
TITLE OF THE INVENTION ANGIOTENSIN II RECEPTOR
ANTAGONISTS BACKGROUND OF THE INVENTION U.S. Patent
5,138,069 generically and specifically describes
2-butyl-4-chloro-l-[p-(o-lHtetrazol-
5-ylphenyl)-benzyl]imidazole-5-methanol potassium salt
and 2-butyl-4-chloro-l-[(2'-
lH-tetrazol-5-yl)biphenyl-4-yl)methyl]imidazole-5-carb
oxylic acid. Columns 261-263 of U.S. Patent 5,138,069
describe general procedures for formulating compounds
described in the patent, including capsules, tablets,
injection formulations, and suspensions. U.S. Patent
5,153,197, describes the use of these compounds, alone
and in combination with a diuretic, to treat a patient
having hypertension. WO200501 1646 describes
angiotensin II receptor blocker nitroderivatives,
pharmaceutical compositions containing them and their
use for the treatment of cardiovascular, renal and
chronic liver diseases, inflammatory processes and
metabolic syndromes. The publication describes a
variety of angiotensin receptor blocker compounds each
of which are covalently linked in a variety of ways to
a nitric oxide group. Specific examples include
angiotensin receptor blockers with one covalently-
linked nitric oxide group, and angiotensin receptor
blockers with two independently-covalently-linked
nitric oxide groups. WO2005023182 describes nitrosated
and nitrosylated cardiovascular compounds, and
compositions comprising at least one nitrosated and
nitrosylated cardiovascular compound and optionally at
least one nitric oxide donor. The cardiovascular
compound which is nitrosated or nitrosylated may be an
aldosterone antagonist, an angiotensin II receptor
antagonist, a calcium channel blocker, an endothelin
antagonist, a hydralazine compound, a neutral
endopeptidase inhibitor or a renin inhibitor. The
nitric oxide donor may be selected from
S-nitrosothiols, nitrites, nitrates,
N-oxo-N-nitrosamines, furoxans, and sydnonimines.
WO2005070868 describes combination therapy for
treating cyclooxygenase-2 mediated diseases or
conditions at risk of thrombotic cardiovascular events
which involves administering selected cyclooxygenase-2
inhibitor in combination with a nitric oxide donating
compound such as 5,6-bis(nitrooxy)hexyl acetate,
6-hydroxyhexane-l,2-diyl dinitrate, 5-
hydroxypentane-l,2-diyl dinitrate, (5R)
-5,6-bis(nitrooxy)hexyl 4-nitrobenzoate, (5S)-5,6-
bis(nitrooxy)hexyl 4-nitrobenzoate,
(2R)-6-hydroxyhexane-l,2-diyl dinitrate, (2S)-6-
hydroxyhexane-l,2-diyl dinitrate,
(2S)-propane-l,2-diyl dinitrate, and
(2R)-propane-l,2-diyl dinitrate.SUMMARY OF THE
INVENTION The present invention includes angiotensin
II receptor antagonist bis(nitrooxy) derivatives,
including
2-butyl-4-chloro-l-[(2'-(l-H-tetrazol-5-yl)biphenyl-4-
yl)methyl]- imidazole-5-carboxylate bis(nitrooxy)
derivatives, including various pharmaceutically
acceptable salts and hydrates of these forms, and
pharmaceutical formulations for controlled and
sustained delivery of these forms to a patient. The
salts include non-toxic salts such as those derived
from inorganic acids, e.g. hydrochloric, hydrobromoic,
sulfuric, sulfamic, phosphoric, nitric and the like,
or the quaternary ammonium salts which are formed,
e.g., from inorganic or organic acids or bases.
Examples of acid addition salts include acetate,
adipate, alginate, aspartate, benzoate,
benzenesulfonate, bisulfate, butyrate, citrate,
camphorate, camphorsulfonate, cyclopentanepropionate,
digluconate, dodecylsulfate, ethanesulfonate,
fumarate, glucoheptanoate, glycerophosphate,
hemisulfate, heptanoate, hexanoate, hydrochloride,
hydrobromide, hydroiodide, 2-hydroxyethanesulfonate,
lactate, maleate, methanesulfonate,
2-naphthalenesulfonate, nicotinate, nitrate, oxalate,
pamoate, pectinate, persulfate, 3-phenylpropionate,
picrate, pivalate, propionate, succinate, sulfate,
tartrate, thiocyanate, tosylate, and undecanoate. Base
salts include ammonium salts, alkali metal salts such
as sodium and potassium salts, alkaline earth metal
salts such as calcium and magnesium salts, salts with
organic bases such as dicyclohexylamine salts,
N-methyl-Dglucamine, and salts with amino acids such
as arginine, lysine, and so forth. Also, the basic
nitrogen-containing groups may be quaternized with
such agents as lower alkyl halides, such as methyl,
ethyl, propyl, and butyl chloride, bromides and
iodides; dialkyl sulfates like dimethyl, diethyl,
dibutyl; and diamyl sulfates, long chain halides such
as decyl, lauryl, myristyl and stearyl chlorides,
bromides and iodides, aralkyl halides like benzyl and
phenethyl bromides and others. The invention also
includes a method for treating hypertension,
congestive heart failure, pulmonary hypertension,
renal insufficiency, renal ischemia, renal failure,
renal fibrosis, cardiac insufficiency, cardiac
hypertrophy, cardiac fibrosis, myocardial ischemia,
cardiomyopathy, glomerulonephritis, renal colic,
complications resulting from diabetes such as
nephropathy, vasculopathy and neuropathy, glaucoma,
elevated intra-ocular pressure, atherosclerosis,
restenosis post angioplasty, complications following
vascular or cardiac surgery, erectile dysfunction,
hyperaldosteronism, lung fibrosis, scleroderma,
anxiety, cognitive disorders, complications of
treatments with immunosuppressive agents, and other
diseases known to be related to the renin-angiotensin
system, by administering an angiotensin II receptor
antagonist of the invention to a patient having one or
more of these conditions.DETAILED DESCRIPTION OF THE
INVENTION AND PREFERRED EMBODIMENTS Compounds of the
invention are angiotensin II receptor antagonist
bis(nitrooxy) derivatives having the general formula:
wherein R is selected from the group consisting ofY is
-Yl-Y2- g 3-g 4. g 5. ; Yl is C(RlR2); R is selected
from the group consisting of hydrogen and C 1.4 alkyl;
R2 is selected from the group consisting of hydrogen,
C]-4 alkyl, and -OC(O)Ci-4 alkyl; Y2 is O, C(O),
P(O)(OH) or CH2, provided that when Y3 is P(O)(OH),
then g 2 is O; Y3 is O, C(O), P(O)(OH) or CH2,
provided that when Y2 is C(O), then Y3 is not C(O),
and further provided that when Y2 is O, then Y3 is not
O, and when Y2 is P(O)(OH), then Y3 is O; Y4 is O or
CH2 or is absent, provided that when Y3 is O, then Y4
is not O; Y5 is -(CH2)1 -2-(X)O- l-(CH2)0-l- or is
absent; X is -O- or -CR3R4- ; and R3 and R are
independently selected from the group consisting of
hydrogen and C1-C4 alkyl; or a pharmaceutically
acceptable salt thereof.In one embodiment, Y2 is O or
C(O), and all other variables are as previously
defined. In another embodiment, Y3 is C(O), Y2 is O,
and all other variables are as previously defined. In
another embodiment, Y is -C(RlR2)-O-C(O)-Y4- g 5. and
all other variables are as previously defined. 



In another embodiment, the compound has the structure
and all variables are as previously defined. In
another embodiment, the compound has the structure
wherein Yl is C(CH3)2, g 2 is O, Y3 is C(O), Y4 is O
and g 5 is -(CH2) 1-2-(X)O- l-(CH2)0-l. wherein X is
-O- or -CR3R4-; and R and R are independently selected
from the group consisting of hydrogen and Cl-C4 alkyl;
or a pharmaceutically acceptable salt or hydrate
thereof.In another embodiment, the compound is
selected from the group consisting of or a
pharmaceutically acceptable salt thereof. In another
embodiment, the compound is selected from the group
consisting ofIn another embodiment, the compound is
selected from the group of compounds (i) to (xix)
shown below:ANSAMYCIN FORMULATIONS AND METHODS OF USE
THEREOF RELATEDAPPLICATIONS [0001] This application
claims benefit under 35 U.S.C. 119(e) of the filing
date of USSN 60/874,349 filed on December 12, 2006,
USSN 60/914,477 filed on April 27, 2007, and
60/939,913 filed May 24, 2007, the entire disclosure
of each of which is incorporated herein by reference.
FIELD [0002] Provided herein are, inter alia, solid
forms of geldanamycin analogs, pharmaceutical
compositions comprising a geldanamycin analog and a
crystallization inhibitor, and methods of making and
using such compositions. In some embodiments, provided
are methods for the treatment of cancer and/or a
hyperproliferative disorder, and methods of inhibiting
Heat Shock Protein 90 ("Hsp90"). BACKGROUND [0003]
Hsp90 is an abundant protein which has a role in cell
viability and which exhibits dual chaperone functions
(J. Cell Biol. (2001) 154:267-273, Trends Biochem.
Sci. (1999) 24:136-141). It plays a role in the
cellular stress-response by interacting with many
proteins after their native conformations have been
altered by various environmental stresses, such as
heat shock, ensuring adequate protein-folding and
preventing non-specific aggregation (Pharmacological
Rev. (1998) 50:493-513). Recent results suggest that
Hsp90 may also play a role in buffering against the
effects of mutation, presumably by correcting
inappropriate folding of mutant proteins (Nature
(1998) 396:336-342). Hsp90 also has regulatory roles
under normal physiological conditions and is
responsible for the conformational stability and
maturation of a number of specific client proteins
(see. Expert. Opin. Biol Ther. (2002) 2(1): 3-24).
[0004] Hsp90 antagonists are currently being explored
in a large number of biological contexts where a
therapeutic effect can be obtained for a condition or
disorder by inhibiting one or more aspects of Hsp90
activity. [0005] Geldanamycin is a macrocyclic lactam
that is a member of the benzoquinonecontaining
ansamycin family of natural products. Geldanamycin's
nanomolar potency and apparent selectivity for killing
tumor cells, as well as the discovery that its primary
target in mammalian cells is Hsp90, has stimulated
interest in its development as an anti-cancer
drug.However, its extremely low solubility and the
association of hepatotoxicity with the administration
of geldanamycin have led to difficulties in developing
an approvable agent for therapeutic applications. In
particular, geldanamycin has poor water solubility,
making it difficult to deliver in therapeutically
effective doses. [0006] More recently, attention has
focused on 17-amino derivatives of geldanamycin
("geldanamycin analogs"), in particular 17-AAG,
showing reduced hepatotoxicity while maintaining Hsp90
binding. See U.S. Pat. Nos. 4,261,989; 5,387,584; and
5,932,566. Like geldanamycin, these 17-amino
derivatives have very limited aqueous solubility.
Consequently, there is an unmet need to develop
additional pharmaceutical compositions of geldanamycin
analogs, such as 17-AG and 17-AAG, and solid forms
thereof. SUMMARY [0007] In one embodiment, provided
herein are solid forms of geldanamycin analogs, which
are useful as Hsp90 antagonists. Also provided herein,
among other things, are pharmaceutical compositions
comprising geldanamycin analogs, methods for making
such compositions having enhanced bioavailability,
methods of using gelanamycin analogs for the treatment
of cancer and/or a hyperproliferative disorder, and
methods of inhibiting Hsp90. It has been discovered
herein that mixtures of geldanamycin analogs and
crystallization inhibitors dramatically improve the
bioavailability of geldanamycin analogs. Examples of
formulations that achieve this improvement include,
but are not limited to, solid dispersions, solid
molecular dispersions, and physical blends of the
components. In some embodiments, a geldanamycin analog
is present in an amorphous state, a microcrystalline
state, a nanocrystalline state, or any combination
thereof. [0008] In certain embodiments, pharmaceutical
compositions containing a solid dispersion of a
geldanamycin analog and at least one crystallization
inhibitor are provided wherein the geldanamycin analog
is present in substantially amorphous form. In other
embodiments, a method for the preparation of amorphous
geldanamycin analogs is provided. One method for
producing a solid molecular dispersion of amorphous
geldanamycin analogs provided herein involves solvent
spray drying. Other techniques that can be used to
prepare solid molecular dispersions of amorphous
geldanamycin analogs include, without limitation: (1)
milling; (2) extrusion; (3) melt processes, including
high melt-congeal processes and melt-congeal
processes; (4) solvent modified fusion; (5) solvent
processes, including spray coating, lyophilization,
solvent evaporation (e.g., rotary evaporation) and
spray-drying; and (6) non-solvent precipitation.[0009]
In another embodiment, provided are amorphous
geldanamycin analogs that can exist within a solid
amorphous dispersion as a pure phase, as a molecular
dispersion of geldanamycin analog homogeneously
distributed throughout a crystallization inhibitor or
any combination of these states or those states that
lie intermediate between them. In some embodiments, a
dispersion is substantially homogeneous such that an
amorphous geldanamycin analog is dispersed uniformly
throughout the dispersion or formulation. [0010] In
yet another embodiment, provided are geldanamycin
analogs that exist in a variety of solid forms. In
certain embodiments, 17-AG exists in more than one
polymorphic form. Provided are 17-AG compositions that
include such forms, whether in a pure polymorphic
state or admixed with any other material, including
for example, another polymorphic form of 17-AG. BRIEF
DESCRIPTION OF THE DRAWING [0011] Figure 1 depicts an
XRPD pattern for amorphous 17-AG. [0012] Figure 2
depicts an XRPD pattern for Form I of 17-AG. 



[0013] Figure 3 depicts a DSC pattern for Form I of
17-AG. [0014] Figure 4 depicts an 1HNMR spectra for
Form I of 17-AG. [0015] Figure 5 depicts an XRPD
pattern for Form II of 17-AG. [0016] Figure 6 depicts
an XRPD pattern for Form III of 17-AG. [0017] Figure 7
depicts an XRPD pattern for EtOAc Solvate of 17-AG.
[0018] Figure 8 depicts a DSC pattern for EtOAc
Solvate of 17-AG. [0019] Figure 9 an 1HNMR spectra for
EtOAc Solvate of 17-AG demonstrating ratio of 17-AG to
ethyl acetate. [0020] Figure 10a depicts a graph of
17-AG concentration levels, plotted as a function of
ng/ml versus time (hours), demonstrating higher
relative bioavailability with the administration of
amorphous 17-AG as compared to crystalline 17-AG in
male beagle dogs in: (i) an uncoated HPMC capsule
containing 17-AG (12% load) in a PVP solid dispersion
formulation (Session 1); (ii) an uncoated HPMC capsule
containing a crystalline 17-AG (Session 3); and (iii)
a coated HPMC capsule containing 17-AG (12% load) in a
PVP solid dispersion formulation (Session 4). [0021]
Figure 10b depicts a summary table of PK parameters
for Figure 10a. [0022] Figure 11a depicts a graph of
17-AG concentration levels, plotted as a function of
ng/ml versus time (hours), demonstrating higher
relative bioavailability with the administration of
amorphous 17-AG as compared to crystalline 17-AG in
female beagle dogsin: (i) an uncoated HPMC capsule
containing 17-AG (12% load) in a PVP solid dispersion
formulation (Session 1); (ii) an uncoated HPMC capsule
containing a crystalline 17-AG (Session 3); and (iii)
a coated HPMC capsule containing 17-AG (12% load) in a
PVP solid dispersion formulation (Session 4). [0023]
Figure lib depicts a summary table of PK parameters
for Figure 11a. [0024] Figure 12 depicts a DSC scan of
17-AG (12% load) in a PVP K-30 solid dispersion
formulation made using lyophilization from
t-BuOH/water (3:1). [0025] Figure 13 depicts a graph
showing results from an in vitro dissolution study of
various 17-AG / polymer dispersions, plotted as a
function of mg/ml versus time (minutes). [0026] Figure
14 depicts a graph of 17-AG concentration levels,
plotted as a function of ng/ml versus time (hours),
demonstrating relative bioavailability of 17-AG in
female beagle dogs using: solid dispersion
formulations made by two different methods, plotted as
a function of ng/ml versus time (hours): (Figure 14a)
an uncoated HPMC capsule containing 17-AG (20% load)
in a PVP solid amorphous dispersion formulation made
by rotary evaporation; and (Figure 14b) an uncoated
HPMC capsule containing 17-AG (20% load) in a PVP
solid amorphous dispersion formulation made by spray
drying. [0027] Figure 14c depicts a summary table of
the data in Figure 14a and Figure 14b. [0028] Figure
15 depicts an in vitro dissolution study in SIF of
amorphous dispersions of a series of ansamycin analogs
generated from PVP utilizing rotary evaporation,
plotted as a function of mg/ml versus time (minutes).
[0029] Figure 16 depicts an XRPD pattern for an
amorphous dispersion of 17-AG plus PVP (20% in K-30)
made by rotary evaporation. [0030] Figure 17 depicts
an XRPD pattern for an amorphous dispersion of 17-AG
plus PVP spiked with 0.1% crystalline Form I. [0031]
Figure 18 depicts an XRPD pattern for an amorphous
dispersion of 17-AG plus PVP spiked with 1%
crystalline Form I. [0032] Figure 19 depicts an XRPD
pattern for an amorphous dispersion of 17-AG plus PVP
spiked with spiked with 5% crystalline Form I . [0033]
Figure 20 depicts an XRPD pattern for an amorphous
dispersion of 17-AG plus PVP spiked with spiked with
10% crystalline Form I . [0034] Figure 2 1 depicts a
graph showing results from an in vitro dissolution
study of a 17-AG/PVP dispersion containing varying
amounts of Form I 17-AG (0%, 1% and10%), plotted as a
function of mg/ml versus time (minutes), demonstrating
the effect of varying amounts of Form I on the
stability of supersaturated solutions. [0035] Figure
22 depicts a graph showing results from an in vitro
dissolution study of a 17-AG/PVP dispersion containing
varying amounts of Form II 17-AG (0%, 1% and 10%),
plotted as a function of mg/ml versus time (minutes),
demonstrating the effect of varying amounts of Form II
on the stability of supersaturated solutions. [0036]
Figure 23 depicts a graph showing results from an in
vitro dissolution study of a 17-AG/PVP dispersion
containing varying amounts of Form III 17-AG (0%, 1%
and 10%), plotted as a function of mg/ml versus time
(minutes), demonstrating the effect of varying amounts
of Form III on the stability of supersaturated
solutions. [0037] Figure 24 depicts a graph showing
the dissolution profile of 17-AG from different
tablets and capsule (average values, in-vitro
dissolution in SIF), demonstrating different
dissolution/release profiles are possible with tablets
of varying composition. [0038] Figure 25 on the left,
depicts a three-dimensional bar graph of an in-vitro
dissolution study using 0.5 mg/ml 17-AG in various SIF
solutions containing 0%, 0.5%, 1.5% and 5% PVP (50
mg/ml 17-AG in DMSO diluted 1:100 into SIF); and on
the right, depicts a three-dimensional bar graph of an
in-vitro solubility study using 1.0 mg/ml 17-AG in
various SIF solutions containing 0%, 0.5%, 1.5% and 5%
PVP (100 mg/ml 17-AG in DMSO diluted 1:100 into SIF);
together demonstrating that varied amounts of PVP
achieve supersaturation levels of 17-AG and stabilizes
the supersaturated solutions by preventing
nucleation/precipitation of 17-AG. [0039] Figure 26
depicts a three-dimensional bar graph demonstrating
that varied amounts of PVP in SIF will change the
degree of supersaturation of 17-AG in SIF, i.e.,
higher amounts of PVP result in higher supersaturated
levels of 17-AG. [0040] Figure 27 depicts a graph of
the equilibrium solubility of 17-AG in SIF containing
varying amounts of PVP K-30 (0%, 0.5%, 1%, 2.5% and
5%), plotted as a function of mg/ml versus time,
demonstrating that adding PVP increases the
equilibrium solubility of 17-AG in simulated
intestinal fluid (SIF). [0041] Figure 28a depicts a
graph demonstrating effects of varying loads of 17-AG
(12%, 20% and 30% loads (w/w) in PVP K-30) on plasma
level concentration of 17-AG in female beagle dogs,
plotted as a function of ng/ml versus time (minutes).
Figure 28b is a summary table of the data in Figure
28a.[0042] Figure 29a depicts a graph demonstrating
effects of varying loads of 17-AG (12%, 20% and 30%
loads (w/w) in PVP K-30) on plasma level concentration
of 17-AG in male beagle dogs, plotted as a function of
ng/ml versus time (minutes). [0043] Figure 29b depicts
a summary table of the data in Figure 29a. 



[0044] Figure 30a depicts a graph of 17-AG dog plasma
level concentration after administration of an
uncoated HPMC capsule containing a physical blend of
an EtOAc Solvate of 17-AG and lactose, without a
crystallization inhibitor present, plotted as a
function of ng/ml versus time (hours). [0045] Figure
30b depicts a graph of 17-AG dog plasma level
concentration after administration of an uncoated HPMC
capsule containing a physical blend of an EtOAc
Solvate of 17-AG and a crystallization inhibitor
(PVP), plotted as a function of ng/ml versus time
(hours) demonstrating that adding a crystallization
inhibitor leads to increased plasma level
concentration. [0046] Figure 30c depicts a summary
table of the PK parameters for Figure 30a and Figure
30b. [0047] Figure 31a depicts a graph of 17-AG dog
plasma level concentration after administration of an
uncoated HPMC capsule containing amorphous 17-AG and
lactose, without a crystallization inhibitor present,
plotted as a function of ng/ml versus time (hours),
demonstrating that even when no crystallization
inhibitor is present, the plasma level concentration
is high, relative to crystalline 17-AG. [0048] Figure
31b depicts a graph of 17-AG dog plasma level
concentration after administration of an uncoated HPMC
capsule containing amorphous 17-AG and a
crystallization inhibitor (PVP), plotted as a function
of ng/ml versus time (hours), demonstrating that
adding a crystallization inhibitor leads to increased
plasma level concentration. [0049] Figure 31c depicts
a summary table of the PK parameters for Figure 31a
and Figure 31b. [0050] Figure 32 depicts a graph of
dog plasma level concentration after administration of
17-AG as a solution (85% propylene glycol, 5% ethanol
and 10% DMSO) via oral gavage, without a
crystallization inhibitor present, plotted as a
function of ng/ml versus time (hours). [0051] Figure
33 depicts a graph of dog plasma level concentration
after administration of 17-AG as a solution (85%
propylene glycol, 5% ethanol and 10% PVP) via oral
gavage containing a crystallization inhibitor (PVP),
plotted as a function of ng/ml versustime (hours),
demonstrating that solutions as well as solid
dispersions are effective formulations for oral
administration. [0052] Figure 34 depicts a graph of
dog plasma level concentration after administration of
17-AG as a solution (20% polyethylene
glycol-hydroxystearate, 5% DMSO in normal saline) via
oral gavage, containing a crystallization inhibitor
(PEG-HS), plotted as a function of ng/ml versus time
(hours). [0053] Figure 35 depicts a graph of dog
plasma level concentration after administration of
17-AG as a solution (20% polyethylene
glycol-hydroxystearate, 5% DMSO, 10% PVP in normal
saline) via oral gavage, containing a crystallization
inhibitor (PEG-HS and PVP), plotted as a function of
ng/ml versus time (hours). [0054] Figure 36 depicts a
graph of female dog plasma level concentration after
administration if 17-AG as a solution (non-ionic 2%
Tween-80, 5% DMSO in sterile water for injection) via
oral gavage, containing a crystallization inhibitor
(non-ionic Tween-80), plotted as a function of ng/ml
versus time (hours). [0055] Figure 37 depicts a graph
of dog plasma level concentration after administration
of 17-AG as a solution (non-ionic 2% Tween-80, 5%
DMSO, 10% PVP in sterile water for injection) via oral
gavage, containing a crystallization inhibitor (PVP
and non-ionic Tween-80), plotted as a function of
ng/ml versus time (hours). [0056] Figure 38 depicts a
graph of a relative in vitro dissolution study (SIF at
370C) of amorphous 17-AG (12% load) in solid
dispersions using various grades of PVP (K-1 5, K- 30
and K-90) at 37C, plotted as a function of % of Target
(2 mg/ml) versus time (minutes). The trend that PVP
K-90 resulted in lower supersaturated levels of 17-AG
than PVP K-15 or PVP K-30 grades was consistent
regardless of the 17-AG load. [0057] Figure 39 depicts
a graph of a relative in vitro dissolution study (SIF
at 370C) of amorphous 17-AG plus PVP dispersions using
varying load levels of 17-AG (12%, 20%, 30% and 50%).
The trend that supersaturated levels of 17-AG was
inversely correlated to load (i.e. dispersions with
higher load levels of 17-AG and lower levels of
crystallization inhibitor, PVP, had lower
supersaturated levels of 17-AG) was consistent
regardless of the PVP grade. [0058] Figure 40a depicts
a graph of plasma concentration in female beagle dogs
after oral dosing (10 mg/kg) of 17-AG (20% load) plus
PVP in a solid dispersion formulation [both small (<50
mM) and large (>800 mM) particle sizes], plotted as a
function of ng/ml versus time (minutes) demonstrating
that particle size does not greatly affect in-vivo
exposure.[0059] Figure 40b depicts a summary table of
the PK parameters for Figure 40a. [0060] Figure 40c
depicts a summary table of the PK parameters for a
graph of plasma concentration in male beagle dogs
after oral dosing (10 mg/kg) of 17-AG (20% load) plus
PVP in a solid dispersion formulation [both small
(less than 50 microns) and large (greater than 800
microns) particle sizes], plotted as a function of
ng/ml versus time (minutes). [0061] Figure 41a depicts
a graph of 17-AG (12% load) plasma concentration in
female beagle dogs after oral dosing (15 mg/kg) of
amorphous 17-AG dispersions using various grades of
PVP (K-1 5, K30 and K-90), plotted as a function of
ng/ml versus time (hours) demonstrating a trend. From
the data, PVP grade K-30 provides greater exposure
than PVP K-15 which provides greater exposure than PVP
K-90. [0062] Figure 41b depicts a summary table of the
PK parameters for Figure 41a. [0063] Figure 42a
depicts a graph of 17-AG (12% load) plasma
concentration in male beagle dogs after oral dosing
(15 mg/kg) of amorphous 17-AG dispersions using
various grades of PVP (K-1 5, K30 and K-90), plotted
as a function of ng/ml versus time (hours). Similar to
the data from female dog dosing, PVP grade K-30
provides greater exposure than PVP K-15 which provides
greater exposure than PVP K-90. [0064] Figure 42b
depicts a summary table of the PK parameters for
Figure 42a. [0065] Figure 43 depicts a graph of plasma
levels achieved after a single capsule dose of an
amorphous dispersion (12%17-AAG, with a
crystallization inhibitor PVP in uncoated HPMC
capsule) in beagle dogs, demonstrating that good
in-vivo exposure can be achieved in dosing amorphous
dispersions of ansamycin analogs other than 17-AG.
[0066] Figure 44 depicts exemplary images acquired
using a polarized light 



microscope: (A) 4X transmitted light image of solid
state 17AG/PVP amorphous dispersion; (B) 1OX polarized
light image of 17AG/PVP amorphous dispersion in water;
(C) 1OX polarized light image of 0.01% spike of
crystalline Form I into a 17-AG/PVP amorphous
dispersion, dissolved in water; (D) 1OX polarized
light image of 0.1% spike of crystalline Form I into a
17-AG/PVP amorphous dispersion, dissolved in water;
and (E) 1OX polarized light image of 1.0 % spike of
crystalline Form I into a 17-AG/PVP amorphous
dispersion, dissolved in water. [0067] Figure 45
depicts a transmitted light micrograph of the
17-AG/PVP dispersion made by lyophilization from 3:1
t-BuOH/water, dissolved in water.[0068] Figure 46
depicts exemplary photo images of a suspension and an
emulsion: (A) 2% 17-AG suspension in 1%
Carboxymethylcellulose; and (B) 2mg/ml 17-AG in 10%
PGHS, 2.5% DMSO, 5% Tween-80, 50% olive oil in NS.
[0069] Figure 47 depicts a graph showing tumor volume
as a function of time (days) utilizing a mouse
xenograph model Hl 975 when dosed using a solution of
17-AG in 20% PG-HS, 5% DMSO and 75% normal saline.
[0070] Figure 48 depicts a graph showing tumor volume
as a function of time (days) utilizing a mouse
xenograph model Hl 650 when dosed using a solution of
17-AG in 15% PVP, 5% ethanol and 80% propylene glycol.
DETAILED DESCRIPTION (1) Definitions and Abbreviations
[0071] The definitions of terms used herein are meant
to incorporate the present stateof- the-art
definitions recognized for each term in the chemical
and pharmaceutical fields. Where appropriate,
exemplification is provided. The definitions apply to
the terms as they are used throughout this
specification, unless otherwise limited in specific
instances, either individually or as part of a larger
group. [0072] Where stereochemistry is not
specifically indicated, all stereoisomers of the
inventive compounds provided herein are included
within the scope of this disclosure, as pure isomers
as well as mixtures thereof. Unless otherwise
indicated, individual enantiomers, diastereomers,
geometrical isomers, and combinations and mixtures
thereof are all encompassed by the present disclosure.
Polymorphic crystalline forms and solvates are also
encompassed within the scope of this disclosure.
[0073] The term "acylamino" and "acylamine" refers to
a moiety that may be represented by the general
formula: o N R5 1 R50 [0074] wherein each of R50 and
R51 independently represent a hydrogen, an alkyl, an
alkenyl or -(CH2)m-R61; wherein R61 represents an
aryl, a cycloalkyl, a cycloalkenyl, a heterocycle or a
polycycle; and m is zero or an integer in the range of
1 to 8; or R50 and R51, taken together with the N atom
to which they are attached complete a heterocycle
having from 4 to 8 atoms in the ring structure.[0075]
The term "alkyl" refers to the radical of saturated
aliphatic groups, including straight-chain alkyl
groups, branched-chain alkyl groups, cycloalkyl
(alicyclic) groups, alkyl substituted cycloalkyl
groups, and cycloalkyl substituted alkyl groups. In
certain embodiments, a straight chain or branched
chain alkyl has 30 or fewer carbon atoms in its
backbone (e.g., Ci-C 3 for straight chain, C3-C30 for
branched chain), 20 or fewer. In some embodiments,
certain cycloalkyls have from 3-10 carbon atoms. In
some embodiments, an alkyl group contains 1-10 carbon
atoms as its backbone, and may be substituted. In some
embodiments, certain cycloalkyls have from 3-10 carbon
atoms in their ring structure, and others have 5, 6 or
7 carbons in the ring structure. [0076] Unless the
number of carbons is otherwise specified, "lower
alkyl" refers to an alkyl group, as defined above, but
having from one to about ten carbons, alternatively
from one to about six carbon atoms in its backbone
structure. In some embodiments, "lower alkenyl" and
"lower alkynyl" have similar chain lengths from two to
about ten carbons, alternatively from two to about six
carbon atoms in its backbone structure. [0077] The
term "alkylthio" refers to an alkyl group, as defined
above, having a sulfur radical attached thereto. In
certain embodiments, the "alkylthio" moiety is
represented by one of -S-alkyl, -S-alkenyl,
-S-alkynyl, and -S-(CH2)m-R61, wherein m and R61 are
defined above. Representative alkylthio groups include
methylthio, ethyl thio, and the like. [0078] The term
"aralkyl" is art-recognized and refers to an alkyl
group substituted with an aryl group (e.g., an
aromatic or heteroaromatic group). Benzyl, p-methoxy
benzyl, and phenylethyl are examples of an aralkyl.
[0079] The terms "alkenyl" and "alkynyl" refer to
unsaturated aliphatic groups analogous in length and
possible substitution to the alkyls described above,
but that contain at least one double or triple bond
respectively. Alkenyl and alkynyl groups may be
substituted with the same groups that are suitable as
substituents on alkyl groups, to the extent permitted
by the available valences. In certain embodiments,
alkenyl and alkynyl groups contain 2-10 carbons in the
backbone structure. [0080] The terms "alkoxyl" or
"alkoxy" refers to an alkyl group, as defined herein,
having an oxygen radical attached thereto. In one
embodiment, alkoxyl groups include methoxy, ethoxy,
propyloxy, tert-butoxy and the like. The alkyl portion
of an alkoxy group is sized like the alkyl groups, and
can be substituted by the same groups that are
suitable as substituents on alkyl groups, to the
extent permitted by the available valences. [0081] The
term "amido" and "amide" are art recognized as an
amino-substituted carbonyl and includes a moiety that
may be represented by the general formula:wherein R50
and R51 are as defined herein. [0082] The terms
"amine" and "amino" are art-recognized and refer to
both unsubstituted and substituted amines, e.g., a
moiety that may be represented by the general
formulas: wherein R50, R51 and R52 each independently
represent a hydrogen, an alkyl, an alkenyl,
-(CH2)m-R61, or R50 and R51, taken together with the N
atom to which they are attached complete a heterocycle
having from 4 to 8 atoms in the ring structure; R61
represents an aryl, a cycloalkyl, a cycloalkenyl, a
heterocycle or a polycycle; and m is zero or an
integer in the range of 1 to 8. In other embodiments,
R50 and R51 (and optionally R52) each independently
represent a hydrogen, an alkyl, an alkenyl, or
-(CH2)m-R61. Thus, the term "alkylamine" includes an
amine group, as defined above, having a substituted or
unsubstituted alkyl attached thereto, i.e., at least
one of R50 and R51 is an alkyl group. [0083] The term
"aralkyl" as used herein, whether alone or as part of
a group name 



such as, for example, aralkyloxy, refers to an alkyl
group as described herein substituted with an aryl
group as described herein (e.g., an aromatic or
heteroaromatic group). The aryl portion of each
aralkyl group may be optionally substituted. In one
embodiment, aralkyl groups include, for example,
groups of general formula Ar-(CH2)t-, where Ar
represents an aromatic or heteroaromatic ring and t is
an integer from 1-6. [0084] The term "aryl" as used
herein, whether alone or as part of another name as in
'aryloxy', refers to 5-, 6- and 7-membered single-ring
aromatic groups that may include from zero to four
heteroatoms selected from N, O and S, for example,
benzene, naphthalene, anthracene, pyrene, pyrrole,
furan, thiophene, imidazole, oxazole, thiazole,
triazole, pyrazole, pyridine, pyrazine, pyridazine and
pyrimidine, and the like. Those aryl groups having
heteroatoms in the ring structure may also be referred
to as "aryl heterocycles" or "heteroaromatics." The
aromatic ring may be substituted at one or more ring
positions with such substituents as described herein,
for example, halogen, azide, alkyl, aralkyl,
alkenyl,alkynyl, cycloalkyl, hydroxyl, alkoxyl, amino,
nitro, sulfhydryl, imino, amido, phosphonate,
phosphinate, carbonyl, carboxyl, silyl, ether,
alkylthio, sulfonyl, sulfonamido, ketone, aldehyde,
ester, heterocyclyl, aromatic or heteroaromatic
moieties, -CF3, -CN, or the like. The term "aryl" also
includes polycyclic ring systems having two or more
cyclic rings in which two or more carbons are common
to two adjoining rings (the rings are "fused rings")
wherein at least one of the rings is aromatic, e.g.,
the other cyclic rings may be cycloalkyls,
cycloalkenyls, cycloalkynyls, aryls and/or
heterocyclyls. [0085] As used herein, the term
"benzoquinone ansamycin" (aka "geldanamycin compound")
means a macrocyclic lactam ring system containing: (a)
one amide bond; and (b) a benzoquinone moiety, wherein
said benzoquinone moiety bears 0-2 nitrogen
substituents that are exo- to the macrocyclic lactam
ring system, and the benzoquinone moiety itself.
Specific examples of naturally-occurring benzoquinone
ansamycins include, but are not limited to,
geldanamycin and herbimycin. [0086] The phrase
"characteristic XRPD peaks" or "characteristic set of
peaks" means a single peak or set of peaks taken from
an XRPD spectra that distinguish a polymorph from
other known polymorphs of the same compound identified
by comparison of XRPD patterns from different forms.
[0087] The term "crystallization inhibitor" means a
pharmaceutically acceptable excipient which
substantially inhibits the conversion of a compound
from the amorphous form to one or more crystalline
forms in the solid state or in solution. A
crystallization inhibitor may also substantially
inhibit crystal growth in the gastrointestinal tract
for long enough (e.g., about 1 to 6 hours) to allow
for enhanced absorption of at least 50%, over
conventional delivery, of the compound into the
bloodstream. [0088] The term "geldanamycin analog"
refers to a benzoquinone ansamycin other than
geldanamycin, for example, 17-amino-geldanamycin
(17-AG), 7-allylamino-17- demethoxygeldanamycin
(17-AAG) or 17-(2-dimethylaminoethy)amino-17-
demethoxygeldanamycin (17-DMAG). [0089] The term
"heterocycloalkyl" refers to cycloalkyl groups as
described herein, wherein at least one carbon atom of
the alkyl or cycloalkyl portion is replaced by a
heteroatom selected from N, O and S. [0090] The term
"heteroatom" is art-recognized and refers to an atom
of any element other than carbon or hydrogen.
Illustrative heteroatoms include boron, nitrogen,
oxygen, phosphorus, sulfur and selenium.[0091] The
terms "heterocyclyl", "heteroaryl", "heterocyclic
ring" or "heterocyclic group" are art-recognized and
refer to 3- to about 10-membered ring structures,
alternatively 3- to about 7-membered rings, whose ring
structures include one to four heteroatoms.
Heterocycles may also be polycycles. Heterocyclyl
groups include, for example, thiophene, thianthrene,
furan, pyran, isobenzofuran, chromene, xanthene,
phenoxanthene, pyrrole, imidazole, pyrazole,
isothiazole, isoxazole, pyridine, pyrazine,
pyrimidine, pyridazine, indolizine, isoindole, indole,
indazole, purine, quinolizine, isoquinoline,
quinoline, phthalazine, naphthyridine, quinoxaline,
quinazoline, cinnoline, pteridine, carbazole,
carboline, phenanthridine, acridine, pyrimidine,
phenanthroline, phenazine, phenarsazine,
phenothiazine, furazan, phenoxazine, pyrrolidine,
oxolane, thiolane, oxazole, piperidine, piperazine,
morpholine, lactones, lactams such as azetidinones and
pyrrolidinones, sultams, sultones, and the like. The
heterocyclic ring may be substituted at one or more
positions with such substituents as described herein,
as for example, halogen, alkyl, aralkyl, alkenyl,
alkynyl, cycloalkyl, hydroxyl, amino, nitro,
sulfhydryl, imino, amido, phosphonate, phosphinate,
carbonyl, carboxyl, silyl, ether, alkylthio, sulfonyl,
ketone, aldehyde, ester, a heterocyclyl, an aromatic
or heteroaromatic moiety, -CF3, -CN, or the like.
[0092] The term "Hsp90 mediated disorder" or "disorder
mediated by cells expressing Hsp90" refers to
pathological and disease conditions in which Hsp90
plays a role. Such roles can be directly related to
the pathological condition or can be indirectly
related to the condition. The common feature to this
class of conditions is that the condition can be
ameliorated by inhibiting the activity, function, or
association with other proteins of Hsp90. Particular
exemplary Hsp90 mediated disorders are discussed,
infra. [0093] As used herein, the term "isolated" in
connection with a compound provided herein means the
compound is not in a cell or organism and the compound
is separated from some or all of the components that
typically accompany it in nature. [0094] The term
"molecular dispersion" as used herein refers to a type
of solid dispersion wherein one component is dispersed
throughout another component such that the system is
chemically and physically uniform and homogeneous
throughout. These systems are substantially free of
active ingredients in their crystalline or
microcrystalline state as evidenced by thermal
analysis (e.g., differential scanning calorimetry),
diffractive (e.g., X-ray diffraction), or imaging
(polarized light microscopy) techniques. [0095] The
term "pharmaceutically acceptable salt" or "salt"
refers to a salt of one or more compounds. Suitable
pharmaceutically acceptable salts of compounds include
acid addition salts which may, for example, be formed
by mixing a solution of the compound witha solution of
a pharmaceutically acceptable acid, such as
hydrochloric acid, hydrobromic acid, sulfuric acid,
fumaric acid, maleic acid, succinic acid, benzoic
acid, acetic acid, citric acid, tartaric acid,
phosphoric acid, carbonic acid, or the like. Where the
compounds carry one or more acidic moieties,
pharmaceutically acceptable salts may be formed by
treatment of a solution of the compound with a
solution of a pharmaceutically acceptable base, such
as lithium hydroxide, sodium hydroxide, potassium
hydroxide, tetraalkylammonium hydroxide, lithium
carbonate, sodium carbonate, potassium carbonate,
ammonia, alkylamines, or the like. 



[0096] The term "pharmaceutically acceptable carrier"
includes any and all solvents, diluents, or other
liquid vehicle, dispersion or suspension aids, surface
active agents, isotonic agents, thickening or
emulsifying agents, preservatives, solid binders,
lubricants and the like, as suited to the particular
dosage form desired. Remington's
Pharmaceutical-Sciences, Sixteenth Edition, E. W.
Martin (Mack Publishing Co., Easton, Pa., 1980)
discloses various carriers used in formulating
pharmaceutical compositions and known techniques for
the preparation thereof. Except insofar as any
conventional carrier medium is incompatible with the
compounds of provided herein, such as by producing any
undesirable biological effect or otherwise interacting
in a deleterious manner with any other component(s) of
the pharmaceutical composition, its use is
contemplated to be within the scope of this invention.
Some examples of materials which can serve as
pharmaceutically acceptable carriers include, but are
not limited to, sugars such as lactose, glucose and
sucrose; starches such as corn starch and potato
starch; cellulose and its derivatives such as sodium
carboxymethyl cellulose, ethyl cellulose and cellulose
acetate; powdered tragacanth; malt; gelatine; talc;
excipients such as cocoa butter and suppository waxes;
oils such as peanut oil, cottonseed oil; safflower
oil, sesame oil; olive oil; corn oil and soybean oil;
glycols; such as propylene glycol; esters such as
ethyl oleate and ethyl laurate; agar; buffering agents
such as magnesium hydroxide and aluminum hydroxide;
alginic acid; pyrogenfree water; isotonic saline;
Ringer's solution; ethyl alcohol, and phosphate buffer
solutions, as well as other non-toxic compatible
lubricants such as sodium lauryl sulfate and magnesium
stearate, as well as coloring agents, releasing
agents, coating agents, sweetening, flavoring and
perfuming agents, preservatives and antioxidants can
also be present in the composition, according to the
judgment of the formulator. [0097] The terms
"polycyclyl" or "polycyclic group" are art-recognized
and refer to two or more rings (e.g., cycloalkyls,
cycloalkenyls, cycloalkynyls, aryls and/or
heterocyclyls) in which two or more carbons are common
to two adjoining rings, e.g., the rings are
"fusedrings". Rings that are joined through
non-adjacent atoms are termed "bridged" rings. Each of
the rings of the polycycle may be substituted with
such substituents as described above, as for example,
halogen, alkyl, aralkyl, alkenyl, alkynyl, cycloalkyl,
hydroxyl, amino, nitro, sulfhydryl, imino, amido,
phosphonate, phosphinate, carbonyl, carboxyl, silyl,
ether, alkylthio, sulfonyl, ketone, aldehyde, ester, a
heterocyclyl, an aromatic or heteroaromatic moiety,
-CF3, -CN, or the like. [0098] The phrase "protecting
group", as used herein means that a particular
functional moiety, e.g., O, S, or N, is temporarily
blocked so that a reaction can be carried out
selectively at another reactive site in a
multifunctional compound. In certain embodiments, a
protecting group reacts selectively in good yield to
give a protected substrate that is stable to the
projected reactions; the protecting group must be
selectively removed in good yield by readily
available, preferably nontoxic reagents that do not
attack the other functional groups; the protecting
group may form an easily separable derivative (without
the generation of new stereogenic centers); and the
protecting group has a minimum of additional
functionality to avoid further sites of reaction. As
detailed herein, oxygen, sulfur, nitrogen and carbon
protecting groups may be utilized. For example, in
certain embodiments, as detailed herein, certain
exemplary protecting groups include esters of
carboxylic acids, silyl ethers of alcohols, and
acetals and ketals of aldehydes and ketones,
respectively. Certain other exemplary protecting
groups are detailed herein, however, it will be
appreciated that the present invention is not intended
to be limited to these protecting groups; rather, a
variety of additional equivalent protecting groups can
be readily identified using the above criteria and
utilized in the present invention. Additionally, a
variety of protecting groups are described in
"Protective Groups in Organic Synthesis" Third Ed.
Greene, T. W. and Wuts, P. G., Eds., John Wiley &
Sons, New York: 1999, the entire contents of which are
hereby incorporated by reference. [0099] The term
"polymorph" refers to different crystal structures
achieved by a particular chemical entity.
Specifically, polymorphs occur when a particular
chemical compound can crystallize with more than one
structural arrangement. [00100] The term "solvate"
refers to a crystal form where a stoichiometric or
nonstoichiometric amount of solvent, or mixture of
solvents, is incorporated into the crystal structure.
[00101] The term "subject" as used herein, refers to
an animal, typically a mammal or a human, that will be
or has been the object of treatment, observation,
and/or experiment. When the term is used in
conjunction with administration of a compound or drug,
then thesubject has been the object of treatment,
observation, and/or administration of the compound or
drug. [00102] The term "substantially amorphous" when
used to describe a composition disclosed herein means
that the majority of the compound present in a
composition is present in amorphous form and that the
composition has less than about 20% crystalline
compound, less than about 15% crystalline compound,
less than about 10% crystalline compound, less than
about 5% crystalline compound, less than about 3%
crystalline compound, or less than about 1%
crystalline compound, less than about 0.1% crystalline
compound, or less than about 0.01% crystalline
compound. In some embodiments of the present
invention, the compound present in a composition
contains no detectable crystalline material. When the
term "substantially amorphous" is used to describe a
compound disclosed herein it means that the majority
of the compound is present in amorphous form and the
compound has less than about 20% crystalline content,
less than about 15% crystalline content, less than
about 10% crystalline content, less than about 5%
crystalline content, less than about 3% crystalline
content, or less than about 1% crystalline content,
less than about 0.1% crystalline content, or les than
about 0.01% crystalline content. In some embodiments
of the present invention, the compound present in a
composition contains no detectable crystalline
material. [00103] The term "substantially free of,
when used to describe a material or compound, means
that the material or compound lacks a significant or
detectable amount of a designated substance. In some
embodiments, the designated substance is present at a
level not more than about 1%, 2%, 3%, 4% or 5% (w/w or
v/v) of the material or compound. For example, a
preparation of a particular geldanamycin analog is
"substantially free of other geldanamycin analogs if
it contains less than about 1%, 2%, 3%, 4% or 5% (w/w
or v/v) of any geldanamycin analog other than the
particular geldanamycin analog designated. Similarly,
in some embodiments of the present invention, a
preparation of amorphous geldanamycin is
"substantially free of crystalline geldanamycin if it
contains less than about 1%, 2%, 3%, 4% or 5% (w/w or
v/v) crystalline geldanamycin. In some embodiments of
the 



present invention, the preparation of amorphous
geldanamycin contains no detectable crystalline
geldanamycin. Similarly, in some embodiments of the
present invention a preparation of amorphous 17-AG is
"substantially free of crystalline 17-AG if it
contains less than about 1%, 5%, 10% or 15% (w/w or
v/v) crystalline 17-AG. Similarly, in some embodiments
of the present invention a preparation of amorphous
17-AAG is "substantially free of crystalline 17-AAG if
it contains less than about 1%, 5%, 10% or 15% (w/w or
v/v) crystalline 17-AAG. Similarly, in some
embodiments of the present invention, a preparationof
an EtOAc solvate is "substantially free of other solid
forms of 17-AG if it contains less than about 1%, 5%,
10% or 15% (w/w or v/v) of any solid form other than
the solid form designated. Similarly, in some
embodiments of the present invention, a preparation of
an EtOAc solvate is "substantially free of other solid
forms of 17-AAG if it contains less than about 1%, 5%,
10% or 15% (w/w or v/v) of any solid form other than
the solid form designated. [00104] The phrase
"substantially all" when used to describe XRPD peaks
of a compound means that the XRPD of that compound
includes at least about 80% of the peaks when compared
to a reference. For example, when an XRPD of a
compound is said to include "substantially all" of the
peaks in a reference list, or all of the peaks in a
reference XRPD, it means that the XRPD of that
compound includes at least 80% of the peaks in the
specified reference. In other embodiments, the phrase
"substantially all" means that the XRPD of that
compound includes at least about 85, 90, 95, 97, 98,
or 99% of the peaks when compared to a reference.
Additionally, one skilled in the art will appreciate
throughout, that XRPD peak intensities and relative
intensities as listed herein may change with varying
particle size and other relevant variables. [00105]
The term "substantially homogeneous" means that the
geldanamycin analog is dispersed evenly throughout the
dispersion or formulation. Thus, a portion of a
dispersion that is 10% by weight of the dispersion
should contain 8-12% or 9-1 1% by weight of the
geldanamycin analog present in the dispersion. [00106]
The term "substantially inhibit" as used herein means
to reduce significantly. For example, a
crystallization inhibitor that inhibits conversion of
an amorphous compound to one or more crystalline forms
of the compound in the solid state (e.g., that
"substantially inhibits" that conversion if it reduces
conversion to less than about 1%, to less than about
5%, to less than about 10%, to less than about 15%, to
less than about 20%, or less than about 25%
crystalline material) for a period of about 1 hour or
greater, about 3 hours or greater, about 6 hours or
greater, about 12 hours or greater, about 1 day or
greater, about 1 week or greater, about one month or
greater, about 3 months or greater, about 6 months or
greater, or about one year or greater. [00107] The
term "substituted" refers to a chemical group, such as
alkyl, cycloalkyl aryl, and the like, wherein at least
one hydrogen is replaced with a substituent as
described herein, for example, halogen, azide, alkyl,
aralkyl, alkenyl, alkynyl, cycloalkyl, hydroxyl,
alkoxyl, amino, nitro, sulfhydryl, imino, amido,
phosphonate, phosphinate, carbonyl, carboxyl, silyl,
ether, alkylthio, sulfonyl, sulfonamide, ketone,
aldehyde, ester, heterocyclyl,aromatic or
heteroaromatic moieties, -CF3, -CN, or the like. The
term "substituted" is also contemplated to include all
permissible substituents of organic compounds. In a
broad aspect, the permissible substituents include
acyclic and cyclic, branched and unbranched,
carbocyclic and heterocyclic, aromatic and nonaromatic
substituents of organic compounds. Illustrative
substituents include, for example, those described
herein above. The permissible substituents may be one
or more and the same or different for appropriate
organic compounds. For purposes of this disclosure,
the heteroatoms such as nitrogen may have hydrogen
substituents and/or any permissible substituents of
organic compounds described herein which satisfy the
valences of the heteroatoms. This disclosure is not
intended to be limited in any manner by the
permissible substituents of organic compounds. In many
embodiments, however, any single substituent has fewer
than the 100 total atoms. [00108] It will be
understood that "substitution" or "substituted with"
includes the implicit proviso that such substitution
is in accordance with permitted valence of the
substituted atom and the substituent, and that the
substitution results in a stable compound, e.g., which
does not spontaneously undergo transformation such as
by rearrangement, cyclization, elimination, or other
reaction. [00109] The definition of each expression,
e.g. alkyl, m, n, and the like, when it occurs more
than once in any structure, is intended to be
independent of its definition elsewhere in the same
structure. [00110] The term "sugar" as used herein
refers to a natural or an unnatural monosaccharide,
disaccharide, oligosaccharide, or polysaccharide
comprising one or more triose, tetrose, pentose,
hexose, heptose, octose, and nonose saccharides.
Sugars may include alditols resulting from reduction
of the saccharide carbonyl group; aldonic acids
resulting from oxidation of one or more terminal
groups to carboxylic acids of the saccharide; deoxy
sugars resulting from replacement of one or more
hydroxyl group(s) by a hydrogen in the saccharide;
amino sugars resulting from replacement of one or more
hydroxyl group(s) by an amino group in the saccharide;
thio sugars resulting from replacement of one or more
hydroxyl group(s) by a thiol group, or other analogous
compounds resulting from the replacement of, for
example, one or more hydroxyl group(s) by an acylamino
group, a sulfate group, a phosphate group, or similar
heteroatomic group; or any combination of the
foregoing modifications. The term sugar also includes
analogs of these compounds (i.e., sugars that have
been chemically modified by acylation, alkylation, and
formation of glycosidic bonds by reaction of sugar
alcohols with aldehydes or ketones, etc). Sugars may
be present in cyclic (oxiroses, oxetosesm furanoses,
pyranoses, septanoses, octanoses, etc) form as
hemiacetals,hemiketals, or lactones; or in acyclic
form. The sacharides may be ketoses, aldoses, polyols
and/or a mixture of ketoses, aldoses and polyols.
Sugars may include, but are not limited to glycerol,
polyvinylalcohol, propylene glycol, sorbitol, ribose,
arabinose, xylose, lyxose, allose, altrose, mannose,
mannitol, gulose, dextrose, idose, galactose, talose,
glucose, fructose, dextrates, lactose, sucrose,
starches (i.e., amylase and amylopectin), sodium
starch glycolate, cellulose and cellulose derivativees
(i.e., methylcellulose, hydroxypropyl celluloe,
hydroxyethyl cellulose, hydroxyethylmethyl cellulose,
carboxymethyl cellulose, cellulose acetate, cellulose
acetate phthalate, croscarmellose, hypomellose, and
hydroxypropyl methyl cellulose), carrageenan,
cyclodextrins, dextrin, polydextrose, and trehalose.
[00111] The term "supersaturated" means that a
solution has a concentration of dissolved solute that
is higher than the concentration of that same solute
at equilibrium solubility in a given solvent at a
given temperature. [00112] The phrase "therapeutically
effective amount" as used herein, means an 



amount sufficient to elicit a desired biological or
medicinal response in a cell culture, tissue system,
animal, or human. In some embodiments, the response
includes alleviation and/or delay of onset of one or
more symptoms of the disease, condition, or disorder
being treated. [00113] The phrase "taken together form
a bond," when used to refer to two chemical groups
means that, if the groups are attached to atoms that
are not otherwise directly bonded to each other, they
represent a bond between the atoms to which they are
attached. If the groups are on atoms that are directly
bonded to each other, they represent an additional
bond between those two atoms. Thus, for example, when
R5 and R6 taken together form a bond, the structure
-CH(R 5)-CH(R6)- represents -C(H)=C(H)-. [00114]
Certain compounds contained in compositions disclosed
herein may exist in particular geometric or
stereoisomeric forms. Unless otherwise indicated, the
present disclosure contemplates all such compounds,
including cis- and trans-isomers, R- and Senantiomers,
diastereomers, (D)-isomers, (L)-isomers, the racemic
mixtures thereof, and other mixtures thereof, as
falling within the scope of this disclosure.
Additional asymmetric carbon atoms may be present in a
substituent such as an alkyl group. All such isomers,
as well as mixtures thereof, are intended to be
included in this disclosure. (2) Solid Forms [00115]
Provided herein are geldanamycin analogs that can
exist in a variety of solid forms. Such forms include
neat crystal forms, known as polymorphs. Such solid
forms alsoinclude solvates, hydrates, anhydrous forms
and amorphous. Such solid forms of geldanamycin
analogs are contemplated as within this disclosure. In
certain embodiments, provided is a geldanamycin
compound as a mixture of one or more different solid
forms (e.g., polymorphs, solvates and amorphous
geldanamycin analogs) of 17-AG and/or 17-AAG. [00116]
Provided herein is 17-AG as an amorphous solid,
referred to herein as amorphous 17-AG, and
substantially free of other geldanamycin analogs. In
some embodiments, amorphous 17-AG is substantially
free of other solid forms of 17-AG. Amorphous solids
are well known to one of ordinary skill in the art and
are typically prepared by such methods as
lyophilization, melting, and precipitation from
supercritical fluid, among others. Methods of
preparing amorphous 17-AG are described in the
Examples section, infra. [00117] In some embodiments,
amorphous 17-AG is characterized in that it has an
XRPD pattern similar to that depicted in Figure 1.
[00118] In certain embodiments, provided is
substantially amorphous 17-AG substantially free of
crystalline forms of 17-AG. [00119] Provided herein
are at least three polymorphic forms, referred to
herein as Form I, Form II and Form III, of 17-AG.
[00120] In certain embodiments, provided is Form I of
17-AG. In some embodiments, provided is Form I of
17-AG characterized in that it has a peak in its XRPD
patterns at the specified peaks + about 0.3 degrees
2-theta. As used herein, the term "about", when used
in reference to any degree 2-theta value recited,
refers to the stated value + 0.3 degree 2-theta in
accordance with the value's reported decimal place.
[00121] In certain embodiments, provided is Form I of
17-AG substantially free of other geldanamycin
analogs. In some embodiments, Form I of 17-AG is
substantially free of other solid forms of 17-AG. In
some embodiments, Form I is characterized by
representative peaks in its XRPD pattern selected from
those at about 6.2, 8.5, 13.6, 15.9, 16.9, 22.4, 23.4,
26.3, 30.6, 31.7, 35.1 and 36.1 degrees 2-theta, and
combinations thereof. In some embodiments, Form I is
characterized in that it has at least one peak
selected from those at about 6.2, 8.5 13.6 and 15.9
degrees 2-theta. In some embodiments, Form I is
characterized by at least one representative peak in
its XRPD pattern selected from those at about 6.2,
8.5, 13.6 and 15.9, in combination with at least one
other peak selected from those at about 6.2, 8.5,
13.6, 15.9, 16.9, 22.4, 23.4, 26.3, 30.6, 31.7, 35.1
and 36.1 degrees 2-theta. In some embodiments, Form I
of 17-AG is characterized in that it has substantially
all peaks in its XRPD pattern shown in Figure
2.[00122] In some embodiments, Form I is characterized
in that it has a DSC pattern similar to that depicted
in Figure 3. A representative IHNMR spectra for Form I
is depicted in Figure 4. [00123] In certain
embodiments, provided is Form II of 17-AG
substantially free of other geldanamycin analogs. In
some embodiments, Form II of 17-AG is substantially
free of other solid forms of 17-AG. In some
embodiments, Form II is characterized by
representative peaks in its XRPD pattern selected from
those at about 9.5, 10.1, 12.5, 15.1, 16.1, 16.8,
19.8, 20.7, 21.5, 22.4, 25.1, 25.8, 29.5 and 30.5
degrees 2-theta, and combinations thereof. In some
embodiments, Form II is characterized in that it has
at least one peak selected from those at about 12.5,
15.1, 20.7, 22.4 and 25.0 degrees 2-theta. In some
embodiments, Form II is characterized by at least one
representative peak in its XRPD pattern selected from
those at about 12.5, 15.1, 20.7, 22.4 and 25.0 in
combination with at least one other peak selected from
those at about 9.5, 10.1, 12.5, 15.1, 16.1, 16.8,
19.8, 20.7, 21.5, 22.4, 25.1, 25.8, 29.5 and 30.5
degrees 2-theta. In some embodiments, Form II is
characterized by its XRPD peaks substantially as shown
in Figure 5. [00124] In certain embodiments, provided
is Form III of 17-AG substantially free of other
geldanamycin analogs. In some embodiments, Form III of
17-AG is substantially free of other solid forms of
17-AG. In some embodiments, Form III is characterized
by representative peaks in its XRPD pattern selected
from those at about 8.4, 9.3, 10.9, 11.6, 13.6, 13.9,
15.7, 16.3, 17.1, 18.3, 18.6, 19.9, 21.0, 22.0, 24.3,
25.8, 28.2, 29.2, and 30.8 degrees 2-theta, and
combinations thereof. In some embodiments, Form III is
characterized in that it has at least one peak
selected from those at about 18.3, 21.0 and 24.3
degrees 2- theta. In some embodiments, Form III is
characterized by at least one representative peak in
its XRPD pattern selected from those at about 18.3,
21.0 and 24.3, in combination with at least one other
peak selected from those at about 8.4, 9.3, 10.9,
11.6, 13.6, 13.9, 15.7, 16.3, 17.1, 18.3, 18.6, 19.9,
21.0, 22.0, 24.3, 25.8, 28.2, 29.2 degrees 2-theta. In
some embodiments, Form III is characterized by its
XRPD peaks substantially as shown in Figure 6. [00125]
Also provided is at least one solvate form, referred
to herein as EtOAc Solvate, of 17-AG. [00126] In
certain embodiments, provided is an ethyl acetate
solvate of 17-AG substantially free of other
geldanamycin analogs. In some embodiments, the EtOAc
Solvate of 17-AG is substantially free of other solid
forms of 17-AG. In some embodiments, the EtOAc Solvate
is characterized by representative peaks in its XRPD
pattern selected fromthose at about 6.2, 8.2, 12.6,
14.5, 15.9, 16.8, 17.5, 22.3, 23.3 and 25.3 degrees
2-theta, and 



combinations thereof. In some embodiments, the EtOAc
Solvate is characterized in that it has at least one
peak selected from those at about 8.2, 15.9 and 22.3
degrees 2-theta. In some embodiments, the ethyl
acetate solvate is characterized by at least one
representative peak in its XRPD pattern selected from
those at about 8.2, 15.9 and 22.3, in combination with
at least one other peak selected from those at about
6.2, 8.2, 12.6, 14.5, 15.9, 16.8, 17.5, 22.3, 23.3 and
25.3 degrees 2-theta. In some embodiments, the EtOAc
Solvate is characterized by its XRPD peaks
substantially as shown in Figure 7. [00127] In some
embodiments, the EtOAc solvate is characterized in
that it has a DSC pattern similar to that depicted in
Figure 8. In some embodiment, the DSC shows an
endothermic transition at about 960C, consistent with
a desolvation event. In some embodiments, the DSC
shows an endothermic transition (melting point onset)
at about 2760C. [00128] In some embodiments, the EtOAc
Solvate is characterized by its 1HNMR peaks
substantially as shown in Figure 9 below, showing that
there is a complex between 17- AG and ethyl acetate in
approximate ratio of 2:1. [00129] In another
embodiment, also provided herein is 17-AAG can exist
as an amorphous solid, referred to herein as amorphous
17-AAG, that is substantially free of other
geldanamycin analogs. In some embodiments, amorphous
17-AAG is substantially free of other solid forms of
17-AAG. Amorphous solids are well known to one of
ordinary skill in the art and are typically prepared
by such methods as lyophilization, melting, and
precipitation from supercritical fluid, among others.
Methods of preparing amorphous 17- AAG are described
in the Examples section, infra. [00130] In certain
embodiments, provided is substantially amorphous
17-AAG substantially free of other crystalline forms
of 17-AAG. [00131] In some embodiments, provided is a
composition comprising amorphous 17- AAG and at least
one crystalline form of 17-AAG. Such crystalline forms
of 17-AAG include neat crystal forms, solvates and
hydrates as described herein or other crystalline
forms of 17-AAG that may result from the preparation
of, and/or isolation of, amorphous 17- AAG. In certain
embodiments, provided is a composition comprising
amorphous 17-AAG and at least one crystalline form of
17-AAG as described herein. In some embodiments,
provided is a composition comprising amorphous 17-AAG
and at least one crystalline form of 17-AAG.(3)
Pharmaceutical Compositions [00132] It is
art-recognized that geldanamycin and other
benzoquinone ansamycin compounds (including, for
example, 17-AG and 17-AAG) are poorly soluble in
water, and thus are not suitable for oral
administration due to poor bioavailability. Provided
herein are pharmaceutical compositions of such
compounds that can be administered orally if they, for
example, are delivered in an amorphous form (and/or in
the presence of a crystallization inhibitor). In one
embodiment, provided are oral formulations of
benzoquinone ansamycin compounds, such as 17-AG or
17-AAG, which oral formulations comprise amorphous
compound in a solid or liquid composition, optionally
also including a crystallization inhibitor. In some
embodiments, compositions that contain a mixture of an
amorphous geldanamycin analog and a crystallization
inhibitor, resulted in a surprising finding that the
bioavailability of amorphous geldanamycin analogs are
dramatically improved and are therefore useful for
oral administration. [00133] Without wishing to be
bound by any particular theory, we propose that one
mechanism that might contribute to the improved
bioavailability of inventive oral formulations
provided herein might be reduced recrystallization of
compound as it is released from the formulation in the
gastrointestinal tract. That is, if absorption of a
compound is slow as it is released from a delivered
formulation, then the possibility exists that a
supersaturated solution is generated in the
gastrointestinal tract, potentially resulting in
crystallization. If crystallization is inhibited, so
that more compound remains in solution, improved
delivery may be achieved. Thus, the compositions
provided herein may achieve rapid and sufficiently
long-lasting solubilization of low solubility
benzoquinone ansamycin compounds in the aqueous medium
in the digestive tract, by inhibiting crystallization
of the compound. [00134] In some embodiments, the
compositions containing benzoquinone ansamycin
compounds (other than 17-DMAG), when dosed at a dose
of 15 mg/kg of active compound, are capable of
delivering an amount of compound sufficient to achieve
an AUC of at least 100 ng ml/hr, at least 500 ng
ml/hr, at least 1,000 ng-ml/hr, at least 5,000
ng-ml/hr, at least 10,000 ng ml/hr, at least 15,000
ng-ml/hr, at least 25,000 ng-ml/hr, or at least 50,000
ng ml/hr of the active compound. [00135] In some of
the foregoing embodiments, the compound is present in
substantially amorphous form. [00136] In some
embodiments, a pharmaceutical composition for oral
administration is provided, comprising a
crystallization inhibitor and a compound of formula 1
:1 or a pharmaceutically acceptable salt thereof;
wherein; R1 is H, -OR8, -SR8 -N(R8XR9), -N(R8)C(O)R9,
-N(R8)C(O)OR9, -N(R8)C(O)N(R8)(R9), -OC(O)R8,
-OC(O)OR8, -OS(O)2R8, -OS(O)2OR8, -OP(O)2OR8, CN or a
carbonyl moiety; each of R2 and R3 independently is H,
alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
heterocycloaklyl, aryl, aralkyl, heteroaryl,
heteroaralkyl, -C(=0)CH 3 or -[(C(R 10)2)p]-Rp ; or R2
and R3 taken together with the nitrogen to which they
are bonded represent a 3 - 8 membered optionally
substituted heterocyclic ring which contains 1-3
heteroatoms selected from O, N, S, and P; p
independently for each occurrence is O, 1, 2, 3, 4, 5,
or 6; R4 is H, alkyl, akenyl, or aralkyl; R5 and R6
are each H; or R5 and R6 taken together form a bond;
R7 is hydrogen alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkenyl, heterocycloaklyl, aryl, aralkyl,
heteroaryl, heteroaralkyl, or -[(C(R10)2)p]-Rp ; each
of R8 and R9 independently for each occurrence is H,
alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
heterocycloaklyl, aryl, aralkyl, heteroaryl,
heteroaralkyl, or -[(C(R IO)2)P]-R"; or R8 and R9
taken together represent a 3-8 membered optionally
substituted heterocyclic ring which contains 1-3
heteroatoms selected from O, N, S, and P; R10 for each
occurrence independently is H, alkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkenyl, heterocycloaklyl,
aryl, aralkyl, heteroaryl, or heteroaralkyl; and R1 1
for each occurrence independently is H, cycloalkyl,
aryl, heteroaryl, heterocyclyl, 



-OR8, -SR8, -N(R8XR9), -N(R8)C(O)R9, -N(R8)C(O)OR9,
-N(R8)C(O)N(R8)(R9), -OC(O)R8, -OC(O)OR8, -OS(O)2R8,
-OS(O)2OR8, -OP(O) 2OR8, -C(O)R8, -C(O)2R8,
-C(O)N(R8XR9), halide, or CN.[00137] In some
embodiments R1 is OH, R4 is H, and R5 and R taken
together form a bond. [00138] In some embodiments, a
pharmaceutical composition for oral administration is
provided, comprising a crystallization inhibitor and a
compound of formula 1: 1 [00139] In certain
embodiments, a pharmaceutical composition for oral
administration is provided, comprising a
crystallization inhibitor and a compound of formula 1
: or a pharmaceutically acceptable salt thereof;
wherein; R1 is -OR8, -C(=O)CH3, or a carbonyl moiety;
each of R2 and R3 independently is H, alkyl, alkenyl
or -[(C(R 1O)2)P]-R"; or R2 and R3 taken together with
the nitrogen to which they are bonded represent a 3-8
membered optionally substituted heterocyclic ring
which contains 1-3 heteroatoms selected from O, N, S,
and P; p independently for each occurrence is 0, 1 or
2; R4 is H; R5 and R6 are each H; or R5 and R6 taken
together form a bond; R7 is hydrogen or -[(C(R
10)2)p]-R p ; each of R8 and R9 independently are H;
or R8 and R9 taken together represent a 3-8
memberedoptionally substituted heterocyclic ring which
contains 1-3 heteroatoms selected from O, N, S, and P;
R10 for each occurrence independently is H; and R1 1
for each occurrence independently is H, -N(R8)(R9) or
halide. [00140] Examples of benzoquinone ansamycin
compounds include those having the following
structures:[00141] In some embodiments, compositions
provided herein containing amorphous 17-AG resulted in
a surprising finding of improved bioavailability
relative to crystalline 17- AG even when no
crystallization inhibitor was used; such compositions
are therefore useful for administration, such as oral
administration. [00142] In some of the foregoing
embodiments, the compound is present in substantially
amorphous form. [00143] Similarly, in some
embodiments, the composition contains an amount of
crystallization inhibitor of at least about 10%, 25%,
50%, 75% (w/w), based on the total weight of the
composition.[00144] In some of the foregoing
embodiments, the crystallization inhibitor is PVP. In
some of the foregoing embodiments, the 17-AG is
substantially amorphous. [00145] In certain
embodiments, the pharmaceutical composition may be in
the form of a paste, solution, slurry, ointment,
emulsion or dispersion. In certain embodiments, the
pharmaceutical composition is, or comprises, a
molecular dispersion. [00146] In certain embodiments,
the crystallization inhibitor may be selected from
polyvinylpyrrolidone (PVP) (including homo- and
copolymers of polyvinylpyrrolidone and homopolymers or
copolymers of -vinylpyrrolidone); crospovidone; gums;
cellulose derivatives (including hydroxypropyl
methylcellulose (HPMC), hydroxypropyl methylcellulose
phthalate, hydroxypropyl cellulose, ethyl cellulose,
hydroxyethylcellulose, sodium carboxymethyl cellulose,
calcium carboxymethyl cellulose, sodium carboxymethyl
cellulose, and others); dextran; acacia; homo- and
copolymers of vinyllactam, and mixtures thereof;
cyclodextrins; gelatins; hypromellose phthalate;
sugars; polyhydric alcohols; polyethylene glycol
(PEG); polyethylene oxides; polyoxyethylene
derivatives; polyvinyl alcohol; propylene glycol
derivatives and the like, SLS, Tween, Eudragit; and
combinations thereof. The crystallization inhibitor
may be water soluble or water insoluble. [00147] HPMCs
vary in the chain length of their cellulosic backbone
and consequently in their viscosity as measured for
example at a 2% (W/W) in water. HPMC used in the
pharmaceutical compositions provided herein may have a
viscosity in water (at a concentration of 2 % (w/w)),
of about 100 to about 100,000 cP, about 1000 to about
15,000 cP, for example about 4000 cP. In certain
embodiments, the molecular weight of HPMC used in the
pharmaceutical compositions provided herein may have
greater than about 10,000, but not greater than about
1,500,000, not greater than about 1,000,000, not
greater than about 500,000, or not greater than about
150,000. [00148] HPMCs also vary in the relative
degree of substitution of available hydroxyl groups on
the cellulosic backbone by methoxy and hydroxypropoxy
groups. With increasing hydroxypropoxy substitution,
the resulting HPMC becomes more hydrophilic in nature.
In certain embodiments, the HPMC has about 15% to
about 35%, about 19% to about 32%, or about 22% to
about 30%, methoxy substitution, and having about 3%
to about 15%, about 4% to about 12%, or about 7% to
about 12%, hydroxypropoxy substitution. [00149] HPMCs
which can be used in the pharmaceutical compositions
are illustratively available under the brand names
Methocel(tm) of Dow Chemical Co. and Metolose1M of
Shin-Etsu Chemical Co. Examples of suitable HPMCs
having medium viscosity include Methocel(tm) E4M, and
Methocel(tm) K4M, both of which have a viscosity
ofabout 400OcP at 2 % (w/w) water. Examples of HPMCs
having higher viscosity include Methocel(tm) ElOM,
Methocel(tm) K15M, and Methocel(tm) KlOOM, which have
viscosities of about 10,000 cP, 15,000 cP, and 100,000
cP respectively viscosities at 2 % (w/w) in water. An
example of an HPMC is HPMC-acetate succinate, i.e.,
HPMC-AS. [00150] In certain embodiments the PVPs used
in pharmaceutical compositions provided herein have a
molecular weight of about 2,500 to about 3,000,000
Daltons, about 8,000 to about 1,000,000 Daltons, about
10,000 to about 400,000 Daltons, about 10,000 to about
300,000 Daltons, about 10,000 to about 200,000
Daltons, about 10,000 to about 100,000 Daltons, about
10,000 to about 80,000 Daltons, about 10,000 to about
70,000 Daltons, about 10,000 to about 60,000 Daltons,
about 10,000 to about 50,000 Daltons, or about 20,000
to about 50,000 Daltons. In certain instances the PVPs
used in pharmaceutical compositions provided herein
have a dynamic viscosity, 10% in water at 20 0C, of
about 1.3 to about 700, about 1.5 to about 300, or
about 3.5 to about 8.5 mPas. [00151] When PEGs are
used they can have an average molecular about
5,000-20,000 Dalton, about 5,000-15,000 Dalton, or
about 5,000-10,000 Dalton. [00152] Also provided
herein is a pharmaceutical composition for oral
delivery, comprising 17-AG and at least one
pharmaceutically acceptable excipient, wherein said
pharmaceutical composition is substantially free of
crystalline 17-AG. In certain instances, the 17-AG in
such a pharmaceutical composition includes less than
about 15 % (w/w), less than about 10 % (w/w), less
than about 5 % (w/w), less than about 3 % (w/w), or
less than 



about 1 % (w/w) crystalline 17-AG. Such a
pharmaceutical composition may be formulated as a
solid dosage form (e.g., a tablet or capsule), a
paste, emulsion, slurry, or ointment. [00153] Also
provided herein is a pharmaceutical composition for
oral delivery, comprising 17-AAG and at least one
pharmaceutically acceptable excipient, wherein said
pharmaceutical composition is substantially free of
crystalline 17-AAG. In certain instances, the 17-AAG
in such a pharmaceutical composition includes less
than about 15 % (w/w), less than about 10 % (w/w),
less than about 5 % (w/w), less than about 3 % (w/w),
or less than about 1 % (w/w) crystalline 17-AAG. Such
a pharmaceutical composition may be formulated as a
solid dosage form (e.g., a tablet or capsule), a
paste, emulsion, slurry, or ointment. [00154] As
described above, benzoquinone ansamycins and
pharmaceutical compositions of the present invention
may additionally comprise pharmaceutically acceptable
carriers and excipients according to conventional
pharmaceutical compounding techniques to form a
pharmaceutical composition or dosage form. Suitable
pharmaceutically acceptablecarriers and excipients
include, but are not limited to, those described in
Remington's, The Science and Practice of Pharmacy,
(Gennaro, A. R., ed., 19th edition, 1995, Mack Pub.
Co.), which is herein incorporated by reference. The
phrase "pharmaceutically acceptable" refers to
additives or compositions that are physiologically
tolerable and do not typically produce an allergic or
similar untoward reaction, such as gastric upset,
dizziness and the like, when administered to an
animal, such as a mammal (e.g., a human). For oral
liquid pharmaceutical compositions, pharmaceutical
carriers and excipients can include, but are not
limited to water, glycols, oils, alcohols, flavoring
agents, preservatives, coloring agents, and the like.
Oral solid pharmaceutical compositions may include,
but are not limited to starches, sugars,
microcrystalline cellulose, diluents, granulating
agents, lubricants, binders and disintegrating agents.
The pharmaceutical composition and dosage form may
also include a benzoquinone ansaymyscin compound or
solid form thereof as discussed above. [00155] The
solid forms described herein can be useful for making
pharmaceutical compositions suitable for oral
administration. Such pharmaceutical compositions may
contain any of the benzoquinone ansamycin compounds
described herein, for example, in an amorphous form
and no crystallization inhibitor, or an amorphous form
in combination with a crystallization inhibitor.
Examples of such benzoquinone ansamycins are described
in Schnur et al., J . Med. Chem. 1995, 38: 3806-12.
(4) Pharmaceutical Uses and Methods of Treatment
[00156] Also provided herein are methods of treating
cancer, inhibiting Hsp90, and/or treating a
hyperproliferative disorder comprising orally
administering to a patient in need thereof a
therapeutically effective amount of any of the
aforementioned compounds or pharmaceutical
compositions. For example, 17-AAG is currently being
studied in clinical trials as a treatment for multiple
myeloma. 17-AG is produced in the human body by
metabolism of 17-AAG (Egorin et at 1998) and is also
believed to be an active anti-cancer agent. The
cancer, neoplastic disease state or hyperproliferative
disorder is selected from the group consisting of
gastrointestinal stromal tumor (GIST), colon cancer,
colorectal cancer, pancreatic cancer, breast cancer,
ovarian cancer, prostate cancer, small cell lung
cancer, nonsmall cell lung cancer, melanoma, multiple
myeloma, myelodysplastic syndrome, acute lymphocytic
leukemia, acute myelocytic leukemia, chronic
myelocytic leukemia, chronic lymphocytic leukemia,
polycythemia Vera, Hodgkin lymphoma, non-Hodgkin
lymphoma, Waldenstrom's macroglobulinemia, heavy chain
disease, soft-tissue sarcomas, such as fibrosarcoma,
myxosarcoma, liposarcoma, chondrosarcoma, osteogenic
sarcoma, chordoma,angiosarcoma, endotheliosarcoma,
lymphangiosarcoma, lymphangioendotheliosarcoma,
synovioma, mesothelioma, Ewing's tumor,
leiomyosarcoma, rhabdomyosarcoma, squamous cell
carcinoma, basal cell carcinoma, adenocarcinoma, sweat
gland carcinoma, sebaceous gland carcinoma, papillary
carcinoma, papillary adenocarcinomas,
stadenocarcinoma, medullary carcinoma, bronchogenic
carcinoma, renal cell carcinoma, hepatoma, bile duct
carcinoma, choriocarcinoma, seminoma, embryonal
carcinoma, Wilms' tumor, cervical cancer, uterine
cancer, testicular cancer, bladder carcinoma,
epithelial carcinoma, glioma, astrocytoma,
medulloblastoma, craniopharyngioma, ependymoma,
pinealoma, hemangioblastoma, acoustic neuroma,
oligodendroglioma, meningioma, neuroblastoma,
retinoblastoma, endometrial cancer, follicular
lymphoma, diffuse large B-cell lymphoma, mantle cell
lymphoma, hepatocellular carcinoma, thyroid cancer,
gastric cancer, esophageal cancer, head and neck
cancer, small cell cancers, essential thrombocythemia,
agnogenic myeloid metaplasia, hypereosinophilic
syndrome, systemic mastocytosis, familiar
hypereosinophilia, chronic eosinophilic leukemia,
thyroid cancer, neuroendocrine cancers, and carcinoid
tumors. [00157] In certain embodiments, the cancer is
selected from the group consisting of gastrointestinal
stromal tumor, multiple myeloma, prostate cancer,
breast cancer, melanoma, chronic myelocytic leukemia,
and non-small cell lung cancer. [00158] In certain
embodiments, the methods described herein treat a
disease using a benzoquinone compound such as 17-AG.
In certain embodiments, 17-AG is substantially
amorphous. (5) Dosing [00159] Actual dosage levels of
the benzoquinone ansamycins, e.g., geldanamycin
analogs, in the pharmaceutical compositions of the
present invention may be varied so as to obtain an
amount of the gelanamycin analog which is effective to
achieve the desired therapeutic response for a
particular patient, composition, and mode of
administration, without being toxic to the patient.
[00160] The selected dosage level will depend upon a
variety of factors including the activity of the
particular geldanamycin analog employed, or salt
thereof, the route of administration, the time of
administration, the rate of excretion or metabolism of
the particular compound being employed, the rate and
extent of absorption, the duration of the treatment,
other drugs, compounds and/or materials used in
combination with the particularcompound employed, the
age, sex, weight, condition, general health and prior
medical history of the patient being treated, and like
factors well known in the medical arts. [00161] A
physician or veterinarian having ordinary skill in the
art can readily determine and prescribe the effective
amount of the pharmaceutical composition required. For
example, the physician or veterinarian could start
doses of the compounds provided herein, employed in
the pharmaceutical composition, at levels lower than
that required in order to achieve the desired
therapeutic effect and gradually increase the dosage
until the desired effect is achieved. [00162] In
general, a suitable dose of a geldanamycin analog will
be that amount of the 



compound which is the lowest safe and effective dose
to produce a therapeutic effect. Such an effective
dose will generally depend upon the factors described
above. When the geldanamycin analogs are administered
in combination with another chemotherapeutic or with
radiation, the doses of each agent will in most
instances be lower than the corresponding dose for
single-agent therapy. [00163] Provided compositions
may be formulated into a unit dosage form. Such
formulations are well known to one of ordinary skill
in the art and include capsules, tablets, and the
like. In certain embodiments, the present invention
provides a formulation comprising a capsule filled
with inventive geldanamycin analogs. In other
embodiments, the present invention provides a capsule
for oral administration comprising inventive
geldanamycin analogs. In some embodiments, a unit
dosage form (e.g., a capsule or tablet) contains
5-1,000 mg, e.g., 25, 50, 125, 250 or 500 mg, of a
geldanamycin analog. In some embodiments, a unit
dosage form contains more than 5 mg/kg of a
geldanamycin analog. [00164] In some embodiments, the
oral dose is between 1 mg/kg and 100 mg/kg, inclusive,
or between 5 mg/kg and 50 mg/kg, inclusive, or between
5 mg/kg and 25 mg/kg, inclusive, or between 10 mg/kg
and 20 mg/kg, inclusive, of a geldanamycin analog
characterized in that the area under the curve of at
least 100 ng-hr/ml is achieved. In some embodiments,
the dose is 15 mg/kg. In some embodiments, the area
under the curve achieved is at least 500, 1000, 5000,
10,000, or 15,000 ng-hr/ml. [00165] A total daily
dosage of a geldanamycin analog (e.g., 17-AG or
17-AAG) will typically be in the range 500-1,500 mg
per day. In certain embodiments, an effective amount
of a geldanamycin analog for administration to a 70 kg
adult human may comprise about 100 mg to about 1,500
mg of compound (e.g., 17-AG or 17-AAG) per day. It
will be appreciated that dose ranges set out above
provide guidance for the administration of active
compound to an adult. The amount to be administered
to, for example, an infant or a baby can bedetermined
by a medical practitioner or person skilled in the art
and can be lower or the same as that administered to
an adult. [00166] The geldanamycin analog can be
administered daily, every other day, three times a
week, twice a week, weekly, or bi-weekly. The dosing
schedule can include a "drug holiday," i.e., the drug
can be administered for two weeks on, one week off, or
continuously, without a drug holiday. (6) Combination
Therapy [00167] In some embodiments, the
pharmaceutical compositions described herein can be
used in combination with other therapeutic agents in
order to achieve selective activity in the treatment
of cancer. In certain embodiments, the geldanamycin
analogs described herein are used to reduce the
cellular levels of properly folded Hsp90 client
proteins, which are then effectively inhibited by the
second agent. For example, binding of a benzoquinone
ansamycin analog to Hsp90 results in targeting of the
client protein to the proteasome, and subsequent
degradation. Using an agent that targets and inhibits
the proteasome, e.g., Velcade(tm), then leads to
increased cellular apoptosis and cell death. [00168]
Some examples of therapeutic agents which can be used
in combination with the formulations described herein
include alkylating agents; anti-angiogenic agents;
anti metabolites; epidophyllotoxin; procarbazine;
mitoxantrone; platinum coordination complexes;
anti-mitotics; biological response modifiers and
growth inhibitors; hormonal/antihormonal therapeutic
agents; haematopoietic growth factors; the
anthracycline family of drugs; the vinca drugs; the
mitomycins; the bleomycins; the cytotoxic nucleosides;
the epothilones; discodermolide; the pteridine family
of drugs; diynenes; and the podophyllotoxins.
Particularly useful members of those classes include,
for example, carminomycin, daunorubicin, aminopterin,
methotrexate, methopterin, dichloromethotrexate,
mitomycin C, porfiromycin, 5-fluorouracil,
6-mercaptopurine, gemcitabine, cytosine arabinoside,
podophyllotoxin or podophyllotoxin derivatives such as
etoposide, etoposide phosphate or teniposide,
melphalan, vinblastine, vincristine, leurosidine,
doxorubicin, vindesine, leurosine, paclitaxel, taxol,
taxotere, docetaxel, cis-platin, imatinib mesylate, or
gemcitebine. [00169] Other useful agents include
estramustine, carboplatin, cyclophosphamide,
bleomycin, gemcitibine, ifosamide, melphalan,
hexamethyl melamine, thiotepa, cytarabin, idatrexate,
trimetrexate, dacarbazine, L-asparaginase,
camptothecin, CPT-I l , topotecan, ara- C,
bicalutamide, flutamide, leuprolide, pyridobenzoindole
derivatives, interferons andinterleukins. Particularly
useful agents include taxotere, Gleevec (imatinib),
Tarceva (erlotinib), Sutent (sunitinib), Tykerb
(lapatinib), and Xeloda (capecitabine). [00170] The
formulations described herein can also be used in
conjunction with radiation therapy. The
chemotherapeutic agent/radiation therapy can be
administered according to therapeutic protocols well
known in the art. It will be apparent to those skilled
in the art that the administration of the
chemotherapeutic agent and/or radiation therapy can be
varied depending on the disease being treated and the
known effects of the chemotherapeutic agent and/or
radiation therapy on that disease. The therapeutic
protocols (e.g., dosage amounts and times of
administration) can be varied in view of the observed
effects of the administered therapeutic agents (i.e.,
antineoplastic agent or radiation) on the patient, and
in view of the observed responses of the disease to
the administered therapeutic agents. [00171] Also, in
general, the geldanamycin analogs described herein and
the second chemotherapeutic agent do not have to be
administered in the same pharmaceutical composition,
and may, because of different physical and chemical
characteristics, have to be administered by different
routes. For example, the geldanamycin compound can be
administered orally, while the second chemotherapeutic
is administered intravenously. The determination of
the mode of administration and the advisability of
administration, where possible, in the same
pharmaceutical composition, is well within the
knowledge of the skilled clinician. The initial
administration can be made according to established
protocols known in the art, and then, based upon the
observed effects, the dosage, modes of administration
and times of administration can be modified by the
skilled clinician. [00172] The particular choice of
chemotherapeutic agent or radiation will depend upon
the diagnosis of the attending physicians and their
judgment of the condition of the patient and the
appropriate treatment protocol. [00173] The
geldanamycin analog and the second chemotherapeutic
agent and/or radiation may be administered
concurrently (e.g., simultaneously, essentially
simultaneously or within the same treatment protocol)
or sequentially, depending upon the nature of the
proliferative disease, the condition of the patient,
and the actual choice of chemotherapeutic 



agent and/or radiation to be administered in
conjunction (i.e., within a single treatment protocol)
with the geldanamycin analog. [00174] If the
geldanamycin analog, and the chemotherapeutic agent
and/or radiation are not administered simultaneously
or essentially simultaneously, then the optimum order
of administration may be different for different
tumors. Thus, in certain situations thegeldanamycin
analog may be administered first followed by the
administration of the chemotherapeutic agent and/or
radiation; and in other situations the
chemotherapeutic agent and/or radiation may be
administered first followed by the administration of a
geldanamycin analog. This alternate administration may
be repeated during a single treatment protocol. The
determination of the order of administration, and the
number of repetitions of administration of each
therapeutic agent during a treatment protocol, is well
within the knowledge of the skilled physician after
evaluation of the disease being treated and the
condition of the patient. For example, the
chemotherapeutic agent and/or radiation may be
administered first, especially if it is a cytotoxic
agent, and then the treatment continued with the
administration of a geldanamycin analog followed,
where determined advantageous, by the administration
of the chemotherapeutic agent and/or radiation, and so
on until the treatment protocol is complete. [00175]
Thus, in accordance with experience and knowledge, the
practicing physician can modify each protocol for the
administration of a component (therapeutic agent,
i.e., geldanamycin analog, chemotherapeutic agent or
radiation) of the treatment according to the
individual patient's needs, as the treatment proceeds.
[00176] Actual dosage levels of the active ingredients
in the pharmaceutical compositions of the present
invention may be varied so as to obtain an amount of
the active ingredient which is effective to achieve
the desired therapeutic response for a particular
patient, composition, and mode of administration,
without being toxic to the patient. [00177] The
selected dosage level will depend upon a variety of
factors including the activity of the particular
geldanamycin analog employed, or salt thereof, the
route of administration, the time of administration,
the rate of excretion or metabolism of the particular
compound being employed, the rate and extent of
absorption, the duration of the treatment, other
drugs, compounds and/or materials used in combination
with the particular compound employed, the age, sex,
weight, condition, general health and prior medical
history of the patient being treated, and like factors
well known in the medical arts. [00178] A physician or
veterinarian having ordinary skill in the art can
readily determine and prescribe the effective amount
of the pharmaceutical composition required. For
example, the physician or veterinarian could start
doses of the compounds provided herein, employed in
the pharmaceutical composition, at levels lower than
that required in order to achieve the desired
therapeutic effect and gradually increase the dosage
until the desired effect is achieved.[00179] In
general, a suitable dose of a geldanamycin analog will
be that amount of the compound which is the lowest
safe and effective dose to produce a therapeutic
effect. The dose can be 1 mg/kg to 25 mg/kg. Such an
effective dose will generally depend upon the factors
described above. When the geldanamycin analogs are
administered in combination with another
chemotherapeutic or with radiation, the doses of each
agent will in most instances be lower than the
corresponding dose for single-agent therapy. EXAMPLES
[00180] The present disclosure now being generally
described, it will be more readily understood by
reference to the following examples, which are
included merely for purposes of illustration of
certain aspects and embodiments of the present
invention, and are not intended to limit the
disclosure herein. [00181] In general, geldanamycin
analogs are known to be Hsp90 inhibitors (Schnur et
al., J. Med. Chem. (1995), Vol. 38, pages 3806-3812).
Examples 1 through 11 describe synthetic chemical
preparation for various geldanamycin analogs and solid
forms thereof. EXAMPLE 1 : Preparation of Form I of
17-AG: A 22 L RB flask was equipped with a bottom
drain valve, mechanical stirring, a 1 L addition
funnel, internal temperature probe, and an inert gas
bypass. Geldanamycin (500 g, 1 eq) and anhydrous THF
(5.0 L) was charged to a 22L RB flask. The stirring is
started and Ammonia in MeOH (7 M) is charged (1.0 L,
8.0 eq.) The reaction was stirred at ambient
temperature 7 hours. The LCMS indicated complete
consumption of starting material at 7 hours. During
the course of the reaction, the color changed from
yellow to deep purple. Heptane (14 L) was slowly added
to the reaction mixture, inducing crystallization of
the desired product from solution. The brick red
slurry was stirred overnight. The product was isolated
by suction filtration and rinsed wth 2:1 (v/v)
heptane/THF (0.5 L). Oven drying provided crude 17-AG
as a powdery, dingy red solid (470 g). The crude
material is dissolvedin a 4:1 mixture of
acetone/ethanol (18-1 9L) with heating and clarified.
The solution is concentrated and solvent exchanged
with additional ethanol (2L). The ethanol slurry of
purple solids is diluted with ethanol (4L) and water
(5L). The slurry is aged overnight at 35C and then
heated to 70C for 3 hours, during which the crystal
form changes and the color turns from dark purple to
red. The slurry is cooled to room temperature and the
solids are isolated by filtration. The Karl Fisher
analysis was 0.86% and all residual solvents were low
(EtOH 2266 ppm; acetone 89 ppm; heptane 9 ppm; THF and
MeOH not detected). This is the polymorph referred to
as Form I . EXAMPLE 2 : Preparation of Form II of
17-AG: Form I 17-AG (1Og) from the preceding procedure
was dissolved in acetone/ethanol at 3O0C and
clarified. The flask and the in-line filter were
rinsed, and the solution was concentrated via a
rotovap to a thick slurry. Then 100 mL of water was
added and the rest of the organic solvents removed by
vacuum distillation. When the distillate collection
ceased, the bath temperature was increased from 4O0C
to 6O0C and a small amount of water was removed. Then
another portion of water was added (100 mL). With a
bath temperature of 8O0C and slight vacuum, water was
distilled for ca. 5 min. The slurry remained purple,
so the vacuum was disconnected , and the bath
increased to 1000C. The slurry was mixed for ca 1 h.
The slurry was then allowed to cool to ambient
temperature overnight and the purple solids were
isolated from water. The Karl Fisher analysis was
0.14% and all residual solvents were low (MeOH: 106
ppm, EtOH: 173 ppm, Acetone 230 ppm, and THF and
heptane were not detected). This material is the Form
II polymorph. EXAMPLE 3 Preparation of Form III of
17-AG: 



water , 60 0C 20% 17-amino geldanamycin in PVP K-30
amorphous dispepsonTo 400 mL of distilled water was
added 1 g of 20% solid dispersion of 17-
aminogeldanamycin in PVP K-30 (as prepared in Example
14). The suspension was heated to 6O0C until complete
dissolution of the solid. After heating at 6O0C for
5-10 min, purple crystals precipitated from the
solution. The mixture was allowed to cool to 23C and
the purple crystalline material was isolated by
filtration. The collected crystals were dried for 2
days in vacuum oven at 8O0C to give 155 mg 17-AG Form
III as purple powder. Yield 75%. MS (ESI(+)) m/z 563.4
(M+H20 )+. EXAMPLE 4 Preparation of 17-AG Ethyl
Acetate Solvate: To 17-AG (1.2 g) (Form I Polymorph)
was added EtOAc (150 mL). The mixture was heated a
gentle reflux until 17-AG completely dissolved. The
solutions were analyzed using polarized light
microscopy to ensure complete dissolution. The volume
was reduced to ca 5 mL using a rotatory evaporator and
the solution was allowed to cool slowly to room
temperature. After 12 h, the mixture was filtered,
washed with hexanes and dried to provide the EtOAc
solvate based on 1HNMR. EXAMPLE 5 Preparation of
ll-oxo-17-aminogeldanamycin: 17-am inogeldanamycin
H-oxo-17-am inogeldanamyc in To a 230C solution of
17-aminogeldanamycin (5.0 g, 9.16 mmol, 1.0 eq) in
CHCl3 (750 mL) was added Dess-Martin periodinane
(23.32 g, 55.0 mmol, 6.0 eq.) in a single portion.
After stirring for 30 min, the reaction mixture was
diluted with CHCl3, washed with aqueous sodium
thiosulfate and saturated aqueous sodium bicarbonate.
The organic layer was separated, dried over sodium
sulfate, filtered and concentrated in vacuo. The crude
material was further purified by recrystallization
(DCM/Hexane) to afford 4.12 g of the pure desired
product. Yield 83%. MS (ESI(+)) m/z 566.3
(M+Na)+.EXAMPLE 6 Preparation of
ll-acetyI-17-aiiiinogeIdanainycin: de TEA 17-am
ipogeldanamyc in 1i-acetyl-17-am ipogeldanamyc in To a
230C solution of 17-aminogeldanamycin (6.0 g, 11.0
mmol, 1.0 eq) in anhydrous DCM (156 mL) under nitrogen
atmosphere was added acetic anhydride (2.075 mL, 21.99
mmol, 2.0 eq.), DMAP (1.343 g, 11.0 mmol, 1.0 eq.) and
triethylamine (4.60 mL, 33.0 mmol, 3.0 eq.). The
reaction mixture was allowed to stir overnight. The
reaction mixture was diluted with DCM (200 mL), washed
with water (100 mL) and brine (2 x 100 mL), dried with
Na2SO , filtered and concentrated in vacuo. The crude
material was purified by gradient flash chromatography
(SiO2, 30%-60% EtOAc/Hexanes) to provide 1.9 g of the
desired product with a trace amount of tris-acetylated
product. Yield 30.9%. MS (ESI(+)) m/z 610.4 (M+Na)+.
EXAMPLE 7 Preparation of
H-cyclopropylmethylaminogeldanamycin: cm To a 230C
solution of geldanamycin (3.0 g, 5.35 mmol, 1.0 eq) in
DCM (54 mL) under argon was added
cyclopropanemethylamine (9.40 mL, 107 mmol, 20 eq).
The reaction mixture was allowed to stir for 2 hours.
The reaction mixture was then quenched with water (100
mL) and acidified with 1 N HCl to pH 3 and stirred for
an additional 30 minutes. The organic layer was
separated and the aqueous layer was extracted with
DCM. The combined organic extracts were washed with
water, dried over Na2SO4, filtered and concentrated in
vacuo. The crude product was purified using gradient
flash chromatography (SiO2, 50-60% EtOAc/Hexanes) to
afford 2.7 g of the desired product. Yield 84.0%. MS
(ESI(+)) m/z 622.4 (M+Na)+.EXAMPLE 8 Preparation of
17-benzylaminogeldanamycin: geldanamycin
17-benzylaminogeldanamycin To a 230C solution of
geldanamycin (3.25 g, 5.35 mmol, 1.0 eq) in DCM ( 1 10
mL) under argon was added benzylamine (9.40 mL, 53.5
mmol, 10 eq) in a single portion. After stirring at
230C for 12 h, the reaction mixture was diluted with
water (100 mL) and acidified with 1 N HCl to pH 3 and
stirred for an additional 30 minutes. The organic
layer was separated and the aqueous layer was
extracted with DCM. The combined organic extracts were
washed with water, dried over Na2SO4, filtered and
concentrated in vacuo. The crude product was purified
using gradient flash chromatography (SiO2, 50-60 %
EtOAc/Hexanes) to afford 3.51 g of the product. Yield
95.0%. MS (ESI(+)) m/z 658.4 (M+Na)+. EXAMPLE 9
Preparation of 17-azetidinylgeldanamycin: geldanamycin
17-azetidinylgeldanamycin To a 230C solution of
azetidine hydrochloride (751 mg, 8.03 mmol, 2.0 eq.)
in 1: 1 DCM:Methanol (100 mL) was added Hunig's base
(2.10 mL, 12.04 mmol, 3.0 eq) followed by geldanamycin
(2.25 g, 4.01 mmol, 1.0 eq). After stirring at 230C
for 2 hours, the reaction mixture was concentrated in
vacuo and then re-dissolved in DCM (100 mL). Water
(100 mL) was added and the aqueous layer was acidified
to pH 3. The mixture was then stirred for 30 minutes.
The organic layer was separated and the aqueous layer
was extracted with DCM (3 x 100 mL). The combined
organic layers were washed with water (300 mL), dried
over MgSO , filtered and concentrated in vacuo. The
crude material was further purified via
recrystallization from Chloroform/Hexane to afford
1.92 g of the pure desired product. Yield 82%. MS
(ESI(+)) m/z 586.1 (M+H)+.EXAMPLE 10 Preparation of
17-(fluoroethyl)aminogeldanamycin geldanamycin
17-fluoroethylaminogeldanamycin To a 230C solution of
2-fluoroethylamine hydrochloride (7.99 g, 80.25 mmol,
7.5 eq.) in DCM (240 mL) and MeOH (120 mL) under
nitrogen atmosphere was added Hunig's base (14.02 mL,
80.25 mmol, 7.5 eq.). After the 2-fluoroethylamine
hydrochloride dissolved, geldanamycin (6.0 g, 10.70
mmol, 1.0 eq)) was added. After stirring for 24 h at
230C, the reaction mixture was concentrated in vacuo
and then re-dissolved in DCM (900 mL). Water (300 mL)
was added and the aqueous layer was acidified to pH 3.
The mixture was stirred for 



30 minutes. The organic layer was separated and the
aqueous layer was extracted with DCM (3 x 100 mL). The
combined organic layers were washed with water (900
mL), dried over Na2SO4, filtered and concentrated in
vacuo. The crude product was purified using gradient
flash chromatography (SiO2, 30-60% EtOAc/DCM) to
afford 3.0 g of the desired product. Yield 47.4%. MS
(ESI(+)) m/z 614.4 (M+Na)+. EXAMPLE 11 Preparation of
17-acetylgeldanamycin: geldanamycin
17-acetylgeldanamycin To a 230C solution of
17-aminogeldanamycin (5.5 g, 10.08 mmol, 1.0 eq) in
EtOAc (500 mL) was added Na2S2O4 (0.1 M, 500 mL). The
biphasic mixture was stirred at 230C until the
reaction mixture went from a deep purple to a pale
yellow color (ca 10 min). The organic layer was
separated and the aqueous layer was extracted with
EtOAc (3 x 200 mL). The combined organic extracts were
dried over Na2SO4, filtered and concentrated in vacuo.
The residue was then dissolved in CHCl (72 mL) under
an inert atomosphere (N2) and cooled to O0C using an
ice bath. Acetic anhydride (2.85 mL, 30.2 mmol, 3.0
eq.) was addeddropwise at O0C. After stirring for 3 h,
the reaction mixture was diluted with EtOAc and
concentrated in vacuo. The crude product was dissolved
in methanol at 230C and stirred for 4 days under an
open atmosphere to allow for the oxidation of the
hydroquinone to the quinone. The crude product was
purified by isocratic flash chromatography (80: 15: 5
DCM:EtOAc:MeOH) to afford 3.5 g of the desired product
as a yellow solid. Yield 59.1%. MS (ESI(+)) m/z 610.4
(M+Na)+. EXAMPLE 12 Oral Bioavailabilty Effects upon
Administration of Amorphous Dispersion Formulation
(17-AG plus PVP): The effect on oral bioavailability
of an exemplary compound, 17-AG, in the form of an
amorphous dispersion of 17-AG plus PVP
(polyvinylpyrrolidone, or also referred to as
Povidone) was investigated by dosing beagle dogs and
measuring 17-AG levels in blood plasma at various time
points following a single oral capsule dose. A 12%
17-AG/PVP (w/w) dispersion was made utilizing rotary
evaporation and characterized for purity, residual
solvent level, and amorphous content as described,
filled into HPMC capsules and dosed into dogs at a
level of 15mg/kg. Blood was collected predose, at 15
minutes, at 30 minutes, 1 hour, 2 hours, 4 hours, 6
hours, 12 hours, and 24 hours post dose into tubes
containing sodium heparin. Collected blood samples
were immediately placed on wet ice and refrigerated
centrifuge for isolation of plasma within 30 min of
collection. Isolated plasma was saved in labeled screw
cap freezer vials or eppendorf tubes and stored frozen
(-7O0C) until analyzed for plasma 17-AG levels. The
design of the study is as follows. A single group of
dogs consisting of 2 males & 2 females was utilized
for dosing, with a week washout in between each dose.
After analysis of 17-AG plasma levels following
dosing, there was a significant effect on exposure due
to the dosing of amorphous 17-AG/PVP dispersion. There
was >100-fold increase in both Cmax and AUC levels
when dosing amorphous 17-AG/PVP dispersion as compared
to dosing crystalline 17-AG. Plasma levels of 17-AG
following dosing of crystalline material were below
quantifiable limits. Dosing of the 17-AG/PVP
dispersion in coated capsules also produced similar
increases in exposure but was not as significant as
theresult from the uncoated capsule. There were no
differences seen in the exposure data due to sex for
the variables tested. Any variability observed in the
exposure is most likely due to animal specific
differences or in-life observations (i.e. dosing
issues, emesis). Oral bioavailability results (average
values) are found in Figure 10a (male) and Figure lla
(female), which demonstrate that crystalline 17-AG has
very low oral bioavailability, but amorphous compound
has high bioavailability. Summary Tables of PK data
are shown in Figure 10b and Figure lib, respectively.
Following are exemplary methods of preparing solid
dispersion formulations using amorphous geldanamycin
analogs. Generally, each formulation may be prepared
either with a crystallization inhibitor, or without a
crystallization inhibitor. When present, the
crystallization inhibitor used may vary in both type
and in amount. Exemplary methods include, but are not
limited to cryo-grinding (Example 13(a)), spray drying
(Example 13(b)), lyophilization (Example 13(c)) and
rotary evaporation (Example 14 through Example 16). An
exemplary DSC pattern that resulted from one
technique, i.e., lyophilization utilizing XBuOH, is
found in Figure 12. Exemplary Exposure data using two
different methods of preparing solid dispersions are
found in Figure 14a (rotary evaporation) and Figure
14b (spray-dried) and a Summary Table in Figure 14c.
EXAMPLE 13 Preparation of Amorphous 17-AG: To 17-AG
(Jg) (Form I Polymorph) was added CH3CN (50 mL)
followed by t-BuOH (100 mL). The mixture was heated at
6O0C until 17-AG completely dissolved was then
clarified by filtration through a 0.45 um filter. The
solutions were analyzed using polarized light
microscopy to ensure complete dissolution. The
filtrate was immersed into a bath ofliquid nitrogen
until frozen and then lyophilized, which resulted in
amorphous 17-AG as a light purple powder. The
amorphous nature was confirmed via polarized light
microscopy. EXAMPLE 13(a) Cryo-Grinding Protocol:
Preparation of Amorphous Solid Dispersion Formulation
(17- AG and PVP): 17-AG (~1 g) was cooled to ~200C in
liquid nitrogen and ground to produce amorphous
material by physical grinding and pulverizing for 30
minutes. Ground samples were checked for amorphous
state by XRPD and P.L.M. EXAMPLE 13(b) Spray Drying
Protocol: Preparation of Amorphous Solid Dispersion
Formulation [17- AG (20% load) plus
Polyvinylpyrrolidone (PVP) K-30 Povidone(r)]: To a 3:1
mixture of acetone (75 g, 94.95 mL) and ethanol 190
proof USP/NF grade (25 g, 31.65 mL) was added
Polyvinylpyrrolidone (PVP) K-30 Povidone(r) (20 g) in
a single portion. The mixture was stirred at 230C
until the dissolution of the polymer was complete (ca
30 min). 17-AG (5 g, 36.7 mmol) was added in portions
over the course of 10 mins to provide an opaque purple
mixture. After stirring for 2 hours at the room
temperature, an aliquot was examined using PLM to
ensure complete dissolution; the purple solution was
then spray-dried on a Buchi mini spray dryer under the
following conditions; Inlet temperature 90 0C, Outlet
temperature 64 0C, N2 flow 600 1/h, Aspiration 70%, to
provide a light purple amorphous powder. This material
was amorphous based on analysis via polarized light
microscopy. MS (ESI(+)) m/z 563.4 (M+H2O)+. 



EXAMPLE 13(C) Lyophilization Protocol: Preparation of
Amorphous Solid Dispersion Formulation [17- AG in PVP]
A series of amorphous dispersions of varying loads of
17-AG (12%, 15%, 20%, 30%, 40 %, 50% w/w) in
Polyvinylpyrrolidone (PVP) K-30 and K-90 Povidone(r)
were prepared via lyophilization according to the
following protocol. A representative DSC pattern is
found in Figure 12. A mixture of 17-AG (100 mg, 0.18
mmol) in t-BuOH (500 mL) was heated to 5O0C using a
heat gun and stirred vigorously. Aliquots were
periodically taken and examined viapolarized light
microscopy to determine complete dissolution of
crystalline 17-AG. After heating at 5O0C for 2 h, the
dissolution was complete due to a lack of
birefringence observed under polarized light
microscopy. The 17-AG solution (62.5 mL, 12.5 mg) was
slowly added to the appropriate amount of PVP (K-30 or
K-90) dissolved in water (20.8 mL) according to the
following schedule. All mixtures maintained a ratio of
t-BuOH : water (3:1). 12% load- 17-AG (12.5 mg) in
tBuOH (62.5 mL) PVP (91.5 mg) in water (20.8 mL) 15%
load- 17-AG (12.5 mg) in tBuOH (62.5 mL) PVP (71 mg)
in water (20.8 mL) 20% load- 17-AG (12.5 mg) in tBuOH
(62.5 mL) PVP (50 mg) in water (20.8 mL) 30% load-
17-AG (12.5 mg) in tBuOH (62.5 mL) PVP (29 mg) in
water (20.8 mL) 40% load- 17-AG (12.5 mg) in tBuOH
(62.5 mL) PVP (18.7 mg) in water (20.8 mL) 50% load-
17-AG (12.5 mg) in tBuOH (62.5 mL) PVP (12.5 mg) in
water (20.8 mL) The warm solutions were then
transferred to lyophilization cups ( 1 10 mL capacity)
and allowed to slowly cool to 230C. After reaching
230C, the solutions were again analyzed using
polarized light microscopy to ensure complete
dissolution. No birefringence was detected. All cups
were transferred to a pre-cooled (-4O0C) tray
lyophilizer, held at -4O0C for 8 hours, and then
slowly ramped to 230C over the course of 2 days
resulting in light purple amorphous solids in
quantitative yield. All samples were amorphous based
on polarized light microscopy, and >95 % pure by HPLC.
Following Examples 14 through 16 further illustrate
the rotary evaporation technique to prepare solid
dispersion formulations utilizing a variety of PVP
grades. Example 14 Rotary Evaporation Protocol:
Preparation of Amorphous Solid Dispersion Formulation
[17-AG (12%, 20% and 30% load) and PVP K-30]: 17-AG
(12% load, 1.52 g) was added to ethanol (200 proof,
100 mL) and the mixture was stirred at 450C for 45
min. In a separate flask PVP K-30 ( 11.13 g) was added
to ethanol(200 proof, 150 niL). The resulting solution
was stirred at 450C for 15 min. The 17-AG solution was
added to the PVP solution and the resulting solution
was stirred at 45 0C for an additional 4 hours
(monitored using a microscope, looking for total
disappearance of crystals). The homogeneous purple
solution was then concentrated and pumped under high
vacuum for 12 hours. The resulting glass material was
analyzed by HNMR (to determine residual ethanol
content) and by Cross Polar Microscopy (to determine
the amount of residual crystalline material). The
material was crushed to a powder using a mortar and a
pestle and dried under high vacuum at 400C for 10 h
after which time it was analyzed by 1H-NMR for ethanol
content. The material was crushed again and further
dried under high vacuum for an additional 16 hours to
result in fine glassy red-purple material ( 1 1.1 g)
containing 3% w/w of ethanol. Material was analyzed by
1H-NMR, CPM, HPLC and DSC. The amount of 17-AG was
adjusted accordingly to achieve corresponding 20% load
of 17-AG (w/w) and 30% load of 17-AG (w/w).
Representative dissolution data for 12%, 20% and 30%
loads are found in Figure 39. Example 15 Rotary
Evaporation Protocol: Preparation of Amorphous Solid
Dispersion Formulation [17-AG (12% load) in PVP K-15]:
17-AG (10 g) was added to EtOH (IL, 99.9%) in a 3 L
one-necked flask. This mixture was turned at ca 100
rpm on a rototary evaporator at 6O0C and atmospheric
pressure. Aliquots were periodically taken and
examined via polarized light microscopy to determine
complete dissolution of the crystalline 17-AG. After
turning at 6O0C for 2 h, the dissolution was complete
due to a lack of birefringence observed under
polarized light microscopy. Polyvinylpyrrolidone (PVP)
K-15 Povidone(r) (73 g) was added in a single portion
and the mixture returned to the rototary evaporator
and turned at ca 100 rpm and 6O0C bath temperature.
After 1 h, the solutions were again analyzed using
polarized light microscopy to ensure complete
dissolution. No birefringence was detected. Vacuum was
applied and the EtOH was removed over the course of 30
min resulting in purple foam. The flask was
transferred to the hi-vac and dried overnight. The
brittle foam was scraped from the sides and the crude
material was pumped under hi-vac for an additional 36
h. The material was further crushed with a spatula to
facilitate removal from the flask to provide 76 g (92%
yield) of an amorphous dispersion based on polarized
light microscopy and XRPD. Representative dissolution
data is found in Figure 38.Example 16 Rotary
Evaporation Protocol: Preparation of Amorphous Solid
Dispersion Formulation [17-AG (12% load) in PVP K-90]:
An amorphous solid dispersion formulation [17-AG (12%
load) in PVP K-90 was prepared using a procedure
similar to above Example 15 except that PVP K-30 was
used to obtain 48 g (48% yield) of an amorphous
dispersion based upon polarized light microscopy,
using rotary evaporation followed by hi-vac.
Representative dissolution data is found in Figure 38.
Following Example 17 is a stability study that was
conducted on the formulations described above (in
Examples 14, 15 and 16), and summarized in the table
below. Example 17 Various 17-AG/PVP dispersions were
subjected to various storage conditions and the
chemical and physical stability of each were assessed
at specified time points. The dispersions tested were:
12% 17-AG in PVP Kl 5, 12% 17-AG in PVP K90, 12% 17-AG
in PVP K30, 20% 17-AG in PVP K30, and 30% 17-AG in PVP
K30. The storage conditions tested were: RT ambient
humidity, RT 33% RH, RT 75% RH, 4O0C ambient humidity,
and 



4O0C 75% RH. Chemical stability of 17-AG was assessed
by measurement of purity by RPHPLC, and physical
stability of the amorphous dispersions was assessed by
appearance of crystalline material by polarized light
microscopy (P.L.M.). Separate aliquots for each
timepoint and storage condition were made for every
dispersion by placing ~50mg of material in open glass
vials. Vials were placed in appropriate temperature
controlled stability chambers which utilized saturated
salt solutions to control humidity (magnesium chloride
for 33% RH, and sodium chloride for 75% RH). Stability
data for T=O and T=I month time point for the
dispersions and conditions tested is shown in the
table below.v 00 OExample 18 Preparation of a Solid
Dispersion [17-AAG in PEG6000 (5% w/w)]: To a solution
of geldanamycin (20.0 g, 35.7 mmol, 1 eq.) in DCM (750
mL) was added allylamine (53 mL, 714 mmol, 20 eq) at
room temperature and under nitrogen atmosphere. The
slurry was stirred at room temperature for 6 hours.
The resulting purple solution was quenched with water
(300 mL) and acidified with 2N HCl (300 mL) to pH 3
and stirred for and additional 30 min. The aqueous
phase was extracted with DCM (300 mL) and the combined
organic layers washed with water (300 mL), dried over
MgSO4, filtered, and concentrated. The purple residue
was dissolved into acetone (300 mL) at 6O0C and
heptanes (1.5 L) was added and the resulting mixture
cooled to 5C, filtered, and the solid washed with
heptane (200 mL) to afford crude 17- AAG ( 18.15 g)
after drying. The purple solid was dissolved in of
acetone (306 mL) heated to 55-6O0C and H-heptane (1.2
L) was slowly added to form a slurry. The mixture was
maintained at 550C for 30 minutes and cooled to room
temperature. The crystalline material was collected
and dried under vacuum for 48 hours to afford 17-AAG
as purple needles. (16.15 g, 28 mmol, 77% yield). >99%
pure by HPLC monitored @ 254 nm) mp 210-212 0C. To
17-AAG (18 mg) was added PEG6000 (382 mg) and the
solid mixture was melted using heat. The resulting
waxy dispersion was analyzed by HPLC and by Cross
Polar Microscopy. Additional solid amorphous
dispersions containing 17-AAG were prepared, the
amorphous character was confirmed by polarized light
microscopy and are summarized in the following
table.Example 19 Preparation of 17-AG Amorphous Solid
Dispersion Formulations [17-AG (20% load) in Various
Polymers] Method for Preparing Dispersions: 17-AG (2
g) was added to EtOH (IL) in a 3L one-necked flask.
This mixture was turned on the rotary evaporator at
6O0C, ambient pressure and aggressive turning. An
aliquot was taken and examined for signs of
crystallization under the microscope after 1 hour.
Polymer (8.2 g) was added and the mixture was
concentrated via rotary evaporation and turned at 6O0C
for another hour. An aliquot was taken and examined
for signs of crystallization using PLM after the hour.
Vacuum was then applied and the EtOH was removed over
the course of 30 minutes to provide a foam-like
material. The material was dried in vacuo over night.
The resulting brittle foam was then scraped from the
sides and the material was pumped under high-vacuum
for an additional 36 hours. The solid dispersion
generated was then ground and sieved (No. 50 sieve) to
a particle size of 300 microns.Example 20 General
Techniques Utilized to Characterize Amorphous
Materials: Visual Polarized Light Microscopy (PLM): A
check ("V") indicates no visual signs of crystalline
material and no birefringence under cross polarized
light when examining the solid state material or when
dissolved in water. DSC: A check ("V") indicates
identification of a glass transition temperature (Tg),
no apparent crystal endotherm. Exemplary micrographs
are shown in Figure 44 and Figure 45 (amorphous
dispersion visualized under PLM). XRPD: A check
indicates no crystalline signature. In vitro
Dissolution: A check indicates a supersaturated level
of 17-AG of at least 0.4 mg/ml (50% of 12% 17-AG
K-30). HNMR: A check ("V") indicates a spectrum
consistent with the expected structure and one that
shows <5% residual solvents. LCUV: A check indicates
>95% purity. Stability: A check a check ("V")
indicates TG-DSC >40C above RT, > 1 month stability @
room temperature by LCUV, DSC, microscopy.
Characteristics of Amorphous 17-AG Solid Dispersions
in Various Polymers Preparation of Samples for
in-vitro Dissolution: A series of scintillation vials
was used to prepare samples according to the following
table, containing 17-AG (20% load) polymer dispersion
(50.0 mg). To each vial was added simulated intestinal
fluid (5 mL) and each was shaken at 370C. At 5-, 15-,
30-, 60-, 90,- 120-min, 4-hour, 8-hour and overnight
time-points,aliquots (300 uL) of each suspension were
drawn and filtered via polypropylene filter (0.45
micron) into MeOH (750 uL). The samples were then
diluted in MeOH and tested using UV method for
solution concentration. The results of each sample are
summarized in the following tables. Dissolution
Experiment Setup The following are data collected from
an in vitro dissolution study demonstrating that
supersaturated levels of 17-AG are achieved, relative
to equilibrium solubility, when crystallization
inhibitors are used to prepare solid dispersion
formulations (resulting in supersaturated levels of
17-AG when measured by dissolution in vitro). Such
formulations can be prepared utilizing various types
of crystallization inhibitors or polymers (other than
PVP). Exemplary crystallization inhibitors utilized
are HPMCP, HPMCAS, Plasone S-630 and Eudragit
LlOO.Dissolution Summary Results * Fold increase
relative to 17-AG equilibrium solubility Figure 13
shows the in vitro dissolution of 17-AG dispersions
made using the above various crystallization
inhibitors. Amorphous dispersions can be made using
other geldanamycin analogs as well. To similarly
demonstrate that compounds other than 17-AG benefit
from the addition of a crystallization inhibitor,
Example 2 1 below is an in-vitro dissolution study
demonstrating that supersaturated concentrations of
geldanamycin analogs can be achieved when a
crystallization inhibitor is added to a substantially
amorphous solid dispersion formulation, which may also
result in improved in vivo bioavailability as seen for
the analog 17-AG. Such formulation can be prepared
utilizing various geldanamycin analogs. Particular
analogs utilized are 17-benzyl-AG, 17-fluoroethyl-AG,
17-cyclopropylmethyl-AG, 17-acetyl-AG,
17-azetidinyl-G, 11-acetyl- 17-AG and 11- 



oco-1 7-AG. The results of each analog are summarized
in the below tables in Example 21. Example 21
Preparation of Amorphous Solid Dispersion Formulations
using Various Geldanamycin Analogs [17-AG (12% load)
plus PVP]: A mixture of a geldanamycin compound and
solvent is heated and stirred vigorously. Aliquots are
periodically taken and examined via polarized light
microscopy to determinecomplete dissolution of the
crystalline material. Upon complete dissolution, the
crystallization inhibitor is slowly added to the
solution. The mixture is stirred vigorously with heat,
and aliquots are taken and examined via microscopy to
ensure complete dissolution of the components.
Alternatively, the order of addition can be changed so
that the polymer is used as a co-solvent, e.g., the
compound is added to a pre-mixed solution of the
polymer and the appropriate ratio or combination of
solvents. The dispersions were characterized as
described above. Characteristics of Amorphous Solid
Dispersions of Geldanamycin Analogs Using a procedure
similar to Example 20, a series of scintillation vials
was prepared according to the table below, except that
analogs of 17-AG (12% load) plus PVP K-30 (83.3 mg)
were used accordingly. Dissolution Experiment Setup
Summarized below are the results from an in-vitro
dissolution study for dispersions containing amorphous
material made using a wide variety of ansamycin
compound analogs. Thedata demonstrate that
supersaturated levels of a variety of ansamycin
compounds can be achieved. The dissolution profile of
amorphous dispersions of the series of ansamycin
analogs generated from PVP utilizing rotary
evaporation is found in Figure 15. Geldanamycin Analog
Summary Results * Fold increase relative to
equilibrium solubility Example 22 below demonstrates
that supersaturated solutions of 17-AG generated from
substantially amorphous solid dispersion formulations
that have been "spiked" with various amounts of
crystalline material (0.01%, 0.1% 1% and 10%, with 0%
as a comparator) demonstrate altered precipitation
kinetics of 17-AG. Adding various amounts of
crystalline material to the amorphous dispersions of
17-AG affects the stability of the corresponding
supersaturated solution. Increasing amounts of
crystalline material present in the supersaturated
solutions increases the rate of 17-AG nucleation and
precipitation. The in vitro experimental dissolution
protocol of each spiked formulation is summarized in
the tables below. A representative DSC of 20% 17-AG in
PVP-K30 is found in Figure 16. Additional data
illustrating various amounts of Spiking with Form I
are found in Figures 16, 17, 18, 19, 20, 21, 22 and
23. Spiking with Forms II and III results in similar
findings. As shown in these Figures, there is a
measurable difference between the formulations
containing "0%" crystalline material, and the
formulations spiked with 1% crystalline material,
demonstrating that the formulation designated "0%"
contains less than 1% crystalline material.Example 22
Dissolution Study using 17-AG in Spiking Experiment:
To 1 dram vials containing a solid dispersion of 17-AG
(20% load) plus PVP K30 were added various amount of
17-AG Form I to provide a total mass of 500 mg and
crystalline range from 0.01 to 10%. To ensure
homogenous mixtures of dispersion and crystalline
17-AG, the mixtures were ground with mortar and
pestle, sieved through a No. 50 screen (300 um) and
mixed for 5 minutes using a Turbula Mixer. The amount
of crystalline material was examined by microscopy.
Substantially amorphous material had no visible
crystalline material and no birefringence under cross
polarized light with dry material and upon
introduction of water. To a scintillation vial
containing the prepared spiked solid dispersions,
(prepared according to the schedule in the table
below) was added simulated intestinal fluid (5 mL);
the vials were then shaken at 370C. At 5-, 15-, 30-,
60-, 90,- 120-min, 4-hour, 8-hour and overnight
time-points, aliquots (300 uL) of each sample were
drawn and filtered via a polypropylene filter (0.45
micron) into MeOH (750 uL). The samples were then
diluted in MeOH and tested using UV method for
solution concentration. The results are summarized in
the following table. Additionally, Figure 44(B) and
Figure 44(C) show a visual difference between a
nonspiked dispersion and a dispersion spiked with
0.01% crystalline material, demonstrating that the
non-spiked dispersion contains less than 0.01%
crystalline material. S ikin Ex eriment Dissolution
Stud -Sam le Pre arationExample 23 Control of Release
Rate for 17-AG/PVP Dispersion Solid Dose Forms: To
demonstrate that the control of the release rate of
17-AG from 17-AG plus PVP dispersions is feasible,
tablets and capsules were made of varying
composition/excipients from a 20% 17-AG plus PVP K30
dispersion which have immediate, extended, and slow
release rates as measured by in-vitro dissolution. As
such, controlling the dissolution rate, in Example 24
below, of solid dose forms of 17-AG amorphous
dispersions could provide a means of controlling the
degree of supersaturation of dissolved 17-AG when
dosed in-vivo. The composition of the tablets and
capsule are described in the following table. Rate of
release and level of dissolved 17-AG was measured by
dissolving the tested tablet or capsule in 500ml SIF
pH 6.8 and stirred in a dissolution apparatus (Paddle
speed 150 RPM, 370C) until completely dissolved.
Aliquots of the tablet/capsule-SIF solution were
removed at 15, 30, 90, 120, 180, & 240 minute
timepoints. Sample aliquots were filtered (0.45 uM
PVDF), diluted in SIF/MeOH and measured in triplicate
on UV spectrometer. The dissolution profile of 17-AG
from the different tablets and capsules is shown in
the graph in Figure 24. As demonstrated in the
results, it is possible to produce tablets and
capsules with different in-vitro release rates
(immediate, extended, & slow). Example 24 Effect of
Crystallization Inhibitors on Supersaturation
Crystallization inhibitors such as PVP
(polyvinylpyrrolidone, Povidone) can improve the
solubility of compounds by preventing crystallization.
The effect of PVP on the amount ofsolvated 17-AG was
investigated by measuring levels of 17-AG in SIF pH
6.8 (simulated intestinal fluid) solutions with
increasing amounts of PVP at various time points
following the addition of specific amounts of 17-AG,
either in crystalline form or in DMSO solutions to
supersaturated levels. Equilibrium solubility of
crystalline 17-AG was measured at specific time points
by addition of crystalline 17-AG to SIF pH 6.8
containing 0%, 0.5%, 1%, 2.5%, & 5% PVP (w/v) to a
concentration of 5mg/ml. Solutions were placed at
370C, and sample aliquots were removed at 24, 48, 72,
& 96 hours. Sample aliquots were filtered (0.45 uM
PVDF), diluted in SIF/MeOH and measured in triplicate
on UV spectrometer. Supersaturated levels of 17-AG was
measured by adding 17-AG DMSO stock solutions (10, 50,
100, & 200mg/ml) at a 1:100 dilution to SIF pH 6.8
solutions containing 0%, 0.5%, 1%, 2.5%, & 5% PVP
(w/v). This resulted in solutions with final 17-AG
concentrations of 0. 1, 0.5, 



1, & 2 mg/ml respectively for each of the SIF pH 6.8
PVP solutions. Solutions were stirred in a dissolution
apparatus (Paddle speed 150RPM, 370C), and aliquots of
each solution were removed at 15, 30, 60, 120, 240,
360, & 1320 minute time points. Sample aliquots were
filtered (0.45 uM PVDF), diluted in SIF/MeOH and
measured in triplicate on UV spectrometer.
Representative data are found in Figure 25 and Figure
26. Summary of 17-AG Solubility Results (average
values) As shown above, PVP improves the levels of
solvated 17-AG. The equilibrium solubility of
crystalline 17-AG increases almost 3-fold from 0.0041
mg/ml in SIF pH 6.8 with 0% PVP to 0.01 12 mg/ml in
SIF pH 6.8 with 5% PVP. In addition, the degree of
supersaturation of 17-AG increases almost 2-fold from
0.5 mg/ml at 0% PVP to 0.9 mg/ml at 5% PVP.In
addition, PVP enhances the stability of the
supersaturated solutions by prolonging the duration of
the supersaturated state. In SIF without PVP, 17-AG
starts to precipitate and come out of solution at
approximately 120 minutes. In SIF solutions with PVP,
the 17-AG supersaturated state can be prolonged beyond
120 minutes to almost 240 minutes. The rate of 17-AG
precipitation is also attenuated by PVP in a
concentration dependent manner, i.e. the higher % PVP,
the slower the rate of 17-AG precipitation from the
supersaturated state. However, it appears that this
crystallization rate inhibitory effect of PVP can be
overcome by precipitation of 17-AG from very high
supersaturated levels as seen in the result of the
1.0mg/ml solution in 5% PVP which achieves a
supersaturated state of 0.9mg/ml; however starts to
precipitate out at 120 minutes. Representative data
are shown in Figure 27. Example 25 Comparison of in
vivo Exposure in Beagle Dogs of 17-AG PVP Dispersions
The effects of varying compound load, PVP grade and
particle size in 17-AG + PVP dispersions on oral
bioavailability was investigated by dosing beagle dogs
and measuring 17-AG levels in blood plasma at various
time points following a single oral capsule dose. The
following 17-AG + PVP dispersions were made utilizing
rotary evaporation and characterized for purity,
residual solvent level, and amorphous content as
described. Each 17-AG + PVP dispersion was filled into
HPMC capsules and dosed into dogs at a level of
15mg/kg. Blood was collected pre-dose, 15, 30 minutes,
1, 2, 4, 8, and 24 hours post dose into tubes
containing sodium heparin. Collected blood samples
were immediately placed on wet ice and refrigerated
centrifuge for isolation of plasma within 30 min of
collection. Isolated plasma was saved in labeled screw
cap freezer vials or eppendorf tubes and stored frozen
(-700C) until analyzed for plasma 17-AG levels. The
design of the study is as follows. 2 groups of dogs
were utilized for dosing, 2 males & 2 females per
group, with a week washout inbetween each dose. For
specifics of the animal dosing protocol, please refer
to PCRS protocol No. FNF-0704. After analysis of 17-AG
plasma levels following dosing, there was not a
significant effect on exposure due to either 17-AG
load or PVP grade; however, there are exposure trends.
For 17- AG load, Cmax and AUC decreased with
increasing 17-AG load (12% > 20% >30% 17-AG). For PVP
grade, Cmax and AUC were highest in PVP K30, followed
by PVP Kl 5, followed by PVP K90. No trends or affects
on Cm3x or AUC could be seen due to changes in
particle size, i.e. exposure is robust across a large
range of particle sizes. Overall, there were no
consistent differences seen in the exposure data due
to sex for the variables tested. Any variability
observed in the exposure is most likely due to animal
specific differences or in-life observations (i.e.
dosing issues, emesis). Summary of the oral
bioavailability results (average values) reflecting
various load levels are found in Figure 28a and Figure
29a, and accompanying summary data tables in Figure
28b and Figure 29b. Summary of the oral
bioavailability results (average values) reflecting
various PVP grades are found in Figure 41a and Figure
42a, and accompanying summary data tables in Figure
41b and Figure 42b. Summary of the oral
bioavailability results (average values) reflecting
various particles sizes of 20% 17-AG and PVP K-30 are
found in Figure 40a, and accompanying summary data
table in Figure 40b. Example 26 In vivo Exposure of
Various Oral Formulations of 17-AG in Beagle Dogs The
oral bioavailability of various formulations of the
compound 17-AG was investigated by making various oral
formulations, dosing beagle dogs and measuring 17-AG
levels in blood plasma at various time points
following a single oral dose. In addition, the effect
of PVP on enhancing exposure was investigated by its
addition to many of the tested formulations.In brief,
different crystalline, solvated, and amorphous forms
of 17-AG were dosed either as filled capsules or as
suspensions. In addition, various 17-AG solutions
utilizing a range of different organic, anionic, &
non-ionic components were dosed by oral gavage. The
different oral formulations tested are listed in the
following table.The crystalline, solvated, and
amorphous forms of 17-AG were made as previously
described and blended with either anhydrous lactose or
PVP in a Turbula blender for 15 minutes. Solutions
were made by adding the formulation components to the
desired percentage by weight and either adding 17-AG
to the desired concentration of 2mg/ml until dissolved
or by adding a stock solution of 40mg/ml 17-AG in DMSO
and diluting 1:20 to achieve the final concentration
of 2mg/ml. All solutions were clear and purple in
color without any evidence of precipitate. The
suspension in carboxymethylcellulose was made by
levigating crystalline 17-AG with glycerol in a mortar
and pestle followed by homogenization in the 1%
carboxymethylcellulose solution in a high speed
homogenizer for 10 minutes. Homogeneity of the
suspension was checked by microscopy. Figure 46(A) is
an exemplary photo of a suspension of 17-AG, in 1%
carboxymethylcellulose. The emulsions were made by
making a 4mg/ml solution of 17-AG in either 10%
PGHS/2.5% DMSO/5% Tween-80 or 10% PGHS/2.5% DMSO/5%
Tween-80/5% PVP, combining the solution 1 to 1 with
olive oil followed by mixing in a high speed
homogenizer for 15 minutes. Confirmation of the
emulsion was performed by microscopy. Figure 46(B) is
an exemplary photo of an emulsion of 17-AG, in 10%
PGHS, 2.5% DMSO, 5% Tween-80, 50% olive oil, in NS.
The nanosuspension was made by levigating crystalline
17-AG by high shear in a microfluidizer (Microfluidics
Corp, Model: M-I lOL) for 10-20 minutes in Tween-80.
Mean particle size (d50: 300-400 nM) was measured by
laser light diffraction (Malvern Corp, Mastersizer
2000). All dosed formulations had at least 2 hours
physical stability at room temperature. Blood was
collected pre-dose, 15, 30 minutes, 1, 2, 4, and 8
hours post-dose into tubes containing sodium heparin.
Collected blood samples were immediately placed on wet
ice and refrigerated centrifuge for isolation of
plasma within 30 min of collection. Isolated plasma
was saved in labeled screw cap freezer vials or
eppendorf tubes and stored frozen (-700C) until 



analyzed for plasma 17-AG levels. The design of the
study is as follows. Two groups of dogs, each group
consisting of 3 females were utilized for dosing, with
a week washout in between each dose.For the solid
formulations, PVP does not appear to enhance exposure
for the physical mixes of crystalline 17-AG and PVP to
a level where 17-AG can be detected. However, there
was low exposure after dosing the EtOAc Solvate of
17-AG, and significant exposure after dosing amorphous
17-AG or amorphous dispersions of 17-AG. Moreover, the
inclusion of PVP to these formulations appears to
improve the exposure profiles of the EtOAc Solvate and
amorphous 17-AG. This result is consistent with the
in-vitro dissolution experiments demonstrating the
ability of PVP to enhance 17-AG solubility and
stabilize supersaturated solutions of 17-AG. Method of
manufacture does not appear to have an effect since
the exposure from dosing either solvent evaporated or
spray dried 20% 17-AG/PVP amorphous dispersion is the
same. Also consistent with the results from the
17-AG/PVP dispersions are the in-vivo results from
dosing solid dispersions of 17-AG with other
crystallization inhibitors, HPMC-AS and Eudragit LlOO.
The improved bioavailability of 17-AG from these
formulations as compared to dosing crystalline 17-AG
demonstrates the utility of utilizing crystallization
inhibitors in amorphous dispersion with geldanamycin
analogs. For the liquid (solution, emulsion)
formulations, there was a significant exposure for all
of the formulations dosed. Inclusion of PVP in the
formulation did not appear to have the same
significant effect in the solution doses as it did in
the solid dose exposure results. This could bedue to
the fact that all of the solutions were dosed at a
relatively low concentration (2mg/ml) and small volume
(25ml), and had good physical stability. The
consistently high exposure results for all of the
solution doses would suggest that 17-AG is being
readily absorbed before PVP could demonstrate its
ability to stabilize the solution. For the suspension
and nano-suspension formulations, there was little or
no measurable level of 17-AG following dosing, either
with or without the crystallization inhibitor PVP. In
total, these results demonstrate the ability to dose
17-AG utilizing a wide range of oral formulations. Any
variability observed in the exposure is most likely
due to animal specific differences or in-life
observations (i.e. dosing issues, emesis). Exemplary
graphs of the exposure data for specific doses are
found in the Figure No. References as specified in the
table below. A summary of the oral bioavailability
results (average values) is found in the following
table:CNE=cannot estimate.Following Example 27
illustrates that 17-AG as a solution reduces tumor
growth in a mouse xenograph model. Representative data
are found in Figure 47 and Figure 48. Example 27
In-vivo efficacy of 17-AG: In-vivo efficacy of 17-AG
was demonstrated by conducting in 2 mouse xenograph
studies utilizing mouse xenograph tumor models of
client proteins dependent upon HSP90. In the first
study, H1975, a non-small cell lung cancer cell line
which contains L858R and T790M mutations in EGFR, a
client protein for HSP90 was utilized. 5-6 week old
Nu/Nu mice were implanted with 10 x 10e6 H1975 cells.
Dosing commenced after implanted cells reached ~
150mm3. Dosing was by oral gavage and the dosing
schedule was every other day with vehicle (20% PGHS,
5% DMSO, 75% NS), and 75mg/kg, and 100mg/kg 17-AG in
vehicle. After dosing, -35% and -70% reduction in
tumor volume was seen in the dosing arms as compared
to vehicle treated animals demonstrating efficacy of
dosing 17-AG in a xenograph tumor model dependent upon
an HSP90 client protein. In the second study, H1650
lung adenocarcinoma cell line which contains a mutant
form of EGFR (Del E746-A750) was utilized. 5-6 week
old Nu/Nu mice were implanted with 10 x 10e6 H1650
cells. Dosing commenced after implanted cells reached
~100mm3. Dosing was by oral gavage and the dosing
schedule was every day with vehicle (15% PVP, 5% EtOH,
80% PG), and 50mg/kg, 75mg/kg, and 100mg/kg 17-AG in
vehicle. After dosing, -62% maximum reduction in tumor
volume was seen in the dosing arms as compared to
vehicle treated animals demonstrating efficacy of
dosing 17-AG in a xenograph tumor model dependent upon
on an HSP90 client protein. Other embodiments included
herein are provided in the following claims.We Claim:
1. A pharmaceutical composition comprising a
benzoquinone ansamycin compound such that when the
compound is administered orally at a dose of 15 mg/kg
to a subject, the composition delivers an amount of
compound sufficient to achieve an area under the curve
of at least 100 ng-hr/ml, wherein said benzoquinone
ansamycin compound is not 17-DMAG. 2. The composition
according to claim 1 wherein the area under the curve
is at least 500 ng-hr/ml. 3. The composition according
to claim 2 wherein the area under the curve is at
least 1000 ng hr/ml. 4. The composition according to
claim 3 wherein the area under the curve is at least
5000 ng-hr/ml. 5. The composition according to claim 4
wherein the area under the curve is at least 10,000
ng-hr/ml. 6. The composition according to claim 5
wherein the area under the curve is at least 15,000
ng-hr/ml. 7. The composition according to claim 1,
wherein the compound is present in substantially
amorphous form. 8. The composition according to claim
1 wherein the compound is 17-AG. 9. The composition
according to claim 1 wherein the compound is 17-AAG.
10. A composition comprising 17-AG administered orally
at a dose of at least 1 mg/kg to a subject
characterized in that an area under the curve of at
least 100 ng-hr/ml is achieved.11. A composition
comprising 17-AAG administered orally at a dose of at
least 1 mg/kg to a subject characterized in that an
area under the curve of at least 100 ng hr/ml is
achieved. 12. The composition according to claim 10
wherein the 17-AG is administered orally at a dose of
about 1 mg/kg to about 100 mg/kg. 13. The composition
according to claim 11 wherein the 17-AAG is
administered orally at a dose of about 1 mg/kg to
about 100 mg/kg. 14. The composition according to
claim 10 wherein the 17-AG is administered orally at a
dose of about 5 mg/kg to about 50 mg/kg. 15. The
composition according to claim 11 wherein the 17-AAG
is administered orally at a dose of about 5 mg/kg to
about 50 mg/kg. 16. The composition according to claim
10 wherein the 17-AG is administered orally at a dose
of about 5 mg/kg to about 25 mg/kg. 17. The
composition according to claim 11 wherein the 17-AAG
is administered orally at a dose of about 5 mg/kg to
about 25 mg/kg. 18. The composition according to claim
10 wherein the 17-AG is administered orally at a 



dose of about 10 mg/kg to about 20 mg/kg. 19. The
composition according to claim 11 wherein the 17-AAG
is administered orally at a dose of about 10 mg/kg to
about 20 mg/kg. 20. The composition according to claim
10 wherein the 17-AG is administered orally at a dose
of about 15 mg/kg. 21. The composition according to
claim 11 wherein the 17-AAG is administered orally at
a dose of about 15 mg/kg.22. The composition according
to claim 1, wherein said benzoquinone ansamycin is a
compound of formula 1 : 1 or a pharmaceutically
acceptable salt thereof; wherein; R1 is H, -OR8, -SR8
-N(R8XR9), -N(R8)C(O)R9, -N(R8)C(O)OR9,
-N(R8)C(O)N(R8)(R9), -OC(O)R8, -OC(O)OR8, -OS(O)2R8,
-OS(O)2OR8, -OP(O)2OR8, CN or a carbonyl moiety; each
of R2 and R3 independently is H, alkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkenyl, heterocycloaklyl,
aryl, aralkyl, heteroaryl, heteroaralkyl, -C(=0)CH 3
or -[(C(R 10)2)p]-R p ; or R2 and R3 taken together
with the nitrogen to which they are bonded represent a
3 - 8 membered optionally substituted heterocyclic
ring which contains 1-3 heteroatoms selected from O,
N, S, and P; p independently for each occurrence is O,
1, 2, 3, 4, 5, or 6; R4 is H, alkyl, akenyl, or
aralkyl; R5 and R6 are each H; or R5 and R6 taken
together form a bond; R7 is hydrogen alkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkenyl, heterocycloaklyl,
aryl, aralkyl, heteroaryl, heteroaralkyl, or -[(C(R
10)2)p]-R"; each of R8 and R9 independently for each
occurrence is H, alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkenyl, heterocycloaklyl, aryl, aralkyl,
heteroaryl, heteroaralkyl, or -[(C(R 10 )2)p]-R"; or
R8 and R9 taken together represent a 3-8 membered
optionally substituted heterocyclic ring which
contains 1-3 heteroatoms selected from O, N, S, and P;
R10 for each occurrence independently is H, alkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
heterocycloaklyl, aryl, aralkyl, heteroaryl, or
heteroaralkyl; andR1 1 for each occurrence
independently is H, cycloalkyl, aryl, heteroaryl,
heterocyclyl, -OR8, -SR8, -N(R8XR9), -N(R8)C(O)R9,
-N(R8)C(O)OR9, -N(R8)C(O)N(R 8)(R9), -OC(O)R8,
-OC(O)OR8, -OS(O)2R8, -OS(O)2OR8, -OP(O) 2OR8,
-C(O)R8, -C(O)2R8, -C(O)N(R8XR9), halide, or CN. 23.
The composition according to claim 22, wherein; R1 is
-OR8, -C(=O)CH3, or a carbonyl moiety; each of R2 and
R3 independently is H, alkyl, alkenyl or -[(C(R
10)2)p]-Rp ; or R2 and R3 taken together with the
nitrogen to which they are bonded represent a 3-8
membered optionally substituted heterocyclic ring
which contains 1-3 heteroatoms selected from O, N, S,
and P; p independently for each occurrence is O, 1 or
2; R4 is H; R5 and R6 are each H; or R5 and R6 taken
together form a bond; R7 is hydrogen or -[(C(R
IO)2)P]-R"; each of R8 and R9 independently are H; or
R8 and R9 taken together represent a 3-8 membered
optionally substituted heterocyclic ring which
contains 1-3 heteroatoms selected from O, N, S, and P;
R10 for each occurrence independently is H; and R11
for each occurrence independently is H, -N(R8)(R9) or
halide. 24. The composition according to claim 23,
wherein R1 is OH, R4 is H, and R5 and R6 taken
together form a bond. 25. The composition according to
claim 24, wherein the compound is selected from the
group consisting of:FORMULATIONS AND METHODS OF USE
THEREOF RELATED APPLICATIONS [0001] This application
claims benefit under 35 U.S.C. 119(e) of the filing
date of USSN 60/874,349 filed on December 12, 2006,
USSN 60/914,477 filed on April 27, 2007, and
60/939,913 filed May 24, 2007, the entire disclosure
of each of which is incorporated herein by reference.
FIELD [0002] Provided herein are, inter alia, solid
forms of geldanamycin analogs, pharmaceutical
compositions comprising a geldanamycin analog and a
crystallization inhibitor, and methods of making and
using such compositions. In some embodiments, provided
are methods for the treatment of cancer and/or a
hyperproliferative disorder, and methods of inhibiting
Heat Shock Protein 90 ("Hsp90"). BACKGROUND [0003]
Hsp90 is an abundant protein which has a role in cell
viability and which exhibits dual chaperone functions
(J. Cell Biol. (2001) 154:267-273, Trends Biochem.
Sci. (1999) 24:136-141). It plays a role in the
cellular stress-response by interacting with many
proteins after their native conformations have been
altered by various environmental stresses such as heat
shock, ensuring adequate protein-folding and
preventing non-specific aggregation (Pharmacological
Rev. (1998) 50:493-513). Recent results suggest that
Hsp90 may also play a role in buffering against the
effects of mutation, presumably by correcting
inappropriate folding of mutant proteins (Nature
(1998) 396:336-342). Hsp90 also has regulatory roles
under normal physiological conditions and is
responsible for the conformational stability and
maturation of a number of specific client proteins
(see. Expert. Opin. Biol Ther. (2002) 2(1): 3-24).
[0004] Hsp90 antagonists are currently being explored
in a large number of biological contexts where a
therapeutic effect can be obtained for a condition or
disorder by inhibiting one or more aspects of Hsp90
activity. [0005] Geldanamycin is a macrocyclic lactam
that is a member of the benzoquinonecontaining
ansamycin family of natural products. Geldanamycin's
nanomolar potency and apparent selectivity for killing
tumor cells, as well as the discovery that its primary
target in mammalian cells is Hsp90, has stimulated
interest in its development as an anti-cancer drug.w
solubility and the association of hepatotoxicity with
the administration of geldanamycin have led to
difficulties in developing an approvable agent for
therapeutic applications. In particular, geldanamycin
has poor water solubility, making it difficult to
deliver in therapeutically effective doses. [0006]
More recently, attention has focused on 17-amino
derivatives of geldanamycin ("geldanamycin analogs"),
in particular 17-AAG, showing reduced hepatotoxicity
while 



maintaining Hsp90 binding. See U.S. Pat. Nos.
4,261,989; 5,387,584; and 5,932,566. Like
geldanamycin, these 17-amino derivatives have very
limited aqueous solubility. Consequently, there is an
unmet need to develop additional pharmaceutical
compositions of geldanamycin analogs, such as 17-AG
and 17-AAG, and solid forms thereof. SUMMARY [0007] In
one embodiment, provided herein are solid forms of
geldanamycin analogs, which are useful as Hsp90
antagonists. Also provided herein, among other things,
are pharmaceutical compositions comprising
geldanamycin analogs, methods for making such
compositions having enhanced bioavailability, methods
of using gelanamycin analogs for the treatment of
cancer and/or a hyperproliferative disorder, and
methods of inhibiting Hsp90. It has been discovered
herein that mixtures of geldanamycin analogs and
crystallization inhibitors dramatically improve the
bioavailability of geldanamycin analogs. Examples of
formulations that achieve this improvement include,
but are not limited to, solid dispersions, solid
molecular dispersions, and physical blends of the
components. In some embodiments, a geldanamycin analog
is present in an amorphous state, a microcrystalline
state, a nanocrystalline state, or any combination
thereof. [0008] In certain embodiments, pharmaceutical
compositions containing a solid dispersion of a
geldanamycin analog and at least one crystallization
inhibitor are provided wherein the geldanamycin analog
is present in substantially amorphous form. In other
embodiments, a method for the preparation of amorphous
geldanamycin analogs is provided. One method for
producing a solid molecular dispersion of amorphous
geldanamycin analogs provided herein involves solvent
spray drying. Other techniques that can be used to
prepare solid molecular dispersions of amorphous
geldanamycin analogs include, without limitation: (1)
milling; (2) extrusion; (3) melt processes, including
high melt-congeal processes and melt-congeal
processes; (4) solvent modified fusion; (5) solvent
processes, including spray coating, lyophilization,
solvent evaporation (e.g., rotary evaporation) and
spray-drying; and (6) non-solvent
precipitation.nbodiment, provided are amorphous
geldanamycin analogs that can exist within a solid
amorphous dispersion as a pure phase, as a molecular
dispersion of geldanamycin analog homogeneously
distributed throughout a crystallization inhibitor or
any combination of these states or those states that
lie intermediate between them. In some embodiments, a
dispersion is substantially homogeneous such that an
amorphous geldanamycin analog is dispersed uniformly
throughout the dispersion or formulation. [0010] In
yet another embodiment, provided are geldanamycin
analogs that exist in a variety of solid forms. In
certain embodiments, 17-AG exists in more than one
polymorphic form. Provided are 17-AG compositions that
include such forms, whether in a pure polymorphic
state or admixed with any other material, including
for example, another polymorphic form of 17-AG. BRIEF
DESCRIPTION OF THE DRAWING [0011] Figure 1 depicts an
XRPD pattern for amorphous 17-AG. [0012] Figure 2
depicts an XRPD pattern for Form I of 17-AG. [0013]
Figure 3 depicts a DSC pattern for Form I of 17-AG.
[0014] Figure 4 depicts an 1HNMR spectra for Form I of
17-AG. [0015] Figure 5 depicts an XRPD pattern for
Form II of 17-AG. [0016] Figure 6 depicts an XRPD
pattern for Form III of 17-AG. [0017] Figure 7 depicts
an XRPD pattern for EtOAc Solvate of 17-AG. [0018]
Figure 8 depicts a DSC pattern for EtOAc Solvate of
17-AG. [0019] Figure 9 an 1HNMR spectra for EtOAc
Solvate of 17-AG demonstrating ratio of 17-AG to ethyl
acetate. [0020] Figure 10a depicts a graph of 17-AG
concentration levels, plotted as a function of ng/ml
versus time (hours), demonstrating higher relative
bioavailability with the administration of amorphous
17-AG as compared to crystalline 17-AG in male beagle
dogs in: (i) an uncoated HPMC capsule containing 17-AG
(12% load) in a PVP solid dispersion formulation
(Session 1); (ii) an uncoated HPMC capsule containing
a crystalline 17-AG (Session 3); and (iii) a coated
HPMC capsule containing 17-AG (12% load) in a PVP
solid dispersion formulation (Session 4). [0021]
Figure 10b depicts a summary table of PK parameters
for Figure 10a. [0022] Figure lla depicts a graph of
17-AG concentration levels, plotted as a function of
ng/ml versus time (hours), demonstrating higher
relative bioavailability with the administration of
amorphous 17-AG as compared to crystalline 17-AG in
female beagle dogscapsule containing 17-AG (12% load)
in a PVP solid dispersion formulation (Session 1);
(ii) an uncoated HPMC capsule containing a crystalline
17-AG (Session 3); and (iii) a coated HPMC capsule
containing 17-AG (12% load) in a PVP solid dispersion
formulation (Session 4). [0023] Figure lib depicts a
summary table of PK parameters for Figure 11a. |0024]
Figure 12 depicts a DSC scan of 17-AG (12% load) in a
PVP K-30 solid dispersion formulation made using
lyophilization from t-BuOH/water (3:1). [0025] Figure
13 depicts a graph showing results from an in vitro
dissolution study of various 17-AG / polymer
dispersions, plotted as a function of mg/ml versus
time (minutes). [0026] Figure 14 depicts a graph of
17-AG concentration levels, plotted as a function of
ng/ml versus time (hours), demonstrating relative
bioavailability of 17-AG in female beagle dogs using:
solid dispersion formulations made by two different
methods, plotted as a function of ng/ml versus time
(hours): (Figure 14a) an uncoated HPMC capsule
containing 17-AG (20% load) in a PVP solid amorphous
dispersion formulation made by rotary evaporation; and
(Figure 14b) an uncoated HPMC capsule containing 17-AG
(20% load) in a PVP solid amorphous dispersion
formulation made by spray drying. [0027] Figure 14c
depicts a summary table of the data in Figure 14a and
Figure 14b. [0028] Figure 15 depicts an in vitro
dissolution study in SIF of amorphous dispersions of a
series of ansamycin analogs generated from PVP
utilizing rotary evaporation, plotted as a function of
mg/ml versus time (minutes). [0029] Figure 16 depicts
an XRPD pattern for an amorphous dispersion of 17-AG
plus PVP (20% in K-30) made by rotary evaporation.
[0030] Figure 17 depicts an XRPD pattern for an
amorphous dispersion of 17-AG plus PVP spiked with
0.1% crystalline Form I. [0031] Figure 18 depicts an
XRPD pattern for an amorphous dispersion of 17-AG plus
PVP spiked with 1% crystalline Form I. 



[0032] Figure 19 depicts an XRPD pattern for an
amorphous dispersion of 17-AG plus PVP spiked with
spiked with 5% crystalline Form I . [0033] Figure 20
depicts an XRPD pattern for an amorphous dispersion of
17-AG plus PVP spiked with spiked with 10% crystalline
Form I. [0034] Figure 21 depicts a graph showing
results from an in vitro dissolution study of a
17-AG/PVP dispersion containing varying amounts of
Form I 17-AG (0%, 1% andi of mg/ml versus time
(minutes), demonstrating the effect of varying amounts
of Form I on the stability of supersaturated
solutions. [0035] Figure 22 depicts a graph showing
results from an in vitro dissolution study of a
17-AG/PVP dispersion containing varying amounts of
Form II 17-AG (0%, 1% and 10%), plotted as a function
of mg/ml versus time (minutes), demonstrating the
effect of varying amounts of Form II on the stability
of supersaturated solutions. [0036] Figure 23 depicts
a graph showing results from an in vitro dissolution
study of a 17-AG/PVP dispersion containing varying
amounts of Form III 17-AG (0%, 1% and 10%), plotted as
a function of mg/ml versus time (minutes),
demonstrating the effect of varying amounts of Form
III on the stability of supersaturated solutions.
[0037] Figure 24 depicts a graph showing the
dissolution profile of 17-AG from different tablets
and capsule (average values, in-vitro dissolution in
SIF), demonstrating different dissolution/release
profiles are possible with tablets of varying
composition. [0038] Figure 25 on the left, depicts a
three-dimensional bar graph of an in-vitro dissolution
study using 0.5 mg/ml 17-AG in various SIF solutions
containing 0%, 0.5%, 1.5% and 5% PVP (50 mg/ml 17-AG
in DMSO diluted 1:100 into SIF); and on the right,
depicts a three-dimensional bar graph of an in-vitro
solubility study using 1.0 mg/ml 17-AG in various SIF
solutions containing 0%, 0.5%, 1.5% and 5% PVP (100
mg/ml 17-AG in DMSO diluted 1:100 into SIF); together
demonstrating that varied amounts of PVP achieve
supersaturation levels of 17-AG and stabilizes the
supersaturated solutions by preventing
nucleation/precipitation of 17-AG. [0039] Figure 26
depicts a three-dimensional bar graph demonstrating
that varied amounts of PVP in SIF will change the
degree of supersaturation of 17-AG in SIF, i.e.,
higher amounts of PVP result in higher supersaturated
levels of 17-AG. [0040] Figure 27 depicts a graph of
the equilibrium solubility of 17-AG in SIF containing
varying amounts of PVP K-30 (0%, 0.5%, 1%, 2.5% and
5%), plotted as a function of mg/ml versus time,
demonstrating that adding PVP increases the
equilibrium solubility of 17-AG in simulated
intestinal fluid (SIF). [0041] Figure 28a depicts a
graph demonstrating effects of varying loads of 17-AG
(12%, 20% and 30% loads (w/w) in PVP K-30) on plasma
level concentration of 17-AG in female beagle dogs,
plotted as a function of ng/ml versus time (minutes).
Figure 28b is a summary table of the data in Figure
28a.lepicts a graph demonstrating effects of varying
loads of 17-AG (12%, 20% and 30% loads (w/w) in PVP
K-30) on plasma level concentration of 17-AG in male
beagle dogs, plotted as a function of ng/ml versus
time (minutes). [0043] Figure 29b depicts a summary
table of the data in Figure 29a. [0044] Figure 30a
depicts a graph of 17-AG dog plasma level
concentration after administration of an uncoated HPMC
capsule containing a physical blend of an EtOAc
Solvate of 17-AG and lactose, without a
crystallization inhibitor present, plotted as a
function of ng/ml versus time (hours). [0045] Figure
30b depicts a graph of 17-AG dog plasma level
concentration after administration of an uncoated HPMC
capsule containing a physical blend of an EtOAc
Solvate of 17-AG and a crystallization inhibitor
(PVP), plotted as a function of ng/ml versus time
(hours) demonstrating that adding a crystallization
inhibitor leads to increased plasma level
concentration. [0046] Figure 30c depicts a summary
table of the PK parameters for Figure 30a and Figure
30b. [0047] Figure 31a depicts a graph of 17-AG dog
plasma level concentration after administration of an
uncoated HPMC capsule containing amorphous 17-AG and
lactose, without a crystallization inhibitor present,
plotted as a function of ng/ml versus time (hours),
demonstrating that even when no crystallization
inhibitor is present, the plasma level concentration
is high, relative to crystalline 17-AG. [0048] Figure
31b depicts a graph of 17-AG dog plasma level
concentration after administration of an uncoated HPMC
capsule containing amorphous 17-AG and a
crystallization inhibitor (PVP), plotted as a function
of ng/ml versus time (hours), demonstrating that
adding a crystallization inhibitor leads to increased
plasma level concentration. [0049] Figure 31c depicts
a summary table of the PK parameters for Figure 31a
and Figure 31b. [0050] Figure 32 depicts a graph of
dog plasma level concentration after administration of
17-AG as a solution (85% propylene glycol, 5% ethanol
and 10% DMSO) via oral gavage, without a
crystallization inhibitor present, plotted as a
function of ng/ml versus time (hours). [0051] Figure
33 depicts a graph of dog plasma level concentration
after administration of 17-AG as a solution (85%
propylene glycol, 5% ethanol and 10% PVP) via oral
gavage containing a crystallization inhibitor (PVP),
plotted as a function of ng/ml versusg that solutions
as well as solid dispersions are effective
formulations for oral administration. [0052] Figure 34
depicts a graph of dog plasma level concentration
after administration of 17-AG as a solution (20%
polyethylene glycol-hydroxystearate, 5% DMSO in normal
saline) via oral gavage, containing a crystallization
inhibitor (PEG-HS), plotted as a function of ng/ml
versus time (hours). [0053] Figure 35 depicts a graph
of dog plasma level concentration after administration
of 17-AG as a solution (20% polyethylene
glycol-hydroxystearate, 5% DMSO, 10% PVP in normal
saline) via oral gavage, containing a crystallization
inhibitor (PEG-HS and PVP), plotted as a function of
ng/ml versus time (hours). [0054] Figure 36 depicts a
graph of female dog plasma level concentration after
administration if 17-AG as a solution (non-ionic 2%
Tween-80, 5% DMSO in sterile water for injection) via
oral gavage, containing a crystallization inhibitor
(non-ionic Tween-80), plotted as a function of ng/ml
versus time (hours). [0055] Figure 37 depicts a graph
of dog plasma level concentration after administration
of 17-AG as a solution (non-ionic 2% Tween-80, 5%
DMSO, 10% PVP in 



sterile water for injection) via oral gavage,
containing a crystallization inhibitor (PVP and
non-ionic Tween-80), plotted as a function of ng/ml
versus time (hours). [0056] Figure 38 depicts a graph
of a relative in vitro dissolution study (SIF at 370C)
of amorphous 17-AG (12% load) in solid dispersions
using various grades of PVP (K-15, K- 30 and K-90) at
37C, plotted as a function of % of Target (2 mg/ml)
versus time (minutes). The trend that PVP K-90
resulted in lower supersaturated levels of 17-AG than
PVP K-15 or PVP K-30 grades was consistent regardless
of the 17-AG load. [0057] Figure 39 depicts a graph of
a relative in vitro dissolution study (SIF at 370C) of
amorphous 17-AG plus PVP dispersions using varying
load levels of 17-AG (12%, 20%, 30% and 50%). The
trend that supersaturated levels of 17-AG was
inversely correlated to load (i.e. dispersions with
higher load levels of 17-AG and lower levels of
crystallization inhibitor, PVP, had lower
supersaturated levels of 17-AG) was consistent
regardless of the PVP grade. [0058] Figure 40a depicts
a graph of plasma concentration in female beagle dogs
after oral dosing (10 mg/kg) of 17-AG (20% load) plus
PVP in a solid dispersion formulation [both small (<50
mM) and large (>800 mM) particle sizes], plotted as a
function of ng/ml versus time (minutes) demonstrating
that particle size does not greatly affect in-vivo
exposure.epicts a summary table of the PK parameters
for Figure 40a. [0060] Figure 40c depicts a summary
table of the PK parameters for a graph of plasma
concentration in male beagle dogs after oral dosing
(10 mg/kg) of 17-AG (20% load) plus PVP in a solid
dispersion formulation [both small (less than 50
microns) and large (greater than 800 microns) particle
sizes], plotted as a function of ng/ml versus time
(minutes). [0061] Figure 41a depicts a graph of 17-AG
(12% load) plasma concentration in female beagle dogs
after oral dosing (15 mg/kg) of amorphous 17-AG
dispersions using various grades of PVP (K-1 5, K30
and K-90), plotted as a function of ng/ml versus time
(hours) demonstrating a trend. From the data, PVP
grade K-30 provides greater exposure than PVP K- 15
which provides greater exposure than PVP K-90. [0062]
Figure 41b depicts a summary table of the PK
parameters for Figure 41a. [0063] Figure 42a depicts a
graph of 17-AG (12% load) plasma concentration in male
beagle dogs after oral dosing (15 mg/kg) of amorphous
17-AG dispersions using various grades of PVP (K-1 5,
K30 and K-90), plotted as a function of ng/ml versus
time (hours). Similar to the data from female dog
dosing, PVP grade K-30 provides greater exposure than
PVP K-15 which provides greater exposure than PVP
K-90. [0064] Figure 42b depicts a summary table of the
PK parameters for Figure 42a. [0065] Figure 43 depicts
a graph of plasma levels achieved after a single
capsule dose of an amorphous dispersion (12%17-AAG,
with a crystallization inhibitor PVP in uncoated HPMC
capsule) in beagle dogs, demonstrating that good
in-vivo exposure can be achieved in dosing amorphous
dispersions of ansamycin analogs other than 17-AG.
[0066] Figure 44 depicts exemplary images acquired
using a polarized light microscope: (A) 4X transmitted
light image of solid state 17AG/PVP amorphous
dispersion; (B) 1OX polarized light image of 17AG/PVP
amorphous dispersion in water; (C) 1OX polarized light
image of 0.01% spike of crystalline Form I into a
17-AG/PVP amorphous dispersion, dissolved in water;
(D) 1OX polarized light image of 0.1% spike of
crystalline Form I into a 17-AG/PVP amorphous
dispersion, dissolved in water; and (E) 1OX polarized
light image of 1.0 % spike of crystalline Form I into
a 17-AG/PVP amorphous dispersion, dissolved in water.
[0067] Figure 45 depicts a transmitted light
micrograph of the 17-AG/PVP dispersion made by
lyophilization from 3:1 t-BuOH/water, dissolved in
water.picts exemplary photo images of a suspension and
an emulsion: (A) 2% 17-AG suspension in 1%
Carboxymethylcellulose; and (B) 2mg/ml 17-AG in 10%
PGHS, 2.5% DMSO, 5% Tween-80, 50% olive oil in NS.
[0069] Figure 47 depicts a graph showing tumor volume
as a function of time (days) utilizing a mouse
xenograph model Hl 975 when dosed using a solution of
17-AG in 20% PG-HS, 5% DMSO and 75% normal saline.
[0070] Figure 48 depicts a graph showing tumor volume
as a function of time (days) utilizing a mouse
xenograph model Hl 650 when dosed using a solution of
17-AG in 15% PVP, 5% ethanol and 80% propylene glycol.
DETAILED DESCRIPTION (1) Definitions and Abbreviations
[0071] The definitions of terms used herein are meant
to incorporate the present stateof- the-art
definitions recognized for each term in the chemical
and pharmaceutical fields. Where appropriate,
exemplification is provided. The definitions apply to
the terms as they are used throughout this
specification, unless otherwise limited in specific
instances, either individually or as part of a larger
group. [0072] Where stereochemistry is not
specifically indicated, all stereoisomers of the
inventive compounds provided herein are included
within the scope of this disclosure, as pure isomers
as well as mixtures thereof. Unless otherwise
indicated, individual enantiomers, diastereomers,
geometrical isomers, and combinations and mixtures
thereof are all encompassed by the present disclosure.
Polymorphic crystalline forms and solvates are also
encompassed within the scope of this disclosure.
[0073] The term "acylamino" and "acylamine" refers to
a moiety that may be represented by the general
formula: o N R51 R50 [0074] wherein each of R50 and
R51 independently represent a hydrogen, an alkyl, an
alkenyl or -(CH2)m-R61; wherein R61 represents an
aryl, a cycloalkyl, a cycloalkenyl, a heterocycle or a
polycycle; and m is zero or an integer in the range of
1 to 8; or R50 and R51, taken together with the N atom
to which they are attached complete a heterocycle
having from 4 to 8 atoms in the ring structure.cyl"
refers to the radical of saturated aliphatic groups,
including straight-chain alkyl groups, branched-chain
alkyl groups, cycloalkyl (alicyclic) groups, alkyl
substituted cycloalkyl groups, and cycloalkyl
substituted alkyl groups. In certain embodiments, a
straight chain or branched chain alkyl has 30 or fewer
carbon atoms in its backbone (e.g., Ci-C3O for
straight chain, C3-C30 for branched chain), 20 or
fewer. In some embodiments, certain cycloalkyls have
from 3-10 carbon atoms. In some embodiments, an 



alkyl group contains 1-10 carbon atoms as its
backbone, and may be substituted. In some embodiments,
certain cycloalkyls have from 3-10 carbon atoms in
their ring structure, and others have 5, 6 or 7
carbons in the ring structure. [0076] Unless the
number of carbons is otherwise specified, "lower
alkyl" refers to an alkyl group, as defined above, but
having from one to about ten carbons, alternatively
from one to about six carbon atoms in its backbone
structure. In some embodiments, "lower alkenyl" and
"lower alkynyl" have similar chain lengths from two to
about ten carbons, alternatively from two to about six
carbon atoms in its backbone structure. [0077] The
term "alkylthio" refers to an alkyl group, as defined
above, having a sulfur radical attached thereto. In
certain embodiments, the "alkylthio" moiety is
represented by one of -S-alkyl, -S-alkenyl,
-S-alkynyl, and -S-(CH2)m-R61, wherein m and R61 are
defined above. Representative alkylthio groups include
methylthio, ethyl thio, and the like. [0078] The term
"aralkyl" is art-recognized and refers to an alkyl
group substituted with an aryl group (e.g., an
aromatic or heteroaromatic group). Benzyl, p-methoxy
benzyl, and phenylethyl are examples of an aralkyl.
[0079] The terms "alkenyl" and "alkynyl" refer to
unsaturated aliphatic groups analogous in length and
possible substitution to the alkyls described above,
but that contain at least one double or triple bond
respectively. Alkenyl and alkynyl groups may be
substituted with the same groups that are suitable as
substituents on alkyl groups, to the extent permitted
by the available valences. In certain embodiments,
alkenyl and alkynyl groups contain 2-10 carbons in the
backbone structure. [0080] The terms "alkoxyl" or
"alkoxy" refers to an alkyl group, as defined herein,
having an oxygen radical attached thereto. In one
embodiment, alkoxyl groups include methoxy, ethoxy,
propyloxy, tert-butoxy and the like. The alkyl portion
of an alkoxy group is sized like the alkyl groups, and
can be substituted by the same groups that are
suitable as substituents on alkyl groups, to the
extent permitted by the available valences. [0081] The
term "amido" and "amide" are art recognized as an
amino-substituted carbonyl and includes a moiety that
may be represented by the general formula:wherein R50
and R51 are as defined herein. [0082] The terms
"amine" and "amino" are art-recognized and refer to
both unsubstituted and substituted amines, e.g., a
moiety that may be represented by the general
formulas: R  50 / N N R53 R 5l R52 wherein R50, R51
and R52 each independently represent a hydrogen, an
alkyl, an alkenyl, -(CH2)m-R61, or R50 and R51, taken
together with the N atom to which they are attached
complete a heterocycle having from 4 to 8 atoms in the
ring structure; R61 represents an aryl, a cycloalkyl,
a cycloalkenyl, a heterocycle or a polycycle; and m is
zero or an integer in the range of 1 to 8. In other
embodiments, R50 and R51 (and optionally R52) each
independently represent a hydrogen, an alkyl, an
alkenyl, or -(CH2)m-R61. Thus, the term "alkylamine"
includes an amine group, as defined above, having a
substituted or unsubstituted alkyl attached thereto,
i.e., at least one of R50 and R51 is an alkyl group.
[0083] The term "aralkyl" as used herein, whether
alone or as part of a group name such as, for example,
aralkyloxy, refers to an alkyl group as described
herein substituted with an aryl group as described
herein {e.g., an aromatic or heteroaromatic group).
The aryl portion of each aralkyl group may be
optionally substituted. In one embodiment, aralkyl
groups include, for example, groups of general formula
Ar-(CH , where Ar represents an aromatic or
heteroaromatic ring and t is an integer from 1-6.
[0084] The term "aryl" as used herein, whether alone
or as part of another name as in 'aryloxy', refers to
5-, 6- and 7-membered single-ring aromatic groups that
may include from zero to four heteroatoms selected
from N, O and S, for example, benzene, naphthalene,
anthracene, pyrene, pyrrole, furan, thiophene,
imidazole, oxazole, thiazole, triazole, pyrazole,
pyridine, pyrazine, pyridazine and pyrimidine, and the
like. Those aryl groups having heteroatoms in the ring
structure may also be referred to as "aryl
heterocycles" or "heteroaromatics." The aromatic ring
may be substituted at one or more ring positions with
such substituents as described herein, for example,
halogen, azide, alkyl, aralkyl, alkenyl,yl, alkoxyl,
amino, nitro, sulfhydryl, imino, amido, phosphonate,
phosphinate, carbonyl, carboxyl, silyl, ether,
alkylthio, sulfonyl, sulfonamide, ketone, aldehyde,
ester, heterocyclyl, aromatic or heteroaromatic
moieties, -CF , -CN, or the like. The term "aryl" also
includes polycyclic ring systems having two or more
cyclic rings in which two or more carbons are common
to two adjoining rings (the rings are "fused rings")
wherein at least one of the rings is aromatic, e.g.,
the other cyclic rings may be cycloalkyls,
cycloalkenyls, cycloalkynyls, aryls and/or
heterocyclyls. [0085] As used herein, the term
"benzoquinone ansamycin" (aka "geldanamycin compound")
means a macrocyclic lactam ring system containing: (a)
one amide bond; and (b) a benzoquinone moiety, wherein
said benzoquinone moiety bears 0-2 nitrogen
substituents that are exo- to the macrocyclic lactam
ring system, and the benzoquinone moiety itself.
Specific examples of naturally-occurring benzoquinone
ansamycins include, but are not limited to,
geldanamycin and herbimycin. [0086] The phrase
"characteristic XRPD peaks" or "characteristic set of
peaks" means a single peak or set of peaks taken from
an XRPD spectra that distinguish a polymorph from
other known polymorphs of the same compound identified
by comparison of XRPD patterns from different forms.
[0087] The term "crystallization inhibitor" means a
pharmaceutically acceptable excipient which
substantially inhibits the conversion of a compound
from the amorphous form to one or more crystalline
forms in the solid state or in solution. A
crystallization inhibitor may also substantially
inhibit crystal growth in the gastrointestinal tract
for long enough (e.g., about 1 to 6 hours) to allow
for enhanced absorption of at least 50%, over
conventional delivery, of the compound into the
bloodstream. [0088] The term "geldanamycin analog"
refers to a benzoquinone ansamycin other than
geldanamycin, for example, 17-amino-geldanamycin
(17-AG), 7-allylamino-17- demethoxygeldanamycin
(17-AAG) or 17-(2-dimethylaminoethy)amino-17-
demethoxygeldanamycin (17-DMAG). [0089] The term
"heterocycloalkyl" refers to cycloalkyl groups as
described herein, wherein at least one carbon atom of
the alkyl or cycloalkyl portion is replaced by a 



heteroatom selected from N, O and S. [0090] The term
"heteroatom" is art-recognized and refers to an atom
of any element other than carbon or hydrogen.
Illustrative heteroatoms include boron, nitrogen,
oxygen, phosphorus, sulfur and selenium.leterocyclyl",
"heteroaryl", "heterocyclic ring" or "heterocyclic
group" are art-recognized and refer to 3- to about
10-membered ring structures, alternatively 3- to about
7-membered rings, whose ring structures include one to
four heteroatoms. Heterocycles may also be polycycles.
Heterocyclyl groups include, for example, thiophene,
thianthrene, furan, pyran, isobenzofuran, chromene,
xanthene, phenoxanthene, pyrrole, imidazole, pyrazole,
isothiazole, isoxazole, pyridine, pyrazine,
pyrimidine, pyridazine, indolizine, isoindole, indole,
indazole, purine, quinolizine, isoquinoline,
quinoline, phthalazine, naphthyridine, quinoxaline,
quinazoline, cinnoline, pteridine, carbazole,
carboline, phenanthridine, acridine, pyrimidine,
phenanthroline, phenazine, phenarsazine,
phenothiazine, furazan, phenoxazine, pyrrolidine,
oxolane, thiolane, oxazole, piperidine, piperazine,
morpholine, lactones, lactams such as azetidinones and
pyrrolidinones, sultams, sultones, and the like. The
heterocyclic ring may be substituted at one or more
positions with such substituents as described herein,
as for example, halogen, alkyl, aralkyl, alkenyl,
alkynyl, cycloalkyl, hydroxyl, amino, nitro,
sulfhydryl, imino, amido, phosphonate, phosphinate,
carbonyl, carboxyl, silyl, ether, alkylthio, sulfonyl,
ketone, aldehyde, ester, a heterocyclyl, an aromatic
or heteroaromatic moiety, -CF , -CN, or the like.
[0092] The term "Hsp90 mediated disorder" or "disorder
mediated by cells expressing Hsp90" refers to
pathological and disease conditions in which Hsp90
plays a role. Such roles can be directly related to
the pathological condition or can be indirectly
related to the condition. The common feature to this
class of conditions is that the condition can be
ameliorated by inhibiting the activity, function, or
association with other proteins of Hsp90. Particular
exemplary Hsp90 mediated disorders are discussed,
infra. [0093] As used herein, the term "isolated" in
connection with a compound provided herein means the
compound is not in a cell or organism and the compound
is separated from some or all of the components that
typically accompany it in nature. [0094] The term
"molecular dispersion" as used herein refers to a type
of solid dispersion wherein one component is dispersed
throughout another component such that the system is
chemically and physically uniform and homogeneous
throughout. These systems are substantially free of
active ingredients in their crystalline or
microcrystalline state as evidenced by thermal
analysis (e.g., differential scanning calorimetry),
diffractive (e.g., X-ray diffraction), or imaging
(polarized light microscopy) techniques. [0095] The
term "pharmaceutically acceptable salt" or "salt"
refers to a salt of one or more compounds. Suitable
pharmaceutically acceptable salts of compounds include
acid addition salts which may, for example, be formed
by mixing a solution of the compound withically
acceptable acid, such as hydrochloric acid,
hydrobromic acid, sulfuric acid, fumaric acid, maleic
acid, succinic acid, benzoic acid, acetic acid, citric
acid, tartaric acid, phosphoric acid, carbonic acid,
or the like. Where the compounds carry one or more
acidic moieties, pharmaceutically acceptable salts may
be formed by treatment of a solution of the compound
with a solution of a pharmaceutically acceptable base,
such as lithium hydroxide, sodium hydroxide, potassium
hydroxide, tetraalkylammonium hydroxide, lithium
carbonate, sodium carbonate, potassium carbonate,
ammonia, alkylamines, or the like. [0096] The term
"pharmaceutically acceptable carrier" includes any and
all solvents, diluents, or other liquid vehicle,
dispersion or suspension aids, surface active agents,
isotonic agents, thickening or emulsifying agents,
preservatives, solid binders, lubricants and the like,
as suited to the particular dosage form desired.
Remington's Pharmaceutical-Sciences, Sixteenth
Edition, E. W. Martin (Mack Publishing Co., Easton,
Pa., 1980) discloses various carriers used in
formulating pharmaceutical compositions and known
techniques for the preparation thereof. Except insofar
as any conventional carrier medium is incompatible
with the compounds of provided herein, such as by
producing any undesirable biological effect or
otherwise interacting in a deleterious manner with any
other component(s) of the pharmaceutical composition,
its use is contemplated to be within the scope of this
invention. Some examples of materials which can serve
as pharmaceutically acceptable carriers include, but
are not limited to, sugars such as lactose, glucose
and sucrose; starches such as corn starch and potato
starch; cellulose and its derivatives such as sodium
carboxymethyl cellulose, ethyl cellulose and cellulose
acetate; powdered tragacanth; malt; gelatine; talc;
excipients such as cocoa butter and suppository waxes;
oils such as peanut oil, cottonseed oil; safflower
oil, sesame oil; olive oil; corn oil and soybean oil;
glycols; such as propylene glycol; esters such as
ethyl oleate and ethyl laurate; agar; buffering agents
such as magnesium hydroxide and aluminum hydroxide;
alginic acid; pyrogenfree water; isotonic saline;
Ringer's solution; ethyl alcohol, and phosphate buffer
solutions, as well as other non-toxic compatible
lubricants such as sodium lauryl sulfate and magnesium
stearate, as well as coloring agents, releasing
agents, coating agents, sweetening, flavoring and
perfuming agents, preservatives and antioxidants can
also be present in the composition, according to the
judgment of the formulator. [0097] The terms
"polycyclyl" or "polycyclic group" are art-recognized
and refer to two or more rings (e.g., cycloalkyls,
cycloalkenyls, cycloalkynyls, aryls and/or
heterocyclyls) in which two or more carbons are common
to two adjoining rings, e.g., the rings are "fusedd
through non-adjacent atoms are termed "bridged" rings.
Each of the rings of the polycycle may be substituted
with such substituents as described above, as for
example, halogen, alkyl, aralkyl, alkenyl, alkynyl,
cycloalkyl, hydroxyl, amino, nitro, sulfhydryl, imino,
amido, phosphonate, phosphinate, carbonyl, carboxyl,
silyl, ether, alkylthio, sulfonyl, ketone, aldehyde,
ester, a heterocyclyl, an aromatic or heteroaromatic
moiety, -CF3 -CN, or the like. |0098] The phrase
"protecting group", as used herein means that a
particular functional moiety, e.g., O, S, or N, is
temporarily blocked so that a reaction can be carried
out selectively at another reactive site in a
multifunctional compound. In certain embodiments, a
protecting group reacts selectively in good yield to
give a protected substrate that is stable to the
projected reactions; the protecting group must be
selectively removed in good yield by readily
available, preferably nontoxic reagents that do not
attack the other functional groups; the protecting
group may form an easily separable derivative (without
the generation of new stereogenic centers); and the
protecting group has a minimum of additional
functionality to avoid further sites of reaction. As
detailed herein, oxygen, sulfur, nitrogen and carbon
protecting groups may be utilized. For example, in
certain embodiments, as detailed herein, 



certain exemplary protecting groups include esters of
carboxylic acids, silyl ethers of alcohols, and
acetals and ketals of aldehydes and ketones,
respectively. Certain other exemplary protecting
groups are detailed herein, however, it will be
appreciated that the present invention is not intended
to be limited to these protecting groups; rather, a
variety of additional equivalent protecting groups can
be readily identified using the above criteria and
utilized in the present invention. Additionally, a
variety of protecting groups are described in
"Protective Groups in Organic Synthesis" Third Ed.
Greene, T. W. and Wuts, P. G., Eds., John Wiley &
Sons, New York: 1999, the entire contents of which are
hereby incorporated by reference. [0099] The term
"polymorph" refers to different crystal structures
achieved by a particular chemical entity.
Specifically, polymorphs occur when a particular
chemical compound can crystallize with more than one
structural arrangement. [00100] The term "solvate"
refers to a crystal form where a stoichiometric or
nonstoichiometric amount of solvent, or mixture of
solvents, is incorporated into the crystal structure.
[00101] The term "subject" as used herein, refers to
an animal, typically a mammal or a human, that will be
or has been the object of treatment, observation,
and/or experiment. When the term is used in
conjunction with administration of a compound or drug,
then thef treatment, observation, and/or
administration of the compound or drug. [00102] The
term "substantially amorphous" when used to describe a
composition disclosed herein means that the majority
of the compound present in a composition is present in
amorphous form and that the composition has less than
about 20% crystalline compound, less than about 15%
crystalline compound, less than about 10% crystalline
compound, less than about 5% crystalline compound,
less than about 3% crystalline compound, or less than
about 1% crystalline compound, less than about 0.1%
crystalline compound, or less than about 0.01%
crystalline compound. In some embodiments of the
present invention, the compound present in a
composition contains no detectable crystalline
material. When the term "substantially amorphous" is
used to describe a compound disclosed herein it means
that the majority of the compound is present in
amorphous form and the compound has less than about
20% crystalline content, less than about 15%
crystalline content, less than about 10% crystalline
content, less than about 5% crystalline content, less
than about 3% crystalline content, or less than about
1% crystalline content, less than about 0.1%
crystalline content, or les than about 0.01%
crystalline content. In some embodiments of the
present invention, the compound present in a
composition contains no detectable crystalline
material. [00103] The term "substantially free of,
when used to describe a material or compound, means
that the material or compound lacks a significant or
detectable amount of a designated substance. In some
embodiments, the designated substance is present at a
level not more than about 1%, 2%, 3%, 4% or 5% (w/w or
v/v) of the material or compound. For example, a
preparation of a particular geldanamycin analog is
"substantially free of other geldanamycin analogs if
it contains less than about 1%, 2%, 3%, 4% or 5% (w/w
or v/v) of any geldanamycin analog other than the
particular geldanamycin analog designated. Similarly,
in some embodiments of the present invention, a
preparation of amorphous geldanamycin is
"substantially free of crystalline geldanamycin if it
contains less than about 1%, 2%, 3%, 4% or 5% (w/w or
v/v) crystalline geldanamycin. In some embodiments of
the present invention, the preparation of amorphous
geldanamycin contains no detectable crystalline
geldanamycin. Similarly, in some embodiments of the
present invention a preparation of amorphous 17-AG is
"substantially free of crystalline 17-AG if it
contains less than about 1%, 5%, 10% or 15% (w/w or
v/v) crystalline 17-AG. Similarly, in some embodiments
of the present invention a preparation of amorphous
17-AAG is "substantially free of crystalline 17-AAG if
it contains less than about 1%, 5%, 10% or 15% (w/w or
v/v) crystalline 17-AAG. Similarly, in some
embodiments of the present invention, a
preparationstantially free of other solid forms of
17-AG if it contains less than about 1%, 5%, 10% or
15% (w/w or v/v) of any solid form other than the
solid form designated. Similarly, in some embodiments
of the present invention, a preparation of an EtOAc
solvate is "substantially free of other solid forms of
17-AAG if it contains less than about 1%, 5%, 10% or
15% (w/w or v/v) of any solid form other than the
solid form designated. [00104] The phrase
"substantially all" when used to describe XRPD peaks
of a compound means that the XRPD of that compound
includes at least about 80% of the peaks when compared
to a reference. For example, when an XRPD of a
compound is said to include "substantially all" of the
peaks in a reference list, or all of the peaks in a
reference XRPD, it means that the XRPD of that
compound includes at least 80% of the peaks in the
specified reference. In other embodiments, the phrase
"substantially all" means that the XRPD of that
compound includes at least about 85, 90, 95, 97, 98,
or 99% of the peaks when compared to a reference.
Additionally, one skilled in the art will appreciate
throughout, that XRPD peak intensities and relative
intensities as listed herein may change with varying
particle size and other relevant variables. [00105]
The term "substantially homogeneous" means that the
geldanamycin analog is dispersed evenly throughout the
dispersion or formulation. Thus, a portion of a
dispersion that is 10% by weight of the dispersion
should contain 8-12% or 9-1 1% by weight of the
geldanamycin analog present in the dispersion. [00106]
The term "substantially inhibit" as used herein means
to reduce significantly. For example, a
crystallization inhibitor that inhibits conversion of
an amorphous compound to one or more crystalline forms
of the compound in the solid state (e.g., that
"substantially inhibits" that conversion if it reduces
conversion to less than about 1%, to less than about
5%, to less than about 10%, to less than about 15%, to
less than about 20%, or less than about 25%
crystalline material) for a period of about 1 hour or
greater, about 3 hours or greater, about 6 hours or
greater, about 12 hours or greater, about 1 day or
greater, about 1 week or greater, about one month or
greater, about 3 months or greater, about 6 months or
greater, or about one year or greater. [00107] The
term "substituted" refers to a chemical group, such as
alkyl, cycloalkyl aryl, and the like, wherein at least
one hydrogen is replaced with a substituent as
described herein, for example, halogen, azide, alkyl,
aralkyl, alkenyl, alkynyl, cycloalkyl, hydroxyl,
alkoxyl, amino, nitro, sulfhydryl, imino, amido,
phosphonate, phosphinate, carbonyl, carboxyl, silyl,
ether, alkylthio, sulfonyl, sulfonamido, ketone,
aldehyde, ester, heterocyclyl,moieties, -CF3, -CN, or
the like. The term "substituted" is also contemplated
to include all permissible substituents of organic
compounds. In a broad 



aspect, the permissible substituents include acyclic
and cyclic, branched and unbranched, carbocyclic and
heterocyclic, aromatic and nonaromatic substituents of
organic compounds. Illustrative substituents include,
for example, those described herein above. The
permissible substituents may be one or more and the
same or different for appropriate organic compounds.
For purposes of this disclosure, the heteroatoms such
as nitrogen may have hydrogen substituents and/or any
permissible substituents of organic compounds
described herein which satisfy the valences of the
heteroatoms. This disclosure is not intended to be
limited in any manner by the permissible substituents
of organic compounds. In many embodiments, however,
any single substituent has fewer than the 100 total
atoms. [00108) It will be understood that
"substitution" or "substituted with" includes the
implicit proviso that such substitution is in
accordance with permitted valence of the substituted
atom and the substituent, and that the substitution
results in a stable compound, e.g., which does not
spontaneously undergo transformation such as by
rearrangement, cyclization, elimination, or other
reaction. [00109] The definition of each expression,
e.g. alkyl, m, n, and the like, when it occurs more
than once in any structure, is intended to be
independent of its definition elsewhere in the same
structure. [00110] The term "sugar" as used herein
refers to a natural or an unnatural monosaccharide,
disaccharide, oligosaccharide, or polysaccharide
comprising one or more triose, tetrose, pentose,
hexose, heptose, octose, and nonose saccharides.
Sugars may include alditols resulting from reduction
of the saccharide carbonyl group; aldonic acids
resulting from oxidation of one or more terminal
groups to carboxylic acids of the saccharide; deoxy
sugars resulting from replacement of one or more
hydroxyl group(s) by a hydrogen in the saccharide;
amino sugars resulting from replacement of one or more
hydroxyl group(s) by an amino group in the saccharide;
thio sugars resulting from replacement of one or more
hydroxyl group(s) by a thiol group, or other analogous
compounds resulting from the replacement of, for
example, one or more hydroxyl group(s) by an acylamino
group, a sulfate group, a phosphate group, or similar
heteroatomic group; or any combination of the
foregoing modifications. The term sugar also includes
analogs of these compounds (i.e., sugars that have
been chemically modified by acylation, alkylation, and
formation of glycosidic bonds by reaction of sugar
alcohols with aldehydes or ketones, etc). Sugars may
be present in cyclic (oxiroses, oxetosesm furanoses,
pyranoses, septanoses, octanoses, etc) form as
hemiacetals,n acyclic form. The sacharides may be
ketoses, aldoses, polyols and/or a mixture of ketoses,
aldoses and polyols. Sugars may include, but are not
limited to glycerol, polyvinylalcohol, propylene
glycol, sorbitol, ribose, arabinose, xylose, lyxose,
allose, altrose, mannose, mannitol, gulose, dextrose,
idose, galactose, talose, glucose, fructose,
dextrates, lactose, sucrose, starches (i.e., amylase
and amylopectin), sodium starch glycolate, cellulose
and cellulose derivativees (i.e., methylcellulose,
hydroxypropyl celluloe, hydroxyethyl cellulose,
hydroxyethylmethyl cellulose, carboxymethyl cellulose,
cellulose acetate, cellulose acetate phthalate,
croscarmellose, hypomellose, and hydroxypropyl methyl
cellulose), carrageenan, cyclodextrins, dextrin,
polydextrose, and trehalose. [00111] The term
"supersaturated" means that a solution has a
concentration of dissolved solute that is higher than
the concentration of that same solute at equilibrium
solubility in a given solvent at a given temperature.
|00112] The phrase "therapeutically effective amount"
as used herein, means an amount sufficient to elicit a
desired biological or medicinal response in a cell
culture, tissue system, animal, or human. In some
embodiments, the response includes alleviation and/or
delay of onset of one or more symptoms of the disease,
condition, or disorder being treated. [00113] The
phrase "taken together form a bond," when used to
refer to two chemical groups means that, if the groups
are attached to atoms that are not otherwise directly
bonded to each other, they represent a bond between
the atoms to which they are attached. If the groups
are on atoms that are directly bonded to each other,
they represent an additional bond between those two
atoms. Thus, for example, when R5 and R6 taken
together form a bond, the structure -CH(R 5)-CH(R6)-
represents -C(H)=C(H)-. [00114] Certain compounds
contained in compositions disclosed herein may exist
in particular geometric or stereoisomeric forms.
Unless otherwise indicated, the present disclosure
contemplates all such compounds, including cis- and
trans-isomers, R- and Senantiomers, diastereomers,
(D)-isomers, (L)-isomers, the racemic mixtures
thereof, and other mixtures thereof, as falling within
the scope of this disclosure. Additional asymmetric
carbon atoms may be present in a substituent such as
an alkyl group. All such isomers, as well as mixtures
thereof, are intended to be included in this
disclosure. (2) Solid Forms [00115] Provided herein
are geldanamycin analogs that can exist in a variety
of solid forms. Such forms include neat crystal forms,
known as polymorphs. Such solid forms also, anhydrous
forms and amorphous. Such solid forms of geldanamycin
analogs are contemplated as within this disclosure. In
certain embodiments, provided is a geldanamycin
compound as a mixture of one or more different solid
forms (e.g., polymorphs, solvates and amorphous
geldanamycin analogs) of 17-AG and/or 17-AAG. [00116]
Provided herein is 17-AG as an amorphous solid,
referred to herein as amorphous 17-AG, and
substantially free of other geldanamycin analogs. In
some embodiments, amorphous 17-AG is substantially
free of other solid forms of 17-AG. Amorphous solids
are well known to one of ordinary skill in the art and
are typically prepared by such methods as
lyophilization, melting, and precipitation from
supercritical fluid, among others. Methods of
preparing amorphous 17-AG are described in the
Examples section, infra. [00117] In some embodiments,
amorphous 17-AG is characterized in that it has an
XRPD pattern similar to that depicted in Figure 1.
[00118] In certain embodiments, provided is
substantially amorphous 17-AG substantially free of
crystalline forms of 17-AG. [00119] Provided herein
are at least three polymorphic forms, referred to
herein as Form I, Form II and Form III, of 17-AG.
[00120] In certain embodiments, provided is Form I of
17-AG. In some embodiments, provided is Form I of
17-AG characterized in that it has a peak in its XRPD
patterns at the specified peaks + about 0.3 degrees
2-theta. As used herein, the term "about", when used
in reference to any degree 2-theta value recited,
refers to the stated value + 0.3 degree 2-theta in
accordance with the value's reported decimal place.
[00121] In certain embodiments, provided is Form I of
17-AG substantially free of 



other geldanamycin analogs. In some embodiments, Form
I of 17-AG is substantially free of other solid forms
of 17-AG. In some embodiments, Form I is characterized
by representative peaks in its XRPD pattern selected
from those at about 6.2, 8.5, 13.6, 15.9, 16.9, 22.4,
23.4, 26.3, 30.6, 31.7, 35.1 and 36.1 degrees 2-theta,
and combinations thereof. In some embodiments, Form I
is characterized in that it has at least one peak
selected from those at about 6.2, 8.5 13.6 and 15.9
degrees 2-theta. In some embodiments, Form I is
characterized by at least one representative peak in
its XRPD pattern selected from those at about 6.2,
8.5, 13.6 and 15.9, in combination with at least one
other peak selected from those at about 6.2, 8.5,
13.6, 15.9, 16.9, 22.4, 23.4, 26.3, 30.6, 31.7, 35.1
and 36.1 degrees 2-theta. In some embodiments, Form I
of 17-AG is characterized in that it has substantially
all peaks in its XRPD pattern shown in Figure
2.odiments, Form I is characterized in that it has a
DSC pattern similar to that depicted in Figure 3 . A
representative IHNMR spectra for Form I is depicted in
Figure 4. [00123] In certain embodiments, provided is
Form II of 17-AG substantially free of other
geldanamycin analogs. In some embodiments, Form II of
17-AG is substantially free of other solid forms of
17-AG. In some embodiments, Form II is characterized
by representative peaks in its XRPD pattern selected
from those at about 9.5, 10.1, 12.5, 15.1, 16.1, 16.8,
19.8, 20.7, 21.5, 22.4, 25.1, 25.8, 29.5 and 30.5
degrees 2-theta, and combinations thereof. In some
embodiments, Form II is characterized in that it has
at least one peak selected from those at about 12.5,
15.1, 20.7, 22.4 and 25.0 degrees 2-theta. In some
embodiments, Form II is characterized by at least one
representative peak in its XRPD pattern selected from
those at about 12.5, 15.1, 20.7, 22.4 and 25.0 in
combination with at least one other peak selected from
those at about 9.5, 10.1, 12.5, 15.1, 16.1, 16.8,
19.8, 20.7, 21.5, 22.4, 25.1, 25.8, 29.5 and 30.5
degrees 2-theta. In some embodiments, Form II is
characterized by its XRPD peaks substantially as shown
in Figure 5. [00124] In certain embodiments, provided
is Form III of 17-AG substantially free of other
geldanamycin analogs. In some embodiments, Form III of
17-AG is substantially free of other solid forms of
17-AG. In some embodiments, Form III is characterized
by representative peaks in its XRPD pattern selected
from those at about 8.4, 9.3, 10.9, 11.6, 13.6, 13.9,
15.7, 16.3, 17.1, 18.3, 18.6, 19.9, 21.0, 22.0, 24.3,
25.8, 28.2, 29.2, and 30.8 degrees 2-theta, and
combinations thereof. In some embodiments, Form III is
characterized in that it has at least one peak
selected from those at about 18.3, 21.0 and 24.3
degrees 2- theta. In some embodiments, Form III is
characterized by at least one representative peak in
its XRPD pattern selected from those at about 18.3,
21.0 and 24.3, in combination with at least one other
peak selected from those at about 8.4, 9.3, 10.9,
11.6, 13.6, 13.9, 15.7, 16.3, 17.1, 18.3, 18.6, 19.9,
21.0, 22.0, 24.3, 25.8, 28.2, 29.2 degrees 2-theta. In
some embodiments, Form III is characterized by its
XRPD peaks substantially as shown in Figure 6 .
[00125] Also provided is at least one solvate form,
referred to herein as EtOAc Solvate, of 17-AG. [00126]
In certain embodiments, provided is an ethyl acetate
solvate of 17-AG substantially free of other
geldanamycin analogs. In some embodiments, the EtOAc
Solvate of 17-AG is substantially free of other solid
forms of 17-AG. In some embodiments, the EtOAc Solvate
is characterized by representative peaks in its XRPD
pattern selected from, 14.5, 15.9, 16.8, 17.5, 22.3,
23.3 and 25.3 degrees 2-theta, and combinations
thereof. In some embodiments, the EtOAc Solvate is
characterized in that it has at least one peak
selected from those at about 8.2, 15.9 and 22.3
degrees 2-theta. In some embodiments, the ethyl
acetate solvate is characterized by at least one
representative peak in its XRPD pattern selected from
those at about 8.2, 15.9 and 22.3, in combination with
at least one other peak selected from those at about
6.2, 8.2, 12.6, 14.5, 15.9, 16.8, 17.5, 22.3, 23.3 and
25.3 degrees 2-theta. In some embodiments, the EtOAc
Solvate is characterized by its XRPD peaks
substantially as shown in Figure 7. [00127] In some
embodiments, the EtOAc solvate is characterized in
that it has a DSC pattern similar to that depicted in
Figure 8. In some embodiment, the DSC shows an
endothermic transition at about 96C, consistent with a
desolvation event. In some embodiments, the DSC shows
an endothermic transition (melting point onset) at
about 276C. [00128] In some embodiments, the EtOAc
Solvate is characterized by its 1HNMR peaks
substantially as shown in Figure 9 below, showing that
there is a complex between 17- AG and ethyl acetate in
approximate ratio of 2:1. [00129] In another
embodiment, also provided herein is 17-AAG can exist
as an amorphous solid, referred to herein as amorphous
17-AAG, that is substantially free of other
geldanamycin analogs. In some embodiments, amorphous
17-AAG is substantially free of other solid forms of
17-AAG. Amorphous solids are well known to one of
ordinary skill in the art and are typically prepared
by such methods as lyophilization, melting, and
precipitation from supercritical fluid, among others.
Methods of preparing amorphous 17- AAG are described
in the Examples section, infra. [00130] In certain
embodiments, provided is substantially amorphous
17-AAG substantially free of other crystalline forms
of 17-AAG. [00131] In some embodiments, provided is a
composition comprising amorphous 17- AAG and at least
one crystalline form of 17-AAG. Such crystalline forms
of 17-AAG include neat crystal forms, solvates and
hydrates as described herein or other crystalline
forms of 17-AAG that may result from the preparation
of, and/or isolation of, amorphous 17- AAG. In certain
embodiments, provided is a composition comprising
amorphous 17-AAG and at least one crystalline form of
17-AAG as described herein. In some embodiments,
provided is a composition comprising amorphous 17-AAG
and at least one crystalline form of 17-AAG.positions
[00132] It is art-recognized that geldanamycin and
other benzoquinone ansamycin compounds (including, for
example, 17-AG and 17-AAG) are poorly soluble in
water, and thus are not suitable for oral
administration due to poor bioavailability. Provided
herein are pharmaceutical compositions of such
compounds that can be administered orally if they, for
example, are delivered in an amorphous form (and/or in
the presence of a crystallization inhibitor). In one
embodiment, provided are oral formulations of
benzoquinone ansamycin compounds, such as 17-AG or
17-AAG, which oral formulations comprise amorphous
compound in a solid or liquid composition, optionally
also including a crystallization inhibitor. In some
embodiments, compositions that contain a mixture of an
amorphous geldanamycin analog and a crystallization
inhibitor, resulted in a surprising finding that the 



bioavailability of amorphous geldanamycin analogs are
dramatically improved and are therefore useful for
oral administration. [00133] Without wishing to be
bound by any particular theory, we propose that one
mechanism that might contribute to the improved
bioavailability of inventive oral formulations
provided herein might be reduced recrystallization of
compound as it is released from the formulation in the
gastrointestinal tract. That is, if absorption of a
compound is slow as it is released from a delivered
formulation, then the possibility exists that a
supersaturated solution is generated in the
gastrointestinal tract, potentially resulting in
crystallization. If crystallization is inhibited, so
that more compound remains in solution, improved
delivery may be achieved. Thus, the compositions
provided herein may achieve rapid and sufficiently
long-lasting solubilization of low solubility
benzoquinone ansamycin compounds in the aqueous medium
in the digestive tract, by inhibiting crystallization
of the compound. [00134] In some embodiments, the
compositions containing benzoquinone ansamycin
compounds (other than 17-DMAG), when dosed at a dose
of 15 mg/kg of active compound, are capable of
delivering an amount of compound sufficient to achieve
an AUC of at least 100 ng-ml/hr, at least 500
ng-ml/hr, at least 1,000 ng-ml/hr, at least 5,000
ng-ml/hr, at least 10,000 ng-ml/hr, at least 15,000
ng-ml/hr, at least 25,000 ng-ml/hr, or at least 50,000
ng-ml/hr of the active compound. [00135] In some of
the foregoing embodiments, the compound is present in
substantially amorphous form. [00136] In some
embodiments, a pharmaceutical composition for oral
administration is provided, comprising a
crystallization inhibitor and a compound of formula 1
:or a pharmaceutically acceptable salt thereof;
wherein; R1 is H, -OR8, -SR8 -N(R8XR9), -N(R8)C(O)R9,
-N(R8)C(O)OR9, -N(R8)C(O)N(R8)(R9), -OC(O)R8,
-OC(O)OR8, -OS(O)2R8, -OS(O)2OR8, -OP(O)2OR8, CN or a
carbonyl moiety; each of R2 and R3 independently is H,
alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
heterocycloaklyl, aryl, aralkyl, heteroaryl,
heteroaralkyl, -C(=0)CH 3 or -[(C(R 10)2)p]-Rp ; or R2
and R3 taken together with the nitrogen to which they
are bonded represent a 3 - 8 membered optionally
substituted heterocyclic ring which contains 1-3
heteroatoms selected from O, N, S, and P; p
independently for each occurrence is O, 1, 2, 3, 4, 5,
or 6; R4 is H, alkyl, akenyl, or aralkyl; R5 and R5
are each H; or R5 and R6 taken together form a bond;
R7 is hydrogen alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkenyl, heterocycloaklyl, aryl, aralkyl,
heteroaryl, heteroaralkyl, or -[(C(RI0)2)p]-Rp ; each
of R8 and R9 independently for each occurrence is H,
alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
heterocycloaklyl, aryl, aralkyl, heteroaryl,
heteroaralkyl, or -[(C(R.IO)2)P]-R n ; or R8 and R
taken together represent a 3-8 membered optionally
substituted heterocyclic ring which contains 1-3
heteroatoms selected from O, N, S, and P; R10 for each
occurrence independently is H, alkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkenyl, heterocycloaklyl,
aryl, aralkyl, heteroaryl, or heteroaralkyl; and R1 1
for each occurrence independently is H, cycloalkyl,
aryl, heteroaryl, heterocyclyl, -OR8, -SR8, -N(R8XR9),
-N(R8)C(O)R9, -N(R8)C(O)OR9, -N(R8)C(O)N(R8)(R9),
-OC(O)R8, -OC(O)OR8, -OS(O)2R8, -OS(O)2OR8, -OP(O)
2OR8, -C(O)R8, -C(O)2R8, -C(O)N(R8XR9), halide, or
CN.diments R1 is OH, R4 is H, and R5 and R6 taken
together form a bond. [00138] In some embodiments, a
pharmaceutical composition for oral administration is
provided, comprising a crystallization inhibitor and a
compound of formula 1 : 1 [00139] In certain
embodiments, a pharmaceutical composition for oral
administration is provided, comprising a
crystallization inhibitor and a compound of formula 1
: 1 or a pharmaceutically acceptable salt thereof;
wherein; R1 is -OR8, -C(=O)CH3, or a carbonyl moiety;
each of R2 and R3 independently is H, alkyl, alkenyl
or -[(C(R 1O)2)P]-R"; or R2 and R3 taken together with
the nitrogen to which they are bonded represent a 3-8
membered optionally substituted heterocyclic ring
which contains 1-3 heteroatoms selected from O, N, S,
and P; p independently for each occurrence is 0, 1 or
2; R4 is H; R5 and R6 are each H; or R5 and R6 taken
together form a bond; R7 is hydrogen or -[(C(R
10)2)p]-Rp ; each of R8 and R9 independently are H; or
R8 and R9 taken together represent a 3-8
memberedacyclic ring which contains 1-3 heteroatoms
selected from O, N, S, and P; R10 for each occurrence
independently is H; and R1' for each occurrence
independently is H, -N(R8)(R9) or halide. [00140]
Examples of benzoquinone ansamycin compounds include
those having the following structures:[00141] In some
embodiments, compositions provided herein containing
amorphous 17-AG resulted in a surprising finding of
improved bioavailability relative to crystalline 17-
AG even when no crystallization inhibitor was used;
such compositions are therefore useful for
administration, such as oral administration. |00142]
In some of the foregoing embodiments, the compound is
present in substantially amorphous form. [00143]
Similarly, in some embodiments, the composition
contains an amount of crystallization inhibitor of at
least about 10%, 25%, 50%, 75% (w/w), based on the
total weight of the composition.e foregoing
embodiments, the crystallization inhibitor is PVP. In
some of the foregoing embodiments, the 17-AG is
substantially amorphous. [00145] In certain
embodiments, the pharmaceutical composition may be in
the form of a paste, solution, slurry, ointment,
emulsion or dispersion. In certain embodiments, the
pharmaceutical composition is, or comprises, a
molecular dispersion. [00146] In certain embodiments,
the crystallization inhibitor may be selected from
polyvinylpyrrolidone (PVP) (including homo- and
copolymers of polyvinylpyrrolidone and homopolymers or
copolymers of -vinylpyrrolidone); crospovidone; gums;
cellulose derivatives (including hydroxypropyl
methylcellulose (HPMC), hydroxypropyl 



methylcellulose phthalate, hydroxypropyl cellulose,
ethyl cellulose, hydroxyethylcellulose, sodium
carboxymethyl cellulose, calcium carboxymethyl
cellulose, sodium carboxymethyl cellulose, and
others); dextran; acacia; homo- and copolymers of
vinyllactam, and mixtures thereof; cyclodextrins;
gelatins; hypromellose phthalate; sugars; polyhydric
alcohols; polyethylene glycol (PEG); polyethylene
oxides; polyoxyethylene derivatives; polyvinyl
alcohol; propylene glycol derivatives and the like,
SLS, Tween, Eudragit; and combinations thereof. The
crystallization inhibitor may be water soluble or
water insoluble. [00147] HPMCs vary in the chain
length of their cellulosic backbone and consequently
in their viscosity as measured for example at a 2%
(W/W) in water. HPMC used in the pharmaceutical
compositions provided herein may have a viscosity in
water (at a concentration of 2 % (w/w)), of about 100
to about 100,000 cP, about 1000 to about 15,000 cP,
for example about 4000 cP. In certain embodiments, the
molecular weight of HPMC used in the pharmaceutical
compositions provided herein may have greater than
about 10,000, but not greater than about 1,500,000,
not greater than about 1,000,000, not greater than
about 500,000, or not greater than about 150,000.
[00148] HPMCs also vary in the relative degree of
substitution of available hydroxyl groups on the
cellulosic backbone by methoxy and hydroxypropoxy
groups. With increasing hydroxypropoxy substitution,
the resulting HPMC becomes more hydrophilic in nature.
In certain embodiments, the HPMC has about 15% to
about 35%, about 19% to about 32%, or about 22% to
about 30%, methoxy substitution, and having about 3%
to about 15%, about 4% to about 12%, or about 7% to
about 12%, hydroxypropoxy substitution. [00149] HPMCs
which can be used in the pharmaceutical compositions
are illustratively available under the brand names
Methocel(tm) of Dow Chemical Co. and Metolose1M of
Shin-Etsu Chemical Co. Examples of suitable HPMCs
having medium viscosity include Methocel(tm) E4M, and
Methocel(tm) K4M, both of which have a viscosity of')
water. Examples of HPMCs having higher viscosity
include Methocel(tm) ElOM, Methocel(tm) K15M, and
Methocel(tm) KlOOM, which have viscosities of about
10,000 cP, 15,000 cP, and 100,000 cP respectively
viscosities at 2 % (w/w) in water. An example of an
HPMC is HPMC-acetate succinate, i.e., HPMC-AS. |00150]
In certain embodiments the PVPs used in pharmaceutical
compositions provided herein have a molecular weight
of about 2,500 to about 3,000,000 Daltons, about 8,000
to about 1,000,000 Daltons, about 10,000 to about
400,000 Daltons, about 10,000 to about 300,000
Daltons, about 10,000 to about 200,000 Daltons, about
10,000 to about 100,000 Daltons, about 10,000 to about
80,000 Daltons, about 10,000 to about 70,000 Daltons,
about 10,000 to about 60,000 Daltons, about 10,000 to
about 50,000 Daltons, or about 20,000 to about 50,000
Daltons. In certain instances the PVPs used in
pharmaceutical compositions provided herein have a
dynamic viscosity, 10% in water at 20 0C, of about 1.3
to about 700, about 1.5 to about 300, or about 3.5 to
about 8.5 mPas. [00151] When PEGs are used they can
have an average molecular about 5,000-20,000 Dalton,
about 5,000-15,000 Dalton, or about 5,000-10,000
Dalton. [00152] Also provided herein is a
pharmaceutical composition for oral delivery,
comprising 17-AG and at least one pharmaceutically
acceptable excipient, wherein said pharmaceutical
composition is substantially free of crystalline
17-AG. In certain instances, the 17-AG in such a
pharmaceutical composition includes less than about 15
% (w/w), less than about 10 % (w/w), less than about 5
% (w/w), less than about 3 % (w/w), or less than about
1 % (w/w) crystalline 17-AG. Such a pharmaceutical
composition may be formulated as a solid dosage form
(e.g., a tablet or capsule), a paste, emulsion,
slurry, or ointment. [00153] Also provided herein is a
pharmaceutical composition for oral delivery,
comprising 17-AAG and at least one pharmaceutically
acceptable excipient, wherein said pharmaceutical
composition is substantially free of crystalline
17-AAG. In certain instances, the 17-AAG in such a
pharmaceutical composition includes less than about 15
% (w/w), less than about 10 % (w/w), less than about 5
% (w/w), less than about 3 % (w/w), or less than about
1 % (w/w) crystalline 17-AAG. Such a pharmaceutical
composition may be formulated as a solid dosage form
(e.g., a tablet or capsule), a paste, emulsion,
slurry, or ointment. [00154] As described above,
benzoquinone ansamycins and pharmaceutical
compositions of the present invention may additionally
comprise pharmaceutically acceptable carriers and
excipients according to conventional pharmaceutical
compounding techniques to form a pharmaceutical
composition or dosage form. Suitable pharmaceutically
acceptableide, but are not limited to, those described
in Remington's, The Science and Practice of Pharmacy,
(Gennaro, A. R., ed., 19th edition, 1995, Mack Pub.
Co.), which is herein incorporated by reference. The
phrase "pharmaceutically acceptable" refers to
additives or compositions that are physiologically
tolerable and do not typically produce an allergic or
similar untoward reaction, such as gastric upset,
dizziness and the like, when administered to an
animal, such as a mammal (e.g., a human). For oral
liquid pharmaceutical compositions, pharmaceutical
carriers and excipients can include, but are not
limited to water, glycols, oils, alcohols, flavoring
agents, preservatives, coloring agents, and the like.
Oral solid pharmaceutical compositions may include,
but are not limited to starches, sugars,
microcrystalline cellulose, diluents, granulating
agents, lubricants, binders and disintegrating agents.
The pharmaceutical composition and dosage form may
also include a benzoquinone ansaymyscin compound or
solid form thereof as discussed above. [00155] The
solid forms described herein can be useful for making
pharmaceutical compositions suitable for oral
administration. Such pharmaceutical compositions may
contain any of the benzoquinone ansamycin compounds
described herein, for example, in an amorphous form
and no crystallization inhibitor, or an amorphous form
in combination with a crystallization inhibitor.
Examples of such benzoquinone ansamycins are described
in Schnur et al., J . Med. Chem. 1995, 38: 3806-12.
(4) Pharmaceutical Uses and Methods of Treatment
[00156] Also provided herein are methods of treating
cancer, inhibiting Hsp90, and/or treating a
hyperproliferative disorder comprising orally
administering to a patient in need thereof a
therapeutically effective amount of any of the
aforementioned compounds or pharmaceutical
compositions. For example, 17-AAG is currently being
studied in clinical trials as a treatment for multiple
myeloma. 17-AG is produced in the human body by
metabolism of 17-AAG (Egorin et at 1998) and is also
believed to be an active anti-cancer agent. The
cancer, neoplastic disease state or hyperproliferative
disorder is selected from the group consisting of
gastrointestinal stromal tumor (GIST), colon cancer,
colorectal cancer, pancreatic cancer, breast cancer,
ovarian cancer, prostate cancer, small cell lung
cancer, nonsmall 



cell lung cancer, melanoma, multiple myeloma,
myelodysplastic syndrome, acute lymphocytic leukemia,
acute myelocytic leukemia, chronic myelocytic
leukemia, chronic lymphocytic leukemia, polycythemia
Vera, Hodgkin lymphoma, non-Hodgkin lymphoma,
Waldenstrom's macroglobulinemia, heavy chain disease,
soft-tissue sarcomas, such as fibrosarcoma,
myxosarcoma, liposarcoma, chondrosarcoma, osteogenic
sarcoma, chordoma,arcoma, lymphangiosarcoma,
lymphangioendotheliosarcoma, synovioma, mesothelioma,
Ewing's tumor, leiomyosarcoma, rhabdomyosarcoma,
squamous cell carcinoma, basal cell carcinoma,
adenocarcinoma, sweat gland carcinoma, sebaceous gland
carcinoma, papillary carcinoma, papillary
adenocarcinomas, stadenocarcinoma, medullary
carcinoma, bronchogenic carcinoma, renal cell
carcinoma, hepatoma, bile duct carcinoma,
choriocarcinoma, seminoma, embryonal carcinoma, Wilms'
tumor, cervical cancer, uterine cancer, testicular
cancer, bladder carcinoma, epithelial carcinoma,
glioma, astrocytoma, medulloblastoma,
craniopharyngioma, ependymoma, pinealoma,
hemangioblastoma, acoustic neuroma, oligodendroglioma,
meningioma, neuroblastoma, retinoblastoma, endometrial
cancer, follicular lymphoma, diffuse large B-cell
lymphoma, mantle cell lymphoma, hepatocellular
carcinoma, thyroid cancer, gastric cancer, esophageal
cancer, head and neck cancer, small cell cancers,
essential thrombocythemia, agnogenic myeloid
metaplasia, hypereosinophilic syndrome, systemic
mastocytosis, familiar hypereosinophilia, chronic
eosinophilic leukemia, thyroid cancer, neuroendocrine
cancers, and carcinoid tumors. [00157] In certain
embodiments, the cancer is selected from the group
consisting of gastrointestinal stromal tumor, multiple
myeloma, prostate cancer, breast cancer, melanoma,
chronic myelocytic leukemia, and non-small cell lung
cancer. [00158] In certain embodiments, the methods
described herein treat a disease using a benzoquinone
compound such as 17-AG. In certain embodiments, 17-AG
is substantially amorphous. (5) Dosing [00159] Actual
dosage levels of the benzoquinone ansamycins, e.g.,
geldanamycin analogs, in the pharmaceutical
compositions of the present invention may be varied so
as to obtain an amount of the gelanamycin analog which
is effective to achieve the desired therapeutic
response for a particular patient, composition, and
mode of administration, without being toxic to the
patient. [00160] The selected dosage level will depend
upon a variety of factors including the activity of
the particular geldanamycin analog employed, or salt
thereof, the route of administration, the time of
administration, the rate of excretion or metabolism of
the particular compound being employed, the rate and
extent of absorption, the duration of the treatment,
other drugs, compounds and/or materials used in
combination with the particulare, sex, weight,
condition, general health and prior medical history of
the patient being treated, and like factors well known
in the medical arts. [00161] A physician or
veterinarian having ordinary skill in the art can
readily determine and prescribe the effective amount
of the pharmaceutical composition required. For
example, the physician or veterinarian could start
doses of the compounds provided herein, employed in
the pharmaceutical composition, at levels lower than
that required in order to achieve the desired
therapeutic effect and gradually increase the dosage
until the desired effect is achieved. [00162] In
general, a suitable dose of a geldanamycin analog will
be that amount of the compound which is the lowest
safe and effective dose to produce a therapeutic
effect. Such an effective dose will generally depend
upon the factors described above. When the
geldanamycin analogs are administered in combination
with another chemotherapeutic or with radiation, the
doses of each agent will in most instances be lower
than the corresponding dose for single-agent therapy.
[00163] Provided compositions may be formulated into a
unit dosage form. Such formulations are well known to
one of ordinary skill in the art and include capsules,
tablets, and the like. In certain embodiments, the
present invention provides a formulation comprising a
capsule filled with inventive geldanamycin analogs. In
other embodiments, the present invention provides a
capsule for oral administration comprising inventive
geldanamycin analogs. In some embodiments, a unit
dosage form (e.g., a capsule or tablet) contains
5-1,000 mg, e.g., 25, 50, 125, 250 or 500 mg, of a
geldanamycin analog. In some embodiments, a unit
dosage form contains more than 5 mg/kg of a
geldanamycin analog. [00164] In some embodiments, the
oral dose is between 1 mg/kg and 100 mg/kg, inclusive,
or between 5 mg/kg and 50 mg/kg, inclusive, or between
5 mg/kg and 25 mg/kg, inclusive, or between 10 mg/kg
and 20 mg/kg, inclusive, of a geldanamycin analog
characterized in that the area under the curve of at
least 100 ng-hr/ml is achieved. In some embodiments,
the dose is 15 mg/kg. In some embodiments, the area
under the curve achieved is at least 500, 1000, 5000,
10,000, or 15,000 ng-hr/ml. [00165] A total daily
dosage of a geldanamycin analog (e.g., 17-AG or
17-AAG) will typically be in the range 500-1,500 mg
per day. In certain embodiments, an effective amount
of a geldanamycin analog for administration to a 70 kg
adult human may comprise about 100 mg to about 1,500
mg of compound (e.g., 17-AG or 17-AAG) per day. It
will be appreciated that dose ranges set out above
provide guidance for the administration of active
compound to an adult. The amount to be administered
to, for example, an infant or a baby can bectitioner
or person skilled in the art and can be lower or the
same as that administered to an adult. [00166] The
geldanamycin analog can be administered daily, every
other day, three times a week, twice a week, weekly,
or bi-weekly. The dosing schedule can include a "drug
holiday," i.e., the drug can be administered for two
weeks on, one week off, or continuously, without a
drug holiday. (6) Combination Therapy [00167) In some
embodiments, the pharmaceutical compositions described
herein can be used in combination with other
therapeutic agents in order to achieve selective
activity in the treatment of cancer. In certain
embodiments, the geldanamycin analogs described herein
are used to reduce the cellular levels of properly
folded Hsp90 client proteins, which are then
effectively inhibited by the second agent. For
example, binding of a benzoquinone ansamycin analog to
Hsp90 results in targeting of the client protein to
the proteasome, and subsequent degradation. Using an
agent that targets and inhibits the proteasome, e.g.,
Velcade(tm), then leads to increased cellular
apoptosis and cell death. [00168] Some examples of
therapeutic agents which can be used in combination
with the formulations described herein include
alkylating agents; anti-angiogenic agents; anti 



metabolites; epidophyllotoxin; procarbazine;
mitoxantrone; platinum coordination complexes;
anti-mitotics; biological response modifiers and
growth inhibitors; hormonal/antihormonal therapeutic
agents; haematopoietic growth factors; the
anthracycline family of drugs; the vinca drugs; the
mitomycins; the bleomycins; the cytotoxic nucleosides;
the epothilones; discodermolide; the pteridine family
of drugs; diynenes; and the podophyllotoxins.
Particularly useful members of those classes include,
for example, carminomycin, daunorubicin, aminopterin,
methotrexate, methopterin, dichloromethotrexate,
mitomycin C, porfiromycin, 5-fluorouracil,
6-mercaptopurine, gemcitabine, cytosine arabinoside,
podophyllotoxin or podophyllotoxin derivatives such as
etoposide, etoposide phosphate or teniposide,
melphalan, vinblastine, vincristine, leurosidine,
doxorubicin, vindesine, leurosine, paclitaxel, taxol,
taxotere, docetaxel, cis-platin, imatinib mesylate, or
gemcitebine. [00169] Other useful agents include
estramustine, carboplatin, cyclophosphamide,
bleomycin, gemcitibine, ifosamide, melphalan,
hexamethyl melamine, thiotepa, cytarabin, idatrexate,
trimetrexate, dacarbazine, L-asparaginase,
camptothecin, CPT-I l , topotecan, ara- C,
bicalutamide, flutamide, leuprolide, pyridobenzoindole
derivatives, interferons anduseful agents include
taxotere, Gleevec (imatinib), Tarceva (erlotinib),
Sutent (sunitinib), Tykerb (lapatinib), and Xeloda
(capecitabine). [00170] The formulations described
herein can also be used in conjunction with radiation
therapy. The chemotherapeutic agent/radiation therapy
can be administered according to therapeutic protocols
well known in the art. It will be apparent to those
skilled in the art that the administration of the
chemotherapeutic agent and/or radiation therapy can be
varied depending on the disease being treated and the
known effects of the chemotherapeutic agent and/or
radiation therapy on that disease. The therapeutic
protocols (e.g., dosage amounts and times of
administration) can be varied in view of the observed
effects of the administered therapeutic agents (i.e.,
antineoplastic agent or radiation) on the patient, and
in view of the observed responses of the disease to
the administered therapeutic agents. [00171] Also, in
general, the geldanamycin analogs described herein and
the second chemotherapeutic agent do not have to be
administered in the same pharmaceutical composition,
and may, because of different physical and chemical
characteristics, have to be administered by different
routes. For example, the geldanamycin compound can be
administered orally, while the second chemotherapeutic
is administered intravenously. The determination of
the mode of administration and the advisability of
administration, where possible, in the same
pharmaceutical composition, is well within the
knowledge of the skilled clinician. The initial
administration can be made according to established
protocols known in the art, and then, based upon the
observed effects, the dosage, modes of administration
and times of administration can be modified by the
skilled clinician. [00172] The particular choice of
chemotherapeutic agent or radiation will depend upon
the diagnosis of the attending physicians and their
judgment of the condition of the patient and the
appropriate treatment protocol. [00173] The
geldanamycin analog and the second chemotherapeutic
agent and/or radiation may be administered
concurrently (e.g., simultaneously, essentially
simultaneously or within the same treatment protocol)
or sequentially, depending upon the nature of the
proliferative disease, the condition of the patient,
and the actual choice of chemotherapeutic agent and/or
radiation to be administered in conjunction (i.e.,
within a single treatment protocol) with the
geldanamycin analog. [00174] If the geldanamycin
analog, and the chemotherapeutic agent and/or
radiation are not administered simultaneously or
essentially simultaneously, then the optimum order of
administration may be different for different tumors.
Thus, in certain situations thebe administered first
followed by the administration of the chemotherapeutic
agent and/or radiation; and in other situations the
chemotherapeutic agent and/or radiation may be
administered first followed by the administration of a
geldanamycin analog. This alternate administration may
be repeated during a single treatment protocol. The
determination of the order of administration, and the
number of repetitions of administration of each
therapeutic agent during a treatment protocol, is well
within the knowledge of the skilled physician after
evaluation of the disease being treated and the
condition of the patient. For example, the
chemotherapeutic agent and/or radiation may be
administered first, especially if it is a cytotoxic
agent, and then the treatment continued with the
administration of a geldanamycin analog followed,
where determined advantageous, by the administration
of the chemotherapeutic agent and/or radiation, and so
on until the treatment protocol is complete. [00175]
Thus, in accordance with experience and knowledge, the
practicing physician can modify each protocol for the
administration of a component (therapeutic agent,
i.e., geldanamycin analog, chemotherapeutic agent or
radiation) of the treatment according to the
individual patient's needs, as the treatment proceeds.
[00176] Actual dosage levels of the active ingredients
in the pharmaceutical compositions of the present
invention may be varied so as to obtain an amount of
the active ingredient which is effective to achieve
the desired therapeutic response for a particular
patient, composition, and mode of administration,
without being toxic to the patient. [00177] The
selected dosage level will depend upon a variety of
factors including the activity of the particular
geldanamycin analog employed, or salt thereof, the
route of administration, the time of administration,
the rate of excretion or metabolism of the particular
compound being employed, the rate and extent of
absorption, the duration of the treatment, other
drugs, compounds and/or materials used in combination
with the particular compound employed, the age, sex,
weight, condition, general health and prior medical
history of the patient being treated, and like factors
well known in the medical arts. [00178] A physician or
veterinarian having ordinary skill in the art can
readily determine and prescribe the effective amount
of the pharmaceutical composition required. For
example, the physician or veterinarian could start
doses of the compounds provided herein, employed in
the pharmaceutical composition, at levels lower than
that required in order to achieve the desired
therapeutic effect and gradually increase the dosage
until the desired effect is achieved.suitable dose of
a geldanamycin analog will be that amount of the
compound which is the lowest safe and effective dose
to produce a therapeutic effect. The dose can be 1
mg/kg to 25 mg/kg. Such an effective dose will
generally depend upon the factors described above.
When the geldanamycin analogs are administered in
combination with another chemotherapeutic or with
radiation, the doses of each agent will in most 



instances be lower than the corresponding dose for
single-agent therapy. EXAMPLES [00180] The present
disclosure now being generally described, it will be
more readily understood by reference to the following
examples, which are included merely for purposes of
illustration of certain aspects and embodiments of the
present invention, and are not intended to limit the
disclosure herein. [00181] In general, geldanamycin
analogs are known to be Hsp90 inhibitors (Schnur et
al., J . Med. Chem. (1995), Vol. 38, pages 3806-3812).
Examples 1 through 11 describe synthetic chemical
preparation for various geldanamycin analogs and solid
forms thereof. EXAMPLE 1 : Preparation of Form I of
17-AG: 0C geldanamycin A 22 L RB flask was equipped
with a bottom drain valve, mechanical stirring, a 1 L
addition funnel, internal temperature probe, and an
inert gas bypass. Geldanamycin (500 g, 1 eq) and
anhydrous THF (5.0 L) was charged to a 22L RB flask.
The stirring is started and Ammonia in MeOH (7 M) is
charged (1.0 L, 8.0 eq.) The reaction was stirred at
ambient temperature 7 hours. The LCMS indicated
complete consumption of starting material at 7 hours.
During the course of the reaction, the color changed
from yellow to deep purple. Heptane (14 L) was slowly
added to the reaction mixture, inducing
crystallization of the desired product from solution.
The brick red slurry was stirred overnight. The
product was isolated by suction filtration and rinsed
wth 2:1 (v/v) heptane/THF (0.5 L). Oven drying
provided crude 17-AG as a powdery, dingy red solid
(470 g). The crude material is dissolvede/ethanol
(18-1 9L) with heating and clarified. The solution is
concentrated and solvent exchanged with additional
ethanol (2L). The ethanol slurry of purple solids is
diluted with ethanol (4L) and water (5L). The slurry
is aged overnight at 35C and then heated to 700C for 3
hours, during which the crystal form changes and the
color turns from dark purple to red. The slurry is
cooled to room temperature and the solids are isolated
by filtration. The Karl Fisher analysis was 0.86% and
all residual solvents were low (EtOH 2266 ppm; acetone
89 ppm; heptane 9 ppm; THF and MeOH not detected).
This is the polymoyh referred to as Form I. EXAMPLE 2:
Preparation of Form II of 17-AG: Form I 17-AG (1Og)
from the preceding procedure was dissolved in
acetone/ethanol at 3O0C and clarified. The flask and
the in-line filter were rinsed, and the solution was
concentrated via a rotovap to a thick slurry. Then 100
mL of water was added and the rest of the organic
solvents removed by vacuum distillation. When the
distillate collection ceased, the bath temperature was
increased from 4O0C to 6O0C and a small amount of
water was removed. Then another portion of water was
added (100 mL). With a bath temperature of 8O0C and
slight vacuum, water was distilled for ca. 5 min. The
slurry remained purple, so the vacuum was disconnected
, and the bath increased to 1000C. The slurry was
mixed for ca 1 h. The slurry was then allowed to cool
to ambient temperature overnight and the purple solids
were isolated from water. The Karl Fisher analysis was
0.14% and all residual solvents were low (MeOH: 106
ppm, EtOH: 173 ppm, Acetone 230 ppm, and THF and
heptane were not detected). This material is the Form
II polymorph. EXAMPLE 3 Preparation of Form III of
17-AG: water , 60 0C 20% 17-amino geldanamycin in PVP
K-30 amorphous dispepsontilled water was added 1 g of
20% solid dispersion of 17- aminogeldanamycin in PVP
K-30 (as prepared in Example 14). The suspension was
heated to 6O0C until complete dissolution of the
solid. After heating at 6O0C for 5-10 min, purple
crystals precipitated from the solution. The mixture
was allowed to cool to 23C and the purple crystalline
material was isolated by filtration. The collected
crystals were dried for 2 days in vacuum oven at 800C
to give 155 mg 17-AG Form III as purple powder. Yield
75%. MS (ESI(+)) m/z 563.4 (M+H20 )+. EXAMPLE 4
Preparation of 17-AG Ethyl Acetate Solvate: To 17-AG
(1.2 g) (Form I Polymorph) was added EtOAc (150 mL).
The mixture was heated a gentle reflux until 17-AG
completely dissolved. The solutions were analyzed
using polarized light microscopy to ensure complete
dissolution. The volume was reduced to ca 5 mL using a
rotatory evaporator and the solution was allowed to
cool slowly to room temperature. After 12 h, the
mixture was filtered, washed with hexanes and dried to
provide the EtOAc solvate based on 1HNMR. EXAMPLE 5
Preparation of ll-oxo-17-aminogeldanamycin: 17-am
inogeldanamyc in 11-oxo-1 7-am inogeldanamyc in To a
230C solution of 17-aminogeldanamycin (5.0 g, 9.16
mmol, 1.0 eq) in CHCb (750 mL) was added Dess-Martin
periodinane (23.32 g, 55.0 mmol, 6.0 eq.) in a single
portion. After stirring for 30 min, the reaction
mixture was diluted with CHCI3, washed with aqueous
sodium thiosulfate and saturated aqueous sodium
bicarbonate. The organic layer was separated, dried
over sodium sulfate, filtered and concentrated in
vacuo. The crude material was further purified by
recrystallization (DCM/Hexane) to afford 4.12 g of the
pure desired product. Yield 83%. MS (ESI(+)) m/z 566.3
(M+Na)+.EXAMPLE 6 Preparation of
ll-acetyI-17-aminogeIdanamycin: de TEA 17-am
ipogeldapamycin H-acetyl-17-aminogeldanamycin To a
230C solution of 17-aminogeldanamycin (6.0 g, 11.0
mmol, 1.0 eq) in anhydrous DCM (156 mL) under nitrogen
atmosphere was added acetic anhydride (2.075 mL, 21.99
mmol, 2.0 eq.), DMAP (1.343 g, 11.0 mmol, 1.0 eq.) and
triethylamine (4.60 mL, 33.0 mmol, 3.0 eq.). The
reaction mixture was allowed to stir overnight. The
reaction mixture was diluted with DCM (200 mL), washed
with water (100 mL) and brine (2 x 100 mL), dried with
Na2SO filtered and concentrated in vacuo. The crude
material was purified by gradient flash chromatography
(SiO , 30%-60% EtOAc/Hexanes) to provide 1.9 g of the
desired product with a trace amount of tris-acetylated
product. Yield 30.9%. MS (ESI(+)) m/z 610.4 



(M+Na) +. EXAMPLE 7 Preparation of
-cyclopropylmethylaminogeldanamycin: geldanamycin
ly-cyclopropylmethylaminogeldanamycm To a 230C
solution of geldanamycin (3.0 g, 5.35 mmol, 1.0 eq) in
DCM (54 mL) under argon was added
cyclopropanemethylamine (9.40 mL, 107 mmol, 20 eq).
The reaction mixture was allowed to stir for 2 hours.
The reaction mixture was then quenched with water (100
mL) and acidified with 1 N HCl to pH 3 and stirred for
an additional 30 minutes. The organic layer was
separated and the aqueous layer was extracted with
DCM. The combined organic extracts were washed with
water, dried over Na2SC>4, filtered and concentrated
in vacuo. The crude product was purified using
gradient flash chromatography (SiO2, 50-60%
EtOAc/Hexanes) to afford 2.7 g of the desired product.
Yield 84.0%. MS (ESI(+)) m/z 622 .4 (M+Na) +.EXAMPLE 8
Preparation of 17-benzylaminogeldanamycin:
geldanamycin 17-benzylaminogeldanamya n To a 230C
solution of geldanamycin (3.25 g, 5.35 mmol, 1.0 eq)
in DCM ( 110 mL) under argon was added benzylamine
(9.40 mL, 53.5 mmol, 10 eq) in a single portion. After
stirring at 230C for 12 h, the reaction mixture was
diluted with water (100 mL) and acidified with 1 N HCl
to pH 3 and stirred for an additional 30 minutes. The
organic layer was separated and the aqueous layer was
extracted with DCM. The combined organic extracts were
washed with water, dried over Na SO , filtered and
concentrated in vacuo. The crude product was purified
using gradient flash chromatography (SiO , 50-60 %
EtOAc/Hexanes) to afford 3.51 g of the product. Yield
95.0%. MS (ESI(+)) m/z 658.4 (M+Na)+. EXAMPLE 9
Preparation of 17-azetidinylgeldanamycin: geldanamycin
17-azetidinylgeldanamycin To a 230C solution of
azetidine hydrochloride (751 mg, 8.03 mmol, 2.0 eq.)
in 1: 1 DCM:Methanol (100 mL) was added Hunig's base
(2.10 mL, 12.04 mmol, 3.0 eq) followed by geldanamycin
(2.25 g, 4.01 mmol, 1.0 eq). After stirring at 230C
for 2 hours, the reaction mixture was concentrated in
vacuo and then re-dissolved in DCM (100 mL). Water
(100 mL) was added and the aqueous layer was acidified
to pH 3 . The mixture was then stirred for 30 minutes.
The organic layer was separated and the aqueous layer
was extracted with DCM (3 x 100 mL). The combined
organic layers were washed with water (300 mL), dried
over MgSO , filtered and concentrated in vacuo. The
crude material was further purified via
recrystallization from Chloroform/Hexane to afford
1.92 g of the pure desired product. Yield 82%. MS
(ESI(+)) m/z 586.1 (M+H)+.EXAMPLE 10 Preparation of
17-(fluoroethyl)aminogeldanamycin geldanamycin
17-fluoroethylamipogeldanamycin To a 230C solution of
2-fluoroethylamine hydrochloride (7.99 g, 80.25 mmol,
7.5 eq.) in DCM (240 mL) and MeOH (120 mL) under
nitrogen atmosphere was added Hunig's base (14.02 mL,
80.25 mmol, 7.5 eq.). After the 2-fluoroethylamine
hydrochloride dissolved, geldanamycin (6.0 g, 10.70
mmol, 1.0 eq)) was added. After stirring for 24 h at
230C, the reaction mixture was concentrated in vacuo
and then re-dissolved in DCM (900 mL). Water (300 mL)
was added and the aqueous layer was acidified to pH 3.
The mixture was stirred for 30 minutes. The organic
layer was separated and the aqueous layer was
extracted with DCM (3 x 100 mL). The combined organic
layers were washed with water (900 mL), dried over Na
SO , filtered and concentrated in vacuo. The crude
product was purified using gradient flash
chromatography (SiO2, 30-60% EtOAc/DCM) to afford 3.0
g of the desired product. Yield 47.4%. MS (ESI(+)) m/z
614.4 (M+Na)+. EXAMPLE 11 Preparation of
17-acetylgeldanamycin: geldanamycin
17-acetylgeldanamycin To a 230C solution of
17-aminogeldanamycin (5.5 g, 10.08 mmol, 1.0 eq) in
EtOAc (500 mL) was added Na2S2O4 (0.1 M, 500 mL). The
biphasic mixture was stirred at 230C until the
reaction mixture went from a deep purple to a pale
yellow color (ca 10 min). The organic layer was
separated and the aqueous layer was extracted with
EtOAc (3 x 200 mL). The combined organic extracts were
dried over Na2SO4, filtered and concentrated in vacuo.
The residue was then dissolved in CHCI3 (72 mL) under
an inert atomosphere (N ) and cooled to O0C using an
ice bath. Acetic anhydride (2.85 mL, 30.2 mmol, 3.0
eq.) was addedring for 3 h, the reaction mixture was
diluted with EtOAc and concentrated in vacuo. The
crude product was dissolved in methanol at 230C and
stirred for 4 days under an open atmosphere to allow
for the oxidation of the hydroquinone to the quinone.
The crude product was purified by isocratic flash
chromatography (80: 15: 5 DCM:EtOAc:MeOH) to afford
3.5 g of the desired product as a yellow solid. Yield
59.1%. MS (ESI(+)) m/z 610.4 (M+Na)+. EXAMPLE 12 Oral
Bioavailabilty Effects upon Administration of
Amorphous Dispersion Formulation (17-AG plus PVP): The
effect on oral bioavailability of an exemplary
compound, 17-AG, in the form of an amorphous
dispersion of 17-AG plus PVP (polyvinylpyrrolidone, or
also referred to as Povidone) was investigated by
dosing beagle dogs and measuring 17-AG levels in blood
plasma at various time points following a single oral
capsule dose. A 12% 17-AG/PVP (w/w) dispersion was
made utilizing rotary evaporation and characterized
for purity, residual solvent level, and amorphous
content as described, filled into HPMC capsules and
dosed into dogs at a level of 15mg/kg. Blood was
collected predose, at 15 minutes, at 30 minutes, 1
hour, 2 hours, 4 hours, 6 hours, 12 hours, and 24
hours post dose into tubes containing sodium heparin.
Collected blood samples were immediately placed on wet
ice and refrigerated centrifuge for isolation of
plasma within 30 min of collection. Isolated plasma
was saved in labeled screw cap freezer vials or
eppendorf tubes and stored frozen (-7O0C) until
analyzed for plasma 17-AG levels. The design of the
study is as follows. A single group of dogs consisting
of 2 males & 2 females was utilized for dosing, with a
week washout in between each dose. After analysis of
17-AG plasma levels following dosing, there was a
significant effect 



on exposure due to the dosing of amorphous 17-AG/PVP
dispersion. There was >100-fold increase in both Cmax
and AUC levels when dosing amorphous 17-AG/PVP
dispersion as compared to dosing crystalline 17-AG.
Plasma levels of 17-AG following dosing of crystalline
material were below quantifiable limits. Dosing of the
17-AG/PVP dispersion in coated capsules also produced
similar increases in exposure but was not as
significant as the'sule. There were no differences
seen in the exposure data due to sex for the variables
tested. Any variability observed in the exposure is
most likely due to animal specific differences or
in-life observations (i.e. dosing issues, emesis).
Oral bioavailability results (average values) are
found in Figure 10a (male) and Figure lla (female),
which demonstrate that crystalline 17-AG has very low
oral bioavailability, but amorphous compound has high
bioavailability. Summary Tables of PK data are shown
in Figure 10b and Figure lib, respectively. Following
are exemplary methods of preparing solid dispersion
formulations using amorphous geldanamycin analogs.
Generally, each formulation may be prepared either
with a crystallization inhibitor, or without a
crystallization inhibitor. When present, the
crystallization inhibitor used may vary in both type
and in amount. Exemplary methods include, but are not
limited to cryo-grinding (Example 13(a)), spray drying
(Example 13(b)), lyophihzation (Example 13(c)) and
rotary evaporation (Example 14 through Example 16). An
exemplary DSC pattern that resulted from one
technique, i.e., lyophilization utilizing t- BuOH, is
found in Figure 12. Exemplary Exposure data using two
different methods of preparing solid dispersions are
found in Figure 14a (rotary evaporation) and Figure
14b (spray-dried) and a Summary Table in Figure 14c.
EXAMPLE 13 Preparation of Amorphous 17-AG: 2 To 17-AG
(Jg) (Form I Polymorph) was added CH3CN (50 mL)
followed by t-BuOH (100 mL). The mixture was heated at
6O0C until 17-AG completely dissolved was then
clarified by filtration through a 0.45 um filter. The
solutions were analyzed using polarized light
microscopy to ensure complete dissolution. The
filtrate was immersed into a bath ofand then
lyophilized, which resulted in amorphous 17-AG as a
light purple powder. The amorphous nature was
confirmed via polarized light microscopy. EXAMPLE
13(a) Cryo-Grinding Protocol: Preparation of Amorphous
Solid Dispersion Formulation (17- AG and PVP): 17-AG
(~1 g) was cooled to ~200C in liquid nitrogen and
ground to produce amorphous material by physical
grinding and pulverizing for 30 minutes. Ground
samples were checked for amorphous state by XRPD and
P.L.M. EXAMPLE 13(b) Spray Drying Protocol:
Preparation of Amorphous Solid Dispersion Formulation
[17- AG (20% load) plus Polyvinylpyrrolidone (PVP)
K-30 Povidone(r)]: To a 3:1 mixture of acetone (75 g,
94.95 mL) and ethanol 190 proof USP/NF grade (25 g,
31.65 mL) was added Polyvinylpyrrolidone (PVP) K-30
Povidone(r) (20 g) in a single portion. The mixture
was stirred at 230C until the dissolution of the
polymer was complete (ca 30 min). 17-AG (5 g, 36.7
mmol) was added in portions over the course of 10 mins
to provide an opaque purple mixture. After stirring
for 2 hours at the room temperature, an aliquot was
examined using PLM to ensure complete dissolution; the
purple solution was then spray-dried on a Buchi mini
spray dryer under the following conditions; Inlet
temperature 90 0C, Outlet temperature 64 0C, N2 flow
600 1/h, Aspiration 70%, to provide a light purple
amorphous powder. This material was amorphous based on
analysis via polarized light microscopy. MS (ESI(+))
m/z 563.4 (M+H20 )+. EXAMPLE 13(C) Lyophilization
Protocol: Preparation of Amorphous Solid Dispersion
Formulation [17- AG in PVP] A series of amorphous
dispersions of varying loads of 17-AG (12%, 15%, 20%,
30%, 40 %, 50% w/w) in Polyvinylpyrrolidone (PVP) K-30
and K-90 Povidone(r) were prepared via lyophilization
according to the following protocol. A representative
DSC pattern is found in Figure 12. A mixture of 17-AG
(100 mg, 0.18 mmol) in t-BuOH (500 mL) was heated to
5O0C using a heat gun and stirred vigorously. Aliquots
were periodically taken and examined viato determine
complete dissolution of crystalline 17-AG. After
heating at 500C for 2 h, the dissolution was complete
due to a lack of birefringence observed under
polarized light microscopy. The 17-AG solution (62.5
mL, 12.5 mg) was slowly added to the appropriate
amount of PVP (K-30 or K-90) dissolved in water (20.8
mL) according to the following schedule. All mixtures
maintained a ratio of t-BuOH : water (3:1). 12% load-
17-AG (12.5 mg) in tBuOH (62.5 mL) PVP (91.5 mg) in
water (20.8 mL) 15% load- 17-AG (12.5 mg) in tBuOH
(62.5 mL) PVP (71 mg) in water (20.8 mL) 20% load-
17-AG (12.5 mg) in tBuOH (62.5 mL) PVP (50 mg) in
water (20.8 mL) 30% load- 17-AG (12.5 mg) in tBuOH
(62.5 mL) PVP (29 mg) in water (20.8 mL) 40% load-
17-AG (12.5 mg) in tBuOH (62.5 mL) PVP ( 18.7 mg) in
water (20.8 mL) 50% load- 17-AG (12.5 mg) in tBuOH
(62.5 mL) PVP (12.5 mg) in water (20.8 mL) The warm
solutions were then transferred to lyophilization cups
( 1 10 mL capacity) and allowed to slowly cool to
230C. After reaching 230C, the solutions were again
analyzed using polarized light microscopy to ensure
complete dissolution. No birefringence was detected.
All cups were transferred to a pre-cooled (-4O0C) tray
lyophilizer, held at -4O0C for 8 hours, and then
slowly ramped to 230C over the course of 2 days
resulting in light purple amorphous solids in
quantitative yield. All samples were amorphous based
on polarized light microscopy, and >95 % pure by HPLC.
Following Examples 14 through 16 further illustrate
the rotary evaporation technique to prepare solid
dispersion formulations utilizing a variety of PVP
grades. Example 14 Rotary Evaporation Protocol:
Preparation of Amorphous Solid Dispersion Formulation
[17-AG (12%, 20% and 30% load) and PVP K-30]: 



17-AG (12% load, 1.52 g) was added to ethanol (200
proof, 100 mL) and the mixture was stirred at 450C for
45 min. In a separate flask PVP K-30 ( 11.13 g) was
added to ethanolsuiting solution was stirred at 450C
for 15 min. The 17-AG solution was added to the PVP
solution and the resulting solution was stirred at 45
0C for an additional 4 hours (monitored using a
microscope, looking for total disappearance of
crystals). The homogeneous purple solution was then
concentrated and pumped under high vacuum for 12
hours. The resulting glass material was analyzed by
1HNMR (to determine residual ethanol content) and by
Cross Polar Microscopy (to determine the amount of
residual crystalline material). The material was
crushed to a powder using a mortar and a pestle and
dried under high vacuum at 4O0C for 10 h after which
time it was analyzed by H-NMR for ethanol content. The
material was crushed again and further dried under
high vacuum for an additional 16 hours to result in
fine glassy red-purple material ( 1 1.1 g) containing
3% w/w of ethanol. Material was analyzed by 1H-NMR,
CPM, HPLC and DSC. The amount of 17-AG was adjusted
accordingly to achieve corresponding 20% load of 17-AG
(w/w) and 30% load of 17-AG (w/w). Representative
dissolution data for 12%, 20% and 30% loads are found
in Figure 39. Example 15 Rotary Evaporation Protocol:
Preparation of Amorphous Solid Dispersion Formulation
[17-AG (12% load) in PVP K-15]: 17-AG (10 g) was added
to EtOH (IL, 99.9%) in a 3 L one-necked flask. This
mixture was turned at ca 100 rpm on a rototary
evaporator at 6O0C and atmospheric pressure. Aliquots
were periodically taken and examined via polarized
light microscopy to determine complete dissolution of
the crystalline 17-AG. After turning at 6O0C for 2 h,
the dissolution was complete due to a lack of
birefringence observed under polarized light
microscopy. Polyvinylpyrrolidone (PVP) K-15
Povidone(r) (73 g) was added in a single portion and
the mixture returned to the rototary evaporator and
turned at ca 100 rpm and 6O0C bath temperature. After
1 h, the solutions were again analyzed using polarized
light microscopy to ensure complete dissolution. No
birefringence was detected. Vacuum was applied and the
EtOH was removed over the course of 30 min resulting
in purple foam. The flask was transferred to the
hi-vac and dried overnight. The brittle foam was
scraped from the sides and the crude material was
pumped under hi-vac for an additional 36 h. The
material was further crushed with a spatula to
facilitate removal from the flask to provide 76 g (92%
yield) of an amorphous dispersion based on polarized
light microscopy and XRPD. Representative dissolution
data is found in Figure 38.Example 16 Rotary
Evaporation Protocol: Preparation of Amorphous Solid
Dispersion Formulation [17-AG (12% load) in PVP K-90]:
An amorphous solid dispersion formulation [17-AG (12%
load) in PVP K-90 was prepared using a procedure
similar to above Example 15 except that PVP K-30 was
used to obtain 48 g (48% yield) of an amorphous
dispersion based upon polarized light microscopy,
using rotary evaporation followed by hi-vac.
Representative dissolution data is found in Figure 38.
Following Example 17 is a stability study that was
conducted on the formulations described above (in
Examples 14, 15 and 16), and summarized in the table
below. Example 17 Various 17-AG/PVP dispersions were
subjected to various storage conditions and the
chemical and physical stability of each were assessed
at specified time points. The dispersions tested were:
12% 17-AG in PVP K15, 12% 17-AG in PVP K90, 12% 17-AG
in PVP K30, 20% 17-AG in PVP K30, and 30% 17-AG in PVP
K30. The storage conditions tested were: RT ambient
humidity, RT 33% RH, RT 75% RH, 4O0C ambient humidity,
and 4O0C 75% RH. Chemical stability of 17-AG was
assessed by measurement of purity by RPHPLC, and
physical stability of the amorphous dispersions was
assessed by appearance of crystalline material by
polarized light microscopy (P.L.M.). Separate aliquots
for each timepoint and storage condition were made for
every dispersion by placing ~50mg of material in open
glass vials. Vials were placed in appropriate
temperature controlled stability chambers which
utilized saturated salt solutions to control humidity
(magnesium chloride for 33% RH, and sodium chloride
for 75% RH). Stability data for T=O and T=I month time
point for the dispersions and conditions tested is
shown in the table below.Attorney Docket No.
2008074-0022 J so >Example 18 Preparation of a Solid
Dispersion [17-AAG in PEG6000 (5% w/w)]: To a solution
of geldanamycin (20.0 g, 35.7 mmol, 1 eq.) in DCM (750
mL) was added allylamine (53 mL, 714 mmol, 20 eq) at
room temperature and under nitrogen atmosphere. The
slurry was stirred at room temperature for 6 hours.
The resulting purple solution was quenched with water
(300 mL) and acidified with 2N HCl (300 mL) to pH 3
and stirred for and additional 30 min. The aqueous
phase was extracted with DCM (300 mL) and the combined
organic layers washed with water (300 mL), dried over
MgSO4, filtered, and concentrated. The purple residue
was dissolved into acetone (300 mL) at 6O0C and
heptanes (1.5 L) was added and the resulting mixture
cooled to 5C, filtered, and the solid washed with
heptane (200 mL) to afford crude 17- AAG (18.15 g)
after drying. The purple solid was dissolved in of
acetone (306 mL) heated to 55-6O0C and H-heptane (1.2
L) was slowly added to form a slurry. The mixture was
maintained at 550C for 30 minutes and cooled to room
temperature. The crystalline material was collected
and dried under vacuum for 48 hours to afford 17-AAG
as purple needles. (16.15 g, 28 mmol, 77% yield). >99%
pure by HPLC monitored @ 254 nm) mp 210-212 0C. To
17-AAG (18 mg) was added PEG6000 (382 mg) and the
solid mixture was melted using heat. The resulting
waxy dispersion was analyzed by HPLC and by Cross
Polar Microscopy. Additional solid amorphous
dispersions containing 17-AAG were prepared, the
amorphous character was confirmed by polarized light
microscopy and are summarized in the following
table.Example 19 Preparation of 17-AG Amorphous Solid
Dispersion Formulations [17-AG (20% load) in Various
Polymers] Method for Preparing Dispersions: 17-AG (2
g) was added to EtOH (IL) in a 3L one-necked flask.
This mixture was turned on the rotary evaporator at
6O0C, ambient pressure and aggressive turning. An
aliquot was taken and examined for signs of
crystallization under the microscope after 1 hour.
Polymer (8.2 g) was added and the mixture was
concentrated via rotary evaporation and turned at 6O0C
for another 



hour. An aliquot was taken and examined for signs of
crystallization using PLM after the hour. Vacuum was
then applied and the EtOH was removed over the course
of 30 minutes to provide a foam-like material. The
material was dried in vacuo over night. The resulting
brittle foam was then scraped from the sides and the
material was pumped under high-vacuum for an
additional 36 hours. The solid dispersion generated
was then ground and sieved (No. 50 sieve) to a
particle size of 300 microns.Example 20 General
Techniques Utilized to Characterize Amorphous
Materials: Visual Polarized Light Microscopy (PLM): A
check ("V") indicates no visual signs of crystalline
material and no birefringence under cross polarized
light when examining the solid state material or when
dissolved in water. DSC: A check ("V") indicates
identification of a glass transition temperature (Tg),
no apparent crystal endotherm. Exemplary micrographs
are shown in Figure 44 and Figure 45 (amorphous
dispersion visualized under PLM). XRPD: A check
indicates no crystalline signature. In vitro
Dissolution: A check indicates a supersaturated level
of 17-AG of at least 0.4 mg/ml (50% of 12% 17-AG
K-30). HNMR: A check ("V") indicates a spectrum
consistent with the expected structure and one that
shows <5% residual solvents. LCUV: A check indicates
>95% purity. Stability: A check a check ("V")
indicates TG-DSC >40cC above RT, > 1 month stability @
room temperature by LCUV, DSC, microscopy.
Characteristics of Amorphous 17-AG Solid Dispersions
in Various Polymers Preparation of Samples for
in-vitro Dissolution: A series of scintillation vials
was used to prepare samples according to the following
table, containing 17-AG (20% load) polymer dispersion
(50.0 mg). To each vial was added simulated intestinal
fluid (5 mL) and each was shaken at 37C. At 5-, 15-,
30-, 60-, 90,- 120-min, 4-hour, 8-hour and overnight
time-points,aliquots (300 uL) of each suspension were
drawn and filtered via polypropylene filter (0.45
micron) into MeOH (750 uL). The samples were then
diluted in MeOH and tested using UV method for
solution concentration. The results of each sample are
summarized in the following tables. Dissolution
Experiment Setup The following are data collected from
an in vitro dissolution study demonstrating that
supersaturated levels of 17-AG are achieved, relative
to equilibrium solubility, when crystallization
inhibitors are used to prepare solid dispersion
formulations (resulting in supersaturated levels of
17-AG when measured by dissolution in vitro). Such
formulations can be prepared utilizing various types
of crystallization inhibitors or polymers (other than
PVP). Exemplary crystallization inhibitors utilized
are HPMCP, HPMCAS, Plasone S-630 and Eudragit
LlOO.Dissolution Summary Results * Fold increase
relative to 17-AG equilibrium solubility Figure 13
shows the in vitro dissolution of 17-AG dispersions
made using the above various crystallization
inhibitors. Amorphous dispersions can be made using
other geldanamycin analogs as well. To similarly
demonstrate that compounds other than 17-AG benefit
from the addition of a crystallization inhibitor,
Example 2 1 below is an in-vitro dissolution study
demonstrating that supersaturated concentrations of
geldanamycin analogs can be achieved when a
crystallization inhibitor is added to a substantially
amorphous solid dispersion formulation, which may also
result in improved in vivo bioavailability as seen for
the analog 17-AG. Such formulation can be prepared
utilizing various geldanamycin analogs. Particular
analogs utilized are 17-benzyl-AG, 17-fluoroethyl-AG,
17-cyclopropylmethyl-AG, 17-acetyl-AG,
17-azetidinyl-G, 11-acetyl- 17-AG and 11- OXO- 17-AG.
The results of each analog are summarized in the below
tables in Example 21. Example 21 Preparation of
Amorphous Solid Dispersion Formulations using Various
Geldanamycin Analogs [17-AG (12% load) plus PVP]: A
mixture of a geldanamycin compound and solvent is
heated and stirred vigorously. Aliquots are
periodically taken and examined via polarized light
microscopy to determinecomplete dissolution of the
crystalline material. Upon complete dissolution, the
crystallization inhibitor is slowly added to the
solution. The mixture is stirred vigorously with heat,
and aliquots are taken and examined via microscopy to
ensure complete dissolution of the components.
Alternatively, the order of addition can be changed so
that the polymer is used as a co-solvent, e.g., the
compound is added to a pre-mixed solution of the
polymer and the appropriate ratio or combination of
solvents. The dispersions were characterized as
described above. Characteristics of Amorphous Solid
Dispersions of Geldanamycin Analogs Using a procedure
similar to Example 20, a series of scintillation vials
was prepared according to the table below, except that
analogs of 17-AG (12% load) plus PVP K-30 (83.3 mg)
were used accordingly. Dissolution Experiment Setup
Summarized below are the results from an in-vitro
dissolution study for dispersions containing amorphous
material made using a wide variety of ansamycin
compound analogs. Thedata demonstrate that
supersaturated levels of a variety of ansamycin
compounds can be achieved. The dissolution profile of
amorphous dispersions of the series of ansamycin
analogs generated from PVP utilizing rotary
evaporation is found in Figure 15. Geldanamycin Analog
Summary Results * Fold increase relative to
equilibrium solubility Example 22 below demonstrates
that supersaturated solutions of 17-AG generated from
substantially amorphous solid dispersion formulations
that have been "spiked" with various amounts of
crystalline material (0.01%, 0.1% 1% and 10%, with 0%
as a comparator) demonstrate altered precipitation
kinetics of 17-AG. Adding various amounts of
crystalline material to the amorphous dispersions of
17-AG affects the stability of the corresponding
supersaturated solution. Increasing amounts of
crystalline material present in the supersaturated
solutions increases the rate of 17-AG nucleation and
precipitation. The in vitro experimental dissolution
protocol of each spiked formulation is summarized in
the tables below. A representative DSC of 20% 17-AG in
PVP-K30 is found in Figure 16. Additional data
illustrating various amounts of Spiking with Form I
are found in Figures 16, 17, 18, 19, 20, 21, 22 and
23. Spiking with Forms II and III results in similar
findings. As shown in these Figures, there is a
measurable difference between the formulations
containing "0%" crystalline material, and the
formulations spiked with 1% crystalline material,
demonstrating that the formulation designated "0%"
contains less than 1% crystalline material.Example 22
Dissolution Study using 17-AG in Spiking Experiment: 



To 1 dram vials containing a solid dispersion of 17-AG
(20% load) plus PVP K30 were added various amount of
17-AG Form 1to provide a total mass of 500 mg and
crystalline range from 0.01 to 10%. To ensure
homogenous mixtures of dispersion and crystalline
17-AG, the mixtures were ground with mortar and
pestle, sieved through a No. 50 screen (300 urn) and
mixed for 5 minutes using a Turbula Mixer. The amount
of crystalline material was examined by microscopy.
Substantially amorphous material had no visible
crystalline material and no birefringence under cross
polarized light with dry material and upon
introduction of water. To a scintillation vial
containing the prepared spiked solid dispersions,
(prepared according to the schedule in the table
below) was added simulated intestinal fluid (5 mL);
the vials were then shaken at 370C. At 5-, 15-, 30-,
60-, 90,- 120-min, 4-hour, 8-hour and overnight
time-points, aliquots (300 uL) of each sample were
drawn and filtered via a polypropylene filter (0.45
micron) into MeOH (750 uL). The samples were then
diluted in MeOH and tested using UV method for
solution concentration. The results are summarized in
the following table. Additionally, Figure 44(B) and
Figure 44(C) show a visual difference between a
nonspiked dispersion and a dispersion spiked with
0.01% crystalline material, demonstrating that the
non-spiked dispersion contains less than 0.01%
crystalline material. S ikin Ex eriment Dissolution
Stud -Sam le Pre arationExample 23 Control of Release
Rate for 17-AG/PVP Dispersion Solid Dose Forms: To
demonstrate that the control of the release rate of
17-AG from 17-AG plus PVP dispersions is feasible,
tablets and capsules were made of varying
composition/excipients from a 20% 17-AG plus PVP K30
dispersion which have immediate, extended, and slow
release rates as measured by in-vitro dissolution. As
such, controlling the dissolution rate, in Example 24
below, of solid dose forms of 17-AG amorphous
dispersions could provide a means of controlling the
degree of supersaturation of dissolved 17-AG when
dosed in-vivo. The composition of the tablets and
capsule are described in the following table. Rate of
release and level of dissolved 17-AG was measured by
dissolving the tested tablet or capsule in 500ml SIF
pH 6.8 and stirred in a dissolution apparatus (Paddle
speed 150 RPM, 370C) until completely dissolved.
Aliquots of the tablet/capsule-SIF solution were
removed at 15, 30, 90, 120, 180, & 240 minute
timepoints. Sample aliquots were filtered (0.45 uM
PVDF), diluted in SIF/MeOH and measured in triplicate
on UV spectrometer. The dissolution profile of 17-AG
from the different tablets and capsules is shown in
the graph in Figure 24. As demonstrated in the
results, it is possible to produce tablets and
capsules with different in-vitro release rates
(immediate, extended, & slow). Example 24 Effect of
Crystallization Inhibitors on Supersaturation
Crystallization inhibitors such as PVP
(polyvinylpyrrolidone, Povidone) can improve the
solubility of compounds by preventing crystallization.
The effect of PVP on the amount ofsolvated 17-AG was
investigated by measuring levels of 17-AG in SIF pH
6.8 (simulated intestinal fluid) solutions with
increasing amounts of PVP at various time points
following the addition of specific amounts of 17-AG,
either in crystalline form or in DMSO solutions to
supersaturated levels. Equilibrium solubility of
crystalline 17-AG was measured at specific time points
by addition of crystalline 17-AG to SIF pH 6.8
containing 0%, 0.5%, 1%, 2.5%, & 5% PVP (w/v) to a
concentration of 5mg/ml. Solutions were placed at
370C, and sample aliquots were removed at 24, 48, 72,
& 96 hours. Sample aliquots were filtered (0.45 uM
PVDF), diluted in SIF/MeOH and measured in triplicate
on UV spectrometer. Supersaturated levels of 17-AG was
measured by adding 17-AG DMSO stock solutions (10, 50,
100, & 200mg/ml) at a 1:100 dilution to SIF pH 6.8
solutions containing 0%, 0.5%, 1%, 2.5%, & 5% PVP
(w/v). This resulted in solutions with final 17-AG
concentrations of 0. 1, 0.5, 1, & 2 mg/ml respectively
for each of the SIF pH 6.8 PVP solutions. Solutions
were stirred in a dissolution apparatus (Paddle speed
150RPM, 370C), and aliquots of each solution were
removed at 15, 30, 60, 120, 240, 360, & 1320 minute
time points. Sample aliquots were filtered (0.45 uM
PVDF), diluted in SIF/MeOH and measured in triplicate
on UV spectrometer. Representative data are found in
Figure 25 and Figure 26. Summary of 17-AG Solubility
Results (average values) As shown above, PVP improves
the levels of solvated 17-AG. The equilibrium
solubility of crystalline 17-AG increases almost
3-fold from 0.0041 mg/ml in SIF pH 6.8 with 0% PVP to
0.01 12 mg/ml in SIF pH 6.8 with 5% PVP. In addition,
the degree of supersaturation of 17-AG increases
almost 2-fold from 0.5 mg/ml at 0% PVP to 0.9 mg/ml at
5% PVP.In addition, PVP enhances the stability of the
supersaturated solutions by prolonging the duration of
the supersaturated state. In SIF without PVP, 17-AG
starts to precipitate and come out of solution at
approximately 120 minutes. In SIF solutions with PVP,
the 17-AG supersaturated state can be prolonged beyond
120 minutes to almost 240 minutes. The rate of 17-AG
precipitation is also attenuated by PVP in a
concentration dependent manner, i.e. the higher % PVP,
the slower the rate of 17-AG precipitation from the
supersaturated state. However, it appears that this
crystallization rate inhibitory effect of PVP can be
overcome by precipitation of 17-AG from very high
supersaturated levels as seen in the result of the
l.Omg/ml solution in 5% PVP which achieves a
supersaturated state of 0.9mg/ml; however starts to
precipitate out at 120 minutes. Representative data
are shown in Figure 27. Example 25 Comparison of in
vivo Exposure in Beagle Dogs of 17-AG PVP Dispersions
The effects of varying compound load, PVP grade and
particle size in 17-AG + PVP dispersions on oral
bioavailability was investigated by dosing beagle dogs
and measuring 17-AG levels in blood plasma at various
time points following a single oral capsule dose. The
following 17-AG + PVP dispersions were made utilizing
rotary evaporation and characterized for purity,
residual solvent level, and amorphous content as
described. Each 17-AG + PVP dispersion was filled into
HPMC capsules and dosed into dogs at a level of
15mg/kg. Blood was collected pre-dose, 15, 30 minutes,
1, 2, 4, 8, and 24 hours post dose into tubes
containing sodium heparin. Collected blood samples
were immediately placed on wet ice and refrigerated
centrifuge for isolation of plasma within 30 min of
collection. Isolated plasma was saved in labeled screw
cap freezer vials or eppendorf tubes and stored frozen
(-700C) until analyzed for plasma 17-AG levels. The
design of the study is as follows. 2 groups of dogs
were utilized for dosing, 2 males & 2 females per
group, with a week washout inbetween each dose. For
specifics of the animal dosing protocol, please refer
to PCRS protocol No. rNF-0704. After analysis of 17-AG
plasma levels following dosing, there was not a
significant effect on exposure due to either 17-AG
load or PVP grade; however, there are exposure trends.
For 17- AG load, Cmax and AUC decreased with
increasing 17-AG load (12% > 20% >30% 17-AG). For 



PVP grade, Cmax and AUC were highest in PVP K.30,
followed by PVP K15, followed by PVP K90. No trends or
affects on CmaX or AUC could be seen due to changes in
particle size, i.e. exposure is robust across a large
range of particle sizes. Overall, there were no
consistent differences seen in the exposure data due
to sex for the variables tested. Any variability
observed in the exposure is most likely due to animal
specific differences or in-life observations (i.e.
dosing issues, emesis). Summary of the oral
bioavailability results (average values) reflecting
various load levels are found in Figure 28a and Figure
29a, and accompanying summary data tables in Figure
28b and Figure 29b. Summary of the oral
bioavailability results (average values) reflecting
various PVP grades are found in Figure 41a and Figure
42a, and accompanying summary data tables in Figure
41b and Figure 42b. Summary of the oral
bioavailability results (average values) reflecting
various particles sizes of 20% 17-AG and PVP K-30 are
found in Figure 40a, and accompanying summary data
table in Figure 40b. Example 26 In vivo Exposure of
Various Oral Formulations of 17-AG in Beagle Dogs The
oral bioavailability of various formulations of the
compound 17-AG was investigated by making various oral
formulations, dosing beagle dogs and measuring 17-AG
levels in blood plasma at various time points
following a single oral dose. In addition, the effect
of PVP on enhancing exposure was investigated by its
addition to many of the tested formulations.In brief,
different crystalline, solvated, and amorphous forms
of 17-AG were dosed either as filled capsules or as
suspensions. In addition, various 17-AG solutions
utilizing a range of different organic, anionic, &
non-ionic components were dosed by oral gavage. The
different oral formulations tested are listed in the
following table.The crystalline, solvated, and
amorphous forms of 17-AG were made as previously
described and blended with either anhydrous lactose or
PVP in a Turbula blender for 15 minutes. Solutions
were made by adding the formulation components to the
desired percentage by weight and either adding 17-AG
to the desired concentration of 2mg/ml until dissolved
or by adding a stock solution of 40mg/ml 17-AG in DMSO
and diluting 1:20 to achieve the final concentration
of 2mg/ml. All solutions were clear and purple in
color without any evidence of precipitate. The
suspension in carboxymethylcellulose was made by
levigating crystalline 17-AG with glycerol in a mortar
and pestle followed by homogenization in the 1%
carboxymethylcellulose solution in a high speed
homogenizer for 10 minutes. Homogeneity of the
suspension was checked by microscopy. Figure 46(A) is
an exemplary photo of a suspension of 17-AG, in 1%
carboxymethylcellulose. The emulsions were made by
making a 4mg/ml solution of 17-AG in either 10%
PGHS/2.5% DMSO/5% Tween-80 or 10% PGHS/2.5% DMSO/5%
Tween-80/5% PVP, combining the solution 1 to 1 with
olive oil followed by mixing in a high speed
homogenizer for 15 minutes. Confirmation of the
emulsion was performed by microscopy. Figure 46(B) is
an exemplary photo of an emulsion of 17-AG, in 10%
PGHS, 2.5% DMSO, 5% Tween-80, 50% olive oil, in NS.
The nanosuspension was made by levigating crystalline
17-AG by high shear in a microfluidizer (Microfluidics
Corp, Model: M-I lOL) for 10-20 minutes in Tween-80.
Mean particle size (d50: 300-400 nM) was measured by
laser light diffraction (Malvern Corp, Mastersizer
2000). All dosed formulations had at least 2 hours
physical stability at room temperature. Blood was
collected pre-dose, 15, 30 minutes, 1, 2, 4, and 8
hours post-dose into tubes containing sodium heparin.
Collected blood samples were immediately placed on wet
ice and refrigerated centrifuge for isolation of
plasma within 30 min of collection. Isolated plasma
was saved in labeled screw cap freezer vials or
eppendorf tubes and stored frozen (-700C) until
analyzed for plasma 17-AG levels. The design of the
study is as follows. Two groups of dogs, each group
consisting of 3 females were utilized for dosing, with
a week washout in between each dose.For the solid
formulations, PVP does not appear to enhance exposure
for the physical mixes of crystalline 17-AG and PVP to
a level where 17-AG can be detected. However, there
was low exposure after dosing the EtOAc Solvate of
17-AG, and significant exposure after dosing amorphous
17-AG or amorphous dispersions of 17-AG. Moreover, the
inclusion of PVP to these formulations appears to
improve the exposure profiles of the EtOAc Solvate and
amorphous 17-AG. This result is consistent with the
in-vitro dissolution experiments demonstrating the
ability of PVP to enhance 17-AG solubility and
stabilize supersaturated solutions of 17-AG. Method of
manufacture does not appear to have an effect since
the exposure from dosing either solvent evaporated or
spray dried 20% 17-AG/PVP amorphous dispersion is the
same. Also consistent with the results from the
17-AG/PVP dispersions are the in-vivo results from
dosing solid dispersions of 17-AG with other
crystallization inhibitors, HPMC-AS and Eudragit LlOO.
The improved bioavailability of 17-AG from these
formulations as compared to dosing crystalline 17-AG
demonstrates the utility of utilizing crystallization
inhibitors in amorphous dispersion with geldanamycin
analogs. For the liquid (solution, emulsion)
formulations, there was a significant exposure for all
of the formulations dosed. Inclusion of PVP in the
formulation did not appear to have the same
significant effect in the solution doses as it did in
the solid dose exposure results. This could bedue to
the fact that all of the solutions were dosed at a
relatively low concentration (2mg/ml) and small volume
(25ml), and had good physical stability. The
consistently high exposure results for all of the
solution doses would suggest that 17-AG is being
readily absorbed before PVP could demonstrate its
ability to stabilize the solution. For the suspension
and nano-suspension formulations, there was little or
no measurable level of 17-AG following dosing, either
with or without the crystallization inhibitor PVP. In
total, these results demonstrate the ability to dose
17-AG utilizing a wide range of oral formulations. Any
variability observed in the exposure is most likely
due to animal specific differences or in-life
observations (i.e. dosing issues, emesis). Exemplary
graphs of the exposure data for specific doses are
found in the Figure No. References as specified in the
table below. A summary of the oral bioavailability
results (average values) is found in the following
table:CNE-cannot estimate.Following Example 27
illustrates that 17-AG as a solution reduces tumor
growth in a mouse xenograph model. Representative data
are found in Figure 47 and Figure 48. Example 27
In-vivo efficacy of 17-AG: In-vivo efficacy of 17-AG
was demonstrated by conducting in 2 mouse xenograph
studies utilizing mouse xenograph tumor models of
client proteins dependent upon HSP90. In the first
study, H1975, a non-small cell lung cancer cell line
which contains L858R and T790M mutations in EGFR, a
client protein for HSP90 was utilized. 5-6 week old
Nu/Nu mice were implanted with 10 x 10e6 H1975 cells.
Dosing commenced after implanted cells 



reached ~150mm3. Dosing was by oral gavage and the
dosing schedule was every other day with vehicle (20%
PGHS, 5% DMSO, 75% NS), and 75mg/kg, and 100mg/kg
17-AG in vehicle. After dosing, ~35% and ~70%
reduction in tumor volume was seen in the dosing arms
as compared to vehicle treated animals demonstrating
efficacy of dosing 17-AG in a xenograph tumor model
dependent upon an HSP90 client protein. In the second
study, H1650 lung adenocarcinoma cell line which
contains a mutant form of EGFR (Del E746-A750) was
utilized. 5-6 week old Nu/Nu mice were implanted with
10 x 10e6 H1650 cells. Dosing commenced after
implanted cells reached ~100mm3. Dosing was by oral
gavage and the dosing schedule was every day with
vehicle (15% PVP, 5% EtOH, 80% PG), and 50mg/kg,
75mg/kg, and 100mg/kg 17-AG in vehicle. After dosing,
-62% maximum reduction in tumor volume was seen in the
dosing arms as compared to vehicle treated animals
demonstrating efficacy of dosing 17-AG in a xenograph
tumor model dependent upon on an HSP90 client protein.
Other embodiments included herein are provided in the
following claims.We Claim: 1. A pharmaceutical
composition comprising a benzoquinone ansamycin
compound such that when the compound is administered
orally at a dose of 15 mg/kg to a subject, the
composition delivers an amount of compound sufficient
to achieve an area under the curve of at least 100 ng
hr/ml, wherein said benzoquinone ansamycin compound is
not 17-DMAG. 2. The composition according to claim 1
wherein the area under the curve is at least 500
ng-hr/ml. 3. The composition according to claim 2
wherein the area under the curve is at least 1000
ng-hr/ml. 4. The composition according to claim 3
wherein the area under the curve is at least 5000
ng-hr/ml. 5. The composition according to claim 4
wherein the area under the curve is at least 10,000
ng-hr/ml. 6. The composition according to claim 5
wherein the area under the curve is at least 15,000
ng-hr/ml. 7. The composition according to claim 1,
wherein the compound is present in substantially
amorphous form. 8. The composition according to claim
1 wherein the compound is 17-AG. 9. The composition
according to claim 1 wherein the compound is 17-AAG.
10. A composition comprising 17-AG administered orally
at a dose of at least 1 mg/kg to a subject
characterized in that an area under the curve of at
least 100 ng-hr/ml is achieved.11. A composition
comprising 17-AAG administered orally at a dose of at
least 1 mg/kg to a subject characterized in that an
area under the curve of at least 100 ng hr/ml is
achieved. 12. The composition according to claim 10
wherein the 17-AG is administered orally at a dose of
about 1 mg/kg to about 100 mg/kg. 13. The composition
according to claim 11 wherein the 17-AAG is
administered orally at a dose of about 1 mg/kg to
about 100 mg/kg. 14. The composition according to
claim 10 wherein the 17-AG is administered orally at a
dose of about 5 mg/kg to about 50 mg/kg. 15. The
composition according to claim 11 wherein the 17-AAG
is administered orally at a dose of about 5 mg/kg to
about 50 mg/kg. 16. The composition according to claim
10 wherein the 17-AG is administered orally at a dose
of about 5 mg/kg to about 25 mg/kg. 17. The
composition according to claim 11 wherein the 17-AAG
is administered orally at a dose of about 5 mg/kg to
about 25 mg/kg. 18. The composition according to claim
10 wherein the 17-AG is administered orally at a dose
of about 10 mg/kg to about 20 mg/kg. 19. The
composition according to claim 11 wherein the 17-AAG
is administered orally at a dose of about 10 mg/kg to
about 20 mg/kg. 20. The composition according to claim
10 wherein the 17-AG is administered orally at a dose
of about 15 mg/kg. 21. The composition according to
claim 11 wherein the 17-AAG is administered orally at
a dose of about 15 mg/kg.22. The composition according
to claim 1, wherein said benzoquinone ansamycin is a
compound of formula 1: 1 or a pharmaceutically
acceptable salt thereof; wherein; R' is H, -OR8, -SR8
-N(R8XR9) , -N(R8)C(O)R9, -N(R8)C(O)OR9,
-N(R8)C(O)N(R8)(R9), -OC(O)R8, -OC(O)OR8, -OS(O)2R8,
-OS(O)2OR8, -OP(O)2OR8, CN or a carbonyl moiety; each
of R2 and R3 independently is H, alkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkenyl, heterocycloaklyl,
aryl, aralkyl, heteroaryl, heteroaralkyl, -C(=0)CH 3
or -[(C(R 1 2)P]-R 1' ; or R2 and R3 taken together
with the nitrogen to which they are bonded represent a
3 - 8 membered optionally substituted heterocyclic
ring which contains 1-3 heteroatoms selected from O,
N, S, and P; p independently for each occurrence is O,
1, 2, 3, 4, 5, or 6; R4 is H, alkyl, akenyl, or
aralkyl; R5 and R6 are each H; or R5 and R6 taken
together form a bond; R7 is hydrogen alkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkenyl, heterocycloaklyl,
aryl, aralkyl, heteroaryl, heteroaralkyl, or -[(C(R
10)2)p]-Ru ; each of R8 and R9 independently for each
occurrence is H, alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkenyl, heterocycloaklyl, aryl, aralkyl,
heteroaryl, heteroaralkyl, or -[(C(R 1O)2)P]-R"; or R8
and R9 taken together represent a 3-8 membered
optionally substituted heterocyclic ring which
contains 1-3 heteroatoms selected from O, N, S, and P;
R10 for each occurrence independently is H, alkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
heterocycloaklyl, aryl, aralkyl, heteroaryl, or
heteroaralkyl; andR1 1 for each occurrence
independently is H, cycloalkyl, aryl, heteroaryl,
heterocyclyl, -OR8, -SR8, -N(R8)(R9), -N(R8)C(O)R9,
-N(R8)C(O)OR9, -N(R8)C(O)N(R 8)(R9), -OC(O)R 8,
-OC(O)OR8 -OS(O)2R8, -OS(O)2OR8, -OP(O) 2OR8, -C(O)R8,
-C(O)2R8, -C(O)N(R8XR9), halide, or CN. 23. The
composition according to claim 22, wherein; R' is
-OR8, -C(=O)CH3,or a carbonyl moiety; each of R2 and
R3 independently is H, alkyl, alkenyl or -[(C(R
1O)2)P]-R"; or R2 and R3 taken together with the
nitrogen to which they are bonded represent a 3-8
membered optionally 



substituted heterocyclic ring which contains 1-3
heteroatoms selected from O, N, S, and P; p
independently for each occurrence is O, 1 or 2; R4 is
H; R5 and R6 are each H; or R5 and R6 taken together
form a bond; R7 is hydrogen or -[(C(R IO)2)P]-R"; each
of R8 and R9 independently are H; or R8 and R9 taken
together represent a 3-8 membered optionally
substituted heterocyclic ring which contains 1-3
heteroatoms selected from O, N, S, and P; R10 for each
occurrence independently is H; and R1' for each
occurrence independently is H, -N(R8XR ) or halide.
24. The composition according to claim 23, wherein R1
is OH, R4 is H, and R5 and R6 taken together form a
bond. 25. The composition according to claim 24,
wherein the compound is selected from the group
consisting of:METHOD FOR REPLICATING INFLUENZA VIRUS
IN CULTURE CROSS-REFERENCES TO RELATED APPLICATIONS
The present application claims priority to US
Application No. 60/875287, filed December 15, 2006 and
US Application No. 60/882412, filed December 28, 2006,
both of which are incorporated herein by reference.
BACKGROUND OF THE INVENTION Influenza epidemics and
pandemics have been recognized for several centuries
and have resulted in considerable loss of life.
Influenza virus is a segmented RNA-containing virus
belonging to the family Orthomyxoviridae. The
epidemics and pandemics are caused by the appearance
of viruses with new envelope components for which
there is little immunity in the population. These new
components are often the result of mutation and/or
mixing of human and animal influenza viruses. Whereas
the capsid of the influenza virus is somewhat
pleomorphic, the outer surface is consistent for all
viruses and consists of a lipid envelope from which
projects prominent glycoprotein spikes of two types:
hemagglutinin (HA or H) and neuraminidase (NA or N).
There are three types of influenza viruses: A, B, and
C. Only influenza A viruses are further classified by
subtype on the basis of the two main surface
glycoproteins HA and NA. Influenza A subtypes are
further classified by strains. Influenza B viruses
infect mammals only and cause disease in humans, but
generally not as severe as A types. Influenza C
viruses also infect mammals only, but cause only a
very mild respiratory disorder in children. They are
genetically and morphologically distinct from A and B
types. Influenza A viruses infect a wide variety of
animals, including mammals e.g., humans, horses, dogs,
swine, ferrets and avians, e.g. ducks, chickens and
turkeys. There are 16 known HA serotypes and 9 known
NA serotypes. Birds are particularly important
reservoirs, generating pools of
genetically/antigenically diverse viruses which get
transferred back to the human population via close
contact between humans and animals. Pigs are
permissive to both human and bird influenza strains.
Because of this unusual feature, pigsare considered as
"Mixing Vessels" allowing for genetic exchange between
avian and human viruses when the same cell is infected
with both types of virus. The genome of the influenza
virus consists of single strand (-)sense RNA in 8
segments (7 in Influenza C). The structure of the
genome is known in great detail because of the
tremendous amount of genetic investigation
(conventional and molecular) which has been done. Each
segment encodes one or two viral proteins. Epidemics
and pandemics are believed to be due to genetic change
in the HA and NA proteins of the influenza virus in
two different ways: antigenic drift and antigenic
shift. Antigenic drift occurs constantly, whereas
antigenic shift happens only occasionally. Influenza
type A viruses undergo both kinds of changes;
influenza type B viruses change only by the more
gradual process of antigenic drift. Antigenic drift
refers to small, gradual changes that occur through
point mutations in the two genes that contain the
genetic material to produce the main surface proteins,
HA and NA. Antigenic shift refers to an abrupt, major
change to produce a novel influenza A virus subtype in
humans that was not currently circulating among
people. Antigenic shift can occur either through
direct animal (poultry)-to-human transmission or
through mixing of human influenza A and animal
influenza A virus genes to create a new human
influenza A subtype virus through a process called
genetic reassortment. Antigenic shift results in a new
human influenza A subtype. Genetic reassortment occurs
when two different influenza viruses infect the same
cell and share or trade one or more RNA segments. If
the segment that is transferred is the HA, for
example, this can result in the appearance of a new
viral strain that is antigenically new entering a
population with little or no immunity. The result can
lead to an epidemic and/or a pandemic. The entry of
influenza viruses into cells is facilitated by binding
of the HA spikes to mucoproteins containing terminal
N-acetyl neuraminic acid (NANA = sialic acid) groups.
After binding, the particle is engulfed by endocytosis
via coated pits into endocytotic vesicle and finally
endosomes. These are acidified by the cell and at
about pH 5.0, the HA monomers are cleaved by
trypsin-like enzymes in the endosome to activate them
for internalization. Once internalized the viral
replication occurs and results in the symptoms of
influenza.There is considerable concern about recent
outbreaks of influenza. A severe type of respiratory
disease has been identified in dogs, which is due to
Canine Influenza Virus (CIV). This respiratory disease
has proven to be highly contagious. Moreover, CIV can
cause 100% infection with 80% morbidity, and up to
5-8% mortality in severe infections. Since its first
detection in 2004 in greyhound racing dogs (Crawford
et al., Science 3 10(5747):482-485 (2005)) CIV has
rapidly spread across the United States with at least
25 states reporting CIV outbreak, and twenty-seven
states reporting CIV seroprevalence. The serotype of
the CIV causing the recent outbreak is H3N8. This CIV
serotype was originally discovered in horses, and is
believed to have crossed the species barrier into
canines. It is probable that the absence of an
effective vaccine against canine influenza virus plays
a major role in the rapid and widespread dissemination
in dogs of this virus. Influenza A (H5N1, avian
influenza) virus- also called "H5N1 virus"- is an
influenza A virus subtype that occurs mainly in birds,
is highly contagious among birds, and can be deadly to
them. H5Nl virus does not usually infect people, but
infections with these viruses have occurred in humans.
To date, over 200 confirmed human cases that resulted
in over 150 deaths have been reported in 10 countries,
mainly in Asia. Fortunately, as of yet, the virus does
not readily spread from birds to humans or from one
human to another. However, this could happen with the
result that an epidemic or pandemic could occur. The 



best strategy for prevention of morbidity and
mortality associated with an epidemic or pandemic is
vaccination. The influenza vaccines presently
administered to humans have a high benefit-tocost
ratio in terms of preventing hospitalizations and
deaths, however, the world's annual production
capacity for seasonal vaccine is limited and does not
realistically cover the global high-risk population.
The present vaccines are made in eggs using virus
obtained from the World Health Organization (WHO) or
the Centers for Disease Control (CDC), who provide the
virus seeds for vaccine manufacture every year.
Changes in the HA of circulating viruses (antigenic
drift) require periodic replacement of the vaccine
strains during interpandemic periods. The WHO
publishes semiannual recommendations for the strains
to be included for the Northern and Southern
Hemispheres. To allow sufficient time for manufacture,
the WHO determines in February which vaccine strains
should be included in the following winter's vaccine.
In general, 1 dose for adults contains the equivalent
of 45mg HA (15mg each for 3viruses). This dose is
approximately the amount of purified virus obtained
from the allantoic fluid of one infected embryonated
egg. If 100 million doses of killed influenza virus
vaccine are prepared, the manufacturer has to procure
100 million embryonated eggs. This makes vaccine
production dependent on the timely availability of
good quality embryonated eggs and the seed strains
provided by the WHO/CDC. Most of the prototype seed
strains are not easily grown to high titer even in
embryonated eggs. To overcome this problem, government
agencies first create high-yielding laboratory strains
through classical reassortment with highyielding
laboratory strain A/PR/8/34 (in a 6:2 reassortment
obtaining 6 segments from the A/PR/8/34 strain).
Unfortunately, this process can be difficult to do and
may effect the antigenicity of the resulting vaccine.
Therefore, there is a need to provide alternative
methods of manufacturing vaccines that protect against
clinical diseases caused by influenza, particularly
highly pathogenic strains such as H5N1 . Furthermore,
there remains a need to provide methods of
manufacturing large quantities of life-saving
influenza vaccines in a time period quick enough to
effectively prevent possible epidemics and/or
pandemics. The present invention addresses these and
other needs. The citation of any reference herein
should not be construed as an admission that such
reference is available as "prior art" to the instant
application. BRIEF SUMMARY OF THE INVENTION The
present invention relates to vaccines for the
prevention of influenza A and B infections. The
vaccines and the related methods of the invention
provide a number of advantages over prior art vaccines
and methods. For example, the vaccines of the
invention are produced using tissue culture cells
instead of embryonated eggs. The inventive production
methods save critical time by bypassing the classical
vaccine manufacture procedure. In addition, the
vaccines of the invention are useful for those that
are allergic to egg material. The present invention
also provides new immunogenic compositions that may be
used in the vaccines. These new immunogenic
compositions can be used to immunize animals,
including avians, against influenza virus. In
particular embodiments of the invention, the recipient
of the vaccine is a mammal. In one aspect, the present
invention provides a vaccine that protects canines
against the canine respiratory disease due to Canine
Influenza Virus (CIV). In another aspect, the present
invention provides a vaccine thatprotects humans
against influenza virus strains naturally produced
through genetic reassortment. The invention provides
influenza virus isolates that have been specifically
adapted to grow in tissue culture cells. In a
particular embodiment, the adapted influenza virus
isolates are selected for their ability to grow on a
chosen tissue culture cell line using limit dilution
cloning. In one particular embodiment, a subpopulation
of influenza virus adapted for growth on a cultured
cell line is selected by serially diluting into a
multiplicity of aliquots, a quantity of influenza
virus that comprises a multiplicity of influenza
subpopulations. The multiplicity of aliquots are then
contacted with and/or grown in the cultured cell line.
A subpopulation of influenza virus within the
multiplicity of influenza subpopulations is identified
as one that grows on the cultured cells at a low
multiplicity of infection (MOI) and selected as the
subpopulation of influenza virus that is adapted for
growth on the cultured cell line. In related
embodiments, the present invention provides methods
that include contacting the tissue-culture adapted
isolate with tissue culture cells, growing for a time
sufficient to produce cytopathic effects (CPE). This
method can also include harvesting the influenza
virus. In some such embodiments, the limit dilution
cloning process involves serially diluting an
influenza virus isolate and contacting each dilution
with cultured cells, growing the cells for a time
sufficient to produce cytopathic effects (CPE),
harvesting virus from the highest dilution that causes
CPE, and repeating the process with the harvested
virus. In some embodiments, the method also includes
admixing the influenza virus isolate with an effective
amount of trypsin before contacting the cultured
cells. In some embodiments, the mixture is incubated
for a time sufficient to allow the trypsin to cleave
viral proteins, without detaching the cells from the
substrate. The trypsin used for cleaving viral
proteins can be type IX trypsin. In some cases, the
step of contacting the tissue-culture adapted isolate
with the tissue culture cells is carried out at a
multiplicity of infection (MOI) of less than about
0.01, including less than about 0.001 and/or less than
about 0.0001 . In other cases, the influenza virus
isolate is first tested on the tissue culture cells to
determine the optimal MOI. The tissue culture cells
can be mammalian embryonic kidney cells such as human
embryonic kidney cells. The influenza virus can be an
influenza A, B, or C virus. In one particular
embodiment, the influenza A virus is an H5N1 strain.
The influenza virus isolate can be obtained from any
number of sources including from a nasal swab, a lung
tissue, and/or can be provided by a third party, e.g.,
the WHO. In some embodiments, the influenza
virusisolate is initially grown in embryonated eggs to
obtain a large inoculum for adaptation to tissue
culture. Some methods include purifying the harvested
virus. In one such method, the step of purifying is
carried out using size exclusion chromatography. The
methods of the invention can also involve admixing a
second isolate of influenza virus with the first
isolate prior to, during or subsequent to
purification, such that the second isolate is a
different strain from the first isolate. In some
methods dose titration studies are performed prior to
admixing the two viral isolates to determine a mixture
that allows equal immunogenicity of the viral
proteins. In some methods the influenza is
inactivated. In some embodiments of this type, the
influenza virus is treated with an amount of binary
ethyleneimine effective to inactivate it. In some
methods, the harvesting is performed when the
hemagglutinin protein content is maximal. Further
embodiments include a vaccine prepared by harvesting
the viral isolate prepared by the method of selecting
an influenza virus for growth on tissue culture cells
by 



titrating an influenza virus isolate using limit
dilution cloning such that an influenza virus isolate
that is adapted to the tissue culture cells is
selected. In some embodiments the virus is prepared by
inoculation of embryonated specific pathogen free
chicken eggs by chorioallantoic (also called the
allantoic cavity) or amniotic membrane inoculation
routes prior to limited dilution cloning. In one
embodiment the influenza virus is replicated first by
inoculation via the amniotic membrane of embryonated
eggs to obtain an inoculum for adaptation to tissue
culture cells. In addition, the invention provides
methods of selecting an influenza virus for growth on
human embryonic kidney cells. In one such method an
influenza virus isolate is titrated using limit
dilution cloning such that an influenza virus isolate
that is adapted to the HEK cells is selected. This
method can include contacting the HEK-adapted isolate
with HEK cells and growing the cells for a time
sufficient to produce cytopathic effects (CPE). In a
particular embodiment of this type, the resulting
influenza virus is harvested. The invention also
provides a vaccine that includes the influenza virus
isolate obtained by these methods. The method can also
include admixing the influenza virus isolate with an
effective amount of type IX trypsin before contacting
the cultured cells for a time sufficient to allow the
trypsin to cleave viral proteins, without detaching
the cells from the substrate. In one embodiment,
thestep of contacting the HEK-adapted isolate with the
HEK cells is carried out at an MOI of less than about
0.001. In some embodiments, the invention further
provides vaccines comprising human influenza virus
formulated at less than 4 mg of human influenza HA per
dose. In a related embodiment the invention provides
vaccines comprising human influenza virus formulated
at less than 3 mg of human influenza HA per dose. In
another embodiment the invention provides vaccines
comprising human influenza virus formulated at less
than 2 mg. of human influenza HA per dose. In still
another embodiment, the invention provides vaccines
comprising human influenza virus formulated at 1.5-3.5
mg. of human influenza HA per dose. In particular
vaccine embodiments the adjuvant is an ISCOM. In other
vaccine embodiments at least 70% of the viruses
comprise HA that have the same amino acid sequence. In
still other vaccine embodiments at least 80% of the
viruses comprise HA that have the same amino acid
sequence. In yet other vaccine embodiments at least
90% of the viruses comprise HA that have the same
amino acid sequence. In still other vaccine
embodiments greater than 95% fo the viruses comprise
HA that have the same amino acid sequence. The present
invention further provides combination vaccines for
eliciting protective immunity against influenza virus,
e.g., canine influenza virus (CIV) and other diseases,
e.g., other canine infectious diseases. The present
invention further provides for a method of immunizing
a mammal, for example, a dog, cat, or horse against
influenza. Methods of making and using the vaccines to
the infectious diseases, e.g., canine infectious
diseases are also provided. In a particular embodiment
an immunogenic composition of the present invention
comprises an immunogenic composition comprising an
inactivated CIV H3N8 and an adjuvant. Typically, the
adjuvant comprises an oil in water emulsion. In one
such embodiment, the adjuvant further comprises
aluminum hydroxide. In a particular embodiment of this
type, the adjuvant is Emunade(r). In another
embodiment the immunogenic composition is a vaccine.
The vaccine composition may include from about 100
hemagglutination units (HAU) to about 1500 HAU per
dose. This can vary widely depending on the size and
other health considerations of the individual
receiving treatment. The composition is
typicallybetween 250 and 750 HAU per dose. In one
embodiment, the vaccine composition includes about 500
HAU per dose. Optionally, the vaccines of the present
invention can also include a pharmaceutically
acceptable immune stimulant, e.g., cytokines, growth
factors, chemokines, supernatants from cell cultures
of lymphocytes, monocytes, or cells from lymphoid
organs, cell preparations and/or extracts from plants,
bacteria or parasites, or mitogens. The vaccines of
the present invention may be administered by a route
such as: parenteral administration, intramuscular
injection, subcutaneous injection, peritoneal
injection, intradermal injection, oral administration,
intranasal administration, scarification and
combinations thereof hi a preferred embodiment of the
invention, the vaccine is administered by
intramuscular injection. The invention also provides
serum obtained from a vaccinated animal that contains
antibodies that bind to CIV H3N8 and the purified
antibodies themselves. In a particular embodiment of
the invention, the purified antibody that binds to CIV
H3N8 is a chimeric antibody. The present invention
further provides combination vaccines that include one
or more strains of inactivated CIV, e.g., CIV H3N8, in
combination with one or more other canine pathogens
and/or immunogens, including, e.g., immunogens for
eliciting immunity to canine distemper virus; canine
adenovirus; canine adenovirus type 2; canine
parvovirus; canine parainfluenza virus; canine
coronavirus; canine influenza virus; and/or Leptospira
serovars, e.g., Leptospira kirschneri serovar
grippotyphosa, Leptospira interrogans serovar
canicola, Leptospira interrogans icterohaemorrhagiae,
and/or Leptospira interrogans serovar pomona.
Additional canine pathogens that can be added to a
combination vaccine of the present invention include
Bordetella bronchiseptica; Leishmania organisms such
as Leishmania major and Leishmania infantum; Borrelia
species (spp.) spirochetes, including B. burgdorferi
sensu stricto (ss), B. burgdorferi ss, B. garinii, and
B. afzelii; a Mycoplasma species (e.g., Mycoplasma
cynos); rabies virus; and Ehrlichia canis. The present
invention provides for methods of growing CIV H3N8 in
cultured cells. In some embodiments, the cultured
cells are non-canine mammalian kidney cells. In
oneembodiment, the cells are Madin-Darby bovine kidney
(MDBK) cells. In another embodiment, the cells are
Vero cells. In some embodiments, the invention further
provides vaccines comprising CIV H3N8 formulated at
least than 500 HAU per dose. In these embodiments, the
adjuvant is usually aluminum hydroxide, and at least
70%, typically at least 90%, of the HA has the same
amino acid sequence. In other vaccine embodiments at
least 80% of the viruses comprise HA that have the
same amino acid sequence. In still other vaccine
embodiments greater than 95% of the viruses comprise
HA that have the same amino acid sequence. These and
other aspects of the present invention will be better
appreciated by reference to the following Figures and
the Detailed Description. BRIEF DESCRIPTION OF THE
DRAWINGS Figure 1 shows the average of clinical scores
following CIV challenge in dogs. 



Non-vaccinated control and vaccinated dogs were
challenged with CIV and monitored daily from day -2
through 10 days post-challenge for clinical signs such
as ocular and nasal discharge, sneezing, coughing,
depression and dyspnea. The clinical signs were scored
as per the guidelines described in Example 1 and
average clinical scores for each treatment group were
plotted against days. Figure 2 demonstrates
post-challenge nasal CIV shedding in dogs.
Non-vaccinated control and vaccinated dogs were
challenged with CIV. Nasal swabs were collected on the
day before challenge (day -1) to confirm that the dogs
were CIV free. Nasal virus shedding was monitored in
challenged dogs by collecting nasal swabs daily for 10
days (day 1 through 10 post-challenge) and performing
titration on MDCK monolayers. The average virus titers
for each treatment group, expressed as Logio TCID50/
mL, were calculated and plotted against days
post-challenge.DETAILED DESCRIPTION OF THE INVENTION
Traditional methods of producing influenza vaccines
involve growth of an isolate strain in embryonated
hens' eggs at least partly because the use of eggs is
cheap and efficient and because there is no readily
apparent alternative choice for growth of influenza in
large amounts. In the case of human influenza this is
particularly true because many cell lines that can be
used to propagate influenza virus have not been
approved by the FDA for human vaccine manufacture and
only very low titers have been obtained in tissue
culture. When the vaccine is made in eggs, it is
generally made as follows. Initially, the virus is
recovered from a throat swab or similar source and
isolated in eggs. The initial isolation in egg is
difficult, but the virus adapts to its egg host and
subsequent propagation in eggs takes place relatively
easily. After growth in the egg, the virus is purified
and formalin or beta-propiolactone inactivated.
Growing evidence suggests that the egg is not optimal
for virus propagation. For example, the conventional
laying flocks used in egg-based manufacture are at
high risk for contaminating the virus preparation with
endogenous viruses routinely found in these settings.
Also, the separate inoculation and harvest of millions
of eggs as well as the complicated downstream
processing results in vast opportunities for
environmental contaminants to be introduced into the
virus preparation and is likely the reason there was a
recall of vaccine in 2004. As mentioned previously, it
is difficult to completely remove egg material and
this can result in sensitivity to the vaccine. In
addition, the process completely lacks flexibility if
demand suddenly increases because of the logistical
problems due to the non-availability of large
quantities of suitable eggs. There is also evidence
that growth in eggs can reduce the antigenicity of the
virus. Consistently, growing influenza A or B viruses
in eggs results in a heterogenous viral product that
has a spectrum of HA mutations. In direct contrast,
the corresponding growth in mammalian host cells
results in influenza viruses that are structurally
identical to those originally isolated (Rocha, et al.
J. Gen. Virol 1993;74:2513-2518). Moreover, influenza
viruses grown in mammalian cells elicit neutralizing
and HA inhibition antibodies in human sera more
readily and with a higher titer than do their
egg-grown counterparts (Oxford, et al. Bull WHO 1987;
65: 181-1 87). Unfortunately, whereas all influenza
viral strains seem to grow in eggs, heretofore, many
do not grow well in tissue culture cells, and of those
that do grow in tissue culture cells often do not grow
in the quantities necessary to produce an effective
vaccine. The presentinventors now disclose that when
influenza virus is grown in tissue culture using
limiting dilution cloning, isolates can be produced
that are tissue culture-adapted. Surprisingly, the
inventor's discovered that replication of a virus
resulting from inoculation through the amniotic
membrane of embryonated eggs resulted in a virus
population that could replicate and produce high
levels of HA when propagated on tissue culture cells
(e.g.-Vero cells). The resulting viral isolate
produces an HA titer that is almost equal to that
obtained using embryonated eggs and HA titer is one
important measure of vaccine potential. Therefore, one
important aspect of the present invention is directed
to methods of producing viral isolates of influenza
virus that are tissue-culture adapted and suitable for
use in the production of influenza vaccines,
particularly mammalian vaccines. The methods involve
the use of limit dilution cloning to isolate and
identify tissue-culture adapted viruses. The resulting
isolate can be treated to produce a vaccine. Thus, the
present invention is also directed to methods of
producing improved Influenza virus vaccines. To this
end, methods are provided for selecting tissue-culture
adapted influenza virus by titrating the virus using
limit dilution cloning and repeating the process 2 or
more times. In some methods, the tissue culture cell
used is a HEK cell. Trypsin or an equivalent protease
can be used to increase the efficiency of viral entry
into the cells. Further methods involve titrating the
trypsin to identify the best concentration for the
trypsin lot used and for the cells used.
Identification of the best multiplicity of infection
(MOI) for each influenza virus used and for the
specific cells also contributes to successful tissue
culture propagation. The isolated tissue-culture
adapted virus can be used to produce a vaccine
according to standard methods. In some embodiments,
the vaccines include the use of the adjuvant ISCOM. In
some embodiments, the vaccines include the use of the
adjuvant aluminium hydroxide. When more than one viral
strain or isolate is included in the vaccine, methods
can involve mixing the two in an immunologically equal
amount. Methods and compositions are provided herein
for the tissue-culture adapted viral isolates and for
vaccines made therefrom. I. Methods of Selecting
Tissue Culture Adapted virus The source of virus used
in the methods of the invention is not critical to the
invention. For example, the virus can be obtained by
isolation from an infected animal or patient, as a
seed virus stock from WHO, by purchase from an
appropriate agency (e.g. ATCC), or from research
laboratories. In particular, CIV is known to cause
severerespiratory disease including pneumonia. Thus,
dogs showing these symptoms are useful sources.
Appropriate specimens for isolating virus include:
nasal wash /aspirate, nasopharyngeal swab, throat
swab, broncheoalveolar lavage, tracheal aspirate,
pleural fluid tap, sputum, cloacal smears, and autopsy
specimens. Specimens from living animals optimally
should be collected early, and in some cases, within 4
days after illness onset. Specimens can be collected
in an appropriate transport media to be stored until
use or used immediately. If stored, the virus can be
kept at a reduced temperature, such as at 4C to ensure
viability. To isolate the influenza virus from the
specimen, large contaminants can be removed (for
example, by centrifugation) and the supernatant
inoculated onto a variety of cells at a variety of
dilutions. Alternatively the virus from the animal can
initially be grown in hens eggs. Methods can be used
to confirm that the virus isolate is indeed influenza
at any point in the process. To confirm the presence
of the desired influenza virus at any time in the
process of preparing a tissue-culture adapted isolate,
a variety of screening methods can be used. The 



virus can be screened by assaying using any known
and/or suitable assay for influenza virus. Such assays
include (alone or in combination), viral replication,
quantitative and/or qualitative measurement of
inactivation (e.g., by antisera), transcription,
replication, translation, virion incorporation,
virulence, HA or NA activity, viral yield, and/or
morphogenesis, using such methods as reverse genetics,
reassortment, complementation, and/or infection. A.
Tissue culture cells Any mammalian host cells that
allow the growth of influenza virus can be used for
the methods herein. Typically, the host cells suitably
exclude adventitious agents and are of a passage
number that can be certified according to the WHO
requirement for vaccine production. A number of cell
lines can be used to isolate and propagate influenza
viruses. Some cell lines that have been used include:
Vero cells (monkey kidney cells), MDCK cells
(Madin-Darby canine kidney cells), BHK-21 cells (baby
hamster kidney) and BSC (monkey kidney cell) and HEK
cells (human embryonic kidney cells). Thus, any tissue
culture cell that allows the growth of influenza virus
can be used. Suitable cells include, but are not
limited to: Vero, MDBK, BK21, CV-I, and any mammalian
embryonic kidney cell (e.g.HEK). In some embodiments,
Vero cells or mammalian embryonic kidney cells are
used. In some embodiments, human embryonic kidney
cells (HEK cells) are used. The appropriate tissue
culture medium for propagation of the aforementioned
cell lines will be known to those of skill in the art.
Such medium may contain an appropriate serum (e.g.,
fetal bovine serum) at a concentration up to 20% v/v.
It will be appreciated by those of skill, that a
medium containing less than 20% v/v serum (2-5% v/v)
can be used to propagate the aforementioned cell
lines. B. Optimizing the trypsin for the cells In
order to grow a high titer stock of the virus in cell
cultures, an appropriate amount of protease can be
used to activate the hemagglutinin for internalization
into cells. The protease containing solution can be
added to the isolate directly or the isolate can be
diluted into the protease for growth of an isolate for
production of a vaccine. The protease can be used to
dilute the virus to the appropriate MOI for growth.
The protease can be any protease that is capable of
activating the HA for internalization without damaging
viral proteins such that they cannot grow and/or
infect cells. Such proteases include, but are not
limited to, prokaryotic protease, pronase, trypsin,
and subtilisin (A), for example, Trypsin IX. The
amount of protease to be used should be enough to
activate the virus with very little toxic effect to
the cells. Toxic effect can be analyzed by identifying
characteristics of damage to the cell such as
detachment from the plate or substrate, presence of
cellular debris, appearance of dead cells and lack of
viable cells. Thus, an "effective amount of trypsin"
is one which, when used for a time sufficient, allows
the trypsin to cleave viral proteins, without
detaching the cells from the substrate or causing
other toxic effects. Titrating the protease can also
be used to increase production of active virus in
tissue culture. Titration involves identifying the
maximum amount of trypsin that is minimally damaging
to the cells. This amount can vary with the tissue
culture cells used and with the protease lot.
Therefore, new protease lots can be titrated to
establish the optimal level prior to using and each
protease can be titrated for each tissue culture cell.
Titration involves inoculating the tissue culture
cells with step-wise dilutions of the protease and
incubating them for an appropriate time. For example,
half-step dilutions (10  5) of protease may be used.
Incubation time will vary withthe cell line, but,
typically will be between about 2 days and 7 days. The
protease level can be determined using the typical
incubation time for the cells being used. For example,
if a 4 day incubation is best for the influenza virus,
the protease can be tested by incubating for about 4
days in the presence of protease alone. The lowest
dilution of protease that has no toxicity or very
little toxicity for the cells can then be used. The
range of trypsin concentrations that can be used in
mammalian tissue culture cells, for example Vero
cells, is from about 0.5mg/mL to about l Omg/mL, but
more commonly about 2.5mg/mL of medium. Once the
optimal level of protease is identified, the virus can
be diluted in the infection medium with an appropriate
amount of protease, (e.g., trypsin) such that the
optimal level is reached when the virus is added to
the cellular media. The optimal amount of trypsin can
be used for the limit dilution cloning to produce a
tissue-culture adapted isolate as well as growth and
harvesting of the isolate. C. Limiting dilution
cloning A typical virus culture is heterogeneous.
Thus, for example the individual viral particles in
the well of a microtiter plate can vary with respect
to infectivity, replication, and the like. Serial
dilution is used to select subpopulations of viruses
in a culture, subpopulations that are best adapted to
cells, for example. Serial dilution involves diluting
a virus culture serially up to extinction, for
example, to determine the best MOI. Typically this
involves a series of 10-fold dilutions, but can vary
depending upon the titer of virus. Typically limit
dilution is used to identify the highest dilution
which produces viral effect on the cell. The viral
effect can be a cytopathic effect (CPE). Cytopathic
effects are any effects on the cell caused by
influenza virus infection. These include, but are not
limited to: cell rounding, degeneration, sloughing,
apoptosis, induction of reactive oxygen species (ROS),
cells becoming granular and then fragmented, and
detachment of cells from a support (such as a tissue
culture dish). The well of the highest dilution is
harvested. This harvested virus is then diluted to
extinction and the process is repeated. Typically,
serial 10-fold dilutions are made in an appropriate
medium (with or without trypsin), and 0.2 mL of each
dilution is added to a plate or wells of a microtiter
plate containing the tissue culture cells and
incubated for a time sufficient to identify CPE of the
cells. Because serum inactivates trypsin, the medium
typically does not contain serum. The well or plate
containing thehighest dilution that causes CPE is
harvested, then diluted and the process is repeated.
The process is typically repeated at least two times,
but can be repeated up to 5 times. In some cases, the
process is repeated 3 times. Virus cultures produced
by the methods of the invention are characterized by
homogeneity of the sequence of the HA proteins in the
viruses. A number of methods can be used to measure
the degree of sequence homogeneity. For example,
sequence the HA proteins themselves or by sequencing
the RNA encoding such proteins. Typically, the viruses
preparations produced by the methods of the invention
will contain viruses in which at least 70% of the HA
proteins have the same amino acid sequence. In some
embodiments at 80%, or at least 90% of the HA proteins
have the same amino acid sequence. D. Methods of
testing Influenza virus Tests can be performed to
confirm activity and the presence of influenza virus
at 



any time in the process for the methods herein. For
example, hemagglutination can be identified as
follows. If the virus has a surface HA protein it can
attach to RBCs and agglutinate them. If the
concentration of virus in a sample is high, when the
sample is mixed with RBCs, a lattice of viruses and
RBCs will be formed. This phenomenon is called
hemagglutination. It is a simple way to detect the
presence and titer of viruses that hemagglutinate such
as influenza viruses. If there is not enough virus in
the sample to hemagglutinate the RBCs, they form a
pellet at the bottom of the well. The highest dilution
showing complete hemagglutination is taken as the end
point. The viral titer is expressed in HA units (HAU),
which are the inverse of the dilution per milliliter.
For example if there is complete hemagglutination in
the well, at a 1/32 dilution in 50 mLs, but not in the
well with the next highest dilution, the titer of the
virus is 32 HAU per 50 mLs or 640 HAU per mL.. Other
assays that can be used to identify and quantify
influenza virus include identification of CPE (as
discussed herein), Western blot, ELISA, PCR, and other
methods for identification of influenza virus using
antibodies and/or probes that are specific for some
part of the virus, particularly the HA antigen. II.
Methods of growing and harvesting After production of
a virus isolate, the isolate can be harvested.
Standard methods can be used. The harvested isolate
can be stored for future use or used to produce a
vaccineusing standard methods. The virus can be
harvested when a maximum amount of virus is produced;
when a maximal amount of hemagglutinin is produced, as
measured by HA assay; and/or when the cells are lysed.
After obtaining a tissue-culture adapted isolate, the
isolate can be grown and harvested. The method of
growing and harvesting the tissue-culture adapted
virus is not critical to the invention and standard
methods can be used. However, in some embodiments, the
virus is grown in the tissue culture cell it is best
adapted to. The harvested viral isolate can be stored
for future use or used to produce a vaccine using
standard methods. The virus can be grown on the
appropriate tissue culture cells by adding the virus
at an appropriate MOI in the appropriate amount of
protease (e.g., trypsin) to cells for a time
sufficient to produce a high titer of virus and/or
until the cells are lysed. The virus can be harvested
when a maximum amount of virus is produced, when a
maximal amount of hemagglutin is produced and/or when
the cells are lysed. It has been found herein that an
optimal pregrowth of the virus in eggs (in the
allantoic cavity or inoculation through the amniotic
membrane) can increase the adaptation of virus in the
tissue culture cells. A. Pre-growth in eggs Passage in
egg cultures has been shown to facilitate the
adaptation of virus in the tissue culture cell. Thus,
it may be desirable to pre-grow the viral isolate in
embryonated hens' eggs according to standard
technologies. For example, the virus is injected into
the allantoic cavity or via the amniotic membrane of
9-12 day old embryonated eggs and allowed to multiply
for about three days. Then the allantoic or amniotic
fluid is collected and the collected material can be
grown in tissue culture at the appropriate MOI for use
in production of a vaccine. Alternatively, the
collected material can be directly used in limit
dilution cloning. It has been found that inoculation
of the eggs through the amniotic membrane enriches for
virus that can replicate and can produce high levels
of HA protein when grown in Vero cells. B. MOI It was
identified herein that a low MOI results in a better
and/or higher titer viral isolate. Without limitation
to a specific theory, it is believed that a low MOI
reduces the amount of defective virus particles and
results in a more efficient infection process. In
someembodiments, the MOI used is less than about 0.01
(one virus per 100 cells). In other embodiments, the
MOI is less than about 0.003. In some embodiments, the
MOI is less than about 0.001 . The MOI can be chosen
as being the lowest MOI that results in a high titer
of virus and/or that lyses the cells in about 3 to 4
days. III. Vaccine Production Once a desired isolate
is obtained from the tissue-culture adapted virus, the
virus can be used to produce a vaccine. Many types of
viral vaccines are known, including but not limited to
attenuated, inactivated, subunit, and split vaccines.
A. Methods of producing attenuated virus Attenuated
vaccines are live viral vaccines that have been
attenuated or changed to no longer cause disease.
These can be produced in many ways, for example,
growth in tissue culture for repeated generations and
genetic manipulation to mutate or remove genes
involved in pathogenicity. The tissue-culture adapted
isolate can be used to produce an attenuated virus
using standard methods. For example, once viral genes
and/or proteins are identified that are involved in
pathogenicity or involved in the disease
manifestation, these can be mutated or changed such
that the virus is still able to infect and replicate
within a cell, but it cannot cause disease. An example
of this is to mutagenize the HA1/HA2 cleavage site.
The tissue-culture adapted virus can be attenuated
using any standard methods, for example cold adapting
the virus. After production of the attenuated virus,
the vaccine can be prepared using standard methods
(for example, the methods herein). The virus can be
purified using standard methods, for example using
size exclusion chromatography. A vaccine can then be
prepared using standard adjuvants and vaccine
preparations, for example, ISCOM, nano-beads, mineral
oil, vegetable oil, aluminum hydroxide, saponin,
non-ionic detergents, squalene, and block co-polymers
can be used alone or in combination as adjuvents.
Current commercial vaccines in the United States and
Europe do not contain any adjuvant (both live and
killed vaccines) and this is partly why such a high
concentration of HA (15mg of HA per virus strain, 45mg
of HA for trivalent formulation) is needed in the
vaccine.B. Methods of producing inactivated, subunit,
and split virus vaccines Once a desired virus is
obtained, it can be used to produce an immunogenic
composition, for example, a vaccine. Examples of
"killed" vaccines are inactivated, split and subunit
vaccines. These can be prepared to treat influenza
using standard methods. For example, subunit vaccines
generally involve isolating only the part of the virus
that activates the immune system. In the case of
Influenza, subunit vaccines have been prepared using
purified HA and NA, but any mixture of viral proteins
can be used to produce a subunit vaccine. Generally,
the viral protein, such as HA is extracted from
recombinant virus forms and the subunit vaccine is
formulated to contain a mixture of these viral
proteins from strains recommended by WHO. For example,
the 1995-1996 vaccine contained the HA and NA from two
A strains and one B strain (A/Singapore/6/86 (HlNl);
A/Johannesburg/33/94 (H3N2); and B/Beijing/84/93). For
H3N8 CIV, the H3 and/or N8 



antigens can be used. Generally, the viral protein(s)
are extracted from the virus and the subunit vaccine
is formulated to contain a mixture of these viral
proteins. Proteins can be isolated from a tissue
culture adapted viral isolate for a subunit vaccine
using standard methods. Alternatively, the proteins
may be produced using recombinant techniques.
Techniques for producing a particular protein are
known in the art. Split vaccines generally involve
treating enveloped viruses with detergent to
solubilize the proteins therein. In the case of
influenza virus, HA and NA become solubilized. For
example, nonionic detergents such as Triton X-100 can
be used for producing split vaccines. Inactivated
viral vaccines are prepared by inactivating the
harvested virus and formulating it using known methods
for use as a vaccine to induce an immune response in a
mammal. The inactivation step, purification of
subunits, and/or splitting can be performed before or
after purification of the virus by size exclusion. For
example, production of an inactivated vaccine, may
involve removal of cellular material, inactivation of
virus, purification and solubilization of the viral
envelope. Other embodiments may involve purification
of virus and then inactivation, for example using
formaldehyde.Once prepared, any of the vaccines (for
example, attenuated, split, subunit or inactivated)
can be tested to identify that the virus and/or
vaccine has maintained similar antigenicity, produces
a serological response in a mammal, and/or provides
protection from disease in a mammal. C. Further
processing of harvested virus 1. Clarification of
harvested virus After harvesting and/or after
inactivation of the harvested virus, the cellular
material and other interfering materials can be
removed, for example, by sedimenting to remove the
microcarriers and concentrating the supernatant by
ultrafiltration. Influenza grown in tissue culture
cells will contain host cellular proteins. Some
further clarification of the supernatant may be
needed. Cellular DNA can be removed by enzymatic
treatment (e.g. Benzonase). After the initial removal
of interfering material, virus can be inactivated
using standard methods. Alternatively, inactivation
can be performed after further purification by, for
example, size exclusion chromatography. 2.
Inactivation of virus The influenza virus may be
inactivated in any number of ways and by any number of
agents. The method of inactivation is not critical to
the invention. Inactivation can occur after
contaminating or interfering material is removed.
Inactivation can include the use of known inactivating
agents. Such inactivating agents include, but are not
limited to: UV irradiation, formaldehyde,
glutaraldehyde, binary ethyleneimine (BEI), and
betapropiolactone. In some embodiments BEI is used
because it is known to destroy the viral nucleic acid
without damaging the viral proteins. In addition, BEI
is not affected by protein content and temperature.
Inactivating agents are used at a concentration high
enough to inactivate every viral particle in the
solution. For example, BEI can be used at a final
concentration of between about 0.5 and 1OmM, including
but not limited to: 1.5, 3, 4, 5, and 6 mM and
including ranges of about 1 to 6, and 1 to 3 mM. In
one embodiment, the BEI is used at a concentration of
about 6mM. Typically, the BEI is used at a
concentration of about 1.5 mM and incubated at 370C
for 48 hours. In the preparation of vaccines to CIV,
BEI can be used at a final concentration of between
about 0.5 and 1OmM usually between 4 to 8, and often
between 5 to 7mM. In one embodiment, the BEI is used
at a concentration of about6mM. In some embodiments
inactivation occurs at the appropriate pH and
temperature for the inactivating agent. The pH and
temperature can be chosen to ensure the resulting
inactivated virus is still immunogenic. Inactivation
can proceed with an appropriate amount of agitation to
ensure that the agent contacts all virus particles in
the solution. After inactivation, the inactivating
agents can be removed using methods including, but not
limited to, inactivation of the inactivating agent,
precipitation of the inactivating agent, filtration of
the inactivating agent, and chromatography, or a
mixture of these methods. For example, BEI can be
inactivated by the addition of sodium thiosulfate.
Residual BEI can also be separated from virus/viral
proteins using size exclusion methods. Once innocuity
(absence of live virus) is confirmed, the viral
solution can be further processed to produce a
vaccine. 3. Further processing The viral solution can
be further processed, for example, to remove
contaminants, further concentrate the virus and
provide for a stronger immune response. Some examples
of further processing include initial removal of
cellular material, removal of cellular DNA,
concentration, and formulation in adjuvant using
standard methods. Influenza grown in tissue culture
cells will contain host cellular proteins. For
example, influenza propagated on human embryonic
kidney (HEK) cells will possess HEK proteins or bovine
or simian proteins if grown in MDBK or VERO cells
respectively. These proteins can be detected by
methods known to those of skill in the art. Many
methods are known for removal of DNA, including
addition of a variety of DNase enzymes known to
degrade cellular DNA, for example, Benzonase. An
initial concentration step can be performed to provide
the viral solution at a concentration best suited for
additional purification by chromatography. This can be
done using any standard methods, including but not
limited to ultra filtration using a membrane having a
molecular weight cut off of about IOOK (e.g.
polysulfone membrane with a MWCO of IOOK). The viral
solution can be concentrated up to about 100 fold,
including but not limited to 90 fold, 80 fold, 70
fold, 60 fold, 50 fold, 40 fold, 30 fold, 20 fold, 10
fold, and 5 fold. In some embodiments, the viral
solution is concentrated up to about 50 fold, but more
typically including 20 fold and 30 fold.4.
Purification The virus can be purified using standard
methods such as density centrifiagation. In some
embodiments, the virus is purified by size exclusion
gel chromatography. One advantage of using size
exclusion is that the yields are better than when
using density centrifugation. Any size exclusion gel
can be used that results in purification of virus. Any
standard gel can be used, such as Sepharose gel (e.g.
Sepharose CL-2B). In some embodiments, the column is
about 70 to 120 cm in length to achieve the required
separation, including but not limited to about 80, 90,
100, and 110. h other embodiments, the column is from
about 80 to 100 cm in length, for example the column
is about 90 cm in length. In some embodiments, the
length is achieved by multiple columns in series, for
example two 45 cm columns or three 30 cm columns
(e.g., a column 30-32 cm in length by 30 cm in
diameter). The concentrated virus can be applied using
standard methods, for example, the virus is 



applied at 5-10% of the column volume (CV), typically
5-7% CV. The viral peak from the column can then be
collected and further concentrated using standard
methods, for example ultra filtration. In some
embodiments, 2 to 3 columns in series having a total
of 90 cm in length are used and the final peak is
pooled and concentrated by ultrafiltration. 5.
Solubilization of the envelop proteins The
concentration virus peak material can be solubilized
using standard methods, such as, with a non-ionic
detergent. The solubilization can be performed to
prepare the material for formulation of ISCOMS (see
below). Examples of non-ionic detergents, includes but
are not limited to, Nonanoyl-N-Methylfucamide (Mega
9), Triton X-100, Octylglucoside, Digitonin, C12E8,
Lubrol, Nonidet P-40, and Tween (for example Tween 20,
80 or 120). After solubilization, the virus can be
used to produce a vaccine, and/or an adjuvant can be
added. For example, for production of an ISCOM
adjuvant, a lipid mixture can be added to assist ISCOM
formation. The lipid mixture can include a
phosphatidyl choline and synthetic cholesterol. In
some embodiments, the virus is disrupted with Mega 9
at room temperature with stirring and then the lipid
mixture (phosphatidyl choline and cholesterol) can be
added and stirring continued.6. Formation of adjuvants
Appropriate adjuvants can be added to the vaccine
and/or pharmaceutical composition. Examples of
adjuvants include those containing an oil and water
emulsion, as well as those that further comprise
aluminum hydroxide. In the latter case, aluminum
hydroxide from a commercial source can be used, for
example, Alhydrogel, (Superfos Biosector,
Frederikssund, Denmark) and Rehydrogel (Reheis Inc.).
The oil and water emulsion typically comprises mineral
oil or metabolizable oils (e.g., vegetable oil, fish
oil). Non-ionic detergents or surfactants may be used
as emulsifiers. Examples of emulsifiers include Tween
80/ Span 80, Arlecel 80/ Tween 80, and Montanides
(Seppic, Paris, France). In the case of adjuvant
emulsions, generally 5-25% of the volume is oil and
75-95% of the volume is aqueous. In some embodiments,
the adjuvant emulsion is 20% oil and 80% aqueous by
volume. The amount of aluminum hydroxide is usually
between about 5% and 15% of the aqueous phase. In some
embodiments, Emunade(r) is the adjuvant. For some
embodiments, ISCOM is used as an adjuvant. ISCOM is an
acronym for Immune Stimulating Complex and the
technology was described by Morein et al. (Nature
308:457-460 (1984)). ISCOM's are a novel vaccine
delivery system and are unlike the conventional
adjuvant techniques. An ISCOM can conveniently formed
in one of two ways. In some embodiments, the antigen
is physically incorporated in the structure during its
formulation. In other embodiments, an ISCOM-matrix (as
supplied by, for example, Isconova) does not contain
antigen but is mixed with the antigen of choice by the
end-user prior to immunization. After mixing, the
antigens are present in solution with the ISCOMmatrix
but are not physically incorporated into the
structure. Generally, in an ISCOM, purified antigens
are presented in a multimeric form based on the
ability of Quil A to spontaneously form micelles at a
critical concentration and by a hydrophobic/hydophilic
link, entrap the purified immunogens. These micellar
structures are in the order of 35 run in size and are
easily recognized by the immune system. Unlike
conventional depot adjuvants, ISCOMS are rapidly
cleared from the injection site and illicit local,
humoral and cell-mediated immune responses. In
particular embodiments, ISCOMs are formed as follows.
The virus is solubilized using standard methods, such
as with a nonionic detergent (e.g., Mega-9, Triton
X-IOO, Octylglucoside, Digitonin, Nonidet P-40, Ci E8,
Lubrol, Tween-80). A lipid mixture is added to assist
ISCOM formation. The lipid mixturecan include a
phosphatidyl choline and a synthetic cholesterol. In
some embodiments, the mixture is first treated with
non-ionic detergent at room temperature with stirring,
then the lipid mixture (equal parts phosphatidyl
choline and cholesterol, for example) is added and
stirring continued. Quil A (a purified glycoside of
saponin) is added to the virus lipid mixture and
stirring is continued. The Quil A can be added to give
a final concentration of Quil A of about 0.01 to 0.1
%, including but not limited to 0.02, 0.03, 0.04,
0.05, 0.06, 0.07, 0.08, and 0.09. In some embodiments,
the final concentration is about 0.05%. The non-ionic
detergent is removed (for example, by diafiltration
with ammonium acetate). The matrix of the ISCOM is
formed by Quil A. The morphology of an ISCOM particle,
as viewed by electron microscopy, shows a typical cage
like structure of approximately 35 nm in size. The
ISCOM formation stage can be refined by the use of
tangential flow diafiltration. ISCOMs present purified
antigens in a multimeric form based on the ability of
Quil A to spontaneously form micelles at a critical
concentration and by a hydrophobic/hydophilic link
that entrap the purified antigens. Formation of ISCOMs
can be verified by electron microscopy to verify that
the typical cage-like structures have been formed. The
immune response from an ISCOM presentation was shown
to be at least ten times better than from a similar
antigen payload presented as micelles of aggregated
membrane protein alone. ISCOMs were also found to
elicit a cell mediated response, not seen with
conventional whole virus vaccines. In some
embodiments, the final concentration is about 0.05%.
Immune stimulants may also be added to the vaccine
and/ or pharmaceutical composition. Immune stimulants
include: cytokines, growth factors, chemokines,
supernatants from cell cultures of lymphocytes,
monocytes, or cells from lymphoid organs, cell
preparations and/or extracts from plants, cell
preparation and/or extracts from bacteria, parasites,
or mitogens, and novel nucleic acids derived from
other viruses and/or other sources (e.g., double
stranded RNA, CpG), block co-polymers, nano-beads, or
other compounds known in the art, used alone or in
combination. Particular examples of adjuvants and
other immune stimulants include, but are not limited
to: lysolecithin; glycosides (e.g., saponin and
saponin derivatives such as Quil A or GPI-OlOO);
cationic surfactants (e.g. DDA); quaternary
hydrocarbon ammonium halogenides; pluronic polyols;
polyanions and polyatomic ions; polyacrylic acids,
non-ionic block polymers (e.g., Pluronic F- 127); and
MDP (e.g., N-acetyl-muramyl-L-threonyl-Disoglutamine
(thr-MDP),
N-acetyl-nor-muramyl-L-alanyl-D-isoglutamine,
N-acetylmuramyl-
L-alanyl-D-isoglutaminyl-L-alanine-2-(r-2'-dipalmitoyl
-sn -glycero-3- hydroxyphosphoryloxy)-ethylamine). D.
Efficacy of vaccines Methods are well-known in the art
for determining whether a subunit, attenuated, split,
and/or inactivated virus vaccine has maintained
similar antigenicity to that of the clinical isolate
or tissue culture adapted isolate derived there from.
Such known methods include the use of antisera or
antibodies, HA and NA activity and inhibition and DNA
screening (such as probe hybridization or PCR) to
confirm that donor genes encoding the antigenic
determinants are present in the inactivated virus.
Methods of identifying whether 



the vaccine induces a serological response are also
well known in the art and include immunization of a
test animal with the vaccine, followed by inoculation
with a diseasecausing virus and identification of the
presence or absence of symptoms of the disease. Thus,
efficacy of the influenza vaccine can be tested in
animals, usually ferrets, mice, and guinea pigs are
used. Antibody titer can be tested using
Hemagglutinatin inhibition (HI) or Neuraminidase
inhibition (NI) method, or testing for virus
neutralizing antibodies (micro neutralization test) in
tissue culture, and such methods that are generally
known. Challenge studies can provide important
information to evaluate the vaccine. Pharmaceutical
compositions and/or vaccines suitable for treatment
include virus or viral subunit in admixture with
sterile aqueous or non-aqueous solutions. The process
of producing a pharmaceutical composition and/or
vaccine can involve isolating a tissue culture adapted
isolate, growing and purifying the viral isolate,
inactivating and or attenuating the virus and mixing
an appropriate titer with a physiologically acceptable
diluent and an immune stimulating agent.
Alternatively, viral proteins can be purified for a
subunit vaccine and an appropriate amount mixed with a
physiologically acceptable diluent and an immune
stimulating agent. The virus can be purified enough
that there will be no contaminating material or
substance that could interfere with the inactivation
step and/or the immunogenicity of the virus. An
appropriate titer of virus or concentration of viral
proteins can be admixed with the diluent and the
immune stimulating agent. Measurement of TCID50 is one
way tomeasure virus titer (50% tissue culture
infective dose). For example a titer of from about 105
to 10 12 TCID5O (based on pre-inactivation titers) can
be used, including but not limited to 106, 107, 108,
109, 1010 and 10 1' . Optionally the titer can be
analyzed by the HA titer and can contain from about 1
to 30mg of HA per virus included in the vaccine,
including but not limited to 1to l Omg for adjuvanted
formulations and 1 to 30mg for non-adjuvanted
vaccines. In some embodiments, the titer is about
15mg. Thus, for example, when 3 viruses are included
in an unadjuvanted vaccine, 1 dose for adults contains
the equivalent of 45 mg HA (15 mg for each of the 3
virus strains). In other embodiments, the amount from
each strain may differ (for example depending on the
antigencity), but the final concentration is from
about 1 to about 60 mg HA, including 2, 3, 5, 10, 15,
20, 25, 30, 35, 40, 45, 50 and 55 mg. In another
embodiment, adjuvanted vaccines are expected to
contain quantities of HA from about 1 to 30 mg,
including 2, 5, 10, and 20 mg. The vaccine is
typically of a volume between about 50 ml and 5000ml.,
including 100, 500, 1000, 2000, and 5000 mls. Standard
physiologically acceptable diluents can be used,
including, for example, EMEM, Hank's Balanced Salt
Solution, and Phosphate Buffered Saline (PBS) and
Normal Saline. Appropriate immune-stimulating
adjuvants can be added to the vaccine and/or
pharmaceutical composition. Examples of
immune-stimulating adjuvants, include, but are not
limited to: mineral oil, vegetable oil, aluminum
hydroxide, saponin, non-ionic detergents, squalene,
block co-polymers, nano-beads, ISCOM, ISCOM matrix or
other compounds known in the art, used alone or in
combination. In addition to adjuvant, any appropriate
antiviral agents that are useful against influenza can
also be included in a pharmaceutical composition. Such
antiviral agents include, for example, rimantadine,
amantadine, neuraminidase inhibitors (such as
zanamivir and oseltamivir), gamma interferon,
guanidine, hydroxybenzimidazole, interferon alpha,
interferon beta, thiosemicarbarzones, methisazone,
rifampin, ribavirin, pyrimidine or purine analogs, and
foscarnet. Vaccines having more than one virus or
strain of viral proteins can be produced using the
methods herein. The mixtures can be immunogenically
titrated to provide approximately equivalent
immunogenicity. Immunogenically titrated means that
the finalproduct is produced to even out differences
in immunogenicity. For example, if a mixture of strain
A and strain B is prepared and strain A is 5 times
more immunogenic, the strains are mixed at a ratio of
strain A:strain B of 1:5. IV. Administration of
vaccine The administration of the vaccine composition
and/or the pharmaceutical composition can be for
prophylactic purposes. When provided prophylactically,
the compositions are provided before any symptoms of
influenza viral infection is evident. The prophylactic
administration of the composition serves to prevent or
attenuate any subsequent infection. The pharmaceutical
composition and/or vaccine can be administered in any
way known in the art, including via inhalation,
intranasally (for example with attenuated vaccines),
orally, and parenterally. Examples of parental routes
of administration include intradermal, intramuscular,
intravenous, intraperitoneal and subcutaneous. In some
embodiments, the vaccine is administered by
intramuscular or deep subcutaneous injection in the
upper arm. A second dose can be given after an
interval of 2 to 4 weeks to some children who were not
previously vaccinated for or exposed to influenza
(unprimed). One or more booster vaccinations may be
administered at an appropriate time after the initial
immunization. An effective amount of the vaccine
and/or pharmaceutical composition is administered. An
effective amount is an amount sufficient to achieve a
desired biological effect such as to induce enough
humoral or cellular immunity. This may be dependent
upon the type of vaccine, the age, sex, health, and
weight of the recipient. Examples of desired
biological effects include, but are not limited to,
production of no symptoms, reduction in symptoms,
reduction in virus titer in tissues or nasal
secretions, complete protection against infection by
influenza virus, and partial protection against
infection by influenza virus. In some embodiments, an
immunologically effective amount of a CIV vaccine is
from about 100 HAU to about 1500 HAU per dose. The
composition typically is between 250 and 750 HAU per
dose. In one embodiment, the vaccine composition
includes about 500 HAU per dose. When administered as
a solution, the vaccine can be prepared in the form of
an aqueous solution, a syrup, an elixir, or a
tincture. Such formulations are known in the art,
andare prepared by dissolution of the antigen and
other appropriate additives in the appropriate solvent
systems. Such solvents include water, saline, ethanol,
ethylene glycol, glycerol, and Al fluid, for example.
Suitable additives include certified dyes, flavors,
sweeteners, and antimicrobial preservatives, such as
thimerosal (sodium ethylmercuithiosalicylate). Such
solutions may be stabilized using standard methods,
for example, by addition of partially hydrolyzed
gelatin, sorbitol, or cell culture medium and may be
buffered using standard methods, using, for example
reagents such as sodium hydrogen phosphate, sodium
dihydrogen, phosphate, potassium hydrogen phosphate
and/or potassium dihydrogen 



phosphate. Liquid formulations may also include
suspensions and emulsions. The preparation of
suspensions, for example using a colloid mill, and
emulsions for example using a homogenizer. V. Viral
strains and WHO In order to give time for adequate
vaccine stocks to be produced, a decision must be made
well before flu season, as to which influenza A and B
strains to use for this years vaccine (for the winter
season). There is an elaborate and sophisticated
epidemiological monitoring systems worldwide, which
helps these decisions. In addition, the WHO usually
prepares seed virus for use in producing vaccines.
There are 16 known HA subtypes and 9 known NA
subtypes. Many different combinations of HA and NA
proteins are possible. Only some influenza A subtypes
(i.e., HlNl, H1N2, and H3N2) are currently in general
circulation among people. Other subtypes are found
most commonly in other animal species. For example,
H7N7 and H3N8 viruses cause illness in horses, and
H3N8 also has recently been shown to cause illness in
dogs. Three prominent subtypes of the avian influenza
A viruses that are known to infect both birds and
people are Influenza A H5- H5 infections, such as HPAI
H5N1 viruses, Influenza A H7, and Influenza A H9.
However, the next strains that infect humans and cause
epidemics or pandemics could come from any subtypes.
Virus can be obtained using standard methods, for
example, from patient samples, the American Type
Culture Collection (or other collection) or from
specific laboratories working on the virus. In some
embodiments, the virus is obtained from the WHO or
CDC, including seasonal viruses and possible pandemic
strains.VI. Detection of serological response Methods
of identifying whether the vaccine induces a
serological response are also well known in the art.
For example, one can inject a test animal with the
immunogenic compound/vaccine and identify antiviral
antibodies in the blood serum. Methods of identifying
whether the vaccine is protective are well known in
the art and include immunization of a test animal with
the vaccine, followed by inoculation with a
diseasecausing virus and identification of the
presence or absence of symptoms of the disease. The
Hemagglutination inhibition test can be performed to
identify the presence of a serological response to
hemagglutinin. The hemagglutination inhibition (HAI)
assay may be performed with turkey red blood cells
(RBCs) on all test serum samples, for example by using
a known influenza subtype such as CIV(H3N8). Briefly,
a serial two-fold dilution of test serum is performed
in PBS in V-bottomed 96-well microtiter plates. An
equal volume of virus suspension containing 4-8 HAU/50
ml of CIV is added to each well containing test serum,
and the plates incubated at room temperature for 30
minutes. Then, an equal volume of 0.5 % turkey RBC
suspension was added. The plates are then incubated at
room temperature for 30 min and HAI results are read.
The reciprocal of the highest dilution of the serum
showing HA inhibition is considered as the HAI titer
of the test sample. Other methods of determining the
presence of antibodies to influenza virus include the
Neuraminidase inhibition test, Western blot, ELISA,
PCR, and other methods for the identification of
influenza virus antibodies. These assays are known in
the art. VII. Examples The following examples provide
procedures for isolation, adaptation and purification
of influenza virus to create a homologous virus
population for the production of a master seed. The
examples use Vero cells (American Type Culture
Collection, CCL 81), but any cell type could be used
that is permissive for influenza virus. EXAMPLE 1:
Chemicals and Biologicals The infection medium used
contained 1 Liter DMEM (Cambrex, Catalog No. 04- 096)
or equivalent; stored at 2-7C, 20 mL L-Glutamine
(Cellgro, Catalog No. 25-005-CV) orequivalent; stored
frozen at -10C or colder. Once thawed, it was stored
at 2-7C for up to 4 weeks, and Type IX Trypsin (Sigma
Product No. TO3O3, CAS No. 9002-07-7) or equivalent;
was aliquoted and stored frozen at -5 to -30C. The
infection medium was freshly made before infecting the
cells. The cell culture medium preparation was as
follows: 1 Liter DMEM, 20 mL LGlutamine, 50 mL Fetal
Bovine Serum (Gibco Catalog No. 04-4000DK) or
equivalent (Note: Sourced from a BSE free country).
The complete medium was stored at 2-70C for no more
than 30 days after preparation. EDTA-Trypsin (Cellgro
Catalog No. 98-1 02-CV or equivalent) used for
passaging the cells was stored at -5 to -3O0C,
expiration date was assigned by the manufacturer.
EXAMPLE 2 ; Cell Culture preparation Because the
dilution of protease to be used for the virus
infection step can vary by lot, new trypsin lots were
titrated to establish the optimal level prior to use.
An example of the titration is to serial dilute type
IX trypsin in DMEM containing L-glutamine, using half
log dilutions (10 1, 10 1 5, 10~2 , 10 2 5, etc.).
Using a 96 well plate containing a freshly confluent
monolayer of Vero cells, wash each well of the plate 2
times using 280 mL of PBS. Immediately after washing,
add 200 mL of each dilution of type IX trypsin to a
row of the plate. The plate is then incubated at 37C
plus or minus 20C with 5% CO2 and the cells are
observed after 4 days. The lowest dilution of trypsin
that shows no or little effect on the health of the
cells is selected as an appropriate concentration of
trypsin to use for both isolation and optimization of
infection with influenza. It is desirable and common
to see little or no variation between wells inoculated
within each concentration. For limit dilution cloning
of virus in the Vero cells, a confluent monolayer was
used, typically 3-4 days of age; grown in 96 well
Falcon microtest plates. The cells were derived from
ATCC CCL 8 1 and used between passages 132 and 156.
Preparation of Vero cells from liquid nitrogen (LN2)
was as follows: one ampule of Vero cells was removed
from LN2 and thawed in a 360C plus or minus 20C water
bath. The entire contents of the vial was pipetted
into a 25 cm2 tissue culture flask containing 1OmL of
cell culture media that is supplemented with 10% fetal
bovine serum. The flask was incubated at 360C plus or
minus 20C in 4-6% CO . After about 1 hour, the
supernatant andunattached cells were gently removed
and 10 mL of fresh tissue culture media added. Cells
were incubated at 36C plus or minus 20C in 4-6% CO
until 90-100% confluency was reached. Passage of the
Vero cells was as follows: Monolayers were washed
using 10-20 mL of PBS for approximately 3 minutes. PBS
was decanted and replaced with 3 mL of EDTAtrypsin
(Cellgro, Catalog No. 98-102-CV), the monolayer was
incubated for approximately 3 minutes or until the
cells were detached from the flask. The suspension was
diluted by adding 17 mL of prepared growth media
(containing FBS) to dilute and neutralize the trypsin.



Cells were then counted using a hemocytometer to
determine the cell count per mL of suspension. The
number of flasks that could be prepared using this
suspension was calculated by: Cells per mL
(suspension) X mLs of desired suspension = mLs of
plate for each vessel. Cells per mL (desired) Total
the mLs of suspension, the total mLs of suspension
must be less the volume available. If not the plating
cell density can be adjusted to accommodate this,
however it should be noted that the length of time
until the cells are confluent will be longer with a
lower cell density at plating. Vessels were usually
plated using cells suspensions with a cell density of
1x1 04 to 1x105 cells per mL. Cells were incubated for
3-4 days, or until confluent. These techniques for
maintaining and propagating Vero cells were similarly
applied to other cell lines used such as the Madin
Darby Canine Kidney (MDCK) and HEK 293. HEK 293 cells
particularly suited for propagation of viral isolates
was cloned. This HEK 293 subclone, designated GT-D22
(or D22), was isolated from an initial preparation of
HEK 293 cells (ATCC No. CRL-1 573; ATCC Batch No. F-1
1285 at Passage 33). HEK 293 cells were subcloned and
selected on the basis of improved productivity of
recombinant adenovirus Type 5 carrying the gene for
expression of p53. Clones having normal morphologies
and adequate growth rates were trypsinized and seeded
at 1-2 x 106 cells per well for further analysis. Top
producing clones were subjected to further subcloning
and selection. The D22 subclone was finally selected.
The ability of the D22 subclone to propagate Influenza
has been demonstrated using Swine Influenza Virus
(SIV). Biosafety precautions were taken when working
with live influenza virus. Influenza is a Class 2
etiologic agent and recommendations found in CDC-NIH,
HHS Publication No.(CDC) 88-8395 (Biosafety in
Microbiological and Biomedical Laboratories) for
handling the virus in the laboratory were followed.
EXAMPLE 3: Limit Dilution Cloning Preparation of
dilution tubes and sample dilution for limit dilution
cloning was as follows. Test tubes (12 x 75 mm) were
set up in racks and labeled. 1 sample was run per
plate and the dilution series for each sample was 10 1
to 10~10 Dilution medium was dispensed in 1.8 mL
amounts into each test tube using a serological
pipette. The first tube was labeled with the virus
identification. Several additional tubes were prepared
for use as diluent controls and for replacement if any
errors are made during dilution performance. Samples
were vortexed for approximately 5 seconds, then the
initial dilution was made by pipetting 200 mL of
sample into the 10 ' dilution tube. Serial dilutions
were continued to 10 10. For each dilution, the sample
was vortexed and the pipette tip was changed between
dilutions. Dilutions were transferred to cell plates
as follows. Immediately prior to use, the medium was
aseptically poured from the cell plates. Each well was
rinsed using a 12-channel pipetter 2-3 times with 280
mL of sterile PBS. The plates were aseptically
emptied, but they were not allowed to dry out. Plates
were labeled with the virus identification, date, and
dilution scheme. Each dilution was vortexed briefly
prior to addition to the plate. Using a motorized
Finnpipette or other appropriate pipetter with 1000 mL
tips, 200 mL per well of sample was inoculated into a
single row of the plate. The samples were loaded
according to virus concentration. First, 2 rows of
diluent controls were added to the plate followed by
the highest dilution of virus (10~10) and continuing
with the remainder of the samples. Samples were loaded
in sequence from 10 10 through 10 ' . EXAMPLE 4: Virus
Preparation Harvesting of the virus and the CPE was
evaluated as follows. Following the 4 day incubation
period, cytopathic effect (CPE) was read by
microscopic examination. The presence of cellular
debris, appearance of dead cells and lack of viable
cells were used to characterize CPE because they are
typical for influenza virus. Occasionally nonspecific
interference was observed in the initial virus
dilutions, therefore it was important to examine
several dilutions for CPE. When evaluating CPE it was
important to determine the extent ofCPE in the wells
of the highest dilution exhibiting CPE. The highest
levels of success was achieved by selecting the wells
of the highest sample dilution that exhibited CPE, but
of those wells, preference was given to the well or
wells that showed the smallest extent of CPE. Once
selected, the contents of the well were harvested by
using a single channel 1000 mL pipette to aspirate the
fluids. Usually the fluids were pipetted repeatedly to
remove loosely attached cells from the well bottom and
to help break up any clumps of cells or virus in the
suspension. The harvested fluids were then used to
perform an additional round, or rounds, of limiting
dilution cloning or were sometimes used to inoculate a
fresh monolayer for the production of a post cloning
seed. It was typical to perform 2 to 3 rounds of
limiting dilution cloning in immediate succession to
produce a uniform population of virus. HA titer was
analyzed at each step in the process and the results
are shown in Table 1. A/Indonesia/05/2005 (IND0H5N1),
A/Vietnam/I 203/04 (VNH5N1), A/New Caledonia/20/99
(A/NC/20/99(R)), and A/Wisconsin/67/05 (A/Wis/67/05R)
are reassortment influenza viruses provided by the
CDC. For the reassortment viruses the genes encoding
surface glycoproteins HA and NA are from the influenza
strain (INDOH5N1, VNH5N1, A/New Caledonia/20/99 and
A/Wis/67/05) while the remaining internal genes are
from A/PR/8/34. Limiting dilution cloning was also
applied to wildtype (without PR8 reassortment)
influenza strains A/New Caledonia/20/99 (A/NC/20/99),
A/Wisconsin/67/05 (A/Wis/67/05) and
B/Malaysis/2506/04. The viruses were generated by
using reverse genetic techniques and passaged in
embryonated eggs. The egg materials were directly used
for limit dilution cloning in Vera cells (A procedure
for HA titration is shown in Example 5).TABLE 1 *HA
titer is expressed as Unit/mL. **HA titer in egg
embryonic material provided by CDC. ***HA titer from
Vero cells infected directly with egg embryonic
material provided by CDC. As seen in the above Table
1, a cell culture system can produce a virus titer as
high as that from eggs. Additionally, virus strains
which showed no detectable growth on Vero cells at the
outset, VNH5N1 and B/ Malaysia/2506/04, could be
adapted to grow on Vero cells by limiting dilution
cloning. Propagation of VNH5N1 and B/ Malaysia/2506/04
on the amniotic membrane of eggs prior to limiting
dilution cloning enhanced the adaptation of these
viruses to growth on Vero cells. Using SRID (Single
Radial Immunodiffusion) to quantitate hemagglutinin,
up to 132 mg/mL hemagglutinin protein was obtained for
B/Malaysia/2506/04 in the concentrated Vero cell
culture medium. The yield in mg of HA/mL of culture
was 10x better than known published methods using Vero
cells. Currently, a dose of human vaccine is
equivalent to about 15 mg/strain of virus. Therefore
about 8-9 doses can be obtained from one ml. of 



concentrated Vero cell culture medium.EXAMPLE 5:
Passage of Influenza through Amniotic Membrane
Enhances for Virus Able to Grow on Tissue Culture
Cells Influenza virus VNH5N1-PR8/CDC-RG was received
from the CDC. This is a reassortant virus composed of
the H5 and Nl genes from a Vietnam strain of avian
H5N1 influenza virus on the PR8 virus backbone. This
virus was expanded in 11 day old embryonated eggs
inoculated by the allantoic cavity. Allantoic fluids
were harvested 2-3 days after inoculation and had a
virus yield of 2560 hamagglutinin units (HAU)/ml.
Allantoic fluids (-200 ml) were diluted in 5 mL DMEM
containing 1.25 mg/ml Type IX Trypsin and allowed to
absorb to a confluent monolayer of Vero Cells (ATCC
CCL No. 8 1 at passage 147) for 60 minutes at 36  2
0C. Cultures were fed with 25 mL DMEM containing 1.25
mg/ml Type IX Trypsin and incubated for 3 days and
culture supernatants harvested. There was no
detectable hemagglutinin activity in the harvested
fluids. Virus-containing allantoic fluids were diluted
1:10,000 and 1OOml inoculated into both the allantoic
cavity and onto amnionic membranes of 11 day-old
embryonated eggs. Eggs were incubated at approximately
390C for three days and allantoic and amniotic fluids
harvested separately. Vero cells (passage 132 to 152)
were planted into 96-well plates at 1 x 104 to 1 x 105
cells/ml, 200 ml/well in DMEM containing 5% fetal
bovine serum and incubated for 3-4 days (until
confluent) at 36  20C, 3-5% CO2 . VNH5N1 virus in
allantoic or amnionic fluids was serially diluted 10 1
to 10 10 in DMEM containing 1.25 mg/ml type IX
trypsin. Media was removed from Vero cells, wells
rinsed with 280 ml of phosphate buffered saline and
then 200 ml of each dilution of virus was inoculated
into 8 replicate wells. Plates were incubated for 4
days at 36  20C, 3-5% CO2. Amniotic fluids resulted in
virus that grew to higher titers on Vero cells as
evidenced by cytopathic effects up to the 10 9
dilution for the amnion source virus compared to 10 7
dilution for the allantoic source virus (see Table 2).
Virus from one well at the highest dilution showing
cytopathic effects was harvested and cloned by
limiting dilution a second time. Again, the amnionic
fluid sourced virus showed cytopathic effects at
higher dilutions than seen for allantoic source virus
(approximately 10 times more virus).TABLE 2 Limiting
Dilution Passage 1 Allantoic Fluid Virus Amnionic
Fluid Virus 4-dilution Cytopathic Effect (+ present)
^dilution Cytopathic Effect (+ present) Virus from
well H7 was harvested Virus from well G9 was harvested
Limiting Dilution Passage 2 Allantoic H7 clone Amnion
G9 clone 4-dilution Cytopathic Effect (+ present)
4-dilution Cytopathic Effect (+ present) Virus from
well H3 was harvested Virus from well G4 was
harvestedLimiting Dilution Passage 3 Virus from wells
B4 and F4 was harvested Virus from wells C5 & G5 was
harvested Influenza clones, in Table 2, were
identified based upon a combination of the column
designation A-H and row 1-10 (dilution series 10 1
through 10~10, respectively). For example the clone
name B4 represents virus harvested from the well found
at column B and row 4 (lO 4 dilution). Virus harvested
from the third limiting dilution (~100 ml) were
diluted in 5 ml of DMEM containing 1.25 mg/ml type IX
trypsin and inoculated onto confluent Vero cells
(passage 132-152) and incubated for 60 minutes at 36
20C. After absorption, 45 ml of DMEM containing 1.25
mg/ml type IX Trypsin was added and cultures were
incubated for four days at 36  20C. Harvested culture
supernatants were tested for hemagglutinin and both
clones derived from amnion expanded virus resulted in
four to eight times higher yields of HA (see Table 3).
TABLE 3The G9G4C5 virus was subsequently expanded by
growth in Vero cells in roller bottles (resulted in
5120 HAU/ml) and 5 liter bioreactors (resulted in 7680
HAU/ml). Similar results were obtained with the Type B
Influenza virus, B/Malaysia/2506/04. This virus also
failed to yield any measurable hemagglutinin when
virus obtained from allantoic fluid was propagated in
Vero cells. However, virus derived from amnion
expansion resulted in 640 HAU/ml after two limited
dilution clonings and 5120 HAU/ml after expansion in a
5 liter bioreactor. EXAMPLE 6: Quantification of
hemagglutinin The purpose of this procedure was to
quantitate influenza virus hemagglutinin activity in
viral fluids in the final product. The materials used
included: PBS, Cambrex, 517-16Q or equivalent,
Alsevers Solution, E8085 or equivalent, fresh Rooster
erythrocytes in Alsevers Solution (1:1 ratio). Allow
to sit overnight in Alsevers to stabilize the
receptors. Wash 2 times and store as a 10% suspension
in PBS, or as a 50% suspension in Alsevers. Use within
4 days of collection, Microtiter plates, Falcon
U-bottom plates, Catalog No. 391 1 or equivalent, 8
channel micropipette, 5-50mL, or equivalent,
Centrifuge Beckman TJ-6, or equivalent, 20-200mL
micropipette or equivalent, Disposable 200 mL pipette
tips, Positive Control Virus with known titer,
inactivated antigen. Stored at 2-7C and used as is on
the day of the test. A. A standardized 0.5% Rooster
Red Blood Cell (rRBC) suspension in PBS was prepared
by first allowing the rRBC solution to equilibrate to
room temperature (15-3O0C). Rooster RBCs in Alseveres
has a 4 day expiration period from date of collection.
A sufficient volume of rRBC's in Alsevers was
transferred to a 50 mL conical centrifuge tube. The
rRBC's were washed by filling the tube to the 45 mL
mark with PBS or Alsevers and mixed by inverting tube
several times, then centrifuged at 400 x g, at 40C for
10 minutes. The supernatant was removed with a
pipette. If there was any hemolysis in the
supernatant, the wash steps were repeated up to three
times. After the final wash, 0.25 mL of packed rooster
RBCs were added to 49.75 mL PBS and inverted to mix.
The cell suspension was labeled with the date of
preparation, PBS lot number used, and 0.5% Rooster Red
Blood Cells in PBS, store at 2-70C (maximum storage
time is 4 days).B. The number of microtiter plates
necessary to test the sample material was determined.
All test samples were tested using two rows each of a
1:2 and 1:3 dilution scheme. Two rows of the positive
control virus at a 1:2 dilution scheme and two rows as
a PBS control were also used. Other samples were
tested as requested. Using a black permanent marker
the row designation on the microtiter plate was
indicated. An example is shown below as Table 2. 50mL
of PBS was added to each well of the microtiter plate.
An additional 50mL of PBS was added to well number one
of those rows using a 1:3 dilution scheme and the PBS
control rows. Each microtiter plate from the point of
sample addition up to the addition of 



rRBC's was completed before proceeding to the next
microtiter plate. 50mL of sample and positive control
virus was added to well one of the designated rows.
Serial two-fold dilutions of the samples were prepared
using the multi-channel pipettor, transferring 50mL
aliquots. The appropriate tips were aseptically pushed
onto the multi-channel pipettor, assuring that the
pipettor was set at 50mL. The well contents of one
column were mixed by drawing up and expelling the
material a minimum of seven times. The tips used for
mixing were discarded. More tips were pushed on and
50mL of material in each well was transferred to the
next column of wells. These steps were repeated until
all rows were sequentially diluted. Removal of 50mL
from row twelve of the microtiter plates was assured.
50ml of 0.5% rRBC suspension was delivered to each
well using the multi-channel pipettor. The rRBC
suspension was added from the wells of the highest
dilution to the lowest dilution. Each platewas
agitated gently to mix the contents. A lid cover was
placed over the top microtiter plate and the plates
were stacked and incubated at room temperature
(approxiamately 20-250C) for 45-60 minutes. After the
incubation period, the plates were set on a microtiter
plate viewer to read and to determine whether the PBS
control wells are acceptable (the PBS wells should not
exhibit any hemagglutination). The characteristics
were also determined. The rRBC's must have settled out
as a complete button without any shield. A shield
reaction is a dispersion of the rRBC's. If the PBS
control wells were acceptable, the other wells were
scored for hemagglutination. If the PBS control wells
were not acceptable the test was invalid and was
repeated. The hemagglutination results were recorded
as positive (+) for hemagglutination, partial (+/-),
and negative (0). A positive reaction showed a
complete shield of the rRBC's or total dispersion of
the cells. A negative reaction showed a total button
formed by the rRBC's Wells that exhibited a "+/-" were
considered to be negative for purposes of endpoint
calculation. The highest dilution at which
agglutination (no button) occurred was identified for
each of the replicates of each dilution (i.e. the 1:2
and 1:3) and the titers were computed as ths inverse
of the last dilution demonstrating complete
agglutination. The titer level of the samples and
positive control virus tested were identified. The
arithmetic mean of the endpoint titer of each set of
duplicate dilutions was determined. The HA units per
0.5 mL (50mL) of the Sample, PBS and Positive Control
Virus were also determined. The HA units per 1mL was
calculated by multiplying the 0.05 mL value by 20. The
calculation was performed as follows: For each of the
1:2 and 1:3 test sample dilution, the arithmetic mean
of the duplicates was recorded. The highest titer was
recorded. HA/0.05mL x 20 = HA/1 mL was multiplied. The
Off Test Date and the Results as HA units per 1mL
(virus fluids) or HA units per dose (final product)
were recorded. A valid test for bulks or final
products contains complete agglutination (no button)
at the lowest dilution and no agglutination (button)
at the highest dilution. The positive Control lot
should be within the established range. A titer range
outside the listed parameters constitutes a "no test"
or an invalid test and should be repeated without
bias.EXAMPLE 7: Production of a vaccine The virus
strain is a pandemic strain or seasonal strains
designated by the WHO, CDC, or other governmental
organizations. For the purposes of validation of the
human vaccine manufacturing process, the influenza
virus reassortant VNH5N1-PR8/CDC-RG reference strain
provided by CDC is used. Phosphate buffered saline is
used as a diluent for the vaccine preparation and
ISCOM as the adjuvant. A lipid mixture of equal parts
of cholesterol and phosphatidyl choline is used to
assist the hydrophilic/hydrophobic complexing process
in the ISCOM formation. The non-ionic detergent which
is used to disrupt the virus is removed by
diafiltration. Formation of ISCOMS is verified by
electron microscopy. Binary ethylenimine (BEI) is used
to inactivate the virus and then the BEI is
neutralized with sodium thiosulfate. The process is
set out in more detail in steps 1-19 below. The
influenza strain is produced in Vero (African Green
Monkey Kidney) cells, inactivated with the aziridine
compound binary ethyleneimine (BEI), concentrated,
purified and purified by filtration and gel
chromatography. The virus is formulated with an
adjuvant with Quil A and a lipid mixture to make the
drug product. Stage IA - Vero cells are revived from
the Working Cell Bank (WCB). Passage number is limited
to 20 passages from Master Cell Bank (MCB). One ampule
is thawed from WCB in liquid nitrogen and seeded at
4-5 x 104 cells/cm2 in Dulbecco's Modified Minimum
Essential medium (DMEM) containing 20% v/v irradiated
fetal bovine serum of New Zealand or Australian
origin, 4mM L-glutamine in (typically) a 25cm2 Nunc
flask. The flask is incubated at 360C plus or minus
20C, the supernatant and unattached cells are removed
after about 1 hour, and the flask is refed with fresh
media and incubated as before. Stage 2A - Cell
expansion is continued by harvesting of confluent
monolayers using a Trypsin/EDTA solution, and
re-planting cells into more static flasks or roller
bottles. Further expansion may be performed in
bioreactors by the use of microcarriers at 20-30 g/L.
Stage 3A - When the desired production volume of
culture substrate is achieved in either the bioreactor
or in roller bottles, cells are washed twice with
Dulbecco's Modified Minimum Essential medium (DMEM) to
remove residual serum, that will inactivate trypsin in
the infection medium.Stage 1B - Working Virus Seed
(WVS) is prepared separately and frozen in advance of
large-scale manufacturing. Master Seed Virus or
Working Seed Virus (MSV+1) stored at -70C is thawed
and diluted in virus infection medium containing Type
IX porcine trypsin to achieve the desired MOI. A
predetermined volume is inoculated onto confluent Vero
cell monolayer in the roller bottles or bioreactor and
incubated at 360C plus or minus 2.O0C, typically for
40-72 hours, when up to 100% cytopathetic effect (CPE)
is identified. Virus is harvested and frozen at -5O0C
or colder. Stage 4 - Working seed virus (not higher
than passage MSV+2) is thawed and diluted in Virus
Infection Medium containing 0.5-5.0 mg/mL of Type IX
porcine trypsin to achieve the desired multiplicity of
infection. The use of trypsin in the medium will
assist the attachment and penetration of the virus
into the cell. Stage 4A-production of influenza virus
using a bioreactor. A 5- liter bioreactor was prepared
with SoloHill Plastic Plus microcarriers at a density
of 30 g/L. The bioreactor was planted at 2 x 105 Vero
cells/mL in Dulbecco's Modified Minimum Essential
medium with 5% v/v irradiated fetal bovine serum of
New Zealand or Australian origin, 4mM L-glutamine and
incubated at 360C plus or minus 20C. After the cell
confluency reached 80-100%, the microcarriers
containing the Vero cells was settled and washed twice
with 2 liters per wash of serum-free DMEM. Infection
medium containing 2.5 mg/mL of trypsin IX was added to
the bioreactor. Virus seed, for example VNH5N1, also
was added to the bioreactor at a MOI of 0.0001-0.0003.
The preparation of virus was continued for 5 days. The
bioreactor was 



sampled daily an for CPE observation and HA titration.
The virus was harvested after 80- 100% CPE was
reached. Stage 5- Binary ethyleneimine (BEI) is added
to the harvested virus to give a final concentration
of 1.5mM, and held at 360C plus or minus 20C for 1
hour (with agitation) at a pH of 7.3 plus or minus
0.3. Stage 6 - After stage 5 is complete, the harvest
is transferred to a second vessel and the inactivation
process continued at 36C  2C for 48 hours (with
agitation). After this time sodium thiosulfate is
added to a final concentration of 3mM to neutralize
any residual BEI.Stage 7 - The culture is clarified
through 7 m and 1 m filters and stored at 2C - 8C
pending innocuity clearance. The innocuity test takes
ten days to perform. Stage 8 - Antigen is concentrated
using a tangential flow ultra filtration system, using
a polysulfone membrane with a molecular weight cut off
(MWCO) of 100 K. Up to approximately a 50 fold
concentrate is achieved. Stage 9 -The resulting
concentrated culture fluids are equilibrated in an
appropriate buffer and treated with DNase (Benzonase)
to degrade cellular DNA. Stage 10 - The concentrate is
purified using size exclusion gel chromatography. The
gel currently used is a cross linked Sepharose (CL-2B,
Pharmacia). The column is 90 cm in length to achieve
the required separation. CL-2B is a 'soft' gel which
depends on the wall of the column for support.
Typically the 90 cm length is achieved by 2 x 45 cm or
3 x 30 cm columns (e.g., 30-32 cm in height by 30 cm
in diameter) in series. The concentrated virus is
applied at approximately 5-7% of the column volume.
Stage 11 - Virus peak material is reconcentrated using
a bench scale tangential flow ultra filtration system
with a 100 K MWCO polysulfone membrane. Stage 12 - The
re-concentrated virus peak material is solubilised by
adding 5 ml. of a 10% (w/v) detergent
(Nonanoyl-N-Methylglucamide) Mega 9 solution to 200
mis. of an antigen solution. The solution is mixed
slowly with a magnetic stirring bar for 1 hour at 20 -
25C in a glass container. Stage 13 - A lipid mixture
is added at 50 ml per 20 mLs of re-concentrated virus
peak. The lipid mixture contains 10 mg/mL each of egg
derived phosphatidylcholine and cholesterol. Stirring
is continued at 20-250C to ensure even distribution of
the lipids in the re-concentrated virus. Quil A (from
10% w/v stock solution) is added to give a final
concentration of 0.05%. The solution is stirred for
approximately 30 minutes at 20-250C. Stage 14 - The
Mega 9 detergent is removed from this mixture (to
allow ISCOM formation) by diafiltration with 50 mM
ammonium acetate. This is performed using the bench
scale tangential flow ultrafiltration system with a
100 K MWCO polysulfone membrane. The volume of
ammonium acetate used is a minimum of about 1OX the
volume of re-concentrated virus peak mixture.
Diafiltration is effected by maintaining a constant
volumethroughout, by balancing feed and permeate flow.
Detergent interferes with the formation of ISCOM.
Electron microscopy verifies that the typical
cage-like structures have been formed. Stage 15 - The
ISCOM is re-concentrated as the final step of
diafiltration. Stage 16 - After satisfactory QC
release, batches of ISCOMs are formulated to make the
vaccine at 1 to 20 mg human influenza HA per ImL dose.
Phosphate buffered saline (PBS) is used as the
diluent. Stage 17 - The blended vaccine is filled into
single dose final containers under Class A conditions.
Samples are taken for sterility, safety in lab animal
species, extractable volume and visual appearance.
Vaccine is labeled and packed and held in quarantine
at 2 to 7C. Stage 18 - After final QA clearance,
product is released to finished goods' cold store (2
to 7C) pending dispatch. EXAMPLE 8 : Efficacy of Vero
Cell Derived Vaccine in Ferrets The ability of Vero
derived influenza vaccine to seroconvert ferrets was
evaluated. A trivalent human influenza vaccine based
on the 2006-2007 seasonal influenza strains
(A/NC/20/99, A/Wis/67/05 both PR8 reassortments and
B/Malaysia, all obtained from the CDC) was produced in
Vero cells after limit dilution cloning. The resultant
vaccine, "SPflu0607," with or without ISCOM adjuvant,
was injected into the left hind leg of 4-6 month old
female ferrets. As control comparisons, commercially
available human influenza vaccines Fluzone(r)
(manufactured by Sanofi-Pasteur) and Fluvirin(r)
(manufactured by Chiron) were tested along side
SPflu0607. Single Radial Immune Diffusion (SRID) was
used to measure the quantity of Hemagglutinin (HA)
protein in the vaccine. Seroconversion of the ferrets
was measured by hemagglutinin inhibition (HI). HI
titers of greater or equal to 1:40 are considered
positive. See Table 3Table 3 The above results
indicate that Vero cell-derived vaccine is comparable
to commercially available egg derived vaccines.
Example 9: Method of Canine Influenza Virus
Propagation for Preparing a CIV Vaccine Canine
influenza was isolated from nasal secretions of a sick
dog. Nasal swabs were taken and placed in 2 mL of
tissue culture media containing gentamicin and
amphotericin. 0.8 mL of the resultant swab material
was inoculated onto confluent Madin Darby Canine
Kidney (MDCK) cells in 10 mL of DMEM tissue culture
media containing 1.3 mg/mL type IX Trypsin and
incubated for 2 days at 36  20C. The flask was
harvested by decanting the media and the virus was
identified as H3N8 by the National Veterinary Services
laboratory using standard anti-sera. The MDCK passaged
virus contained 160 hemagglutinin units per ml. The
virus was cloned by inoculating 10-fold serial
dilutions onto confluent MDCK cells in 96-well plates
and harvesting a single well at the highest
dilutionshowing cytopathic effects (tissue culture
media was DMEM containing 1.3mg/mL type IX trypsin).
This procedure was repeated a second time. The clone
was then expanded on MDCK cells in a 75 cm2 flask. The
resultant virus (passage 4) yielded 640 hemagglutinin
units per ml. The virus was then passaged onto Madin
Darby Bovine Kidney cells by inoculating 0.23 MOI onto
a confluent monolayer in a 1050 cm2 roller bottle
using 300 mL DMEM containing 0.8 mg/mL type IX
trypsin. The roller bottle was incubated for 3 days at
36  20C. The harvested virus yielded 2560 HAU/ml. Due
to the increased yield of HA on MDBK cells, this cell
line was chosen for scale-up of virus for vaccine
preparation. The virus was propagated in a bioreactor.
A 5L bioreactor was seeded with MDBK cells at 3.0 x
105 cells/mL attached to Cytodex III microcarriers at
5 grams per liter. Cells were grown for 4 days in DMEM
containing 5% fetal bovine serum with no antibiotics
at 36  20C. After settling the microcarriers, 90% of
the media was removed and replaced with serum free
DMEM. Type IX trypsin was added to a concentration of
lOmg/mL in the final 5,000 mL. 



The cells were infected with virus at an MOI of 0.01 .
The virus was incubated with the MDBK cells on
microcarriers for 2 days at 36  20C and then the
supernatant was harvested. The resulting virus yielded
10,240 HAU/ml. EXAMPLE 10: Limiting Dilution Cloning
of Clinical Isolate Without Passaging in Eggs Creates
a Uniform Population and Improves TCID50/mL and HA
titer Canine Influenza Virus H3N8 (wild type) was
received from a diagnostic laboratory and isolated
from a nasal swab. Upon receipt the nasal swab was
processed and used to inoculate a 25 cm2 flask
containing a confluent monolayer of MDCK cells.
Infection media was comprised of: DMEM, 4 mM
L-glutamine/ml, 1.3 mg/ml Type IX, and gentamicin. The
flask was incubated at 36  20C with 3-5% CO2 and
harvested at onset of CPE. An HA assay was preformed
on the harvest fluids with a result of 160 HAU/ml and
a TCID50/ml titer of 7.94. MDCK cells were planted
into 96-well plates at 1 x 104 to 1 x 105 cells/ml,
200 ml/well in DMEM containing 5% fetal bovine serum
and incubated for 3-4 days (until confluent) at 36
20C, 3-5% CO2. CIV H3N8 virus was diluted as specified
in the section: Limiting Dilution Round 1. Dilutions
were performed in DMEM containing 1.3 mg/ml type IX
trypsin, 4 mM L-glutamine, and gentamicin. Media was
removed from MDCK cells, wells rinsed with 280 ml of
phosphate buffered saline and then 200 ml of each
dilution ofvirus was inoculated into 8 replicate
wells. Plates were incubated for 4 days at 36  20C, 3-
5% CO2. Two rounds of limiting dilution cloning were
preformed, limiting dilution round 2 immediately
following limiting dilution round 1. The process
yielded a virus isolate that produced both higher
TCID50/ml and hemagglutination titers. Virus from a
well at the higher dilutions demonstrating the lowest
extent of cytopathic effect was harvested and cloned
by limiting dilution a second time. Limiting Dilution
Round 1 Pass 1 material was titrated with a result of
7.5 TCID5o/ml. Using this value the virus was diluted
to yield 5 samples. A. 1(T B. 10-5 C 10 virus
particles/ well (1O,-60.5) D. 3 virus particles / well
(10 7 02) E. 1 virus particle/ well (10 7 5) A B C D E
F G H Well Al 1 was harvested in preparation for round
2 of limiting dilution cloning. Limiting Dilution
Round 2 Virus from well A5 was harvestedVirus
harvested from the second round of limiting dilution
cloning (-200 ml) was used to inoculate a 75 cm2 flask
containing a confluent monolayer of MDCK cells and
DMEM supplemented with; 1.3 mg/ml type IX trypsin, 4
mM L-glutamine/ml, and 25 mg/ml gentamicin. Harvested
culture supernatants were titrated to determine the
TCIDso/ml and hemagglutination titer (see Table 4).
TABLE 4 In laboratory experiments performed for
immunogenicity trials the virus was grown on MDBK
cells in a 5L bioreactor with a resulting
hemagglutination titer of 10,240 HAU/ml. EXAMPLE 11;
Efficacy of an Inactivated Canine Influenza Vaccine in
Dogs Canine influenza virus (CIV) serotype H3N8 causes
severe respiratory disease in dogs. However, there is
no effective vaccine against CIV currently available.
The objective of this study is to evaluate the
efficacy of an inactivated CIV vaccine, prepared by
limiting dilution and propagation of CIV in tissue
culture cells in preventing clinical disease and lung
lesions induced by a virulent CIV challenge. The
vaccine consists of binary ethyleneimine
(BEI)-inactivated CIV antigen adjuvanted with
Emunade(r) adjuvant with an antigen input level of 500
hemagglutination units (HAU) per dose. A group of
eight 7-week- old CIV seronegative dogs was vaccinated
intramuscularly with the vaccine and booster dose was
administered 2 1 days after the primary vaccine. Two
weeks following booster vaccination, the vaccinated
dogs exhibited significantly higher levels of HA
inhibiting antibody titer compared to their
non-vaccinated counterparts demonstrating stimulation
of immune response by the vaccine in dogs. The
non-vaccinated control and the vaccinated dogs were
challenged with a heterologous virulent CIV isolate 16
days post-booster vaccination, and monitored daily for
10 days post-challenge for clinical signs, rectal
temperature and nasal CIV shedding. All control dogs
(100%) developed clinical signs including ocular and
nasal discharge, sneezing and coughing indicating
virulence of challenge virus. The vaccinated group
exhibited significantly lower clinical signs (median
score=4.3) compared to controlgroup (median score=6.8;
p=0.0051). Only one of the dogs in the vaccinated
group (12.5%) showed nasal CIV shedding and it only
was for one day, whereas, all the dogs in the control
group (100%) had significantly higher virus shedding
compared to the vaccinates (p=0.0003). The virus
shedding lasted for 7 days following challenge in the
control group. All dogs were euthanized 10 days after
challenge, and necropsy was performed for evaluation
of lung lesions. All dogs in the control group (100%)
showed varying degrees of lung consolidation, whereas,
only one in the vaccinated group (12.5%) exhibited a
mild lung consolidation. The lung scores were
significantly higher in control dogs (median
score=4.9) when compared to vaccinated dogs (median
score=0; p=0.0005). These results unequivocally
demonstrate that the vaccine formulation tested in
this study protects dogs against CIV infection by
significantly decreasing clinical signs, reducing
virus shedding, and preventing CIV-induced lung
consolidation. Study Overview The objective of the
study was to test the efficacy of Emunade(r)-adjuvated
CIV vaccine formulation to protect against CIV
challenge in dogs. Dogs were initially acclimatized
for eight days. For the test group, the first
vaccination occurred on day 0 and a booster was given
on day 2 1. The control group was not vaccinated.
Challenge with CIV was presented to both groups on day
37. The dogs were monitored and observed throughout
the study, as described below. The dogs were
euthanized 



10 days after challenge and a necropsy was performed.
Test animals Test animals were an average of 48.25
days old on day 0. There were 8 dogs in the control
group and 8 dogs in the test group. Average weight was
1.8 kg. The dogs used in the study did not have a
history of respiratory infection or CIV vaccination.
To confirm that the dogs were negative for CIV
antibodies (HA titer <10), blood samples were
collected on day - 1, and tested by a hemagglutination
inhibition assay. Nasal swabs were also taken on day -
1 to ensure that the dogs were free of CIV at the time
of vaccination. Pre-vaccination monitoring Blood
samples were collected from all dogs in evacuated
serum separation tubes on the day before
administration of the first vaccine in order to
confirm that the dogs werenegative for CIV antibodies.
Nasal swabs were taken on the same day to confirm that
the The general health of the dogs was assessed by
physical examination of the dogs two days prior to
first vaccination. Clinical assessments and rectal
temperature were performed from two days before the
initial vaccination and booster vaccination through
the day of vaccination. Vaccination Canine influenza
virus vaccine CIV H3N8-Emunade(r) was used in this
study. Canine Influenza Virus (H3N8) was initially
isolated from a dog with severe respiratory disease.
Madin-Darby Bovine Kidney (MDBK)-KC cells at MCS+ 19
passage level, i.e., following 19 passages of the
Master Cell Stock, were used to propagate the CIV
H3N8. The virus then was inactivated with 6 mM BEI for
60 hours at 36 C. The BEI was neutralized with 6OmM
Sodium thiosulfate. The vaccine for this study was
prepared in an 80OmL stock for aliquoting into 800 one
mL doses. The 800 mL solution was prepared as shown in
Table 5. Table 5The inactivated CIV H3N8 virus was
diluted in normal saline and then adjuvanted with
aluminum hydroxide. The remaining components in
aqueous phase were added to the adjuvanted antigen.
The oil phase was prepared separately and then added
to the aqueous phase over a period of 10 minutes with
continuous mixing for one hour. The serial was
homogenized using Silverson homogenizer for 30
minutes. The CIV vaccine vials that were stored at
2-7C were equilibrated to room temperature for a
minimum of 30 minutes. The vaccine was loaded into 3
mL syringes ( 1 mL per syringe) and used for
immunization. The first dose of vaccine was
administered intramuscularly into right hind leg on
day 0 and the second dose was administered
intramuscularly into left hind leg on day 2 1. Post
vaccination procedures Complete clinical assessments
including rectal temperatures and injection site
observation were performed on all dogs within 3 - 6
hours after each vaccination to measure any immediate
reactions. The clinical assessments were continued
daily for 7 days following each vaccination and scored
according to the Clinical Assessment Guide below. Dogs
were bled on study days 20 and 36, and the serum
samples were used to measure CIV antibodies by
hemagglutination inhibition. Pre challenge procedures
Clinical assessments were performed and rectal
temperatures were recorded for all dogs for two days
prior to challenge (days 35 and 36) and on the day of
challenge (day 37) before challenge administration.
The clinical signs were scored according to the
Clinical Assessment Guide. Challenge Challenge
material: The CIV14-06A virus isolated from MDCK cells
and used to challenge vaccinated dogs, was originally
isolated from field sample collected from dog
suffering with canine respiratory disease. The average
titer of the challenge virus was 7.7 LogioTCID5o/mL.
On the day of challenge, the challenge material was
diluted to 1:4 in sterile, cold Dulbecco's Minimum
Essential Medium (DMEM) to target a challenge dose of
7.4 LogioTCID50 per dog.Challenge administration: All
dogs were challenge-administered on day 37. Four dogs
were placed in a Plexiglas chamber and 8 mL of
challenge virus (2 mL/dog) was used to generate
aerosol over a period of approximately 20 minutes. The
dogs were exposed to aerosol for a total of 40
minutes. Post-challenge monitoring Rectal temperature
was recorded and clinical assessments were performed
for each dog daily for 10 days post-challenge. Nasal
swabs were collected daily from each dog for 10 days
post-challenge. Nasal swabs were processed and
titrated daily after each collection as described
herein. Blood samples were collected in evacuated
serum separation tubes on day 10 post-challenge just
before euthanasia. Necropsy All challenged dogs were
euthanized on day 10 post-challenge (Day 47) using an
AVMA approved method (Ketamine cocktails and
Beuthanasia-D), and necropsy was performed.
Immediately following euthanasia, the lungs were
evaluated. Areas of visible consolidation were
assessed and scored as a percent consolidation of each
lung lobe. The percentages were converted to weighted
scores, and total score for each dog was calculated.
During necropsy, the lung tissue was collected for
virus isolation and titration, and for histopathology.
Virus titration Hemagglutination (HA) assay was
performed for virus titer. The virus was serially
two-fold diluted in a V-bottomed microtiter plate and
an equal volume of 0.5 % turkey red blood cell (RBC)
suspension was added to the virus suspension. The
plates were incubated at room temperature for 30 min
and HA results read. The highest dilution of the virus
showing HA activity was considered as 1 HA unit. All
assays were performed in duplicate and the endpoint HA
titer was measured To confirm the potency of challenge
material and to measure virus shedding in
challenge-administered dogs, the virus titer in
challenge material, nasal swab and lung tissue was
determined by titration in MDCK cells. MDCK cells were
seeded in 96-well tissue culture plates for two days,
and were inoculated with ten-fold serially diluted
virus suspension or samples prepared from lung tissue
and nasal swabs. The plates were incubatedat 362C
temperature and 5 % CO2. Seven days post-infection,
the plates were observed for cytopathic effect (CPE),
and the 50 % end-point for infectivity was calculated
using Spearman-Karber method. The virus titers were
expressed as Logi0TCID50/mL. Detection of serological
response 



Antibodies to CIV in dog serum samples were measured
by hemagglutination inhibition (HAI) assay. Briefly, a
serial two-fold dilution of test serum was performed
in PBS in V-bottomed 96-well microtiter plates. An
equal volume of virus suspension containing 4-8 HAU of
CIV25-06B was added to each well containing test
serum, and the plates were incubated at room
temperature for 30 min for antigen-antibody reaction
to occur. Then, an equal volume of 0.5 % turkey RBC
suspension was added. The plates were incubated at
room temperature for 30 min and HAI results were read.
The reciprocal of the highest dilution of the serum
showing HA inhibition was considered as the HAI titer
of the test sample. All assays were performed in
duplicate and the endpoint HAI titer was determined.
Results: Clinical scores All dogs were monitored
daily, from two days prior to challenge through 10
days post-challenge, for clinical signs including
ocular discharge, nasal discharge, sneezing, coughing,
dyspnea and depression. Daily clinical scores for
ocular discharge, nasal discharge, sneezing, coughing,
depression and dyspnea for 10 days post-challenge were
summed to obtain a summed clinical score for each dog.
Summed clinical scores for vaccinated and control
groups were compared using Wilcoxon Exact Rank Sum
tests and two sided p-values were calculated. Dogs in
both control and vaccinated groups exhibited a range
of clinical signs starting from two days
post-challenge (Figure 1). All eight dogs (100%) in
the control group exhibited varying degrees of
coughing that lasted up to five days within 10-day
postchallenge observation period. On the other hand,
only two dogs (25%) in the vaccinated group exhibited
a mild cough that was observed only one day during the
entire 10-day postchallenge period. Coughing was the
predominant sign exhibited by dogs in control group.
On the contrary, only mild ocular discharge was the
predominant clinical sign exhibited by vaccinated
dogs. The clinical scores were significantly higher
(p=0.0051) in control group(median score=6.8) compared
to vaccinated dogs (median score=4.3). These data
suggest that the CIV vaccine protects dogs against
CIV-induced clinical signs. Results: Nasal virus
shedding Nasal virus shedding was monitored in all
dogs by collecting and processing nasal swabs on the
day before challenge (day-1), and then, daily from day
1 through day 10 postchallenge. The virus titers
(Logio TCID50/mL) of the nasal swabs were determined
and plotted against time. Area under the curve was
compared between control and vaccinated groups using
Wilcoxon Exact Rank Sum tests. The average virus titer
for each group, expressed as Log oTCIDso/mL, was
plotted against days post-challenge (Figure T). The
control group started shedding virus in nasal
secretions from day 1 postchallenge. The virus
shedding reached its peak on day 5 post-challenge
(1.25 Log oTCIDso/mL) followed by a precipitous drop
on day 7 (Figure T). All dogs in control group (100%)
were positive for virus shedding at one or more time
points during 10-day post-challenge observation. On
the other hand, only one dog (12.5%) in vaccinated
group (ID No CXTAMM) shed virus in nasal secretions
only for one day (day 3). Non-vaccinated control dogs
exhibited significantly higher nasal virus shedding
compared to vaccinated dogs (p=0.0003). These results
clearly indicate that the CFV vaccine significantly
inhibits nasal virus shedding by vaccinated dogs.
Results: Serological response Geometric mean antibody
titers (GMT) from HAI assays were calculated following
primary and booster vaccinations. The fold increase in
titers between immunizations was reported. The
antibody titers were compared between control and
vaccinated groups using Wilcoxon Exact Rank Sum tests.
All 16 dogs enrolled in the study were healthy and
seronegative (i.e., negative for CIV antibodies) (HAI
titer of <10) at the time of primary vaccination.
Nasal swabs collected on the day before vaccination
(Day -1) confirmed that the dogs were free of nasal
CIV shedding. Control dogs remained seronegative at
the time of challenge. The HAI antibody titers were
tabulated and compared between control and vaccinated
groups. All vaccinated dogs generated measurable
levels of antibody titers following first vaccination.
The HAI antibody titers ranged between 10 and 40 with
a GMTof 22, and the titers were significant when
compared to control dogs (p=0.0070). Second
vaccination boosted the antibody titers by six fold
(GMT=I 35) which were significantly higher than
control (p=0.0002). The antibody titers ranged between
80 and 160, with most of the dogs exhibiting an HAI
titer of 160 (75%). All the control dogs remained free
of CIV antibodies until the time of challenge (HAI
titer <10). Following challenge, antibody titers in
vaccinated dogs reached very high levels (GMT=:546)
demonstrating efficacy of the vaccine in priming the
immune system against virulent CIV. The HAI titers in
these dogs ranged between 120 and 1920. The
non-vaccinated controls also made antibodies following
CIV challenge with GMT of 149. Results: Lung
consolidation, virus isolation, and histopathology
Lung consolidation/pneumonia is the major pathological
lesion in all influenza infection. In the previous
study on development of challenge model, we observed
severe lung consolidation in dogs on 6 and 14 days
post-challenge. Therefore, in order to assess whether
the CIV vaccine protects against CIV-induced lung
consolidation, all dogs in control and vaccinated
groups were euthanized on day 10 post-challenge, and
necropsy was performed. Lung lesions were evaluated
and scored as percent consolidation of each lung lobe.
The percent consolidation of each lung lobe scored
during necropsy was converted into weighted scores
based on the lung scoring system for dogs (similar to
Swine influenza virus lung scoring system in Diseases
of the Swine (1999) 8th Ed., Ch. 61, p. 913-940).
Median lung scores for vaccinated and control groups
were compared using Wilcoxon Exact Rank Sum tests and
two sided p-values were reported. Mitigated fraction
estimate of vaccine efficiency relative to controls
and the 95% confidence interval for the estimate was
also reported. All dogs in control group (100%)
exhibited varying degree of lung consolidation whereas
only one dog in vaccinated group showed a mild lung
consolidation (12.5%). Lung lesions in non-vaccinated
control dogs were characterized by hemorrhages and
reddish consolidation and hepatization. The lung
scores in control group ranged between 0.10 and 14.70
with median lung score of 4.9. The lung scores in
control group were significantly higher than that in
vaccinated group (p=0.0005; mitigating fraction
estimate is 93.5%). The lung scores unequivocally
demonstrate that the CIV vaccine formulation used in
this study protects dogs against CIV-induced lung
consolidation.In addition to scoring lesion during
necropsy, lung tissues were also collected 



aseptically for virus isolation and in formalin for
histopathology. There was no detectable CIV in lung
tissue samples from both vaccinated and control dogs,
which correlated with the absence of nasal virus
shedding. This was expected since influenza viruses
cause acute infection with peak virus shedding and
clinical signs within the first seven days. The virus
was cleared completely from lung tissue by 10 days
post-infection. These results are in agreement with
the results of the previous study. Histopathological
examination revealed varying degrees of
histopathological changes suggestive of inflammation
in lung tissues from control as well as vaccinated
dogs. This finding was not unexpected because since
immune response to any pathogen is likely to induce a
certain degree of inflammatory response even in the
presence of pathogen-specific immunity. Furthermore,
the severity of histopathologic lung lesions in
control and vaccinated dogs could not be compared
since the tissues were not collected selectively from
areas with lung lesions. Therefore, histopathology
could not be used as a criterion to evaluate efficacy
of the vaccine in this study. Conclusions The
vaccination induced a significantly higher antibody
response, as determined by HAI assay, following first
(GMT=22) and second vaccinations (GMT=I 35) indicating
stimulation of immune response by the vaccine. The
vaccine significantly decreased CIV-induced clinical
signs, especially coughing, at a dose of 500 HAU per
dog demonstrating effectiveness of the vaccine in
controlling CIV-induced clinical disease. The vaccine
significantly reduced nasal virus shedding in
vaccinated dogs, which demonstrates the efficacy of
the vaccine in reducing infection. The vaccine
successfully protected dogs against CIV-induced lung
consolidation proving the efficacy of the vaccine
against the most severe clinical outcome, pneumonia.
The vaccine caused no major adverse reactions in dogs
demonstrating the safety of the vaccine.Clinical
Assessment Guide Nasal Discharge 0 = Absent 0.5 =
Serous discharge: Water fluid dribbles from the
nostril. Fluids running out of the nose are recorded
here. 1 = Mucopurulent discharge, mild to moderate:
Cloudy fluid mixed with mucous runs at least halfway
down from the nose to the mouth. 2= Mucopurulent
discharge, severe: Mucous run past the mouth. Ocular
Discharge 0 = Absent: Small amount of dried crusted
material in the corner of the eye is not considered an
ocular discharge. 0.5 = Serous discharge: Clear fluid
discharge running outside of the eye. 1 = Mucopurulent
discharge, mild to moderate: Cloudy fluid mixed with
mucous that runs at least halfway down from the eye to
the mouth. 2 = Mucopurulent discharge, severe: Fluid
or mucous runs halfway down the nose or rim the eye
and soak the hair at inner or outer corner of the eye.
Cough 0 = Absent 0.5 = Mild: Only one brief cough is
observed. 1.0 = Moderate: Cough is persistent,
occurring repeatedly in the observation period. 2.0 =
Severe: Cough is accompanied by choking or retching
sounds. Sneezing 0 = Absent 2 = Present Dyspnea 0 =
Absent (Normal breathing) 2 = Present (Panting)
Depression 0= Absent (Normal activity) 2 = Present:
Dog is less active or playful, compared to normal.
Dogs are recorded if lethargic or lying down and
reluctant to stand while observation was conducted.
Although the foregoing invention has been described in
detail for purposes of clarity of understanding, it
will be obvious that certain modification may be
practiced within the scope of the appended claims. All
publications and patent documents cited herein are
hereby incorporated by reference in their entirety for
all purposes to the same extent as if each were so
individually denoted. From the foregoing it will be
apparent that the invention provides for a number of
uses. For example, the invention provides for the use
of any of newly identified pathogenicinfluenza virus
strains for preparation of cell culture-adapted
isolates and/or for vaccines as well as known
pathogenic strains. The invention provides for the use
of any newly identified cell culture cells that are or
can be made permissible to influenza growth. The
invention provides for the preparation of the
tissue-culture adapted strains into vaccines having at
least attenuated, subunit, split or killed virus, but
also having adjuvants, carriers, excipients,
antiinfluenza pharmaceuticals, and other agents that
increase the immune response to the virus. The
vaccines can be used before contact with influenza or
after contact.WHAT IS CLAIMED IS: 1. A method of
selecting a human influenza virus for growth on tissue
culture cells by limiting dilution cloning, the method
comprising: serially diluting an influenza virus
isolate and contacting each dilution with cultured
cells; growing the cells for a time sufficient to
produce cytopathic effects (CPE); harvesting virus
from the highest dilution that causes CPE; and
repeating the process with the harvested virus. 2. The
method of claim 1 further comprising admixing the
influenza virus isolate with an effective amount of
trypsin before contacting the cultured cells. 3. The
method of claim 2, wherein the trypsin is type IX
trypsin. 4. The method of claim 2, wherein the step of
contacting the tissueculture adapted isolate with the
tissue culture cells is carried out at an MOI of less
than about 0.01. 5. The method of claim 1, wherein the
tissue culture cells are mammalian embryonic kidney
cells. 6. The method of claim 5, wherein the mammalian
embryonic kidney 



cells are human embryonic kidney cells. 7. The method
of claim 1, wherein the influenza virus is an
influenza A, B, or C virus. 8. The method of claim 7,
wherein the influenza A virus is an H5N1 strain. 9.
The method of claim 1, wherein the influenza virus
isolate is initially grown in embryonated eggs to
obtain a large inoculum for adaptation to tissue
culture. 10. The method of claim 9, wherein the
influenza virus isolate is initially grown on the
amniotic membrane.11. A method for the production of a
human influenza virus vaccine comprising purifying the
harvested virus of claim 1. 12. The method of claim
11, wherein the step of purifying is carried out using
size exclusion chromatography. 13. The method of claim
11, further comprising treating the virus with an
amount of binary ethyleneimine (BEI) effective to
inactivate the virus. 14. An immunogenic composition
comprising a BEI-inactivated human influenza virus and
an adjuvant. 15. A vaccine comprising a human
influenza virus formulated at less than 4 mg of human
influenza HA per dose wherein at least 70% of the HA
has the same amino acid sequence. 16. The vaccine of
claim 15, wherein the human influenza virus is
inactivated by BEI. 17. The vaccine of claim 15,
wherein the vaccine further comprises ISCOM. 18. The
vaccine of claim 15, wherein at least 90% of the HA
has the same amino acid sequence. 19. A method of
selecting a canine influenza virus (CIV) H3N8 for
growth on tissue culture cells by limiting dilution
cloning, the method comprising: serially diluting an
influenza virus isolate and contacting each dilution
with cultured cells; growing the cells for a time
sufficient to produce cytopathic effects (CPE);
harvesting virus from the highest dilution that causes
CPE; and repeating the process with the harvested
virus. 20. The method of claim 19, further comprising
admixing the influenza virus isolate with an effective
amount of trypsin before contacting the cultured
cells. 21. The method of claim 19, wherein the trypsin
is type IX trypsin.22. The method of claim 19, wherein
the tissue culture cells are mammalian embryonic
kidney cells. 23. The method of claim 5, wherein the
mammalian embryonic kidney cells are Madin-Darby
bovine kidney (MDBK) cells. 24. An immunogenic
composition comprising an inactivated canine influenza
virus (CIV) H3N8 and an adjuvant. 25. The immunogenic
composition of claim 24, wherein the adjuvant is an
oil and water emulsion. 26. The immunogenic
composition of claim 24, wherein the adjuvant is
aluminum hydroxide. 27. The immunogenic composition of
Claim 24, wherein the inactivated CIV H3N8 is a binary
ethyleneimine-inactivated CIV H3N8. 28. A vaccine
comprising the immunogenic composition of Claim 24.
29. The vaccine of Claim 28 further comprising an
immunologically effective amount of one or more
additional inactivated CIV serotypes. 30. The vaccine
of claim 28, further comprising an additional
pathogen, wherein the additional pathogen is selected
from the group consisting of canine distemper virus,
canine adenovirus, canine parvovirus, canine
parainfluenza virus, canine coronavirus, Leptospira
serovars, Leishmania organisms, a Borrelia species
(spp.); Bordetella bronchiseptica, Mycoplasma species,
rabies virus, Ehrlichia canis, and combinations
thereof. 31. The vaccine of claim 28, wherein the CIV
H3N8 is formulated at 500 HAU/dose and wherein at
least 70% of the HA has the same amino acid sequence.
32. The vaccine of claim 31, wherein the adjuvant is
aluminum hydroxide. 33. The vaccine of claim 34,
wherein at least 90% of the HA has the same amino acid
sequence.34. A method of immunizing a canine against
CIV comprising injecting the canine with the vaccine
of Claim 28. 35. Serum comprising antibodies that bind
to CIV H3N8 obtained from a canine immunized by the
method of Claim 34 


