a molecular
weight distribution (Mw/Mn) from about 8 to about 12. At least one film
layer comprising the ethylene-base polymer can be made, preferablywherein
the film layer has a machine direction (MD) shrink tension greater than 15
psi. [0005] Compositions comprising the ethylene-based polymer and at least
one other natural or synthetic polymer can be made, e.g., by discrete
polymer blends. The synthetic polymer can be selected from the group
consisting of linear low density polyethylene (LLDPE), high density
polyethylene (HDPE), and a low density polyethylene (LDPE). Preferably the
synthetic polymer comprises LLDPE, especially at least 50 percent or
greater, by weight of the composition. At least one film layer comprising
the compositions can also be made. Preferably the ethylene polymer has a
GPC Mw and a zero shear viscosity (ho)(Pa*s) relationship log
(ho(Pa*s))>3.6607*log(GPC Mw)-14.678 and/or a melt strength at 190 0C in cN
of greater than 11.5 cN. [0006] In another embodiment, we have made an
ethylene-based polymer with a surface haze, S, an internal haze, I, both in
units of % haze and both determined using a Surface and Internal Haze
method, and a melt index (I ) in grams per 10 minutes, where the numerical
values of S, I, and I2 correspond to the following relationship: in which
the total haze is less than 9.5%, preferably wherein the melt index is
greater than 0.5 and less than 2. [0007] In yet another embodiment, we have
made an ethylene-based polymer characterized as having a density from about
0.9 to about 0.94 grams per cubic centimeter, a molecular weight
distribution (Mw/Mn) from about 8 to about 30, a melt index (I2) from about
0.1 to about 50 grams per 10 minutes, a gpcBR value greater than 0.05 as
determined by a gpcBR Branching Index, a GPC-LS characterization Y value
less than about 2, a surface haze, S, an internal haze, I, both in units of
% haze and both determined using a Surface and Internal Haze method, where
the numerical values of S, I, and I2 correspond to the following
relationship:in which the total haze is less than 9.5%. BRIEF DESCRIPTION
OF THE DRAWINGS [0008] Figure 1 is a diagram of a process describing the
elements of a disclosed tube reactor system 100; [0009] Figure 2 is the
Log_LSCDF structural descriptor with an Al -type positive area segment;
[00010] Figure 3 is the Log_LSCDF structural descriptor with an A2-type
negative area segment; [00011] Figure 4 is Log_LSCDF structural descriptor
with both Al and A2 type area segments; [00012] Figure 5 is a schematic of
the process used to make Examples 1 - 3 and Comparative Examples 1 - 2; 



[00013] Figure 6 is a schematic of the temperatures and zones used to make
Example 1; [00014] Figure 7 is the molecular weight distribution vs. the
Log_LSCDF for the examples of this invention and comparative examples;
[00015] Figure 8 is the maximum rate and haze for examples and comparative
examples with LLDPEl from Table 10; [00016] Figure 9 is the maximum rate
and gloss for examples and comparative examples with LLDPEl from Table 10;
[00017] Figure 10 is the maximum rate and haze for examples and comparative
examples with LLDPEl and LLDPE2 from Table 10; [00018] Figure 11 is the
maximum rate and gloss for examples and comparative examples with LLDPEl
and LLDPE2 from Table 10; [00019] Figure 12 is the surface/internal haze
vs. the melt index for Example 1, Comparative Example 1 and other
comparative examples of Table 15.DETAILED DESCRIPTION OF THE INVENTION
[00020] A LDPE (low density polyethylene) resin that would allow film
converters to increase the output rates on their blown film lines when
blended at 5 to 80% (weight basis) with a LLDPE (linear low density
polyethylene) resin with general retention of mechanical properties would
be useful. [00021] Using the high pressure LDPE tubular technology, a resin
is developed with broad molecular weight distribution (MWD). When this
resin is blended at 20% with a LLDPE resin on a blown film line, a 4 to 7%
increase in the maximum output rate is observed as compared to a
comparative LDPE resin that could be achieved on this line. [00022] The
melt index of the LDPE ethylenic based polymer is from about 0.1 to about
50 g/10 minutes, preferably from about 0.2 to about 5 g/10 minutes. The
density of the LDPE ethylenic based polymer is about 0.9 to about 0.94
g/cm3, preferably from about 0.918 to about 0.927 g/cm3. The LDPE ethylenic
based polymer can have a melt strength of from about 11 to about 40 cN. The
LDPE ethylenic based polymers can have a MWD (Mw/Mn) of from about 8 to
about 30, a gcpBR of about 1.4 to about 10, and a MD shrink tension from
about 15 to 40 cN. [00023] The low density ethylene -based polymer may be a
homopolymer of ethylene. The low density ethylene-based polymer may be an
ethylene-based interpolymer comprised of ethylene and at least one
comonomer. Comonomers useful for incorporation into an ethylene-based
interpolymer, especially an ethylene/ a-olefin interpolymer include, but
are not limited to, propylene, isobutylene, 1-butene, 1- pentene, 1-hexene,
and mixtures thereof. Ethylene is frequently copolymerized with at least
one C3-C20 a-olefin, such as propene, 1-butene, 1-hexene and 1-octene.
[00024] The low density ethylene-based polymer can exhibit a numerical
relationship between internal haze, surface haze, and I2 melt index of the
polymer that is different than other low density ethylene-based polymers.
The I melt index is determined using the Melt Index method, described infra
in the Test Methods section. The internal haze and the surface haze are
determined using the Surface and Internal Haze method, described infra in
the Test Methods section.[00025] A low density ethylene-based polymer is
disclosed that exhibits a relationship between the concentration-normalized
light scattering (LS) response value and the logarithm value of
conventionally calibrated molecular weight, MW GPC, that is different than
that of other low density ethylene-based polymers. The difference is
captured in a relationship called the log_LSCDF. The log_LSCDF is
determined by the GPC-LS Characterization method, described infra in the
Test Methods section. The ethylene-based low density polymer has a
log_LSCDF of less than about 2. [00026] Methods are well known in the art
for using a tubular reactor to form low density ethylene-based polymers.
The process is a tubular polymerization reaction where a process fluid
partially comprised of ethylene is free-radically polymerized creating a
highly exothermic reaction. The reaction occurs under high operating
pressure (1000 bar to 4000 bar) in turbulent process fluid flow (hence low
density ethylene-based polymers also referred to as "high pressure"
polymers) at maximum temperatures in the reactor of 160 0C to 360 0C, while
the initial initiation temperature for the reaction is between 120 0C to
200 0C. At certain points along the tube, a portion of the heat produced
during the free-radical polymerization may be removed through the tube
wall. Typical single-pass conversion values for a tubular reactor range
from about 20-40 percent. Tubular reactor systems also include at least one
monomer recycle loop to improve conversion efficiency. [00027] For the
purposes of describing the process, a non-limiting tubular polymerization
reaction system is shown in Figure 1. A tube reactor system 100 has a 



tube 2 with a length typically from about 250 to about 2000 meters. The
length and diameter of the tube affects the residence time and velocity of
the process fluid as well as the heat addition/removal capacity of tube 2.
Suitable, but not limiting, reactor lengths can be between 100 and 3000
meters, and some between 500 and 2000 meters. Tube 2 also has a working
internal diameter from about 30 to about 100 mm based upon desired system
throughput, operational pressure range, and the degree of turbulent flow
for mixing and reaction. The working internal diameter may widen and narrow
at points along tube 2 to accommodate different portions of the process,
such as turbulent mixing, injection of reaction initiators and feeds, and
process fluid throttling (i.e., accelerating process fluid velocity at the
expense of pressure loss).[00028] Referring back to Figure 1 and tube
reactor system 100, a primary compressor 4, which may be a multi-stage
compressor or two or more compressors running in parallel, is connected at
its intake side to a source of fresh monomer/comonomer feed called fresh
feed conduit 6 and a low pressure system recycle conduit 8. The low
pressure system recycle conduit 8 is one of two recycle loops feeding
volatilized process fluid from the refining section of the tube reactor
system 100 back to the front of the process. In the disclosed processes,
the low pressure system recycle conduit 8 primarily contains ethylene, but
it may also contain unused comonomer and other process additives, such as
residual chain transfer agents. The primary compressor 4 raises the
pressure of process fluid to a pressure from about 20 bar to about 275 bar.
[00029] Still referring to Figure 1, a second compressor, in some cases
called a hypercompressor 5, which may be a multi-stage compressor, is
connected at its intake to the discharge of the primary compressor 4 as
well as the second of the two recycle streams called the high pressure
system recycle conduit 26. The hypercompressor 5 raises the pressure of the
process fluid to an operating pressure of 1000 to 4000 bar. [00030] The
hypercompressor 5 of the disclosure may be a reciprocating plunger
compressor due to the high compression ratio between the primary compressor
outlet and the reactor as well as the high reactor operating pressure of
the process fluid. The hypercompressors can be a single-stage compressor
for lower reactor operating pressures or multi-stage compressors with
interstage cooling between some or all of the stages for higher reactor
operating pressures. [00031] The process fluid being discharged by the
hypercompressor 5 does not flow in a smooth, continuous manner but rather
"pulses" with each stroke of the compressor. This occurs because the
plunger within each stage intakes and discharges the compressible process
fluid in a step-like manner. The resulting discharge flow pulses can result
in pressure variations of +10 % or more in the operating pressure. A
cycling discharge flow creating system pressure surges may have long-term
negative effects on the mechanical integrity of process units such as the
hypercompressor, the discharge line(s), and the reactor. In turn, reduction
in mechanical integrity of these subsystems can affect overall operation
stability and reliability in terms of online operations while the process
stability can be influencedby the flow and pressure pulsations.
Furthermore, it is possible due to discharge line geometry that individual
discharge strokes of separate plungers from the same compressor (such as
from a multi-stage compressor with several discharge points) may overlap
each other (i.e., be partially or totally "in phase" with one another)
resulting in an amplification in strength of the discharge pulsations upon
combination in a common process fluid stream. It is good operational
practice, therefore, to use static and active mechanical devices such as
orifices and pulsation dampeners in the compressor discharge line(s) to
minimize not only pressure surges but also minimize the effect of pressure
pulse amplification in common discharge lines on the process and the
reactor system equipment. [00032] After pressurization by the
hypercompressor 5, the process fluid is fed into the tube 2 through conduit
12 as an upstream process feed stream. In some disclosed processes, the
process fluid is split and fed to tube 2 at different feed locations. In
such processes, part of the process fluid is fed to tube 2 through conduit
12 as an upstream process feed stream to the first reaction zone and the
other parts (depending on the number of splits made in the process fluid)
would be fed to tube 2 as downstream process feed streams to the other
reaction zones through various conduits 14. The other reaction zones are
located lengthwise along tube 2 downstream of the first reaction zone. As
previously stated, there may be more than one other reaction zone. [00033]
In processes where there are more than one reaction zone, one or more
free-radical initiator or catalyst conduits 7 convey initiator or catalyst
to tube 2 near or at the beginning of each reaction zone. The injection of
initiators or catalysts, depending upon the desired ethylene-based polymer
adduct, at process operating 



conditions, start the reaction of monomer/comonomer materials. In disclosed
processes, the main product of such a reaction is an ethylene-based polymer
and heat. Initiator or catalyst may be added to each reaction zone to
improve conversion of the monomer (and comonomer, if included) in the
process fluid as previously discussed. In a disclosed process, different
initiators or catalysts may be added to the process fluid in different
reaction zones to ensure the peak temperature is achieved close to the
inspection point and to achieve various target peak temperatures.[00034]
The type of free radical initiator to be used in the processes is not
critical. Examples of free radical initiators include oxygen-based
initiators such as organic peroxides (PO). Preferred initiators are t-butyl
peroxy pivalate, di-t-butyl peroxide, t-butyl peroxy acetate, and t-butyl
peroxy- 2- ethylhexanoate, and mixtures thereof. These organic peroxy
initiators are used in conventional amounts of between 0.0001 and 0.01
weight percent based upon the weight of high pressure feed. [00035]
Suitable catalysts for use to polymerize other polymers which may be
blended with the new LDPE disclosed herein include any compound or
combination of compounds that is adapted for preparing polymers of the
desired composition or type. Both heterogeneous and homogeneous catalysts,
and combinations thereof, may be employed. In some embodiments,
heterogeneous catalysts, including the well known Ziegler-Natta
compositions, especially Group 4 metal halides supported on Group 2 metal
halides or mixed halides and alkoxides and the well known chromium or
vanadium based catalysts, may be used. In some embodiments, the catalysts
for use may be homogeneous catalysts comprising a relatively pure
organometallic compound or metal complex, especially compounds or complexes
based on metals selected from Groups 3-10 or the Lanthanide series. If more
than one catalyst is used in a system, it is preferred that any catalyst
employed not significantly detrimentally affect the performance of another
catalyst under the conditions of polymerization. Desirably, no catalyst is
reduced in activity by greater than 25 percent, more preferably greater
than 10 percent under the conditions of the polymerization. Examples of
preferred catalyst systems may be found in U.S. Patent Nos. 5,272,236 (Lai,
et al.); 5,278,272 (Lai, et al.); 6,054,544 (Finlayson, et al.); 6,335,410
(Finlayson, et al.); 6,723,810 (Finlayson, et al.); PCT Published
Application Nos. WO 2003/091262 (Boussie, et al.); 2007/136497 (Konze, et
al.); 2007/136506 (Konze, et al.); 2007/136495 (Konze, et al.); and
2007/136496 (Aboelella, et al.). Other suitable catalysts may be found in
U.S. Patent Publication No. 2007/0167578 (Arriola, et al.). [00036] The
free-radical polymerization reaction resulting in the disclosed
ethylene-based polymer adduct occurs in each reaction zone where initiator
or catalyst is present. The reaction is an exothermic reaction that
generates a large quantity of heat. Without cooling, the adiabatic
temperature rise in the process fluid and the ethylene-based polymer adduct
(which absorbs and retains heat) would result inunfavorable reactions. Such
reactions may include ethylene decomposition (where ethylene and
polyethylene breaks down in a combustionless reaction into base products).
[00037] In some processes, the temperature of the process fluid is reduced
by removing heat through the wall of tube 2 by inducing a heat flux with a
heat removal medium. A heat removal medium is a fluid used to absorb heat
and remove it from the tube reaction system 100, such as ethylene glycol,
water, or air. When the heat removal medium is a liquid, a heat exchanger
30, which may be as simple as a 1-1 cooling "jacket" or a complex multipass
refrigeration system, may be used to effect heat transfer and cool the
process fluid and the ethylene-based polymer adduct. Nonlimiting examples
of heat exchangers and techniques for removing heat are described in Perry,
Robert H., ed., Perry's Chemical Engineers' Handbook, Chp. 10, McGraw- Hill
Book Co. (6th ed., 1984) and McCabe, Warren L, et ah, Unit Operations of
Chemical Engineering, McGraw-Hill, Inc. (5th ed., 1993). When the heat
removal medium is a gas, fans may be used to convect the heat away from the
reactor tube 2. The heat removal medium will have a mass flow rate, an
inlet temperature, and an outlet temperature. When the heat removal medium
is used to remove heat from the tube reaction system 100, the inlet
temperature of the heat removal medium into the heat exchanger 30 is lower
than the outlet temperature. The difference between the inlet and the
outlet temperatures for a given mass flow rate is reflective of the heat
removed from the process given the heat capacity of the heat removal medium
and the ability of the tube 2 to transfer heat to the heat removal medium.
[00038] In some processes, chain transfer agents are added so as to blend
as homogeneously as possible with the process fluid before introduction to
the tube 2. Depending on the physical layout of the tube reactor system 100
and chemical characteristics of the process fluid and the CTAs, such
blending may be achieved by injecting the CTAs at the inlet of the booster
compressor 2 1 for the low pressure 



system recycle conduit 8, in the inlet of the primary compressor 4, in the
inlet of the hypercompressor 5, at the outlet of the hypercompressor 5, at
the inlet of the tube 2 or together with the first peroxide injection. For
the process shown in Figure 1, the CTAs are injected into reaction system
100 via CTA source 23 at the inlet of the primary compressor 4.[00039]
Although not shown in tube reactor system 100 to great detail in Figure 1,
selective feeding of CTAs to the tube reactor 2 is possible. In some
processes, the process fluid is split into an upstream process feed stream
and at least one downstream process feed stream after pressurization by the
hypercompressor 5. In such cases, the CTAs may be fed into the tube 2
selectively by being injected into conduits 12 or 14 instead of using the
CTA source 23 as shown in Figure 1. In specific cases, the CTAs may be
injected from CTA source 23 only into the upstream process feed stream via
conduit 12. In processes where the hypercompressor 5 contains multiple
stages or trains, the process fluid may be split into an upstream process
feed and at least one downstream process feed stream at the inlet of the
hypercompressor 5. In such cases, the CTAs may be selectively fed from CTA
source 23 into either the upstream process feed or at least one downstream
process feed before pressurization by the hypercompressor 5, or, as
previously stated, into conduits 12 or 14 after pressurization. This
flexibility in the disclosed process regarding the injection of CTAs from
CTA source 23 permits selective injection of CTAs only into the first
reaction zone, only into some or all of the at least one other reaction
zones. It also permits the injection of different CTAs, including CTAs with
different chain transfer constant (Cs) characteristics, to be injected from
CTA source 23 into different zones to optimize reaction system performance
and ethylene-based polymer adduct properties. [00040] In some processes,
the CTA source 23 may be comprised of several individual chain transfer
agent sources. Although not shown in Figure 1, the individual chain
transfer agent sources may be distributed individually or combined into a
common stream that is injected at a common point. [00041] Referring back to
Figure 1 and the tube reactor system 100, a mixture of ethylene-based
polymer formed from the reaction, unreacted monomer (and comonomer), and
unused feeds, such as solvents and CTAs, or degradation and side reaction
products, passes from the tube outlet 16 to the separations part of the
process. The separating and recycling part of the tube reactor system 100
process includes a high-pressure separator (HPS) 18, which receives the
product polymer and process fluid mixture from the outlet of the tube 2.
The HPS 18 separates out most of the monomer from the ethylene-based
polymer adduct. The tails of the HPS 18 conveysthe polymer adduct and any
remaining unreacted monomer/comonomer and other unused feeds that might be
dissolved with the polymer adduct, to the low-pressure separator (LPS) 20.
The higher pressure lights stream passes through the high pressure system
recycle conduit 26, which may include a refining system 24 to cool and
purify the stream and purge inert gases, and rejoins the process fluid
passing from the primary compressor 4 to the hypercompressor 5. [00042]
Referring to Figure 1, the LPS 20 separates any remaining monomer/comonomer
and unused feeds from the polymer adduct by operating at slight atmospheric
over pressure or vacuum conditions. The LPS 20 operates in a pressure range
from about 4 to about 1.2 bar absolute to draw out entrained gases. The
resulting ethylene-based polymer adduct, still molten from processing,
passes by the tails of the LPS 20 to finishing steps, such as extrusion,
quenching, and pelletization. The lights from LPS 20 pass through the low
pressure system recycle conduit 8 where its pressure is boosted from around
atmospheric pressure to at least the required pressure for proper operation
of primary compressor 4. The low pressure booster compressor 2 1 may have a
number of stages. The resulting product polymer is degassed of volatile
reactants and overall system efficiency is improved by the recycle of
unused monomer to the front of reaction system 100. [00043] The recycle
streams in both the low pressure system recycle conduit 8 and the high
pressure system recycle conduit 26 typically contain a portion of chain
transfer agents. More often than not, the high pressure system recycle
conduit 26 will often contain a significant concentration of low-Cs chain
transfer agent as it is not entirely consumed during the reaction process.
In some disclosed processes, upon reaching steady-state production, the
amount of fresh low-Cs CTA added to the process via CTA source 23 is
relatively small compared to the amount present in the high and low
pressure recycle conduits 26 and 8, respectively. [00044] End-use products
made using the disclosed ethylene-based polymers include all types of films
(for example, blown, cast and extrusion coatings (monolayer or
multilayer)), molded articles (for example, blow molded and rotomolded
articles), 



wire and cable coatings and formulations, cross-linking applications, foams
(for example, blown with open or closed cells), and other thermoplastic
applications. The disclosed ethylene-based polymers are also useful as a
blend component with otherpolyolefins, such as the polymers described in US
provisional serial number 61/165,065, DOWLEX LLDPE, ENGAGE polyolefin
elastomers, AFFINITY polyolefin plastomers, INFUSE Olefin Block Copolymers,
VERSIFY plastomers and elastomers - all made by The Dow Chemical Company,
and EXACT polymers, EXCEED polymers, VISTAMAXX polymers - both made by
ExxonMobil. ASTUTE and SCLAIR made by Nova Chemicals also can be blended
with the new LDPE disclosed herein. [00045] The types of films that make be
produced as end-use products from the disclosed ethylene-based polymers
include lamination films, silage films, sealants, silobags, stretch films;
biaxially oriented polyethylene, display packaging, shrink films,
overwraps, masking films, release liners and heavy duty shipping sacks.
Additionally, blown, cast and extrusion coatings (monolayer or multilayer)
also may be produced using the disclosed ethylene-based polymers.
DEFINITIONS [00046] The terms "blend" or "polymer blend" generally means a
mixture of two or more polymers. A blend may or may not be miscible (not
phase separated at molecular level). A blend may or may not be phase
separated. A blend may or may not contain one or more domain
configurations, as determined from transmission electron spectroscopy,
light scattering, x-ray scattering, and other methods known in the art. The
term "comparable" means similar or like. The term "composition" includes a
mixture of materials which comprise the composition as well as reaction
products and decomposition products formed from interaction and reaction
between the materials of the composition. The term "ethylene-based polymer"
refers to a polymer that contains more than 50 mole percent polymerized
ethylene monomer (based on the total amount of polymerizable monomers),
and, optionally, may contain at least one comonomer. A homopolymer of
ethylene is an ethylene-based polymer.The term "ethylene/a-olefin
interpolymer" refers to an interpolymer that contains more than 50 mole
percent polymerized ethylene monomer (based on the total amount of
polymerizable monomers), and at least one a-olefin. The term "homopolymer"
is a polymer that contains only a single type of monomer. The term
"interpolymer" refers to polymers prepared by the polymerization of at
least two different types of monomers. The term interpolymer includes
copolymers, usually employed to refer to polymers prepared from two
different monomers, and polymers prepared from more than two different
types of monomers, such as terpolymers. The term "LDPE" may also be
referred to as "high pressure ethylene polymer" or "highly branched
polyethylene" and is defined to mean that the polymer is partly or entirely
homopolymerized in autoclave or tubular reactors at pressures above 13,000
psig with the use of free-radical initiators, such as peroxides (see, for
example, U.S. Patent No. 4,599,392 (McKinney, et al.)). The term "polymer"
refers to a compound prepared by polymerizing monomers, whether of the same
or a different type of monomer. The term polymer embraces the terms
"homopolymer" and "interpolymer". The term "standard deviation" is a
quantity which measures the spread or dispersion of the distribution from a
mean value. See Perry, Robert H., ed., Perry's Chemical Engineers'
Handbook, McGraw-Hill Book Co. (6th ed., 1984); also Miller, Irwin,
Probability and Statistics for Engineers, Prentice Hall (4th ed., 1990).
The terms "steady state" and "steady state condition(s)" are a condition
where properties of any part of a system are constant during a process. See
Lewis, Richard J., Sr., Hawley's Condensed Chemical Dictionary,
Wiley-Interscience (15th ed., 2007); also Himmelblau, David M., Basic
Principles and Calculations in Chemical Engineering, Prentice Hall (5th
ed., 1989).The term "GPC-LS characterization Y value" is defined as the
same as the term "Log_LSCDF" and calculated mathematically in Equation
13-15 below as log(LSCDF)+3.5. TESTING METHODS Density [00047] Samples for
density measurement are prepared according to ASTM D 1928. Measurements are
made within one hour of sample pressing using ASTM D792, Method B. Melt
Index 



[00048] Melt index, or I2, is measured in accordance with ASTM D 1238,
Condition 190 C/2.16 kg. Melt Strength [00049] Melt strength measurements
are conducted on a Gottfert Rheotens 71.97 (Gdettfert Inc.; Rock Hill, SC)
attached to a Gottfert Rheotester 2000 capillary rheometer. A polymer melt
is extruded through a capillary die with a flat entrance angle (180
degrees) with a capillary diameter of 2.0 mm and an aspect ratio (capillary
length/capillary radius) of 15. [00050] After equilibrating the samples at
190 0C for 10 minutes, the piston is run at a constant piston speed of
0.265 mm/second. The standard test temperature is 190 C. The sample is
drawn uniaxially to a set of accelerating nips located 100 mm below the die
with an acceleration of 2.4 mm/second 2. The tensile force is recorded as a
function of the take-up speed of the nip rolls. Melt strength is reported
as the plateau force (cN) before the strand broke. The following conditions
are used in the melt strength measurements: Plunger speed = 0.265
mm/second; wheel acceleration =2.4 mm/s ; capillary diameter = 2.0 mm;
capillary length = 30 mm; and barrel diameter = 12 mm. Zero Shear Viscosity
[00051] Zero shear viscosity is determined by creep testing as discussed in
Sammler, R.L., T.P. Karjala, W. Huang, M.A. Mangnus, L.G. Hazlitt, and M.S.
Johnson, "Zero-Shear Viscosity/Molecular Weight Method for the Detection of
Long- Chain Branching in Polyolefins", SPE ANTEC Proceedings, Chicago, 1023
(May 17- 20, 2004). [00052] A zero-shear viscosity value (h0), in
Pascal-seconds at 190 0C, is obtained via a creep test that is conducted on
an AR-G2 stress controlled rheometer (TA Instruments; New Castle, DE) using
25-mm-diameter parallel plates maintained at 190 0C. Two thousand ppm of
antioxidant, a 2:1 mixture of IRGAFOS 168 and IRGANOX 1010 (Ciba Specialty
Chemicals; Glattbrugg, Switzerland), is added to stabilize each sample
prior to compression molding. At the testing temperature a compression
molded sample disk is inserted between the plates and allowed to come to
equilibrium for 5 minutes. The upper plate is then lowered down to 50 mm
above the desired testing gap (1.5 mm). Any superfluous material is trimmed
off and the upper plate is lowered to the desired gap. Measurements are
done under nitrogen purging at a flow rate of 5 L/minute. The creep time is
set for 2 hours. [00053] A low shear stress of 20 Pascals is applied for
all of the samples to ensure that the shear rate is low enough to be in the
Newtonian region. Steady state is determined by taking a linear regression
for all the data in the last 10% time window of the plot of log (J(t)) vs.
log(t), where J(t) is creep compliance and t is creep time. If the slope of
the linear regression is greater than 0.97, steady state is considered to
be reached. The steady state shear rate is determined from the slope of the
linear regression of all of the data points in the last 10% time window of
the plot of e vs. t, where e is the strain. The zero-shear viscosity is
determined from the ratio of the applied stress (20 Pascals) to the steady
state shear rate. [00054] A small amplitude oscillatory shear test is
conducted before and after the creep test on the same specimen from 0.1 to
100 radians/second. The complex viscosity values of the two tests are
compared. If the difference of the viscosityvalues at 0.1 radians/second is
greater than 5%, the sample is considered to have degraded during the creep
test, and the result is discarded. DSC Crystallinity Determination [00055]
Differential Scanning Calorimetry (DSC) can be used to measure the
crystallinity of a sample at a given temperature for a wide range of
temperatures. For the Examples, a TA model QlOOO DSC (TA Instruments; New
Castle, DE) equipped with an RCS (Refrigerated Cooling System) cooling
accessory and an autosampler module is used to perform the tests. During
testing, a nitrogen purge gas flow of 50 ml/minute is used. Each sample is
pressed into a thin film and melted in the press at about 175 0C; the
melted sample is then air-cooled to room temperature (-25 0C). A 3-10 mg
sample of the cooled material is cut into a 6 mm diameter disk, weighed,
placed in a light aluminum pan (ca 50 mg), and crimped shut. The sample is
then tested for its thermal behavior. [00056] The thermal behavior of the
sample is determined by changing the sample temperature upwards and
downwards to create a response versus temperature profile. The sample is
first rapidly heated to 180 0C and held at an isothermal state for 3
minutes in order to remove any previous thermal history. Next, the sample
is then cooled to -40 0C at a 10 C/minute cooling rate and held at -40 0C
for 3 minutes. The sample is then heated to 150 0C at 10 C/minute heating
rate. The cooling and second heating curves are recorded. The values
determined are peak melting 



temperature (Tm), peak crystallization temperature (Tc), the heat of fusion
(Hf), and the % crystallinity for polyethylene samples calculated using
Equation 1: % Crystallinity = [(Hf (J/g))/(292 J/g)] x 100 (Eq. 1) The heat
of fusion (Hf) and the peak melting temperature are reported from the
second heat curve. The peak crystallization temperature is determined from
the cooling curve. Fourier Transform Infrared Spectroscopy (FTIR) [00057]
Unsaturations by FTIR were measured on a Thermo Nicolet model Nexus 470.
The following ASTM procedures were followed: Methyls per 1000 C: ASTM D2238
Trans per 1000 C: ASTM D6248  Vinyls per 1000 C: ASTM D6248  Vinylidenes
per lOOOC: ASTM D3124 Film Testing Conditions [00058] The following
physical properties are measured on the films produced:  Total (Overall),
Surface and Internal Haze: Samples measured for internal haze and overall
haze are sampled and prepared according to ASTM D 1003. Internal haze was
obtained via refractive index matching using mineral oil on both sides of
the films. A Hazegard Plus (BYK-Gardner USA; Columbia, MD) is used for
testing. Surface haze is determined as the difference between overall haze
and internal haze as shown in Equation 2. Surface haze tends to be related
to the surface roughness of the film, where surface increases with
increasing surface roughness. The surface haze to internal haze ratio is
the surface haze value divided by the internal haze value as shown in
Equation 3. Haze = Internal Haze + Surface Haze (Eq. 2) S/I = Surface
Haze/Internal Haze (Eq. 3)  45 Gloss: ASTM D-2457.  1% Secant Modulus- MD
(machine direction) and CD (cross direction): ASTM D-882.  MD and Cd
Elmendorf Tear Strength: ASTM D-1922  MD and CD Tensile Strength: ASTM
D-882  Dart Impact Strength: ASTM D-1709  Puncture Strength: Puncture is
measured on a Instron Model 4201 with Sintech Testworks Software Version
3.10. The specimen size is 6" x 6" and 4 measurements are made to determine
an average puncture value. The film isconditioned for 40 hours after film
production and at least 24 hours in an ASTM controlled laboratory. A 100 Ib
load cell is used with a round specimen holder 12.56" square. The puncture
probe is a 1A" diameter polished stainless steel ball with a 7.5" maximum
travel length. There is no gauge length; the probe is as close as possible
to, but not touching, the specimen. The crosshead speed used is 10'Vminute.
The thickness is measured in the middle of the specimen. The thickness of
the film, the distance the crosshead traveled, and the peak load are used
to determine the puncture by the software. The puncture probe is cleaned
using a "Kim-wipe" after each specimen.  Shrink tension is measured
according to the method described in Y. Jin, T. Hermel-Davidock, T.
Karjala, M. Demirors, J . Wang, E. Leyva, and D. Allen, "Shrink Force
Measurement of Low Shrink Force Films", SPE ANTEC Proceedings, p. 1264
(2008). Determination of Maximum Output Rate of Blown Film [00059] Film
samples are collected at a controlled rate and at a maximum rate. The
controlled rate is 250 lb/hr which equals an output rate of 10 lb/hr/inch
of die circumference. Note the die diameter used for the maximum output
trials is an 8" die so that for the controlled rate, as an example, the
conversion between lb/hr and lb/hr/inch of die circumference is shown in
Equation 4. Similarly, such an equation can be used for other rates, such
as the maximum rate, by substituting the maximum rate in Equation 4 to
determine the lb/hr/inch of die circumference. Lb/Hr/Inch of Die
Circumference = (250 Lb/Hr) / (8 * p) = 10 (Eq. 4) [00060] The maximum rate
for a given sample is determined by increasing the output rate to the point
where bubble stability is the limiting factor. The extruder profile is
maintained for both samples (standard rate and maximum rate), however the
melt temperature is higher for the maximum rate samples due to the
increased shear rate. The maximum bubble stability is determined by taking
the bubble to the point where it would not stay seated in the air ring. At
that point the rate is reduced to where the bubble is reseated in the air
ring and then a sample is collected. The cooling on the bubble is adjusted
by adjusting the air ring and maintaining the bubble. This is taken as the
maximum output rate while maintaining bubble stability.[00061] Note that
all the film samples made for the LDPE-LLDPE blend 



maximum rate trials used a polymer processing aid (PPA). The PPA was added
as 1.5% of a PPA masterbatch called CKAC-19 made by Ingenia Polymers, which
contained 8% of Dynamar FX-5920A in PE carrier. [00062] Monolayer films
were produced. The die diameter is 8 inches, the die gap is 70 mils, the
blow up ratio is 2.5, and internal bubble cooling is used. Triple Detector
Gel Permeation Chromatography (TDGPC) [00063] The Triple Detector Gel
Permeation Chromatography (3D-GPC or TDGPC) system consists of a Waters
(MiIford, Mass) 150C high temperature chromatograph (other suitable high
temperatures GPC instruments include Polymer Laboratories (Shropshire, UK)
Model 210 and Model 220) equipped with an on-board differential
refractometer (RI). Additional detectors can include an IR4 infra-red
detector from Polymer ChAR (Valencia, Spain), Precision Detectors (Amherst,
Mass.) 2-angle laser light scattering (LS) detector Model 2040, and a
Viscotek (Houston, Tex.) 150R 4-capillary solution viscometer. A GPC with
these latter two independent detectors and at least one of the former
detectors is sometimes referred to as "3D-GPC" or "TDGPC" while the term
"GPC" alone generally refers to conventional GPC. Depending on the sample,
either the 15 angle or the 90 angle of the light scattering detector is
used for calculation purposes. Data collection is performed using Viscotek
TriSEC software, Version 3, and a 4-channel Viscotek Data Manager DM400.
The system is also equipped with an on-line solvent degassing device from
Polymer Laboratories (Shropshire, United Kingdom). [00064] Suitable high
temperature GPC columns can be used such as four 30 cm long Shodex HT803 13
micron columns or four 30 cm Polymer Labs columns of 20-micron mixed-pore-
size packing (MixA LS, Polymer Labs). The sample carousel compartment is
operated at 140 0C and the column compartment is operated at 150 0C. The
samples are prepared at a concentration of 0.1 grams of polymer in 50
milliliters of solvent. The chromatographic solvent and the sample
preparation solvent contain 200 ppm of trichlorobenzene (TCB). Both
solvents are sparged with nitrogen. The polyethylene samples are gently
stirred at 160 0C for four hours. Theinjection volume is 200 microliters.
The flow rate through the GPC is set at 1 ml/minute. [00065] The GPC column
set is calibrated by running 2 1 narrow molecular weight distribution
polystyrene standards. The molecular weight (MW) of the standards ranges
from 580 to 8,400,000, and the standards are contained in 6 "cocktail"
mixtures. Each standard mixture has at least a decade of separation between
individual molecular weights. The standard mixtures are purchased from
Polymer Laboratories. The polystyrene standards are prepared at 0.025 g in
50 mL of solvent for molecular weights equal to or greater than 1,000,000
and 0.05 g in 50 mL of solvent for molecular weights less than 1,000,000.
The polystyrene standards were dissolved at 80 0C with gentle agitation for
30 minutes. The narrow standards mixtures are run first and in order of
decreasing highest molecular weight component to minimize degradation. The
polystyrene standard peak molecular weights are converted to polyethylene
molecular weight using Equation 5 (as described in Williams and Ward, / .
Polym. ScL, Polym. Letters, 6, 621 (1968)): where M is the molecular weight
of polyethylene or polystyrene (as marked), and B is equal to 1.0. It is
known to those of ordinary skill in the art that A may be in a range of
about 0.38 to about 0.44 and is determined at the time of calibration using
a broad polyethylene standard, as outlined in the gpcBR Branching Index by
3D-GPC method, infra, and specifically Equation 12. Use of this
polyethylene calibration method to obtain molecular weight values, such as
the molecular weight distribution (MWD or Mw/Mn), and related statistics,
is defined here as the modified method of Williams and Ward. [00066] The
systematic approach for the determination of multi-detector offsets is
performed in a manner consistent with that published by Balke, Mourey, et
al. (Mourey and Balke, Chromatography Polym., Chapter 12, (1992)) (Balke,
Thitiratsakul, Lew, Cheung, Mourey, Chromatography Polym., Chapter 13,
(1992)), optimizing triple detector log (Mw and intrinsic viscosity)
results from Dow 1683 broad polystyrene (American Polymer Standards Corp.;
Mentor, OH) or its equivalent to the narrow standard column calibration
results from the narrow polystyrenestandards calibration curve. The
molecular weight data is obtained in a manner consistent with that
published by Zimm (Zimm, B.H., J . Chem. Phys., 16, 1099 (1948)) and
Kratochvil (Kratochvil, P., Classical Light Scatteringfrom Polymer
Solutions, Elsevier, Oxford, NY (1987)). The overall injected concentration
used in the determination of the molecular weight is obtained from the mass
detector area and the mass detector constant derived from a suitable linear
polyethylene homopolymer, or one of the polyethylene standards of known
weight average molecular weight. The 



calculated molecular weights are obtained using a light scattering constant
derived from one or more of the polyethylene standards mentioned and a
refractive index concentration coefficient, dn/dc, of 0.104. Generally, the
mass detector response and the light scattering constant should be
determined from a linear standard with a molecular weight in excess of
about 50,000 daltons. The viscometer calibration can be accomplished using
the methods described by the manufacturer or alternatively by using the
published values of suitable linear standards such as Standard Reference
Materials (SRM) 1475a, 1482a, 1483, or 1484a. The chromatographic
concentrations are assumed low enough to eliminate addressing 2nd viral
coefficient effects (concentration effects on molecular weight). gpcBR
Branching Index by 3D-GPC [00067] In the 3D-GPC configuration, the
polyethylene and polystyrene standards can be used to measure the
Mark-Houwink constants, K and a, independently for each of the two polymer
types, polystyrene and polyethylene. These can be used to refine the
Williams and Ward polyethylene equivalent molecular weights in application
of the following methods. [00068] The gpcBR branching index is determined
by first calibrating the light scattering, viscosity, and concentration
detectors as described previously. Baselines are then subtracted from the
light scattering, viscometer, and concentration chromatograms. Integration
windows are then set to ensure integration of all of the low molecular
weight retention volume range in the light scattering and viscometer
chromatograms that indicate the presence of detectable polymer from the
refractive index chromatogram. Linear polyethylene standards are then used
to establish polyethylene and polystyrene Mark-Houwink constants as
described previously. Upon obtaining the constants, the two values are used
to construct two linearreference conventional calibrations for polyethylene
molecular weight and polyethylene intrinsic viscosity as a function of
elution volume, as shown in Equations 6 and 7: [00069] The gpcBR branching
index is a robust method for the characterization of long chain branching
as described in Yau, Wallace W., "Examples of Using 3DGPC - TREF for
Polyolefin Characterization", Macromol. Symp., 2007, 257, 29-45. The index
avoids the slice-by-slice 3D-GPC calculations traditionally used in the
determination of g' values and branching frequency calculations in favor of
whole polymer detector areas. From 3D-GPC data, one can obtain the sample
bulk absolute weight average molecular weight (MW Abs) by the light
scattering (LS) detector using the peak area method. The method avoids the
slice-by-slice ratio of light scattering detector signal over the
concentration detector signal as required in a traditional g'
determination. [00070] With 3D-GPC, absolute weight average molecular
weight ("Mw Abs") and intrinsic viscosity are also obtained independently
using Equations 8 and 9: [00071] The area calculation in Equation 8 offers
more precision because as an overall sample area it is much less sensitive
to variation caused by detector noise and 3D-GPC settings on baseline and
integration limits. More importantly, the peak area calculation is not
affected by the detector volume offsets. Similarly, the highprecision
sample intrinsic viscosity (IV) is obtained by the area method shown in
Equation 9:where DP1 stands for the differential pressure signal monitored
directly from the online viscometer. [00072] To determine the gpcBR
branching index, the light scattering elution area for the sample polymer
is used to determine the molecular weight of the sample. The viscosity
detector elution area for the sample polymer is used to determine the
intrinsic viscosity (IV or [h]) of the sample. [00073] Initially, the
molecular weight and intrinsic viscosity for a linear polyethylene standard
sample, such as SRM1475a or an equivalent, are determined using the
conventional calibrations ("cc") for both molecular weight and intrinsic
viscosity as a function of elution volume, per Equations 10 and 11:
Equation 12 is used to determine the gpcBR branching index: wherein [h] is
the measured intrinsic viscosity, [h]cc is the intrinsic viscosity from the
conventional calibration, Mw is the measured weight average molecular
weight, and Mwcc is the weight average molecular weight of the conventional
calibration. The weight average molecular weight by light scattering (LS)
using Equation (8) is commonly referred to as "absolute weight average
molecular weight" or "MW Abs" - The from Equation (10) using conventional
GPC molecular weight calibrationcurve ("conventional calibration") is often
referred to as "polymer chain backbone molecular weight", "conventional
weight average molecular weight", and "Mw pc"- [00074] All statistical
values with the "cc" subscript are determined using their respective
elution volumes, the corresponding conventional calibration as previously 



described, and the concentration (C1) derived from the retention volume
molecular weight calibration. The non-subscripted values are measured
values based on the mass detector, LALLS, and viscometer areas. The value
of KPE is adjusted iteratively until the linear reference sample has a
gpcBR measured value of zero. For example, the final values for a and Log K
for the determination of gpcBR in this particular case are 0.725 and
-3.355, respectively, for polyethylene, and 0.722 and -3.993 for
polystyrene, respectively. [00075] Once the K and avalues have been
determined using the procedure discussed previously, the procedure is
repeated using the branched samples. The branched samples are analyzed
using the final Mark-Houwink constants as the best "cc" calibration values
and Equations 8 - 11 are applied. [00076] The interpretation of gpcBR is
straight forward. For linear polymers, gpcBR calculated from Equation 12
will be close to zero since the values measured by LS and viscometry will
be close to the conventional calibration standard. For branched polymers,
gpcBR will be higher than zero, especially with high levels of long chain
branching, because the measured polymer molecular weight will be higher
than the calculated Mwcc, and the calculated IVCC will be higher than the
measured polymer IV. In fact, the gpcBR value represents the fractional IV
change due the molecular size contraction effect as the result of polymer
branching. A gpcBR value of 0.5 or 2.0 would mean a molecular size
contraction effect of IV at the level of 50% and 200%, respectively, versus
a linear polymer molecule of equivalent weight. [00077] For these
particular Examples, the advantage of using gpcBR in comparison to a
traditional "g' index" and branching frequency calculations is due to the
higher precision of gpcBR. All of the parameters used in the gpcBR index
determination are obtained with good precision and are not detrimentally
affected by the low 3D-GPC detector response at high molecular weight from
the concentrationdetector. Errors in detector volume alignment also do not
affect the precision of the gpcBR index determination. GPC-LS
Characterization [00078] Analysis of a concentration-normalized LS
chromatogram response curve for a particular sample using a pre-determined
molecular weight range is useful in differentiating embodiment polymers
from analogous and commercially available comparative low density
ethylene-based polymers. [00079] The "GPC-LS Characterization" parameter,
Y, is designed to capture the unique combination of MWD and the GPC-LS
profile for a specific material. Figures 2 - 4 provide the examples and the
guide for using the GPC-LS Characterization method to identify inventive
embodiments. [00080] An ethylene-based polymer that has long chain
branching, such as low density ethylene-based polymers, can be
differentiated by using an analysis technique called "GPC-LS
Characterization". In the GPC-LS Characterization method, the determination
is made using the light scattering (LS) detector response for a sample
processed by a conventionally calibrated 3D-GPC ("cc-GPC") over a range of
molecular weights of the sample. The molecular weights of the sample are
converted to logarithm values for scaling purposes. The LS response is
"concentrationnormalized" so the LS response can be compared between
samples, as it is known in the art that the unnormalized LS signals can
vary greatly from sample to sample without normalization. When plotted, the
logarithm values of range of the cc-GPC molecular weights and the
concentration-normalized LS values form a concentrationnormalized LS
chromatogram curve such as the one shown in Figure 2 - 4. [00081] Once the
concentration-normalized LS chromatogram curve is available, the
determination of the GPC-LS Characterization value is straightforward. In
the GPC-LS Characterization method, a GPC-LS Characterization value (Y) is
determined using the following equations: Y = Log_LSCDF = Log(LSCDF) +3.5
(Eq. 13)LSCDF = Abs(A/B * SF) (Eq. 14) SF = A Slope Function = Abs(x) + 0.1
(Eq. 15) where, Abs() is the mathematical absolute value function and LSCDF
represents the light scattering cumulative detector fraction. [00082]
Essentially, the GPC-LS Characterization value is a relationship between
two associated areas (A and B) and an indexed slope of a line (x) between
two points on the concentration-normalized LS chromatogram curve at the
logarithmic values of two specified cc-GPC molecular weight values. The
specified cc-GPC molecular weight values attempt to bracket a molecular
weight fraction that is known to contain polymer chains with long chain
branching. [00083] The first step in the analysis is generation of the
concentrationnormalized LS chromatogram curve representing
concentration-normalized LS 



response values versus the logarithmic values of cc-GPC molecular weights
for the polymer being examined. [00084] The second step is to draw a
straight line between two points on the concentration-normalized LS
chromatogram curve. The straight line and the points will provide the basis
for determination of areas A and B. The two points, a first point and a
second point, are located on the concentration-normalized LS chromatogram
curve and represent the concentration-normalized LS response values (a
first and a second concentration-normalized LS response values) at the
logarithm values for two cc-GPC molecular weight values (a first and a
second logarithmic cc- GPC molecular weight values). The first point (for
example, Point 1 on Figure 2) is defined as being on the
concentration-normalized LS chromatogram curve (representing the first
concentration-normalized LS response value) corresponding to the logarithm
value of cc-GPC molecular weight 350,000 grams/mole (representing the first
logarithmic cc-GPC molecular weight value), which is a value of
approximately 5.544. The second point (Point 2 on Figure 2) is defined as
being on the concentration-normalized LS chromatogram curve at the
concentrationnormalized LS response value (representing the second
concentration-normalized LS response value) corresponding to a logarithm
value of cc-GPC molecular weight 1,320,000 grams/mole (representing the
second logarithmic cc-GPC molecular weightvalue), which is a value of
approximately 6.107. It is known in the art that differentiation in long
chain branching typically is shown around IM ( 1 x 106) grams/mole cc-GPC
molecular weight. [00085] The third step is to determine the area A between
the straight line and the concentration-normalized LS chromatogram curve
between the two logarithmic cc-GPC molecular weight values. Area A is
defined as being the value of Al plus A2. In preferred embodiments, the
area A is defined for the range of values between the logarithm value of
cc-GPC molecular weight 350,000 grams/mole and the logarithm value of
cc-GPC molecular weight 1,320,000 grams/mole. [00086] Al is defined as the
area bound between the straight line and the normalized LS chromatogram
curve where the concentration-normalized LS response value of the straight
line is greater than the concentration-normalized LS response value for the
concentration-normalized LS chromatogram curve between the two logarithmic
cc-GPC molecular weight values. [00087] As can be seen in Figure 2, the
area defined as Al fills the entire range between the two logarithmic
cc-GPC molecular weights; therefore A = Al. In many cases the straight line
will be "above" the concentration-normalized LS chromatogram curve for the
logarithmic cc-GPC molecular weight range and will not intersect with the
concentration-normalized LS chromatogram curve except at Points 1 and 2. In
these cases, A = Al = a positive value, and A2 = 0. [00088] A2 is defined
as the inverse of Al. A2 is the area bound between the straight line and
the concentration-normalized LS chromatogram curve where the
concentration-normalized LS response of the straight line is less than the
concentration-normalized LS response for the concentration-normalized LS
chromatogram curve between the two logarithmic cc-GPC molecular weight
values. For the example shown in Figure 3, A2 is the area between the
concentrationnormalized LS response curve and the straight line between
Points 1 and 2. In these cases, A = A2 = a negative value, and Al = 0.
[00089] In some embodiments, as can be seen in Figure 4, the straight line
may intersect with the concentration-normalized LS chromatogram curve in at
least one other point besides Points 1 and 2 (see Figure 4 at "Additional
Intersection Point"). Insuch situations, Al is determined as previously
defined. For the example shown in Figure 4, Al would be the positive area
between the concentration-normalized LS chromatogram curve and the straight
line between the logarithm cc-GPC molecular weight value of approximately
5.9 to the logarithm value of cc-GPC molecular weight 350,000 grams/mole.
In such situations, A2 is determined as previously defined. For the example
shown in Figure 4, A2 is the negative area between the
concentrationnormalized LS response curve and the straight line between the
logarithm cc-GPC molecular weight value of approximately 5.9 to the
logarithm value of cc-GPC molecular weight 1,320,000 grams/mole. [00090] In
calculating a total value for A, A is again defined as the area Al
(positive value) plus the area A2 (negative value). In some embodiments, as
can be seen graphically in Figure 4, the total value for A can again be
either positive or negative. [00091] The fourth step is to determine the
area B under the concentrationnormalized LS chromatogram curve for the
logarithmic cc-GPC molecular weight range. B is defined as the area under
the concentration-normalized LS chromatogram 



curve between the two logarithmic cc-GPC molecular weight values. Area B
does not depend upon the analysis of area A. [00092] The fifth step is to
determine the value of x, the slope indexing value. The value of the x is
an indexing factor that accounts for the slope of the straight line
established for determining areas A and B. The value of x is not the slope
of the straight line; however, it does represent a value reflective of the
difference between Points 1 and 2. The value of x is defined by Equation
16: where "LS response" terms are the concentration-normalized LS response
values for Points 1 and 2, respectively, and "log MW" terms are the
logarithmic cc-GPC molecular weights for Points 1 and 2, respectively. In
some embodiments, the straight line may intersect the normalized LS
chromatogram curve at least once between Points 1 and 2.[00093] Finally,
once x, A, and B are established, the GPC-LS Characterization value (Y) is
determined using the previously presented Equations 13 - 15, repeated
below: Y = Log_LSCDF = Log(LSCDF) + 3.5 (Eq. 13) LSCDF = Abs(A/B * SF) (Eq.
14) SF = A Slope Function = Abs(x) + 0.1 (Eq. 15) where, Abs() is the
mathematical absolute value function, Process Information Related to
Examples 1 - 3 (Ex. 1 - 3) and Comparative Examples 1 - 2 (CE 1 - 2)
[00094] In discussing the Examples and Comparative Examples, several terms
are defined. There are three Example compositions and sets of process
information for their creation: Example 1, Example 2, and Example 3. There
are two Comparative Examples compositions and sets of process information.
The process runs that created Comparative Examples 1 and 2 are analogous in
that they are produced using the same process train as Examples 1, 2, and
3. Comparative Examples 1 and 2 are directly comparable with Examples 1, 2
and 3. [00095] When process conditions are discussed and compared, the
process conditions may be referred to by their product designation (e.g.,
process conditions for producing Example 1 product may be referred to as
"the process of Example 1"). [00096] Examples 1, 2, and 3 as well as
Comparative Examples 1 and 2 are produced on the same process reaction
system; therefore, in referring to the same equipment between the runs, the
physical process and its units are analogous to one another. Figure 5 is a
simple block diagram of the process reaction system used to produce the
aforementioned Examples and Comparative Examples. [00097] The process
reaction system in Figure 5 is a partially closed-loop dual recycle
high-pressure, low density polyethylene production system. The process
reaction system is comprised of a fresh ethylene feed conduit 1; a
booster/primary compressor "BP", a hypercompressor "Hyper", a three zone
tube reactor which ismade up of 144 high pressure tubes that are 9.14
meters long. The tube reactor consists of a first reaction feed zone; a
first peroxide initiator conduit 3 connected to a first peroxide initiator
source #11; a second peroxide initiator conduit 4 connected to the second
peroxide initiator source 12; a third peroxide initiator conduit 5
connected to a second peroxide initiator source 12; cooling jackets (using
high pressure water) are mounted around the outer shell of the tube reactor
and preheater; a high pressure separator "HPS"; a high pressure recycle
line 7; a low pressure separator "LPS"; a low pressure recycle line 9; and
a chain transfer agent CTA feed system 13. [00098] The tube reactor further
comprises three reaction zones demarcated by the location of peroxide
injection points. The tube reactor has a length of about 1316 meters. The
first reaction zone feed is attached to the front of the tube reactor at 0
meters and feeds a portion of the process fluid into the first reaction
zone. The first reaction zone starts at injection point # 1 (3), which is
located about 120 meters downtube of the front of the tube reactor and ends
at injection point #2 (4). The first peroxide initiator is connected to the
tube reactor at injection point # 1 (3). The second reaction zone starts at
injection point #2 (4), which is about 520 meters downtube from the front
of the tube reactor. The second reaction zone ends at injection point #3
(5). The third reaction zone starts at injection point #3 (5), which is
located about 890 meters downtube from the front of the tube reactor.
[00099] The preheater which is the first 13 tubes starting at 0 meters and
all of the reaction zones have an inner tube diameter of 5 centimeters. For
all the Examples and the Comparative Examples, 100% of the fresh ethylene
and ethylene recycle are directed to the first reaction zone via the first
reaction zone feed conduit. This is referred to as an all front gas tubular
reactor. [000100] For all the Examples and the Comparative Examples, a
mixture containing t-butyl peroxy-2 ethylhexanoate (TBPO), di-t-butyl
peroxide (DTBP), tertbutyl 



peroxypivalate (PIV) and an iso-paraffinic hydrocarbon solvent (boiling
range >179C) are used as the initiator mixture for the first injection
point. For injection points #2 and #3, a mixture containing DTBP, and TPO
and the iso-paraffinic hydrocarbon solvent are used. Table 1 shows the
flows of the peroxide initiator and solvent solution used for each of the
trial runs.Table 1: Peroxide initiator flows in kilograms per hour at each
injection point for Examples 1 - 3 (Ex. 1 - Ex. 3) and Comparative Examples
1 - 2 (CE 1 - CE2). For all examples and comparative examples, propylene
was used as the chain transfer agent (CTA). The propylene is injected into
the ethylene stream at the discharge drum of the first stage booster. The
composition of the CTA feed to the process is adjusted between the
comparative examples and Examples 1 and 2 for the process runs. This is
done to maintain the melt index of the product. The peak temperatures for
each of the three reaction zones were increased to maximize molecular
weight distribution. The reactor tube process conditions used to
manufacture Examples 1, 2 and 3 and Comparative Examples 1, and 2 are given
in Table 2.Table 2: Process conditions used to make Examples 1 - 3 (Ex. 1 -
Ex. 3) and Comparative Examples 1 - 2 (CE 1 - CE2). Note that BW stands for
boiling water.[000101] Note that from Table 2 and Figure 6, BW system 1
goes to Zone 3, BW system 2 goes to zones 4, 5, and 6, and BW system 3 goes
to Zone 1 and 2. Figure 6 is the temperature profile of the tube reactor
showing the reactor details of Example 1. The graph shows the three
reaction zones with respect to the peroxide injections. The x-axis shows
the joint location between tubes and the y-axis is temperature for the
reaction and for the boiling water. Thermocouples are used to measure the
reaction temperature down the tube during production. The reaction peaks
for each zone are controlled by adjusting peroxide flows to each of the
reaction zones. The peak temperatures are then used to control the MWD of
the product. Characterization of Examples 1 - 3 and Comparative Examples 1
- 2 [000102] Characterization properties of Examples 1 - 3 and Comparative
Examples 1 - 2 is shown in Tables 3 - 5. From Table 3, at nearly equivalent
melt index, the examples of the invention have higher melt strength values
than their comparative examples as a result of their broader MWD shown in
Table 3. This increased melt strength is translated into this material
being an effective polymer to aid in the increased output of a film when
used alone or in combination with other polymers to produce a film, for
example on a blown film line. Also, at nearly equivalent melt index, the
examples of the invention have a higher zero shear viscosity than their
comparative examples. This is also related to the ability of this material
to provide improved bubble stability during film formation, such as on a
blown film line. [000103] Per Table 4, the examples of this invention have
lower vinyl per IOOOC levels and higher methyl per IOOOC levels than the
comparative examples. [000104] Table 5 shows the TDGPC properties of the
examples and comparative examples, using the same comparative examples
shown in Table 3 and 4. The examples have higher Mz or high molecular
weight tail values, broader MWD (MwMn), and lower Log_LSCDF.Table 3: Melt
index, density, DSC (thermal) properties, and melt strength of Examples 1 -
3 and Comparative Examples 1 - 2. Table 4: FTIR properties of Examples 1 -
3 and Comparative Examples 1 - 2.Table 5: TDGPC properties of Examples 1 -
3 and Comparative Examples 1 - 2.[000105] For the Log_LSCDF, additional
comparative examples have been chosen to show the uniqueness of the
Examples as compared to comparative examples. These data are shown in Table
6 and plotted in Figure 7. As shown in Figure 7, the inventive examples
show a unique relationship with Y = Log(LSCDF) + 3.5 and also with MwMn. In
particular, the inventive examples have a much lower Y than any of the
comparative samples and in general have a higher Mw/Mn. The Y is less than
about 2, preferably less than about 1.5, and most preferably less than
about 1.2. The unique structure as demonstrated by their low GPC-LS
characterization Y values of the inventive embodiments is clearly shown in
Table 6, where a large number of LDPE resins of similar MI range are
compared. The comparative examples in Table 6 covers a MI range from 0.24
to 8.19. The comparative examples in Table 6 also covers a broad range of
branching level with gpcBR values ranging from about 0.62 to about 4.72.
The comparative examples in Table 6 also covers a broad range of molecular
weights with the cc-Mw values ranging from about 70,000 to about 260,000
Daltons.Table 6: Summary of melt index, density, melt strength, TDGPC
properties, and "Log (LSCDF)+3.5" of Examples and Comparative Examples used
in Figure 7.DIKETOPIPERAZINE MICROPARTICLES WITH DEFINED ISOMER CONTENTS
CROSS REFERENCE TO RELATED APPLICATIONS [0001] This application claims
benefit under 35 U.S.C.  119(e) from United States Provisional Patent
Application Serial No. 61/186,779, filed June 12, 2009, the content of
which is incorporated herein by reference in its entirety. TECHNICAL FIELD 



[0002] Disclosed herein are fumaryl diketopiperazine (FDKP) compositions
and microparticles having a specific trans isomer content of about 45% to
about 65%. The FDKP microparticles can be used as a delivery system for
drugs or active agents in the treatment of disease or disorders, for
example, those of endocrine origin, including diabetes and obesity.
BACKGROUND [0003] Delivery of drugs has been a major problem for many
years, particularly when the compound to be delivered is unstable under the
conditions encountered in the gastro intestinal tract when administered
orally to a subject, prior to reaching its targeted location. For example,
it is preferable in many cases to administer drugs orally, especially in
terms of ease of administration, patient compliance, and decreased cost.
However, many compounds are ineffective or exhibit low or variable potency
when administered orally. Presumably this is because the drugs are unstable
to conditions in the digestive tract or because they are inefficiently
absorbed. [0004] Due to the problems associated with oral drug delivery,
drug delivery to the lungs has been explored. For example, typically drugs
delivered to the lungs are designed to have an effect on the tissue of the
lungs, for example, vasodilators, surfactants, chemotherapeutic agents or
vaccines for flu or other respiratory illnesses. Other drugs, including
nucleotide drugs, have been delivered to the lungs because they represent a
tissue particularly appropriate for treatment, for example, for genetic
therapy in cystic fibrosis, where retroviral vectors expressing a defective
adenosine deaminase are administered to the lungs. [0005] Drug delivery to
the lungs for agents having systemic effects can also be performed.
Advantages of the lungs for delivery of systemic agents include the large
surface area and the ease of uptake by the lung's mucosal surface. One
problem associated with all of these forms of pulmonary drug delivery is
that it is difficult to deliver drugs into the lungs due to problems in
getting the drugs past all of the natural barriers, such as the cilia
lining the trachea, and in trying to administer a uniform volume and weight
of drug.[0006] Accordingly, there is room for improvement in the pulmonary
delivery of drugs. SUMMARY [0007] The present disclosure provides systems,
microparticles and methods that allow for improved delivery of drugs to the
lungs. Embodiments disclosed herein achieve improved delivery by providing
diketopiperazine microparticles comprising a defined isomer content. In
particular, the diketopiperazine microparticles are exemplified by fumaryl
diketopiperazine (FDKP) compound having a trans isomer content of about 45%
to about 65%. FDKP microparticles having a trans isomer content in this
range exhibit characteristics beneficial to drug delivery to the lungs such
as improved aerodynamic performance. [0008] One embodiment disclosed herein
comprises FDKP microparticles comprising a trans isomer content of about
45% to about 65%. In other embodiments of the FDKP microparticles, the
trans isomer content can be from about 50% to about 65%, from about 52% to
62%, or from about 53% to about 65%. In another embodiment of the FDKP
microparticles, the trans isomer content is from about 53% to about 63%.
[0009] In another embodiment, the FDKP microparticles comprise a drug or
active agent. In various embodiments of the FDKP microparticles, the drug
can be, for example, a peptide, including, insulin, glucagon-like peptide-1
(GLP-1), glucagon, exendin, parathyroid hormone, calcitonin, oxyntomodulin,
and the like. In another embodiment of the FDKP microparticles, the peptide
content can vary depending on downstream processing conditions. In a
particular example, the FDKP microparticles can be prepared to have
drug/peptide content that can vary depending on the dose to be targeted or
delivered. For example, wherein the drug is insulin, the insulin component
can be from about 3 U/mg to about 4 U/mg in the powder formulation
comprising the microparticles. [0010] Embodiments disclosed herein also
include dry powders comprising the microparticles. In one embodiment, the
dry powders comprise FDKP microparticles comprising a trans isomer content
of about 45% to about 65%. In other embodiments of the dry powders, the
FDKP microparticles can have a trans isomer content from about 50% to about
65%, from about 52% to 62%, or from about 53% to about 65%. In another
embodiment of the dry powders comprising the FDKP microparticles, the trans
isomer content is from about 53% to about 63%. [001 1] In another
embodiment of the dry powders, the FDKP microparticles comprise a drug. In
another embodiment of the dry powders, the drug is a peptide of various
molecular size or mass, including; insulin, glucagon-like peptide-1,
glucagon, exendin, parathyroid hormone, calcitonin, oxyntomodulin, and the
like. In one embodiment of the dry powders, wherein the trans isomer
content of fumaryl diketopiperazine ranges between 45% and 65%and the drug
is insulin, the insulin content of the FDKP microparticles is from about 3
U/mg to about 4 U/mg. In certain embodiments the drug is adsorbed to the
surfaces of the microparticles. 



[0012] Further embodiments concern drug delivery systems comprising an
inhaler, a unit dose dry powder medicament container, for example, a
cartridge, and a powder comprising the microparticles disclosed herein and
an active agent. In one embodiment, the delivery system for use with the
dry powders includes an inhalation system comprising a high resistance
inhaler having air conduits which impart a high resistance to airflow
through the conduits for deagglomerating and dispensing the powder. In one
embodiment, the inhalation system has a resistance value of, for example,
approximately 0.065 to about 0.200 (VkPa)/liter per minute. In certain
embodiments, the dry powders can be delivered effectively by inhalation
with an inhalation system wherein the peak inhalation pressure differential
can range from about 2 to about 20 kPa, which can produce resultant peak
flow rates of about between 7 and 70 liters per minute. In certain
embodiments, the inhalation system are configured to provide a single dose
by discharging powder from the inhaler as a continuous flow, or as one or
more pulses of powder delivered to a patient. In some embodiments disclosed
herewith, the dry powder inhaler system comprises a predetermined mass flow
balance within the inhaler. For example, a flow balance of approximately
10% to 70% of the total flow exiting the inhaler and into the patient is
delivered by one or more dispensing ports, which airflow passes through the
area containing the powder formulation, and wherein approximately 30% to
90% air flow is generated from other conduits of the inhaler. Moreover,
bypass flow, or flow not entering and exiting the area of powder
containment such as through a cartridge, can recombine with the flow
exiting the powder dispensing port within the inhaler to dilute, accelerate
and ultimately deagglomerate the fluidized powder prior to exiting the
mouthpiece. In one embodiment, flow rates ranging from about 7 to 70 liters
per minute result in greater than 75% of the container or the cartridge
contents dispensed in fill masses between 1 and 30 mg. In certain
embodiments, an inhalation system as described above can emit a respirable
fraction/fill of a powder dose at percentages greater than 40% in a single
inhalation, greater than 50%, greater than 60%, or greater than 70%. [0013]
In particular embodiments, an inhalation system is provided comprising a
dry powder inhaler, a dry powder formulation comprising microparticles of
fumaryl diketopiperazine having an FDKP trans isomer content between 45%
and 65% and one or more than one active agents. In some aspects of this
embodiment of the inhalation system, the dry powder formulation is provided
in a unit dose cartridge. Alternatively, the dry powder formulation can be
preloaded in the inhaler. In this embodiment, the structural
configurationof the inhalation system allows the deagglomeration mechanism
of the inhaler to produce respirable fractions greater than 50%; that is,
more than half of the powder contained in the inhaler (cartridge) is
emitted as particles of less than 5.8 mm. The inhalers can discharge
greater than 85% of a powder medicament contained within a container during
dosing. In certain embodiments, the inhalers can discharge greater than 85%
of a powder medicament contained in a single inhalation. In one embodiment,
the inhalers can discharge greater that 90% of the cartridge contents or
container contents in less than 3 seconds at pressure differentials between
2 and 5 kPa with fill masses ranging up to 30 mg. [0014] Embodiments
disclosed herein also include methods. In one embodiment, a method of
treating an endocrine-related disease or disorder comprising administering
to a person in need thereof a dry powder formulation comprising FDKP
microparticles comprising an FDKP trans isomer content of about 45 to about
65% and a drug suitable to treat said disease or disorder. One embodiment
includes a method of treating an insulin-related disorder comprising
administering a dry powder comprising microparticles of FDKP described
above to a person in need thereof. The method comprises administering to a
subject a dry powder formulation comprising microparticles of fumaryl
diketopiperazine having a trans isomer content ranging from about 45% to
65% or from about 45% to about 63%. In various embodiments an
insulin-related disorder can specifically include or exclude any or all of
pre-diabetes, type 1 diabetes mellitus (honeymoon phase, post-honeymoon
phase, or both), type 2 diabetes mellitus, gestational diabetes,
hypoglycemia, hyperglycemia, insulin resistance, secretory dysfunction,
impaired early-phase release of insulin, loss of pancreatic b-cell
function, loss of pancreatic b-cells, and metabolic disorder. In one
embodiment, the dry powder comprises insulin. In other embodiments, the dry
powder comprises glucagon, an exendin, or GLP-1 . [0015] Another embodiment
disclosed herein includes a method of making microparticles suitable for
pulmonary administration as a dry powder comprising: a) synthesizing an
FDKP compound having a trans isomer content from about 45% to about 65%; b)
determining the trans isomer content of the FDKP compound to assess that
the trans isomer content range is from about 45% to about 65%; c)
dissolving the FDKP compound of step b) in a solution having a basic pH to
form an FDKP solution; d) providing a solution of a volatile acid, and e)
mixing the FDKP solution with the solution of a volatile acid together in a
high-shear mixer to produce the microparticles. In one embodiment, the step
of 



determining the trans isomer content of the FDKP compound is performed
using high pressure liquid chromatography (HPLC). In alternative
embodiments, isomer content is determined subsequent to particle
formation.[0016] In another embodiment, a method for synthesizing a
diketopiperazine having a trans isomer content of about 45% to about 65% is
disclosed, the method comprising: providing a diketopiperazine having an
ester group; saponifying the ester group of the diketopiperazine in a
mixture of water and a water-miscible solvent at a basic pH; and
recrystallizing the diketopiperazine in a reaction mixture comprising
trifluoroacetic acid and glacial acid at a resultant ratio ranging from
about 0.4 to about 0.7, respectively. In this and other embodiments, the
reaction mixture in the recrystallizing step is held or allowed to continue
for a period of about 4 hours or greater than 4 hours. [0017] In one
embodiment of the method of synthesis, the water-miscible solvent is an
alcohol, including, methanol, ethanol, or isopropanol. Other solvents such
as tetrahydrofuran, dioxane, acetone, and acetonitrile can also be used. In
this and other embodiments, the method further comprises the step of
determining the trans isomer content of the diketopiperazine. [0018] In a
specific embodiment, the method of making a diketopiperazine having a trans
isomer content of about 45% to about 65%, utilizes a diketopiperazine
having the formula 2,5-diketo-3,6-bis(N-X-4-aminobutyl)piperazine, wherein
X is selected from the group consisting of fumaryl, succinyl, maleyl, and
glutaryl. In an exemplary embodiment, the diketopiperazine has the formula
2,5-diketo-3,6-bis(N-fumaryl-4-aminobutyl)piperazine. [0019] In particular
embodiments, the method for making a DKP compound having a DKP trans isomer
content ranging from about 45% to about 65% comprises a saponification
reaction and a recrystallization reaction. In one embodiment, the method
comprises a saponification reaction of a diketopiperazine compound
comprising an ester protecting group, including, an alkyl ester such as
ethyl ester, or methyl ester. In one embodiment, the step of synthesizing
an FDKP compound having a trans isomer content from about 45% to about 65%
comprises saponifying an ester of an FDKP in a solvent such as a
water-based solvent and adding a base. In a particular embodiment, the
method comprises dissolving the DKP such as fumaryl diketopiperazine ethyl
ester in a solvent such as wate methanol at a ratio of 1: 1 to about 3:1 ,
respectively. In other embodiments, other water-miscible solvents can be
used, including, other alcohols, tetrahydrofuran, dioxane, acetone,
acetonitrile and the like. In one embodiment, the solvent can comprise
water only. In this and other embodiments, the saponification reaction
further comprises adding a solution comprising sodium hydroxide; holding
the reaction mixture at a temperature ranging from about 20 C to about 60 C
or to refluxing conditions; filtering the reaction mixture to yield a
filtrate; adding an acidic solution to the filtrate, and collecting the
solid material formed by filtration andwashing the FDKP solid material. The
solid material can then be analyzed to determine the trans isomer content
of the FDKP particles formed. [0020] In a particular embodiment, the method
comprises recrystallizing the FDKP material comprising heating a suspension
of FDKP in trifluoroacetic acid to about 400C to about 85C for about 1
minute to about 2 hours and cooling the reaction; adding glacial acetic
acid to the solution and cooling the suspension for about 1 to about 24
hours at about 200C. In one embodiment, the crystallization step comprises
conducting the reaction at a crystallization temperature ranging from about
15C to about 25C, for about 1 hour to about 6.5 hours in a solution
comprising trifluoroacetic acid:glacial acetic acid, respectively, in a
ratio ranging from about 0.4 to about 0.7. In this embodiment, the method
further comprises washing the reaction mixture with glacial acetic and
cooling the temperature of the reaction at a rate of from about 7C to about
100C per hour. Other cooling rates may be used to obtain an FDKP material
having desired isomer contents. [0021] Another embodiment disclosed herein
includes a method of delivering insulin to a patient in need thereof
comprising administering a dry powder comprising diketopiperazine
microparticles disclosed herein to the deep lung by inhalation of the dry
powder by the patient. In aspects of this embodiment, particular features
of an inhaler system are specified. BRIEF DESCRIPTION OF THE DRAWINGS
[0022] The following drawings form part of the present specification and
are included to further demonstrate certain aspects of the examples
disclosed herein. The disclosure may be better understood by reference to
one or more of these drawings in combination with the detailed description
of specific embodiments presented herein. [0023] FIG. 1 depicts aerodynamic
powder performance as a function of % trans isomer content; [0024] FIG. 2
depicts steps in a synthetic scheme that can be controlled so as to produce
FDKP with a trans isomer content of about 45 to about 65%; [0025] FIG. 3
depicts % trans isomer content as a function of slow NaOH addition during
the saponification step of the scheme depicted in FIG. 2; [0026] FIG. 4
depicts % trans isomer content after trifluoroacetic acid (TFA) 



recrystallization using a fast cooling ramp; [0027] FIG. 5 depicts a
schematic of a process to manufacture insulin-loaded FDKP microparticles
with a trans isomer content of about 45% to about 65%; and [0028] FIG. 6
depicts a response surface methodology analysis for trans isomer
content.DETAILED DESCRIPTION [0029] As stated, drug delivery to the lungs
offers many advantages. It is difficult to deliver drugs into the lungs,
however, due to problems in transporting the drugs past natural physical
barriers in a uniform volume and weight of the drug. Disclosed herein are
diketopiperazines having a defined trans isomer content, microparticles as
drug delivery agents, methods of making the microparticles and methods of
treatment using the microparticles. [0030] As used herein, the term
"microparticle" refers to a particle with a diameter of about 0.5 to about
1000 mm, irrespective of the precise exterior or interior structure.
Microparticles having a diameter of between about 0.5 and about 10 microns
can reach the lungs, successfully passing most of the natural barriers. A
diameter of less than about 10 microns is required to navigate the turn of
the throat and a diameter of about 0.5 microns or greater is required to
avoid being exhaled. To reach the deep lung (or alveolar region) where most
efficient absorption is believed to occur, it is preferred to maximize the
proportion of particles contained in the "respirable fraction" (RF),
generally accepted to be those particles with an aerodynamic diameter of
about 0.5 to about 5.7 microns, though some references use somewhat
different ranges, as measured using standard techniques, for example, with
an Anderson Cascade Impactor. Other impactors can be used to measure
aerodynamic particle size such as the NEXT GENERATION IMPACTOR(tm)
(NGI(tm), MSP Corporation), for which the respirable fraction is defined by
similar aerodynamic size, for example < 6.4 mm. In some embodiments, a
laser diffraction apparatus is used to determine particle size, for
example, the laser diffraction apparatus disclosed in U.S. Patent
Application Serial No. 12/727,179, filed on March 18, 2010, which is
incorporated herein in its entirety for its relevant teachings, wherein the
volumetric median geometric diameter (VMGD) of the particles is measured to
assess performance of the inhalation system. For example, in various
embodiments cartridge emptying of  80%, 85%, or 90% and a VMGD of the
emitted particles of <12.5 mm, < 7.0 mm, or < 4.8 mm can indicate
progressively better aerodynamic performance. Embodiments disclosed herein
show that FDKP microparticles with a trans isomer content of between about
45% to about 65% exhibit characteristics beneficial to delivery of drugs to
the lungs such as improved aerodynamic performance. [0031] Respirable
fraction on fill (RF/fill) represents the % of powder in a dose that is
emitted from an inhaler upon discharge of the powder content filled for use
as the dose, and that is suitable for respiration, i.e., the percent of
particles from the filled dose that are emitted with sizes suitable for
pulmonary delivery, which is a measure of microparticle aerodynamic
performance. As described herein, a RF/fill value of 40% or greater than
40% reflects acceptable aerodynamic performance characteristics. In certain
embodimentsdisclosed herein, the respirable fraction on fill can be greater
than 50%. In an exemplary embodiment, a respirable fraction on fill can be
up to about 80%, wherein about 80% of the fill is emitted with particle
sizes < 5.8 mm as measured using standard techniques. [0032] As used
herein, the term "dry powder" refers to a fine particulate composition that
is not suspended or dissolved in a propellant, carrier, or other liquid. It
is not meant to necessarily imply a complete absence of all water
molecules. [0033] It should be understood that specific RF/fill values can
depend on the inhaler used to deliver the powder. Powders generally tend to
agglomerate and crystalline DKP microparticles form particularly cohesive
powders. One of the functions of a dry powder inhaler is to deagglomerate
the powder so that the resultant particles comprise a respirable fraction
suitable for delivering a dose by inhalation. However, deagglomeration of
cohesive powders is typically incomplete so that the particle size
distribution seen when measuring the respirable fraction as delivered by an
inhaler will not match the size distribution of the primary particles, that
is, the profile will be shifted toward larger particles. Inhaler designs
vary in their efficiency of deagglomeration and thus the absolute value of
RF/fill observed using different designs will also vary. However, optimal
RF/fill as a function of isomeric content will be similar from inhaler to
inhaler. [0034] As used herein, the term "about" is used to indicate that a
value includes the standard deviation of the measurement for the device or
method being employed to determine the value. [0035] Diketopiperazines
[0036] One class of drug delivery agents that has been used to overcome
problems in the pharmaceutical arts such as drug instability and/or poor
absorption are the 2,5- diketopiperazines. 2,5-Diketopiperazines are
represented by the compound of the general Formula 1 as shown below wherein
E1 and E2 are independently N or more particularly NH. 



In other embodiments, E1 and/or E2 are independently an oxygen or a
nitrogen so that wherein either one of the substituents for E1 and E2 is an
oxygen and the other is a nitrogen the formula yields the substitution
analog diketomorpholine, or when both E1 and E2 are oxygen the formula
yields the substitution analog diketodioxane. Formula 1[0037] These 2,5
diketopiperazines have been shown to be useful in drug delivery,
particularly those bearing acidic Ri and R2 groups as described in, for
example, U.S. Patent Nos. 5,352,461 entitled "Self Assembling
Diketopiperazine Drug Delivery System;" 5,503,852 entitled "Method For
Making Self-Assembling Diketopiperazine Drug Delivery System;" 6,071 ,497
entitled "Microparticles For Lung Delivery Comprising Diketopiperazine;"
and 6,331,318 entitled "Carbon-Substituted Diketopiperazine Delivery
System," each of which is incorporated herein by reference in its entirety
for all that it teaches regarding diketopiperazines and
diketopiperazine-mediated drug delivery. Diketopiperazines can be formed
into microparticles that incorporate a drug or microparticles onto which a
drug can be adsorbed. The combination of a drug and a diketopiperazine can
impart improved drug stability and/or absorption characteristics. These
microparticles can be administered by various routes of administration. As
dry powders these microparticles can be delivered by inhalation to specific
areas of the respiratory system, including the lungs. [0038] Such
microparticles are typically obtained by pH-based precipitation of the free
acid (or base) resulting in self-assembled microparticles comprised of
aggregated crystalline plates. The stability of the particle can be
enhanced by small amounts of a surfactant, such as polysorbate-80, in the
DKP solution from which the particles are precipitated (see for example US
Patent Publication No. 2007/0059373 entitled "Method of drug formulation
based on increasing the affinity of crystalline microparticle surfaces for
active agents" which is incorporated herein by reference in its entirety
for all that it teaches regarding the formation and loading of DKP
microparticles and dry powders thereof). Ultimately solvent can be removed
to obtain a dry powder. Appropriate methods of solvent removal include
lyophilization and spray drying (see for example US Patent Publication No.
2007/0196503 entitled "A method for improving the pharmaceutic properties
of microparticles comprising diketopiperazine and an active agent" and U.S.
Patent No. 6,444,226 entitled "Purification and stabilization of peptide
and protein pharmaceutical agents" each of which is incorporated herein by
reference in its entirety for all that it teaches regarding the formation
and loading of DKP microparticles and dry powders thereof). The
microparticles disclosed herein are distinct from microparticles composed
of DKP salts. Such particles are typically formed (as opposed to dried) by
spray drying, resulting in spheres and/or collapsed spheres of an amorphous
salt (as opposed to a free acid or base) so that they are chemically,
physically, and morphologically distinct entities. The present disclosure
refers to FDKP to be understood as the free acid or the dissolved anion.
[0039] Methods for synthesizing diketopiperazines are described in, for
example, Katchalski, et al., J. Amer. Chem. Soc. 68, 879-880 (1946) and
Kopple, et al., J. Org. Chem. 33(2), 862-864 (1968), the teachings of which
are incorporated herein by reference in theirentirety.
2,5-Diketo-3,6-di(aminobutyl)piperazine (Katchalski et al. refer to this as
lysine anhydride) can also be prepared via cyclodimerization of
N-e-P-L-lysine in molten phenol, similar to the Kopple method, followed by
removal of the blocking (P)-groups with an appropriate reagent and
conditions. For example, CBz-protecting groups can be removed using 4.3 M
HBr in acetic acid. This route can be preferred because it uses a
commercially available starting material, it involves reaction conditions
that are reported to preserve stereochemistry of the starting materials in
the product and all steps can be easily scaled up for manufacture. Methods
for synthesizing diketopiperazines are also described in U.S. Patent No.
7,709,639, entitled, "Catalysis of Diketopiperazine Synthesis," which is
also incorporated by reference herein for its teachings regarding the same.
[0040] Fumaryl diketopiperazine
(2,5-diketo-3,6-bis(N-fumaryl-4-aminobutyl)piperazine; FDKP) is one
preferred diketopiperazine for pulmonary applications: [0041] FDKP provides
a beneficial microparticle matrix because it has low solubility in acid but
is readily soluble at neutral or basic pH. These properties allow FDKP to
crystallize and the crystals to self-assemble into form microparticles
under acidic conditions. The particles dissolve readily under physiological
conditions where the pH is neutral. As noted, microparticles having a
diameter of between about 0.5 and about 10 microns can reach the lungs,
successfully passing most of the natural barriers. Particles in this size
range can be readily prepared from FDKP. [0042] FDKP possesses two
asymmetric centers in the diketopiperazine ring. FDKP is manufactured as a
mixture of geometric isomers that are identified as "cis-FDKP" and "trans-
FDKP" according to the arrangement of side chains relative to the central
"ring" of the diketopiperazine. The R,R and S,S enantiomers have the
propenyl(amidobutyl) "side arms" projecting from the same planar side of
the diketopiperazine ring (A and B below) and are thus referred to as the
cis isomers while the R,S compound has the "side arms" projecting 



from opposite planar sides of the diketopiperazine ring (C below) and is
referred to as the trans isomer.A B C [0043] FDKP microparticle powders
with acceptable aerodynamic performance, as measured by RF/fill with
moderately efficient inhalers such as the MEDTONE(r) inhaler disclosed in
US Patent No. 7,464,706 entitled, "Unit Dose Cartridge and Dry Powder
Inhaler," which is incorporated by reference herein for its teachings
regarding the same, have been produced from FDKP with a trans isomer
content ranging from about 45 to about 65%. Particles with isomer content
in this range also perform well with high efficiency inhalers such as those
disclosed in U.S. Patent Application No 12/484,125 entitled, "A Dry Powder
Inhaler and System for Drug Delivery," filed on June 12, 2009, and U.S.
Patent Application No. 12/717,884, entitled, "Improved Dry Powder Drug
Delivery System," filed on March 4, 2010, which disclosures are herein
incorporated by reference for its teachings regarding the same. Powders
comprising microparticles containing more than 65% trans- FDKP tend to have
lower and more variable RF/fill (FIG. 1). Trans isomer-enriched
microparticles of FDKP have altered morphology and also lead to viscous
suspensions which are difficult to process. [0044] In other experiments
done under comparable conditions to those reported in FIG. 1,
microparticles made from about 95% trans-enriched FDKP and insulin produced
an RF/fill of about 24%, whereas control samples with a trans isomer
content of about 59% with equal insulin content gave an RF/fill of about
49-52% (data not shown). Accordingly, an FDKP microparticle powder having a
trans isomer content of about 45% to about 65% provides a powder with
acceptable aerodynamic properties. In alternate embodiments the FDKP trans
isomer content ranges from about 50% to about 65% from about 52% to about
62% or from about 53% to about 63% (see FIG. 1) . [0045] Based on the
foregoing, it is desirable to produce microparticle powders having a trans
isomer content within the range of about 45% to about 65%. Thus, the
present disclosure ascertains that trans isomer content would affect the
aerodynamic performance of FDKP microparticles, which was not anticipated.
However, it was discovered that improved consistency could be obtained by
carefully controlling the isomer content of the FDKP used to make FDKP
microparticles. In FIG. 1, the solid curved line represents predicted
RF/fill and the dashed curved line represents the one-sided lower 95%
confidence limit of obtaining a suitable RF/fill score. The vertical dashed
lines provide limits on the trans isomer content for one exemplary
embodiment disclosed herein.[0046] The FDKP cis/trans isomer ratio is
established during the manufacturing steps depicted in Figure 2. FIG. 2
depicts steps in a synthetic scheme that can be controlled so as to produce
FDKP with a trans isomer content of about 45% to about 65%. In the
synthetic scheme, there are several parameters and/or reaction steps
including, saponification and recrystallization, during synthesis of FDKP
that can be regulated to obtain the targeted or desired isomer ratio. For
example, specific parameters of the reactions, including, temperature,
reaction time, and the type of solvents or co-solvents used, can be
controlled to yield a product with the desired or targeted trans isomer
content. [0047] Control of the Lower End of the Range of FDKP Trans Isomer
Content [0048] The lower end of the trans isomer content is controlled by
exposing the DKP ring to a strong base. In one manufacturing step, ethyl
protecting groups are removed by saponification with sodium hydroxide.
These basic conditions also promote ring epimerization between isomers as
shown below, without regard for which isomer is in excess. For example, the
addition of a base to a reaction comprising a starting compound composed
of, for example, 95% trans isomer can yield an FDKP material comprised of
approximately 50/50 mixture of cis and trans isomer content (FIG. 3). In
addition to basic pH, other factors can also contribute to the regulation
of trans isomer content formation, including, concentration of solvents and
co-solvents, time of exposure and temperature of the reaction. trans CIS
[0049] Control of the Upper End of the Range or FDKP Trans Isomer Content
[0050] Differences in solubility between the isomers affect the FDKP isomer
content. For instance, FDKP can be recrystallized from trifluoroacetic acid
(TFA) and glacial acetic acid (GAA). Trans FDKP is less soluble in this
solvent system than cis FDKP. Accordingly, conditions that favor selective
precipitation of the less soluble trans isomer can be used to increase the
trans isomer content of the final product. Such conditions include
decreased recrystallization time, anti-solvent addition at low temperature
and/or rapid cooling of the trifuoroacetic acid-glacial acetic acid
(TFA-GAA) mixture (FIG. 4). It will also be appreciated that elevating the
trans isomer content by such methods provides a residual solution of FDKP
enriched in the cis isomers.Table 1. Exemplary Manufacturing Ranges *
Denotes trifluoroacetic acid:glacial acid acid 



[0051] Providing microparticles with an isomer content in the about 45% to
about 65% range provides microparticles with beneficial aerodynamic
characteristics. [0052] Selection and Incorporation of Active Agents [0053]
As long as the microparticles described herein retain the required isomer
content, they can adopt other additional characteristics beneficial for
delivery to the lung and/or drug adsorption. U.S. Patent No. 6,428,771
entitled "Method for Drug Delivery to the Pulmonary System" describes DKP
particle delivery to the lung and is incorporated by reference herein for
its teachings regarding the same. U.S. Patent No. 6,444,226, entitled,
"Purification and Stabilization of Peptide and Protein Pharmaceutical
Agents" describes beneficial methods for adsorbing drugs onto microparticle
surfaces and is also incorporated by reference herein for its teachings
regarding the same. Microparticle surface properties can be manipulated to
achieve desired characteristics as described in U.S. Patent Application No.
11/532,063 entitled "Method of Drug Formulation based on Increasing the
Affinity of Crystalline Microparticle Surfaces for Active Agents" which is
incorporated by reference herein for its teachings regarding the same. U.S.
Patent Application No. 11/532,065 entitled "Method of Drug Formation based
on Increasing the Affinity of Active Agents for Crystalline Microparticle
Surfaces" describes methods for promoting adsorption of active agents onto
microparticles. U.S. Patent Application No. 11/532,065 is also incorporated
by reference herein for its teachings regarding the same. [0054] The
microparticles described herein can comprise one or more active agents. As
used herein "active agent", used interchangeably with "drug", refers to
pharmaceutical substances, including small molecule pharmaceuticals,
biologicals and bioactive agents. Active agents can be naturally occurring,
recombinant or of synthetic origin, including proteins, polypeptides,
peptides, nucleic acids, organic macromolecules, synthetic organic
compounds, polysaccharides and other sugars, fatty acids, and lipids, and
antibodies and fragments thereof, including, but not limited to, humanized
or chimeric antibodies, F(ab), F(ab)2, a single-chain antibody alone or
fused to other polypeptides or therapeutic or diagnostic monoclonal
antibodies to cancer antigens. The active agents can fall under avariety of
biological activity and classes, such as vasoactive agents, neuroactive
agents, hormones, anticoagulants, immunomodulating agents, cytotoxic
agents, antibiotics, antiviral agents, antigens, infectious agents,
inflammatory mediators, hormones, and cell surface antigens. More
particularly, active agents can include, in a non-limiting manner,
cytokines, lipokines, enkephalins, alkynes, cyclosporins, anti-IL-8
antibodies, IL-8 antagonists including ABX-IL-8; prostaglandins including
PG-12, LTB receptor blockers including LY2931 1, BIIL 284 and CP1 05696;
triptans such as sumatriptan and palmitoleate, insulin and analogs thereof,
growth hormone and analogs thereof, parathyroid hormone (PTH) and analogs
thereof, parathyroid hormone related peptide (PTHrP), ghrelin, obestatin,
enterostatin, granulocyte macrophage colony stimulating factor (GM-CSF),
amylin, amylin analogs, glucagon-like peptide 1 (GLP-1 ) , Texas Red,
clopidogrel, PPACK (D-phenylalanyl-L-prolyl-Larginine chloromethyl ketone),
oxyntomodulin (OXM), peptide YY(3-36) (PYY), adiponectin, cholecystokinin
(CCK), secretin, gastrin, glucagon, motilin, somatostatin, brain
natriuretic peptide (BNP), atrial natriuretic peptide (ANP), IGF-1, growth
hormone releasing factor (GHRF), integrin beta-4 precursor (ITB4) receptor
antagonist, nociceptin, nocistatin, orphanin FQ2, calcitonin, CGRP,
angiotensin, substance P, neurokinin A, pancreatic polypeptide,
neuropeptide Y, delta-sleep-inducing peptide and vasoactive intestinal
peptide. [0055] The drug content to be delivered on microparticles formed
from FDKP having a trans isomer content between 45% and 65% is typically
greater than 0.01%. In one embodiment, the drug content to be delivered
with the microparticles having the aforementioned trans isomer content, can
range from about 0.01% to about 20%, which is typical for peptides such as
insulin. For example, if the drug is insulin, the present microparticles
typically comprise 3-4 U/mg (approximately 10 to 15%) insulin. In certain
embodiments, the drug content of the particles can vary depending on the
form and size of the drug to be delivered. [0056] Manufacture of
Microparticles [0057] In one embodiment and disclosed herein is a
manufacturing process that can be used to produce FDKP microparticles
comprising a trans isomer content of from about 45% to about 65% and
insulin. [0058] FIG. 5 depicts a schematic representation of a
manufacturing process for making the present FDKP microparticles containing
insulin. In summary, using a dual-feed high shear mixer, for example, as
disclosed in U.S. Provisional Patent Application Serial No. 61/257,31 1,
filed on November 2, 2009, which disclosure is incorporated herein by
reference in its entirety, equal masses of about 10.5 wt% acetic acid and
about 2.5 wt% FDKP solutions at about 16C  about 2C (Table 2 and 3) can be
fed at 2000 psi through a 0.001-in2 orifice. The precipitate can be
collected in a deionized (DI) water reservoir of about equal mass and
temperature. The resultant suspension contains about 0.8% solids. The
precipitate can be concentrated and washed by tangential flow filtration.
The precipitate can 



be first concentrated to about 4% solids then washed with deionized water.
The suspension can be finally concentrated to about 10% solids based on the
initial mass of FDKP. The concentrated suspension can be assayed for solids
content by an oven drying method. [0059] A concentrated insulin stock
solution can be prepared with 1 part insulin and 9 parts about 2% wt acetic
acid. The insulin stock can be added gravimetrically to the suspension to
obtain a load of about 11.4% wt. The insulin-containing suspension can be
mixed at least about 15 minutes, and then titrated with about 14 to about
15 wt% aqueous ammonia to a pH of about 4.5 from an initial pH of about
3.5. The suspension can be flashfrozen in liquid nitrogen to form pellets
using a cryogranulator, for example, as disclosed in U.S. Provisional
Patent Application Serial No. 61/257,385, filed on November 2, 2009, which
disclosure is incorporated herein by reference in its entirety, and
lyophilized to yield the bulk insulin-loaded FDKP microparticles with a %
trans isomer content of between about 45% and 65%. Blank FDKP
microparticles can be manufactured identically minus the insulin loading
and pH adjustment steps. Table 2. 10.5% Acetic Acid Solution 0.2 mm
filtered Table 3. 2.5% FDKP Solution 0.2 mm filtered [0060] As used herein,
"solvent" refers to the fluid medium in which the active agent and
microparticle are "bathed." It should not be interpreted to require that
all components are in solution. Indeed in many instances it may be used to
refer to the liquid medium in which the microparticles are suspended.[0061]
As is evident from the foregoing disclosure, microparticles of embodiments
disclosed herein can take many different forms and incorporate many
different drugs or active agents. The common attribute of each of these
embodiments, however, is that the formed microparticles have a trans isomer
content of about 45% to about 65%. EXAMPLES [0062] The following examples
are included to demonstrate embodiments of the disclosed microparticles. It
should be appreciated by those of skill in the art that the techniques
disclosed in the examples which follow represent techniques discovered by
the inventor to function well in the practice of the present disclosure,
and thus can be considered to constitute preferred modes for its practice.
However, those of ordinary skill in the art should, in light of the present
disclosure, appreciate that many changes can be made in the specific
embodiments which are disclosed and still obtain a like or similar result
without departing from the scope of the invention. EXAMPLE 1 [0063] /.
Relationship Between Trans Isomer Content and RFIFiII [0064] Microparticles
were manufactured from FDKP and insulin. FDKP was dissolved in aqueous
NH4OH to form a solution. A feed stream of this solution was combined with
a feed stream of an aqueous HOAc solution in a high shear mixer to form an
aqueous suspension of microparticles. [0065] The FDKP feed solution was
prepared with about 2.5 wt% FDKP, about 1.6 wt% concentrated NH4OH (about
28 to about 30 wt% NH3) and about 0.05 wt% polysorbate 80. The acetic acid
feed solution was prepared at about 10.5 wt% GAA and about 0.05 wt%
polysorbate 80. Both feed solutions were filtered through an about 0.2 mm
membrane prior to use. [0066] Equal amounts (by mass) of each feed solution
were pumped through a DUALFEED SONOLATOR(tm) equipped with the #5 orifice
(0.001 1 sq. inch). The minor pump was set to 50% for equal flow rates of
each feed stream and the feed pressure was about 2000 psi. The receiving
vessel contained deionized (Dl) water equal to the mass of either feed
solution (e.g. 4 kg FDKP feed solution and 4 kg HOAc feed solution would be
pumped through the SONOLATOR(tm) into the receiving vessel containing 4 kg
of Dl water). [0067] The resulting suspension was concentrated and washed
by means of tangential flow filtration using a 0.2 m2 PES membrane. The
suspensions were first concentrated to about 4% solids then diafiltered
with Dl water and finally concentrated to about 16% nominalsolids. The
actual percent solids of the washed suspension was determined by "loss on
drying." [0068] Insulin stock solutions were prepared containing about 10
wt% insulin (as received) in a solvent comprising about 2 wt% HOAc in Dl
water and sterile filtered. The stock solution was filtered through a 0.22
mm filter prior to use. Based on the solids content of the suspension, the
appropriate amount of stock solution was added to the mixed suspension. The
resulting microparticle/insulin mixture was then adjusted from a pH of
about 3.6 to a pH of about 4.5 using an ammonium hydroxide solution. [0069]
The microparticle/insulin suspension was then pelletized (cryo-granulated)
by flash freezing by in liquid nitrogen. The ice pellets were lyophilized
to produce a dry powder. [0070] The respirable fraction on fill (RF/fill)
of bulk powders is a measure of 



aerodynamic microparticle size distribution and is determined by testing
with the Andersen cascade impactor. To obtain RF/fill values, cartridges
are filled with bulk powder and discharged through a MEDTONE(r) inhaler at
30 L/min. The powder collected on each inhaler stage is weighed and the
total powder collected is normalized to the total amount filled in the
cartridges. Accordingly, RF/fill is powder collected on those stages of the
impactor representing the respirable fraction divided by powder loaded into
cartridges. [0071] As shown in FIG. 1, FDKP powders with acceptable
aerodynamic performance measured as RF/fill have been produced from FDKP
with as little as 45% trans isomer content (FIG. 1). Powders containing
more than 65% trans-FDKP tended to have lower and more variable RF/fill.
[0072] The studies determined the trans isomer content range with
beneficial aerodynamic properties. The next sections describe experiments
conducted to evaluate processing conditions that can generate the specified
isomer contents. [0073] //. Saponification Solvent [0074] Experiments were
conducted to determine the effect, if any, of the saponification conditions
on FDKP trans isomer content (FIG. 2). A mixture of FDKP diethyl ester
(Compound 004) and 590 ml. of reaction solvent (see Table 5) was heated to
about 57C. After the reaction temperature had stabilized, about 50% NaOH
solution was added dropwise via addition funnel over about 60 minutes. The
reaction was held for about 30 minutes after the NaOH addition was complete
and then filtered to remove any unreacted solids. The filtrate was
acidified with acetic acid to a pH of about 5 and the resulting solids
isolated by filtration, washed with water and acetone, dried in a vacuum
oven, and analyzed by HPLC to determine cis and trans isomer content.[0075]
Accordingly, five different solvent systems ranging from aqueous (Table 4,
A) to organic (Table 4, E) were evaluated. In general, the data in Table 4
show that the solvent system used in experiments A, B and C yielded FDKP
with acceptable trans isomer content. Table 4. Affect of wate methanol
Solvent Ratio in Step 5 on FDKP Isomer Content [0076] ///.
Recrystallization conditions [0077] FDKP can be recrystallized from a TFA
(solvent)/GAA (anti-solvent) mixture (FIG. 2; step 6). Controlled process
parameters were evaluated to characterize this recrystallization process
and its effects on FDKP isomer contents. In general, recrystallization
reactions with high yield also gave FDKP with a desired trans isomer
content. Low yielding recrystallization reactions resulted in elevated
trans isomer content, because the cis isomer has greater solubility in the
recrystallization solvent system. [0078] A reactor was charged with crude
FDKP (about 75g) and TFA (about 250 ml.) and stirring was initiated. The
suspension was heated to reflux (about 800C to about 85C) and held for
about 10 minutes or until all solids were dissolved. The mixture was cooled
to below about 600C. Glacial acetic acid (about 375 ml.) was added to the
solution. The mixture was cooled and held for a minimum of about 6 hours at
about 100C to about 20C. The precipitated product was filtered and washed
with GAA (3 X about 100 ml_), acetone (3 X about 100 ml.) and water ( 1 X
about 100 ml_). The product was dried at about 55C under vacuum (about 22
to about 25 in. Hg) for about 12 to about 18 hours. [0079] Initially, four
factors were tested including solvent quantity, anti-solvent quantity,
crystallization time and crystallization temperature. A solvent quantity of
about 2.68 or about 3.34 ml_/g FDKP provided acceptable % trans isomer of
FDKP. At around 6.68 ml. solvent/g FDKP, an unacceptably high trans isomer
content was produced. The amount of antisolvent did not significantly
affect % trans FDKP isomer content at up to 5.0 ml_/g FDKP. Reducing
anti-solvent quantity from the control quantity substantially produced a %
trans FDKP above the desired range. [0080] In experiments with high product
yield, crystallization time did not significantly affect % trans FDKP
isomer content at up to about 6 or 24 hours. Isomer content (% transisomer
of FDKP) fell outside the about 45 to about 65% range at the high (35C) and
low (00C) crystallization temperatures tested. [0081] Subsequent
experiments supported these findings. FIG. 6 shows a surface depicting FDKP
isomer content, measured as % trans FDKP, as a function of
solvent:antisolvent ratio (TFA:GAA) and crystallization temperature. Over
the ranges tested in these experiments the values for % trans FDKP varied
from 59-75%. The data suggest that trans FDKP isomer is within the desired
range at a low solvent ratio (0.43) and high crystallization temperatures
(25C). Predicted values for % trans FDKP isomer in this area of the
response surface are 58-60%. These observations suggest that using a
crystallization temperature of 25C could be advantageous. EXAMPLE 2 [0082]
Measuring the Trans Isomer of FDKP [0083] FDKP cis/trans isomer ratio was
determined using HPLC. An FDKP sample was prepared at a concentration of
-0.15 mg/mL in 0.1 M ammonium formate buffer. The sample was sonicated and
transferred to an HPLC vial for analysis. The injection volume 



used was 20 mL. Retention times of 3 1.7 and 33.3 minutes (cis and trans
FDKP, respectively) were observed using the following HPLC parameters:
Column: Phenomenex LUNA Phenyl-Hexyl Particle Size: 3 mm Column Length: 15
cm Column Internal Diameter: 3.0 mm Mobile Phase A: water/trifluoroacetic
acid, 1000:1 (v:v) Mobile Phase B: methanol/tetrahydrofuran/trifluoroacetic
acid, 900:100:1 (v:v:v) Injection Volume: 20 mL Flow Rate: 0.3 mL per
minute Run Time: 90 min. Column Temperature: 30  3 0C Sample Temperature: 8
3 0C Detector: UV 254 nm Table 5. Elution gradient of FDKP sample:EXAMPLE 3
[0084] Geometric Particle Size Analysis of Emitted Formulations by
Volumetric Median Geometric Diameter (VMGD) Characterization [0085] Laser
diffraction of dry powder formulations emitted from dry powder inhalers is
a common methodology employed to characterize the level of de-agglomeration
subjected to a powder. The methodology indicates a measure of geometric
size rather than aerodynamic size as occurring in industry standard
impaction methodologies. Typically, the geometric size of the emitted
powder includes a volumetric distribution characterized by the median
particle size, VMGD. Importantly, geometric sizes of the emitted particles
are discerned with heightened resolution as compared to the aerodynamic
sizes provided by impaction methods. Smaller sizes are preferred and result
in greater likelihood of individual particles being delivered to the
pulmonary tract. Thus, differences in inhaler de-agglomeration and ultimate
performance can be easier to resolve with diffraction. In these
experiments, inhalers were tested with laser diffraction at pressures
analogous to actual patient inspiratory capacities to determine the
effectiveness of the inhalation system to de-agglomerate powder
formulations. Specifically, the formulations included cohesive
diketopiperazine powders with an active insulin loaded ingredient and
without. These powder formulations possessed characteristic surface areas,
isomer ratios, and Carr's indices. Reported in Table 6 are a VMGD and an
efficiency of the container emptying during the testing. FDKP powders have
an approximate Carr's index of 50 and Tl powder has an approximate Carr's
index of 40. Table 6[0086] The data in Table 6 show an improvement in
powder de-agglomeration in inhalers identified as DPI 2 over the MEDTONE(r)
inhaler system. Diketopiperazine formulations with surface areas ranging
from 14 - 56 m2/g demonstrated emptying efficiencies in excess of 85% and
VMGD less than 7 microns. Similarly, formulations possessing an isomer
ratio ranging from 45 - 66 % trans demonstrated improved performance over
the predicate device. However, it is worth noting that even with the more
efficient inhaler at 66% trans content there has been a reduction in
cartridge emptying indicating a fall off (decrease) in aerodynamic
performance as trans isomer content departs from the ranges disclosed
herein. Lastly, performance of the inhaler system with formulations
characterized with Carr's indices of 40-50 were shown to be improved over
the predicate device as well. In all cases, the reported VMGD values were
below 7 microns. [0087] Unless otherwise indicated, all numbers expressing
quantities of ingredients, properties such as molecular weight, reaction
conditions, and so forth used in the specification and claims are to be
understood as being modified in all instances by the term "about."
Accordingly, unless indicated to the contrary, the numerical parameters set
forth in the following specification and attached claims are approximations
that may vary depending upon the desired properties sought to be obtained
by the present invention. At the very least, and not as an attempt to limit
the application of the doctrine of equivalents to the scope of the claims,
each numerical parameter should at least be construed in light of the
number of reported significant digits and by applying ordinary rounding
techniques. Notwithstanding that the numerical ranges and parameters
setting forth the broad scope of the invention are approximations, the
numerical values set forth in the specific examples are reported as
precisely as possible. Any numerical value, however, inherently contains
certain errors necessarily resulting from the standard deviation found in
their respective testing measurements. [0088] The terms "a" and "an" and
"the" and similar referents used in the context of describing the invention
(especially in the context of the following claims) are to be construed to
cover both the singular and the plural, unless otherwise indicated herein
or clearlycontradicted by context. Recitation of ranges of values herein is
merely intended to serve as a shorthand method of referring individually to
each separate value falling within the range. Unless otherwise indicated
herein, each individual value is incorporated into the specification 



as if it were individually recited herein. All methods described herein can
be performed in any suitable order unless otherwise indicated herein or
otherwise clearly contradicted by context. The use of any and all examples,
or exemplary language (e.g. "such as") provided herein is intended merely
to better illuminate the invention and does not pose a limitation on the
scope of the invention otherwise claimed. No language in the specification
should be construed as indicating any non-claimed element essential to the
practice of the invention. [0089] The use of the term "or" in the claims is
used to mean "and/or" unless explicitly indicated to refer to alternatives
only or the alternatives are mutually exclusive, although the disclosure
supports a definition that refers to only alternatives and "and/or." [0090]
Groupings of alternative elements or embodiments of the invention disclosed
herein are not to be construed as limitations. Each group member may be
referred to and claimed individually or in any combination with other
members of the group or other elements found herein. It is anticipated that
one or more members of a group may be included in, or deleted from, a group
for reasons of convenience and/or patentability. When any such inclusion or
deletion occurs, the specification is herein deemed to contain the group as
modified thus fulfilling the written description of all Markush groups used
in the appended claims. [0091] Preferred embodiments of this invention are
described herein, including the best mode known to the inventors for
carrying out the invention. Of course, variations on those preferred
embodiments will become apparent to those of ordinary skill in the art upon
reading the foregoing description. The inventor expects skilled artisans to
employ such variations as appropriate, and the inventors intend for the
invention to be practiced otherwise than specifically described herein.
Accordingly, this invention includes all modifications and equivalents of
the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described elements
in all possible variations thereof is encompassed by the invention unless
otherwise indicated herein or otherwise clearly contradicted by context.
[0092] Specific embodiments disclosed herein may be further limited in the
claims using consisting of or consisting essentially of language. When used
in the claims, whether as filed or added per amendment, the transition term
"consisting of" excludes any element, step, or ingredient not specified in
the claims. The transition term "consisting essentially of" limits the
scope of a claim to the specified materials or steps and those that do not
materiallyaffect the basic and novel characteristics). Embodiments of the
invention so claimed are inherently or expressly described and enabled
herein. [0093] Furthermore, numerous references have been made to patents
and printed publications throughout this specification. Each of the above
cited references and printed publications are herein individually
incorporated by reference in their entirety. [0094] Further, it is to be
understood that the embodiments of the invention disclosed herein are
illustrative of the principles of the present invention. Other
modifications that may be employed are within the scope of the invention.
Thus, by way of example, but not of limitation, alternative configurations
of the present invention may be utilized in accordance with the teachings
herein. Accordingly, the present invention is not limited to that precisely
as shown and described.WHAT IS CLAIMED IS: 1. A fumaryl diketopiperazine
(FDKP) composition comprising a trans isomer content of about 45% to about
65%. 2. The FDKP composition according to claim 1, wherein said trans
isomer content is from about 50% to about 65%. 3. The FDKP composition
according to claim 1, wherein said trans isomer content is from about 53%
to about 63%. 4. Fumaryl diketopiperazine (FDKP) microparticles comprising
the FDKP composition of claim 1. 5. FDKP microparticles according to claim
4, wherein said trans isomer content is from about 50% to about 65%. 6.
FDKP microparticles according to claim 4, wherein said trans isomer content
is from about 53% to about 63%. 7. FDKP microparticles according to claim
4, further comprising a drug or an active agent. 8. FDKP microparticles
according to claim 7, wherein said drug or active agent is a peptide or
protein. 9. FDKP microparticles according to claim 8, wherein said peptide
is an endocrine hormone. 10. FDKP microparticles according to claim 9,
wherein said endocrine hormone is insulin, parathyroid hormone, calcitonin,
glucagon, glucagon-like peptide 1, oxyntomodulin, an analog or active
fragment of said endocrine hormone. 11. The microparticles of claim 4,
wherein the drug is present in an amount 



greater than 0.01 wt% of the microparticles. 12. A dry powder comprising
the microparticles of claim 4. 13. A dry powder comprising the
microparticles of claim 7. 14. A method of treating an endocrine-related
disease or disorder comprising administering to a person in need thereof a
dry powder formulation comprising fumaryl diketopiperazine (FDKP)
microparticles comprising an FDKP trans isomer content of about 45% to
about 65% and an endocrine hormone suitable to treat said disease or
disorder.15. The method of claim 14, wherein the endocrine hormone is
insulin, parathyroid hormone, calcitonin, glucagon, glucagon-like peptide
1, oxyntomodulin, or an analog of said endocrine hormone. 16. The method of
claim 14, wherein the endocrine-related disease is diabetes. 17. A method
of making microparticles suitable for pulmonary administration as a dry
powder comprising: a) synthesizing an FDKP compound having an FDKP trans
isomer content of about 45% to about 65%; b) dissolving the FDKP compound
in a solution having a basic pH to form an FDKP solution; c) providing a
solution of a volatile acid, and d) mixing the solutions together in a
high-shear mixer to produce said microparticles in a suspension. 18. The
method of claim 17, further comprising determining the trans isomer content
of the FDKP. 19. The method of claim 18, wherein the step of determining
the trans isomer content of the FDKP is performed using high pressure
liquid chromatography. 20. The method of claim 17, further comprising
mixing said microparticles with a solution comprising a drug. 2 1. The
method of claim 17, wherein the drug is an endocrine hormone. 22. The
method of claim 2 1, wherein the drug is insulin, parathyroid hormone,
calcitonin, glucagon, glucagon-like peptide 1, oxyntomodulin, or an analog
of said drug. 23. A method for synthesizing a diketopiperazine having a
trans isomer content of about 45% to about 65% comprising: a) saponifying
an ester of a diketopiperazine in a mixture of water and a water-miscible
solvent at a basic pH; and b) recrystallizing the diketopiperazine in a
reaction mixture comprising trifluoroacetic acid and glacial acid at a
resultant ratio ranging from about 0.4 to about 0.7. 24. The method of
claim 23, wherein the water-miscible solvent is an alcohol,
tetrahydrofuran, dioxane, and acetonitrile. 25. The method of claim 24,
wherein the alcohol is methanol, ethanol, or isopropanol.26. The method of
claim 25, wherein the methanol is in a watepmethanol ratio ranging from 1:
1 to about 3:1 . 27. The method of claim 23, further comprising the step of
determining the trans isomer content of the diketopiperazine. 28. The
method of claim 23, wherein the diketopiperazine is of the formula 2,5-
diketo-3,6-bis(N-X-4-aminobutyl)piperazine, wherein X is selected from the
group consisting of fumaryl, succinyl, maleyl, and glutaryl. 29. The method
of claim 23, wherein the diketopiperazine is 2,5-diketo-3,6-bis(Nfumaryl-
4-aminobutyl)piperazine. 30. The method of claim 23, wherein the reaction
mixture in the recrystallizing step is held for a period of about 4 hours
or greater than 4 hours. 


