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BACKGROUND

Autopsies of soldiers killed by mustard gas in World War I indicated that
sulfur mustard has a disproportionate effect on rapidly dividing cells and suggested
that sulfur mustard compounds might have antitumor effects. Indeed, early
researchers attempted to treat cancer by direct injection of sulfur mustard into tumors.
This research was limited by the extreme toxicity of sulfur mustard compounds and
nitrogen mustard analogs, such as mechlorethamine, were investigated as less toxic
alternatives.
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Because of the lack of selectivity of most mechlorethamine analogs, prodrugs,
such as phosphoramide compounds, which can be activated by the high concentration
of phosphoramidases present in neoplastic cells, have been investigated. Two
phosphoramide alkylating agents, cyclophosphamide (CPA) and the isomeric
compound ifosfamide (IFOS), have demonstrated effectiveness in the treatment of a
broad range of solid tumors and hematological cancers (Zhang et al., Current Drug
Therapy 1: 55-84 (2006)). CPA and IFOS are used both as single agents as well as in
combination with other anticancer agents to obtain synergistic antitumor effects. In
addition to its application in cancer, CPA can also be used as an immunosuppressant
to treat autoimmune diseases such as rheumatoid arthritis and systemic lupus
erythematosus (SLE) (Petri ef al., Lupus 13:366-371 (2006); Leandro et al. Ann.,
Rheum. Dis. 61: 883-888 (2002); Verberg et al., Arthritis Rheum. 52: 421-424
(2005)).
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react spegdédhotrbdtiylwfidby CYP3A4/5 and CYP2B6 pI‘lOI‘, to their conversion to the
nitrogen mustards, resulting in production of dechloroethylated metabolites and the
byproduct chloroacetaldehyde (CAA). Acrolein and CAA are implicated in toxicities
of CPA and IFOS that are unrelated to the cytotoxic mechanism of action of the
nitrogen mustard molecules (Zhang et al., Current Drug Therapy 1: 55-84 (2006)).
Acrolein causes the urotoxicity, hemorrahagic cystitis, and liver damage, and CAA
causes neurotoxicity and has also been implicated in renal toxicity. Co-administration
of the sulthydryl compounds, mesna and amifostine, which react specifically with
acrolein in the urinary tract, can reduce the urotoxicity of acrolein but does not
eliminate other toxicities (Zaki et al., Toxicol. In Vitro 17: 397-402 (2003)).

The nitrogen mustards of CPA and IFOS, phosphoramide mustard and
isophosphoramide mustard, are bifunctional alkylating agents that bind covalently to
nucleophilic groups of nucleic acids. At pH >7, the mustards are dechlorinated to
produce carbonium ions that react covalently with N’ of guanine residues. The
reaction is referred to as DNA alkylation. Both inter- or intra-strand crosslinks result
from the ability of each mustard molecule to react with two guanine residues (Zhang
et al., Current Drug Therapy 1: 55-84 (2006)). Because the inter-strand crosslinks
prevent strand separation required for DNA replication, DNA-alkylation is considered
to be the major mechanism responsible for the inhibition of cell division by CPA and
IFOS. In addition to the antiproliferative (cytostatic) effect, the DNA damage also
induces apoptosis, i.c., programmed cell death (O'Conner et al., Cancer Res. 1: 6550-
6557; (1991); Bahtia et al., Clin. Cancer Res. 1: 873-880 (1995)). The
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their orientation appear to be responsible for the different affinities of the two
mustards (Springer et al., J. Org. Chem. 63: 7218-7222 (1998)).
By administering cytotoxic nitrogen mustards directly to cancer patients, the
“off-target” toxicities and the drug resistance associated with the prodrugs may be
reduced. IPM has been synthesized and preliminary biological evaluations of the
compound have been conducted; but, unfortunately, IPM itself is unstable and
difficult to use directly for human treatment. Stabilized formulations of IPM might
further reduce toxicity and allow metronomic administration of doses that are
sufficient for both direct cytotoxicity against the tumor and antiangiogenic activity.

Improved methods for formulation and manufacture of IPM and analogues and salts

thereof are needed.

SUMMARY

The invention discloses pharmaceutical formulations of isophosphoramide
mustard (IPM) salts and analogues thereof as well as methods for synthesizing IPM
and salts and analogues thereof. IPM salts and analogues of the invention include

compounds of formula (E):

O

[l
A" 'O“ﬁ’_N HCH2CH2X
wherein X and Y independently represent leaving groups; and A" is an ammonium

cation.
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wherein X and Y independently represent leaving groups such as CI, Br, I, or a
sulfonate, ¢.g., toluenesulfonate, methanesulfonate, 2,4,6-
triisopropylbenzenesulfonate, or 2,4,6-trimethylbenzenesulfonate; and A'isan
ammonium cation. Compounds disclosed in U.S. Application No. 11/257,766, filed
October 25, 2005 are useful in the compositions and methods of the invention and are
herein incorporated by reference. Formulations of the invention include IPM salts
and analogues together with a lubricant, a diluent and a disintegrant. Formulations of
the invention may further comprise additional excipients such as a binder and a
compression filler. The disclosure further concerns the synthetic preparation of IPM

salts and analogues thereof.

L Salts of IPM and IPM analogs

The formulations disclosed herein include IPM and IPM analogs that are
formulated with one or more equivalents of base. In certain embodiments, the
disclosed compounds are salts of isophosphoramide mustard or isophosphoramide
mustard analogs including one or more cations. In one embodiment, the cations can
be a conjugate acid of an amine base or can be a quaternary ammonium cation.
Suitable counterions for isophosphoramide and its analogs include the conjugate acids
(as used herein, terms that refer to amines should be understood to include their
conjugate acids unless the context indicates that the free amine is intended) of bases
including basic amino acids, aliphatic amines, heterocyclic amines, aromatic amines,
pyridines, guanidines, and amidines.

In certain embodiments, group A of formula (E):
4



cation.ln certain enbodinents, the invention relates to pharmaceuti cal
formul ati ons conprising a conpound of fornmula (E) and one or nore

phar macewoDcaldog4saecept abl e carriers. Methods of preparipag/tsaed/os2apounds
and formul ati ons are al so descri bed. DETAI LED DESCRI PTI ON The di scl osure
concerns pharmaceutical fornul atiaops of i sophosphoram de nustard (1 PM
salts and anal ogues thereof as welfjf as nethods for synthesizing | PM and
salts and anal ogues thereof. AP FAINHCHAH24Nal ogues of the invention

i ncl ude conmpounds of formula (E): NACHCAY O RENHCH 2CH2X NHCH2CH2Y (E) ;
wherein X and Y independently represent |eaving groups such as d, Br, I,
or a sul f Briglesteddrag a priglagie HeeORHfry o4 testianyentah %@H Prasnple.dn cortyneg-

triisopro exulf r 6.t ) -oand A+ is
an ammon CHPEEREER AL RS e Frud e R RS RN 55 T,
filed Cct el@ning alanZ¥)aparagints adputtici adid, besteiaaRdsthinicatsd, ghdamiichods of the

I nvention and are herein incorporated by reference. Formul atjons of the

i nvent i ongygBrUHstidippyisolsucincy lycingdy g dacthiggenienyfalaning. sqilei cant, a

di [ uent aﬂﬁ%@”i ' gjgﬁttoggglg rosiﬁ&rv%hﬁtzi-é}ﬂﬁogthaﬁ 1§ nvention may further
conprise addition Xcl'plents such as a binder and a conpression filler.
The di scl osinelréymidiley])aconeeecthsnd hecstant trebodimpntspandtororulofE)l PM

represents at least one secondary amine such as diethylamine, 2-

(methylamino)ethanol, aziridine, azetidine, pyrrolidine and piperidine. In certain

embodiments, A of formula (E) represents at least one tertiary amine, such as

triethylamine, trimethylamine, N, N-diisopropylethylamine, and 2-

(dimethylamino)ethanol.

Primary, secondary, and tertiary amine as used herein refers to the number of
direct single bonds between a nitrogen and carbon atom(s), the remainder of the three
valencies of the neutral amine being filled by hydrogen atoms. A primary amine has
only one direct bond between nitrogen and carbon, while a secondary amine is singly
bound to exactly two carbons, a tertiary amine is singly bound to exactly three
carbons. Quarternary ammonium cations have four single bonds to carbon atoms, the
fourth bond involving the lone pair of the nitrogen atom as well as the three valencies
ordinarily present in primary, secondary, and tertiary amines. Accordingly, as the
name implies, such species carry a positive charge. In order for a molecule to be
classified within a particular amine type, e.g., primary, secondary or tertiary amine,
the molecule must comprise at least one nitrogen with the indicated bonding pattern to
carbon(s). For example, a primary amine comprises at least one nitrogen that is singly
bound to exactly one carbon atom. A molecule may however comprise more than one
type of amine, e.g., 2-aminopiperidine comprises both primary and secondary amine
functionality.

In certain embodiments, the amine is an aliphatic amine, such as an acyclic
aliphatic amine. In certain embodiments, the amine is an acyclic aliphatic amine, e.g.,
an amine having 2-3 branched or straight chain alkyl substituents. In certain
embodiments, each branched or straight chain alkyl substituent is a C;-Cy alkyl

amine, such as a Cz-Cs alkyl amine. In certain such embodiments, one or more of the
5
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In a further aspect, the salts described above in formula (E) can include a
second amine or ammonium group. In certain embodiments, the compounds disclosed
herein include more than one equivalent of an amine for each equivalent of
isophosphoramide mustard or isophosphoramide mustard analog. Such embodiments
include those having non-integer ratios of amine to isophosphoramide mustard or
isophosphoramide mustard analogs. In certain embodiments, the compounds have a
two to one or three to one ratio of amine to isophosphoramide mustard or an
isophosphoramide mustard analog. In working embodiments, salts were produced
containing two equivalents of amine base per equivalent of isophosphoramide
mustard. In some embodiments, an amine base used to form isophosphoramide
mustard and isophosphoramide mustard analog salts includes more than one amino
group; such bases can be termed "multibasic." More specifically, certain examples of
multibasic bases that can be used have two amino groups; such compounds can be
referred to as "dibasic." For example, one suitable dibasic molecule is N,N-
dimethylaminopyridine, which includes two basic amino groups. In a particular
embodiment of a compound disclosed herein, a compound includes isophosphoramide
mustard or an isophosphoramide mustard analog and one equivalent of a dibasic
amine.

In one embodiment, the disclosed compounds include one or more
zwitterionic bases. Examples of such bases include basic amino acids, which are
zwitterionic at physiological pH.

As used herein, "aliphatic amine"” refers to a compound of the formula

NR'R?’R’, wherein at least one of R', R* or R is an aliphatic group.
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the isophosphoramide analog salts disclosed herein, the compound is a "mixed"
leaving group compound, including two different types of leaving groups, for
example a halogen and a sulfonate or two different halogens, such as a bromide and a
chloride. U.S. Pat. No. 6,197,760 to Struck teaches methods for making such mixed
leaving group compounds.
11 Formulation of IPM salts and analogues thereof
An aspect of the disclosure includes pharmaceutical formulations, such as an
oral dosage form, prepared for administration to a subject and which include a
therapeutically effective amount of one or more of the IPM salts and analogues
thereof disclosed herein or elsewhere. The formulation may be in the form of a pill, a
tablet or a capsule to be administered orally. In certain embodiments, the formulation
is in the form of a capsule for oral administration.
In certain embodiments, the formulation comprises a lubricant, a diluent and a
disintegrant in addition to, ¢.g., admixed with, the IPM salt or analogue thereof. The
formulation may comprise, for example, 0.25-5% of a lubricant, up to 98% of a
diluent such as from 80 to 98%, such as 85 to 95% such as about 90% of a diluent,
and up to 90% of a disintegrant such as from 0.5 to 10%, such as from 0.5 to 5%, such
as about 1% of a disintegrant by weight of the formulation. The formulation may
further comprise one or more additional diluents, disintegrants or lubricants and
additional carriers.
In certain embodiments, an oral dosage form comprises from 1 to 250 mg of

the compound of formula (E) such as from about 1 to about 100 mg or from about 10
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starch; calcium silicate; magnesium carbonate (heavy); magnesium oxide (heavy);

magnesium lauryl sulfate, sodium lauryl sulfate, calcium stearate, sodium stearyl
fumarate, polyethylene glycol 4000 and 6000, sodium benzoate, light mineral oil,
hydrogenated vegetable oils, stearic acid, or glyceryl behenate. In certain
embodiments, the lubricant is magnesium stearate. In certain embodiments, the
lubricant of the formulation comprises the salt of a fatty acid, such as the salt of a long
chain, e.g., C10-C,a4, saturated or unsaturated fatty acid. In certain embodiments, the
salt of a fatty acid is a metallic salt, such as the magnesium salt of a fatty acid, e.g.,
magnesium stearate. In certain embodiments, the lubricant of the formulation
comprises a long chain fatty acid ester such as sodium stearyl fumarate. In other
embodiments, the lubricant comprises a mixture of glycerides of fatty acids such as
glyceryl behenate.

The formulation may comprise at least one of the following lubricants in the

indicated amount (by weight of the formulation):

Talc 1-5%,
Fumed silicon dioxide 0.1-0.5%,
Starch 1-10%,
Calcium silicate 0.5-2.0%,
Magnesium carbonate (heavy) 1-3%,
Magnesium oxide (heavy) 1-3%,
Magnesium lauryl sulphate 0.2-2%,
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containing two equival ents of am ne base per equival ent of isophosphoram de
mustard. In sone enbodi nents, an am ne base used to form i sophosphoram de
nmust ard awo 208apkkasphor anm de nustard anal og sal ts i ncl u#es/useeoe/0512ah1 one
am no group; such bases can be terned "nultibasic.” Mre specifically,
certain eé nBIes OL gﬁltibasic ba86§ hat can be used have two am no

gr oups; euRd %An be refe °4o0 as "dibasic." For exanple, one
sui tabl e @hgﬁﬁhgmggkﬁcule i's N Ndi gt4ryl am nopyridine, which includes two
basi ¢ amino groups. In a particul ar enbodi ment of a conpound discl osed

her ei n, aSQ@npnmmmwﬂhEMUﬁes i sopho8pkRY¥hani de nustard or an i sophosphorani de

mustard apal o f..@ di basic am ne. In one enbodi nent,
t he disclgg%ﬁggg B’ kﬁﬂﬁ §5§8@n248/@nnre ZwWitterionic bases. Exanples of
such baseso&ﬂﬁﬂﬁﬁgyﬁ@5|c am no aci ds9,which are zwitterionic at

physi ol ogi cal pH. As used herein, "allphatlc amne" refers to a conmpound of
t he for mulsrRiREDIl wherein at Ieéé%éone of Rl, R2 or R3 is an aliphatic

group. TheEﬁﬁﬁ)en%&¥%%§%mﬂhhghat'c ?@yua refers to an aliphatic am ne as

above, wh one,” and preférably all, of the aliphatic groups is
acyclic. Staritecith "het erocyclic an)re2%ehdr s to a conmpound of the formul a
NR1IR2R3, wherein at |east one of RlL, R2 or R3 is a heterocyclic group or
Rl, R2 an@ﬂﬁ?ﬁﬁ@e‘ﬁﬁgh t oget her wi PR-4%ei r common nltrogen atomforma

LLQ?EOThe d @éﬂl}ni ﬁgntgrtﬂypom{ %{tﬁ)h%oﬁl s} s% %Slfl &9@(9 npeﬁl Q‘h&ﬂltaced. by a
ph| erence to the pres osed conpoun | eavi ng
group (by weight of forrnulatlon) selected from 0.25% and 2% or from 0.25% to 1% or
about 0.5%.
The capsule formulation may comprise a diluent selected from any one or
more of lactose, microcrystalline cellulose, mannitol, calcium hydroxy-dioxido-oxo-
phosphorane, dextrose, glucose, sucrose, starch and derivatives, calcium carbonate,
dicalcium phosphate and magnesium carbonate. In certain embodiments, the diluent is
selected from microcrystalline cellulose, mannitol, lactose and calcium
hydroxydiodioxido-oxo-phosphorane. In certain embodiments, the diluent is
microcrystalline cellulose.
In certain embodiments, the diluent comprises a carbohydrate, such as sugar or
sugar alcohols (e.g., lactose, a-lactose monohydrate, sucrose, mannitol, or sorbitol),
or a cellulose polymer such as microcrystalline cellulose, silicified microcrystalline
cellulose, or powdered cellulose.
The formulation may comprise at least one diluent in an amount up to 98% by
weight of the formulation such as from about 50-85% or about 50-75%. In certain

exemplary embodiments, the formulation comprises one or more of the following

diluents in the indicated amount by weight of the formulation:

microcrystalline cellulose 5-98%,
mannitol 10-90%,
dextrose up to 98%,
glucose up to 98%,
starch and derivatives up to 98%,
calcium carbonate up to 98%,



refers to a group that can be displaced to forman aziridinium
internmediate, or can be directly displaced by a bionol ecul ar nucl eophil e,
such as awouelogiigs4aci d nucl eophile, to form for exanpl @CTaiSZemalokzbat ed
guani di ni um speci es. Exanpl es of suitable |eaving groups include the

hal ogens gnd the sul fonates (--SOR). In certain ﬁybodinents, for the

i sophosphBKalsigePasENYG sal ts di scl osed her eRP Y& conpound is a "mi xed"

| eavi ng gHRUR-HAARAYBBShte | NCl udi ng two differgpty dgopes of |eaving groups,
for exanple a hal ogen and a sulfonate or two different hal ogens, such as a

broni de ahdtasechl oride. U S. Pat. No. 6,197, up® 9808hduck t eaches net hods
for making suc 1 xed. | eavi n roup, conpound /4. Formulation of IPMsalts
and ana|ogﬂ8§“ﬂﬁ"€8%“) ° @E§§¥pg?£*ﬂ%ﬂgiscligﬁp *incl udes pharnmaceutica
formul ati ons, such as an oral dosage form prepared for admnistration to a

subj ect and which include a therapeutically effective anobunt of one or nore
of the | Pk estatiscrabrilizmaeis.ohe &y mufision spmarises| foxe dS 9t emicrorrysipléiagher e. The

adr ni ot evBATR a1 ok Afe) P SiogRallbly 1A MEh BRI E D (e orm

of a capssildh skabowroal, mibrbaryshiliat celiulodenlcedctmpiaty embodinteant the t he
formul atign conprises a lubricant, a diluent and a di§integrant‘in addi ti on
to, e.g., forawiatien camprsestthed-1 Punagnesiupy stesrar g¢ abqus i @gnicromestdlBpsnl at i on

e e i
and up t onB@%cryhtalindicsllubegmdrabostu i oasagnesinmGtd&rata 10% such as from 0.5
to 5% such The formulation may comprise at least one disintegrant, ¢.g., a water-soluble
polymer, preferably an anionic water-soluble polymer, such as cellulose or a
derivative thereof or a salt thereof. In various embodiments, the disintegrant may be
selected from any one or more of starch, microcrystalline cellulose, insoluble ion
exchange resins, sodium starch glycolate, sodium carboxymethylcellulose, gums such
as agar, guar and xanthan, alginic acid, sodium alginate and povidone. In certain
embodiments, the disintegrant comprises a salt of cellulose or a derivative thereof.
Derivatives of cellulose include molecules in which one or more of the hydroxyl
functionalities of cellulose are bound to atoms or groups of atoms other than
hydrogen. For example, the disintegrant may comprise carboxymethylcellulose
(CMC) (e.g., a cellulose derivative with carboxymethyl groups (-CH,-COOH) bound
to some of the hydroxyl groups of the glucopyranose monomers that make up the
cellulose backbone) or an anionic form thereof. In certain embodiments, the
disintegrant is or comprises sodium carboxymethylcellulose, which may optionally be
crosslinked. Preferably, the disintegrant is selected such that the formulation
disintegrates in the stomach in less than 30 minutes, such as less than 15 minutes, or
even less than 10 minutes.

The formulation may comprise at least one disintegrant in an amount up to
90% by weight of the formulation. In certain exemplary embodiments, the
formulation comprises one of the following disintegrants in the indicated amount by

weight of the formulation:

microcrystalline cellulose 5-90%,
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as about 1% of a disintegrant by weight of the fornulation. The fornul ation
may further conprise one or nore additional diluents, disintegrants or

| ubri cantwoant/@|diditti onal carriers. In certain enbodi nelrC3USaWIO62P5 dosage
formconprises from1 to 250 ng of the conpound of fornula (E) such as from
about 1 to a%put 100 ng or fron1ab§g%%;0ng to about 50 ng. In certain

embodi nent@ he fornul ati on conprPEe<™f rom 5-25 ng of the conpound of
formul a (EdisHGhr@ssahkaut 5 ny, abeuw, 7.5 ng, about 10 ng, about 12 ny,
about 15 ng, about % my and about 25 ng. In certain enbodinents, the
conpound eddifrocatboayfigthyicsllulhge t ri g by tr%xynet hyl ) am nonet hane (Tris) salt:
wherein X and Y are independently sel ect g,fronlleaving groups, such as d,
Br, or I,88" a sulfonate, e.g., toﬁﬁ%ﬁQESI?onate, nmet hanesul fonate, 2,4, 6-
triisopropyihengeoessdilnflifate O 24496 -dntli Met hyl benzenesul fonate. In
certain enbodi ments, the lubricant of the fornmulation nmay be sel ected from
any one ofrogpmedae tal c; fumed sil 1ddm di oxi de such as Aerosil, Cab-OSil,
or Syloid; starch; calciumsilicate; magnesi um carbonate (heavy); magnesi um
oxi de (heavy); magnesium | auryl sulfate, sodiumlauryl sulfate, calcium

st ear at e, Iis@ainerab&imyhts ftherdisaitgrantie kydtnyda e yakihe k141064 Tasd 6000,

sodi um benzoate, |ight m neral oilb hydr ogenat ed ve?etable oils, stearic

aci d, or &rpeiation nprergrise fiom @érd asddiwnsathomemetdyicehdosq bt Fetiit i s

magnesi UM SHERARRAR: the FomGliRinboRFPRA RN 8 sblifin 6%?%& Lellulfe.
formul ati on corrprﬁ’ses (t? he sgj‘nt Ogﬁibaggr atty é’csi g sthc?a S t}ﬁg esarbt%eof a long
chai n, e. in ¢er@iDerBotimsak Ltha ferchubation veatprisat (et 204t sgdiaai d. | n certain
enbodi ments, the salt of a fatty acid.is a netallic sal such as the
magnesi u n{:%rg1)>fyr%qtﬁ3acqlgﬁq$, %g?-d 1A> magnesium stearate, at least about t90%

microcrystalline cellulose, and from 5-9% of the compound of formula (E). In

exemplary embodiments, the formulation comprises about 1% sodium

carboxymethylcellulose, about 91% microcrystalline cellulose, about 0.5%

magnesium stearate and about 15 mg of the compound of formula (E):

OH o
+ 1
NH; "O~P~NHCH,CH,X
HO oH NHCH,CHY

wherein X and Y are leaving groups, such as Br, Cl, or I. In an exemplary

embodiment, the compound of formula (E) is:

OH ﬁ
+

NH3 -O—FI)_NHCH2CH2C|

HO OH NHCH,CHCI

The formulation may further comprise one or more additional carriers such as
a binder from 3-90% and a compression filler up to 98%. The formulation may
further comprise a carrier selected from a second diluent, a second disintegrant, and a
second lubricant. Other pharmaceutically acceptable carriers useful for these
formulations are conventional. Remington’s Pharmaceutical Sciences, by E. W.
Martin, Mack Publishing Co., Easton, PA, 19th Edition (1995), describes
formulations suitable for pharmaceutical delivery of the compounds herein disclosed.

In certain embodiments, the formulation comprises a component that performs

the function of two or more of a lubricant, a diluent, and a disintegrant, ¢.g., acts as
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magnesi um stearate. In certain enbodi nents, the lubricant of the

formul ati on conprises a long chain fatty acid ester such as sodi um stearyl
f umar at e. wOnomthes41enbodi ments, the | ubricant conpri sesPaTAIS2409/062205
glycerides of fatty acids such as glyceryl behenate. The fornulation may

conprise at | t. on f the foll ng lubricants in the indicated anount
(by wei gh Ot IipeRbE A %ﬁnmgyant%rc?xgm@% the SR MBSO kF de. 0. 1- 0. 5%

Starch 1- ﬁﬁ%crfx}@tlaﬁin@ rébl%lbéecﬁtb%ﬂpth@ dﬁu&l{qan%&"tﬁsﬁhﬂég?aﬁﬁrlﬁg&?&l@s&dﬁeaVY) 1-3%
Magnesi um oxi dé (heavy) 1-3% Magnesium | auryl hat e 0. 2- 2% Sodi um

lauryl su blphadimeotszﬂ@% m@adringymettteamgoe O am@m@b dilumtsangéory| f umar at e
0.5 2w eelygl vk oge, gl 0000 O 6080, 0t S Bapsate > S0
0.25-2% amndufdyearty khdehamed & Ll &Fthdeomponents whose functions it performs. In

certain embodiments, a single component of the formulation may act as all three of a

diluent, a lubricant and a disintegrant. In certain embodiments, each of a lubricant,

diluent and disintegrant are compounds that are distinct from one another.

Pharmaceutical formulations can also include one or more additional active
ingredients such as antimicrobial agents, anti-inflammatory agents, anesthetics, and
the like.

In one aspect, certain embodiments of pharmaceutical formulations are
formulated into unit dosage forms. For example such unit dosage forms can contain
from about 1 mg to about 250 mg, such as from about 5 mg to about 100 mg, such as
about 5 mg to about 50 mg, such as about 5 mg, about 10 mg, about 15 mg, about 20
mg, about 25 mg, about 30 mg, about 35 mg, about 40 mg, about 45 mg or about 50
mg of a disclosed isophosphoramide mustard salt or analog thereof per dosage unit.

In certain embodiments, the formulations of IPM salts or analogs thereof
disclosed herein, are stable at room temperature for at least two weeks, at least one
month, at least two months at 5 °C, at least three months at 5 °C, at least six months at
5 °C, at lecast 9 months at 5 °C, at lecast 12 months at 5 °C, at least 18 months at 5 °C,
or even at least 24 months at 5 °C. In certain embodiments, the active ingredient of
such stable formulations undergoes less than 10% decomposition, preferably less than
5%, 2%, or even less than 1% decomposition, ¢.g., as measured by assaying for the
presence of decomposition by-products such as phosphoric acid and its salts and
substituted ethylamines, such as by HPLC or GC, for at least two weeks, at least one
month, at least two months, at least three months, or even at least six months. In other
embodiments, the stable formulations maintain >90%, >95%, or even >98% potency
at room temperature for at least two weeks, at least one month, at least two months at
5 °C, at least three months at 5 °C, at least six months at 5 °C, at least 9 months at 5
°C, at least 12 months at 5 °C, at least 18 months at 5 °C, or even at least 24 months at

5°C, e.g., as determined by HPLC analysis.
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In certain enbodi nents, the formul ati on conpri ses nagnesi um stearate in an
anmount (by weight of fornulation) selected fromO0.25% and 2% or from 0. 25%
to 1% or wbaoto/4&%% The capsul e formul ati on nay conpri ETAISAIMOEIIDS
sel ected from any one or nore of |actose, rri cr ocrystal |l i ne cell ul ose,

manni tol, calciumh drox d| oXi glo X, hos rane de ucose,
sucrose, starchSaH ?IPV stab 6{") ﬁt&‘ﬁgﬁ%sﬁﬁ\%hosphat e and
magnesi unh&ﬁ&é)&@%@ aftérra lfe%foh%hv ﬂnfertb%d e moith tt\k]@ nﬂinkﬁgemeel Mol &6 ed from
m crocrystalline cellulose, mannitol, |actosé and cal ci um

hydr oxydi oginthsi ee-yero<shios phlemﬁé% khleas 96 %i, at lemdb@a?/orrem@naﬂf@stcﬂﬂ‘yuent is

m cr ocryst II|n cel | ul Inc rtaln 0 t he dil yent nprises a
T borm iy e it s mad vE Gk ReE g by TS sthe Sxdlotd R isfErt s
nonohydr a&@neﬁﬁ%ca&é&mnr(ansbt)osucmn £94yPinh dpbé per@émdCRr kkdRSe, Balgysrer such
as mcrocrystalline cellul ose licified mcrocrystalline cellul ose, or

powder ed §é8|cglru6meand1aﬁesqcmtmb/@t@mdwthm910bdﬁph&sg@oamrllsléaé)tOOéd‘é diluent in an
anount up]}%%ﬁf%?(r’{%&x H‘@éa%"énd){) ll/ot?lﬂfu8{|:%)%%}?ctdc?({] nsvyatc[%eas from about 50-85% or

about 50 certain exe formul ati on conpri ses
one or nore of Phhﬁlaﬁalticamrﬁ@rdmdns&hﬁmam be tided draldli watude pagiofindapbylesvei ght  of
the formulation: mcrocrystalline cellulose 5-98% mannitol 10-90%
dext r ose g)@d@ ot g@ayn (“gelcaps”), as well as soft, sealed capsules made of gelatin, and a
plasticizer, such as glycerol or sorbitol. The push-fit capsules can contain the active
ingredients in admixture with carriers. In soft capsules, the active compounds may be
dissolved or suspended in suitable liquids, such as fatty oils, liquid paraffin, or liquid
polyethylene glycols (PEGs). In addition, stabilizers may be added.

Methods are disclosed herein for treating conditions characterized by
abnormal or pathological proliferative activity or neoplasia by administering one or
more of the disclosed compounds or formulations to a subject. "Neoplasia" refers to
the process of abnormal and uncontrolled cell growth. Neoplasia is one example of a
proliferative disorder. The product of neoplasia is a neoplasm (a tumor), which is an
abnormal growth of tissue that results from excessive cell division. A tumor that does
not metastasize is referred to as “benign.” A tumor that invades the surrounding
tissue and/or can metastasize is referred to as “malignant.”

Conditions that can be treated according to the disclosed method include those
characterized by abnormal cell growth and/or differentiation, such as cancers and
other neoplastic conditions. Typical examples of proliferative disorders that can be
treated using the disclosed compounds and formulations are listed below.

Examples of hematological tumors that can be treated using the compounds
and formulations disclosed herein include leukemias, including acute leukemias (such
as acute lymphocytic leukemia, acute myelocytic leukemia, acute myelogenous
leukemia and myeloblastic, promyelocytic, myelomonocytic, monocytic and
erythroleukemia), chronic leukemias (such as chronic myelocytic (granulocytic)
leukemia, chronic myelogenous leukemia, and chronic lymphocytic leukemia),
polycythemia vera, lymphoma, Hodgkin's disease, non-Hodgkin's lymphoma

(indolent and high grade forms), multiple myeloma, Waldenstrom's
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gl ucose up to 98% starch and derivatives up to 98% cal cium carbonate up
to 98% di cal ci um phosphate up to 98% nagnesi um carbonate up to 98%

| act ose wpot2010@88984and cal ci um hydr oxydi odi oxi do- oxo- pho®pharsace/032980% | n
certain enbodi ments, the fornulation conprises from 85-95% m crocrystalline
cel lul ose. The fornulation nﬁ¥ conprise fron388-92W m crocrystalline

cel | ul ose™efoglabulingRid: hegyychiin dsersps yPofyp1asar FYNBLRs: hay&shnpl ary

embodi men{Qkeh Gl MhyBIdRLp1@Ra cONPri ses 0. 25- 1% magnesi um st earate and about
91% mi crocrystalline cel'lulose. In certain particular enbodi nents, the
formul ati on cordditoss! cxboptes 9f ¢omditorsdhatsumbt imeed esihgtheshschasdd about 0. 5%

magnesi um stearate. . The fornmul ation conpri.se at |east . one. di si ntegrant,
e g, a watBPOws hi gorgl&ﬁwg% i og FaliBlr IR Rofeomiaent CEraBRe por ymer
such as ceiclude FHeosafcomad Biyk¥@kdonts, 1iP6aem® Chéhdsdatcohieb8&genicn vari ous
enbodi nents, the disintegrant may be selected fromany one or nore of

starch, nbaert.yad athcr pacemis, ayneyeomy, mrespilibliemy.diyviage hanefe resi ns, sodi um
tarch glyg dj t | ,
o g IS S PR SALIGIRL b e AL Aoy MR RS, p0er, oo

and xant han, 'umalginate an rtain
enbodi menpsncrédiie can&t,Mr&gt edlcers QRIcha@ss, dvaddnt cadtercplobtaicaaacewy a derivative
thereof. Derivatives of cellulose include nmolecules in which one or nore of

t he hydr oR§natgegHeler epainpmpesgugmopsetall gapdromy dagb el careingMdns or gr oups of
atoms ot hgﬁentogeﬁ‘@inoma, sweat gland carcinoma, sebaceous gland carcinoma, papillary

carcinoma, papillary adenocarcinomas, medullary carcinoma, bronchogenic
carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma, choriocarcinoma,
Wilms' tumor, cervical cancer, testicular tumor, bladder carcinoma, and CNS tumors
(such as a glioma, astrocytoma, medulloblastoma, craniopharyogioma, ependymoma,
pinealoma, hemangioblastoma, acoustic neuroma, oligodendroglioma, menangioma,
melanoma, neuroblastoma and retinoblastoma).

In certain embodiments, the methods disclosed herein include treating a
subject having a CPA-resistant neoplastic condition with an isophosphoramide
mustard salt or analog thereof as disclosed herein.

In one embodiment of the method a subject is administered from about 0.2
mg/kg/day to about 20 mg/kg/day of a disclosed isophosphoramide mustard salt or
analog thereof. For example, from about 0.5 to about 10 mg/kg/day, such as from
about 1 to about 7.5 mg/kg/day of a disclosed compound can be administered to a
subject.

In another embodiment of the method, a subject is administered from about 10
to about 700 mg/m*/day, such as from about 20 to about 400 mg/m*/day or from about
100 to about 500 mg/m*/day. For example, from about 30 to about 100 mg/m*/day,
such as from about 40 to about 90 mg/m*/day of a compound disclosed herein.

In one embodiment of the method for treating hyperproliferative disorders
disclosed herein, a disclosed compound is administered to a subject on a multiple
daily dosing schedule. In such embodiments the compound is administered on at least

two days and on as many as five different days. In one aspect of multiple daily dosing
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hydr ogen. For exanple, the disintegrant may conprise carboxynet hyl cel |l ul ose
(CMO) (e.g., a cellulose derivative with carboxynethyl groups (-CH - COOH)
bound t o wormeloafi4g4he hydr oxyl groups of the gl ucopyr ano®eTrusaaamsot hat
make up the cellul ose backbone) or an anionic formthereof. In certain

enmbodi nentg, .the disintegrant, is. or conprises sodium .

car boxyneﬁ%fi@ewm %sg%p,ougvﬁ il%;frfirwaweaiff ﬁogﬁ%lwﬁ:gﬁ%en CPHSEYvinlays: sprledser abl vy,

the di si ngggr@itoirfcIeh&et®dd dyeh that the fornulation disintegrates in the
stomach in less than 30 mnutes$, such as |less than 15 m nutes, or even | ess

than 10 mi nut e offhenticshmentat ithermethyd ontrpr inges adtlitiopalstheropeutidiagemts égr ant i n
an anount .10 90% by .weight. of the formulation. In certain exenplary
enboar menp ey By wdi SrieBinn Pdae o §icihiscd SrFGtindy Muf a5 nt eqr ant s
in the i nfhrﬁﬁla@i@nanpnga&gle\,/\@dcgmna@thekéiﬁuﬁ@ageﬂtsadah@ﬁut chi B¢ Q&dMadladd | ne

cel lul ose 5-90% starch 3-25% sodium starch glycolate 2-8% sodium

car boxymethgpeépledindeg agentso DN ntegaiptoaser arosringgssaPdisnpathesisd or sodi um
R T T N i s
from 0. 5- dfilsiead, gsheRpbawyrsahiivt alegid)gﬁneﬁeinhﬁﬁa‘toegr tain enbodi nents, the
o T O GO bl Bonding agont reior o i agedt that tracts with wubilin to

stabilize or destabilize microtubule formation thereby inhibiting cell division.

Examples of microtubule binding agents that can be used in conjunction with the

presently disclosed isophosphoramide mustard salts and analogs thereof include,

without limitation, paclitaxel, docetaxel, vinblastine, vindesine, vinorelbine

(navelbine), the epothilones, colchicine, dolastatin 15, nocodazole, podophyllotoxin

and rhizoxin. Analogs and derivatives of such compounds also can be used and will

be known to those of ordinary skill in the art. For example, suitable epothilones and

epothilone analogs for incorporation into the present compounds are described in

International Publication No. WO 2004/018478, which is incorporated herein by

reference. Taxoids, such as paclitaxel and docetaxel are currently believed to be

particularly useful as therapeutic agents in the presently disclosed compounds.

Examples of additional useful taxoids, including analogs of paclitaxel are taught by

U.S. Patent Nos. 6,610,860 to Holton, 5,530,020 to Gurram et al. and 5,912,264 to

Wittman et al. Each of these patents is incorporated herein by reference.

Suitable DNA and/or RNA transcription regulators, including, without

limitation, actinomycin D, daunorubicin, doxorubicin and derivatives and analogs

thereof also are suitable for use in combination with the presently disclosed

compounds.

DNA intercalators and cross-linking agents that can be incorporated into the disclosed

compounds include, without limitation, cisplatin, carboplatin, oxaliplatin,

mitomycins, such as mitomycin C, bleomycin, chlorambucil, cyclophosphamide and

derivatives and analogs thereof.
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In certain enbodi nents, the fornulation conprises 0.5-2.0% sodi um

car boxynet hyl cel | ul ose, 0.25-1% nagnesi um stearate, at |east about 90%

m crocryswal2bioma4s#el | ul ose, and from 5-9% of the conpoumrdTafS2doonmba (E).

I n exenpl ary enbodi nents, the formul ation conprises about 1% sodi um
carboxynethyIcE%lulose t 91% crocr line. cellul&ie about 0.5%
magnesi um st ea S%I&GS%B 1tqu5 spifabl farpisc ay tg‘ﬁ A iCaECRtS ARRlpde, (E): wherein

X and Y apgmh@auhindiodr Hl@@r%trep%éﬂ&hs g§0r§r5, dgxyuHHmE 5- ﬂh&oﬁ&cﬁ&ﬁ&ﬁh%g’s
enmbodi nent, the conpound of fornula (E) is” The formulation may further

conpri se dneeOdjr nore additional carriers such as a binder from 3-90% and a
conpression filler % The f ation may fur her. rise a
carrier select 6@?18%%%%@‘8&82%}?? H]glmn%r%%%élﬁ%lﬁldyo bérfal&llpgé"fl " and a second
| ubri cant preQX BT diflacaRERPS IR lihu RS GaRbANFitGRIT éifioUsah Wiofdldet hese
formul ati ons are conventional. Rem ngton 's Pharmaceutical Sciences, by

E.W Mart faimenmed tigliosiatipang daivativesadamalopather®th Edition (1995),
describes for ”Ehﬁédalé){ﬂl%rai)&ét‘ic%%ﬁuse PR %8@ r%l%(?l)seg% h‘éﬁﬁ%ds‘% gt €

conmpounds her el I'n certaln orrulation

conpri sesaffedt @oORGNIatibhiclyde hhaitithat fesult m&tﬂemd@fr devwoased chpessiaf a
| ubricant, a diluent, and a disint e?r ant, e.g., acts asboth a |ubricant and
a di si nt e8f AOT IIJE 2ERTENPHCE 254 WhGUS Fimitakpn, dﬁlor?ﬁgnecéﬁaaqyélél% tvgEtystal | ine

ce st 05eqasybatdind *Eﬁn&h%e&{eﬁlthyglgqy%%xﬁbé'ﬂﬁtf%{s%% nb BoSeAL AL huch

enbodi nent s, ere may or e one or re a |t| ona uents and/ or
di si nt egramﬁlsgsnheraoﬁ ornmul ation, and/or the nulti-acting conponent is

present in an aounL equal L LISATPIS Rl lo Sl D ofERONENt s whose
including, but not limited to, biomolecules, such as peptides, proteins, enzymes,
polysaccharides, oligonucleotides, DNA, RNA, recombinant vectors, and small
molecules that function to inhibit blood vessel growth. Angiogenesis is implicated in
certain pathological processes, such as those involved in disorders such as diabetic
retinopathy, chronic inflammatory diseases, rheumatoid arthritis, dermatitis, psoriasis,
stomach ulcers, and most types of human solid tumors.

Angiogenesis inhibitors are known in the art and examples of suitable
angiogenesis inhibitors include, without limitation, angiostatin K1-3, staurosporine,
genistein, fumagillin, medroxyprogesterone, suramin, interferon-alpha,
metalloproteinase inhibitors, platelet factor 4, somatostatin, thromobospondin,
endostatin, thalidomide, and derivatives and analogs thereof.

Other therapeutic agents, particularly anti-tumor agents, that may or may not
fall under one or more of the classifications above, also are suitable for administration
in combination with the presently disclosed compounds. By way of example, such
agents include adriamycin, apigenin, rapamycin, zebularine, cimetidine, and

derivatives and analogs thereof.

III.  Preparation of IPM salts and analogues thereof
In one aspect, the methods are used to prepare compounds of Formula (E):
i
A* "O~P=NHCH;CHzX
16



certain enbodi nents, a single conponent of the formulation may act as all
three of a diluent, a lubricant and a disintegrant. In certain enbodi nents,
each of awbubroaasyt, dil uent and di sintegrant are conpo®auaiStévaszee

di stinct fromone another. Pharmaceutical fornulations can also include one
or nore additi o ctive redl ents such as antim crobial agents,

anti-inf | 8nit% ypfag tEaut sqrﬁ%quzfé g the like. In one aspect, certain
enbodi ment$.Rf,.phar maceuti cal fornulations are fornmulated into unit dosage
forms. For exanple such unit dosage forns can contain fromabout 1ng to
about 250 ny, M%mdhpmaﬁwtﬁprﬁemtdeavmeupS;aﬁd) nmy, such as about 5 ny
to about 50 npg, -such as about ny, about 10 ng, about 15 ng, about 20 ng,
about 25 ng, a Videivie Wﬁ lugb%aﬁlp 35 ng, about 40 ng, about 45 ng or about 50
ng of a disclosed i sophosphoram de nustard salt or anal og thereof per
dosage unit. | m eégfairpémbaiipeaks o pscrtdesclRimpretilenactabdd BiVpaphtisg or

anal ogs thereof disclosed herein, are stable at roomtenperature for at

| east t wocqieaunds af Feraas (londa thsmewaytin Sebeiee fwo months at 5 0C, at | east
three nonths at 5 0C, at least six nonths at 5 0C, at least 9 nonths at 5
0C, at least 12 nonths at 5 0C, at least 18 nonths at 5 0C, or even at

| east 24 Bulndrhs1.aPrcpafdfon bHilRdd nhdkaltsemntl adalopudsshertdfe acti ve i ngredi ent of
such stabl e formnul ati ons undergoes | ess than 10% deconposition, preferably
| ess than 5% 2% or even |ess than 1% deconposition, e.g., as neasured by
assaying fog the presence of decon‘R‘om tiom by-products such@s phosphoric
acid and |t$, kt(% and slybstl ?h}éln ,rﬁ nes, such as by IﬂDLC or GC, for

%& NHCHZCHZY NHCHZCHZY
(A) (B) (©) (D)
0 o)
Il I
HO" T NHCH,CH, X B35% A* O~ ~NHCH,CH,X
NHCH,CH,Y NHCH,CH,Y
(D) (E)

According to Scheme 1, phosphine oxide (A) is treated with alcohol R'OH
affording monoester (B). Monoester (B) is treated with one or more amines, ¢.g.,
XCH,;CH,;NH; and YCH,CH,NH; or salts thereof in concert or in series, under
condensation conditions affording phosphordiamidate (C). Phosphordiamidate (C) is
converted under hydrogenolysis conditions to phosphordiamidic acid (D).

Phosphordiamidic acid (D) is then converted to a salt by treatment with a base.

In certain embodiments, the present invention provides a method for the

preparation of a compound of formula (B):

o
IF!

R'071 X!
X' (B);

comprising treating a compound of formula (A):

i

P
| X1

X' (A);

1/

X
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nonth, at |east two nonths, at |east three nonths, or even at |east six
nont hs. I n other enbodi nents, the stable fornulations nmaintain >90% >95%
or even X\§8U0patigsicy at roomtenperature for at |east tWROTNESRI9/058P5]| east
one nonth, at least two nonths at 5 0OC, at |east three nonths at 5 0C, at

| east six nmonths at 5 0 | east nonths at 5 0 at least 12 nt hs at
5 0C, at MaRstn £F0 h%?h-g)%tu@ebéon%qm@wn%f s (VIBHC o AY wefeaffe 8n0C, e. g.
as deternbtgglqt)b%emc anal ysis. As used herein, the term"stable" neans t hat
the purity of 't PM salt or anal og ther eof after a period of tine (e.g.,
one nonth, twoXminschsndently é& croinodesreriex isrslected froom€lyleand Bt c. ) is at

| east 90% at | east 95% at |east 97% or even at |least 99% of the initial

purity, which HPLC usi ng. ratl ve |ight
scattering det gg?lbenz éﬁnaﬂ?és Stlglﬁédavgé%ynerr%r mBreS Bse[ n%& “for exanpl e,

usi ng a Chel&tePirbiiThafyydn AR ] SICTaaH I-KRSY SthersimRE 1§ 1@ddpellmdnﬁy|@élaaed €npri sing
0. 005 M hept af |l uorobutyric acid and 0.1%trifluoroacetic acid in water.

Phar mceu?@@&cc‘ﬂ?@}ﬁﬁf@mﬂr@ prs¢r g be used oral | y include push-fit
capsul es made of gelatin ("gelcaps”), as well as soft, sealed capsules made

of gelatin, ang, a.pi B&dlﬁl@flts BUg lBe tltY 2 NOkuRkini O Rith Ghe of BgrPUsSh-fit

capsul es can contain the active |ngr mxture wth carriers. In
soft caps sutmstuenﬂseln&tertameendm)ﬂpwmjﬁ nayndubstdutgébbmdi Iorcelszuspended in
suitable Ii hasfat oi | s, q i.n

o vathyt shEsgat & Releh pelutindt ot tafly BAEALL B Yy qbeifsa. net nods
are discl gged h@é&taﬁh érﬁBocflﬁl@ﬁth'tﬁg C@Iﬁﬁ&lﬂd‘(ﬁ'ﬁl‘ﬂﬁh@(&ﬁ% éO?@gatm/om mal or

pat hol ogical proliferative activity or neoplasia by adm nistering one or
nmore of tbPhibEIbsed conpounds or fornulations to a subject. "Neoplasia"
refers to

In certain aspects, the condensation conditions comprise an amine base. In
certain such embodiments, the amine base is selected from any of N-methyl
morpholine, triethylamine, pyridine or diisopropylethylamine, e.g., triethylamine.

In certain embodiments, the condensation conditions may comprise an aprotic
organic solvent, ¢.g., acetone, 2-butanone, butyl acetate, ethyl acetate, acetonitrile,
toluene, THF, dioxane, N,N-DMF, DMSO, 1,2-dichloroethane, or methylene
chloride. In certain embodiments, the aprotic organic solvent comprises acetonitrile,
wherein the acetonitrile may represent, for example, more than about 10, 20, 30, 50,
70, or 90% of the solvent system, or substantially all of the solvent system, for

example about 95% or greater of the solvent system.

In some embodiments, phosphine oxide A and R'OH are combined under
condensation conditions, e.g., in a ratio in the range of 2:1 to 1:1.2 of compound of
formula (A) to R'OH, such as in a ratio in the range of 1.2:1 to 1:1.2, preferably
approximately equimolar amounts of the compound of formula (A) and alcohol

R!OH.

In certain embodiments, the condensation conditions comprise maintaining a
reduced temperature, e.g., in the range of about -50 to about -10 °C, such as from

about -35 to about -25 °C, e.g., about -30 °C.
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the process of abnormal and uncontrolled cell growmh. Neoplasia is one
exanple of a proliferative disorder. The product of neoplasia is a neoplasm
(a tunor)wowhiooh484s an abnormal growth of tissue that r@smuss0062295
excessive cell division. A tunor that does not netastasize is referred to

as "benign." tunor that .invades the surraqunding, tissue d/.or can

Tot ast s 2 | o/ SFEN EROAHMES PIegF Yo LB RV Ie AT IR TE I be t r eat ed
accor di ngntBatafi6n 8F $6dR&HIERRhI [©). ude those characterized by abnormal
cell gromfh and/or differentiation, such as cancers and ot her neoplastic

conditions. Typical exanples of proliferative disorders that can be treated
usi ng the disclosed conpounds and{fornul ations are |listed bel ow Exanples
of hematol ogi cal tunors that can _fpe treated using the conmpounds and

fornul ations disclosed hereinR Rcllud®GHetiReni as, i ncl udi ng acute | eukeni as
(such as acute |ynphocytic |eukeniNdCHagldtYe ny@)k ocytic |eukenia, acute

nyel ogenous | eykem a. and nyeloglg tic %épnyelocytic, myel ononocyti c,
nonocyt i ¢ CHRBFERS FrtBRAeaH0YRd © ﬁ?@ﬁpé eukemni as (such as chronic

nyel ocytic (granul ocytic) |eukem a, ehronic nyel ogenous | eukem a, and
chroni c | ynphocytic | eukenia), polycythem a vera, |ynphoma, Hodgkin's

di sease, non-Hodgkin's |ynphoma (g t and high grade forns), nmultiple
myel oma, Wl denstrom smacrogl obul i nex'a, (Bavy chain di sease,

nyel odyspl asi a syndrone, hairy cell |eukem a and nyel odyspl asi a. Additi onal
exanpl es of conditions that can be treated using the disclosed conpounds

and f or mul 4k, 405 RO LUAA 0] b {BIE FNAYGHLAS (RALAONES Aol NOMeS.

. ) ) .
i ncl ude fibrosarcong, nyxosar conm, posar consa, osar conma, 0steogenic
conditions, wherein, as valence and stability permit,

X and Y independently represent leaving groups which may be the same or
different; and

R' is benzyl optionally substituted with one or more substituents, ¢.g., selected
from halogen, -R?, -OR? and -NR?,, wherein R%is independently selected for each

occurrence from H and lower alkyl.

In certain embodiments, R' is benzyl optionally substituted with one or more
substituents. In certain embodiments, R' is unsubstituted benzyl. In certain
embodiments, X' at each occurrence is independently selected from any of Cl, Br and
I. In certain embodiments, R' is unsubstituted benzyl and/or X' is selected at each

occurrence from Cl or Br.

X and Y of amines XCH,CH,NH; and YCH,CH;NH, may be independently
selected from halogen, e.g., Cl, Br, or I, or a sulfonate, ¢.g., toluenesulfonate,
methanesulfonate, 2,4,6-triisopropylbenzenesulfonate, or 2,4,6-
trimethylbenzenesulfonate. In certain embodiments, X and Y are independently
selected from CI, Br or I. In certain embodiments, X and Y are identical, ¢.g., X and Y
are both Cl. In any of the embodiments of the present disclosure, XCH,CH,NH; and
YCH,CH,;NH, may be employed in the form of salts such as the HCI salt.

The amine or amines may be introduced to the compound of formula (B) in a

single dose, in portions over time, or in multiple smaller doses. In certain
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sarcoma, and ot her sarconas, synovi oma, nesotheliom, Ew ng' s tunor,

| ei onyosar cona, rhabdonyosarcona, colon carcinoma, |ynphoid nmalignancy,
pancr eat iwocanoau#g41br east cancer, |ung cancers, ovari anPCarusSee09/0p2205t at e
cancer, hepatocellul ar carci noma, squanous cell carcinoma, basal cel

carci nona, adenocarci nona,. swe d carci nona baceo | and
car ci nomasmhg merl%%r@leea%q lﬁé}?agﬁsp%iﬂ%aﬁ%r QEBRBRbP{CH i) st | ary.
CarC'nonapmﬂkQHQHﬂQ%Qiﬁwﬁ@éG&Bﬁﬁﬁus%ﬁ@%h?Qﬁkép&ﬁﬁ%k&?Qﬁﬁﬁ&?ﬂﬁh&ﬂa’ bile

duct carcinoma, choriocarcinom, W unor, cervical cancer, testicul ar
tunor, bl adder carcinoma, and CNS tunors (such as a glionma, astrocytong,

medul | obl ast on#i crebethingph avhgesgXKond Y epemdondallCHpNHa ad CH.CH2NH,
hemangi obl ast. @, . acQusti c neur Qmg, . ol i ngy ogly, 0 angiona,
el anore. Aol PORrLEE RS olFer ERdbi 2L el D H KN oA Rent s, ¢ he

met hods dusélcosegd, ORTIEIAH, NI dad BreHBEHLNH a8 BbjieddubeiongeotnfoldAd bESi st ant
neopl asti¢c condition with an i sophosphoram de nustard salt or anal og
t her eof aforaubc(Ridegonsrtar preferpbbndn sxissdinmppragpleHa spalndditionstisj ect i s

adm ni ste f ¥ ﬁgﬁy gqﬂg/ i scl osed
isophosph%%gﬁﬁggﬁ%ggpgﬁgggé?ggﬁ%@gﬂg¥ggg? eré%?g or(%ggﬂ%%é@g?%gﬁ1about
0.5 to abougt, afir madtkg/tdaympktion, asiné BoGHalid4NH listaddalbout 7.5 ng/ kg/ day of a

di scl osed conpound can e.adnigkstere? t? a subject. In another enbodi nment
of the net hod, hC<H} grbodimchiying swh of Bi9l4r coMVAKBI©f #311S about 700

mg/ 2/ day x §ueh, 31, h@P@RRY, N £RHALRUe 408y I FIRY12 [BY i§ R@POUL
in the range of 2.5:1 to 1.8:1. In certain embodiments, wherein X and Y are leaving
groups with the same molecular formula, such that XCH,CH,NH, and YCH,CH,;NH,
are compounds of the same formula, the ratio of amine components to the compound
of formula (B) is approximately 2:1. In certain embodiments, wherein X and Y are not
identical substituents, amines XCH,CH,;NH; and YCH,CH;NH; are approximately
equimolar to each other, and together are added in a ratio of approximately 2:1

relative to the compound of formula (B).

The condensation conditions may comprise an amine base such as N-methyl
morpholine, tricthylamine, pyridine or diisopropylethylamine. In certain
embodiments, the amine base is in a ratio of 5:1 to 3:1 relative to the compound of
formula (B). In certain embodiments, the amine base is in a ratio of approximately 4:1
relative to the compound of formula (B). The amine base may be tricthylamine in a
ratio of 4:1 relative to the compound of formula (B). It will be recognized by those of
skill in the art that more amine base will be advantageous when amines
XCH,CH;NH; and YCH,CH,NH, are added in their salt form than if they are added
in their free-base form. Specifically, the condensation reaction will be facilitated by
the addition of two or more equivalents of amine base when XCH,CH,;NH; and
YCH,CH;NH,; are used in their free-base form, whereas four or more equivalents of
amine base are preferred when XCH,CH,NH,; and YCH,CH,NH, are added as amine

salts.
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100 to about 500 ng/ n2/day. For exanple, from about 30 to about 100
ng/ n2/ day, such as from about 40 to about 90 ny/nR/day of a conpound
di scl osedwbensin4s4in one enbodi ment of the nethod for tPeaUSEYI/052295
hyperproliferative disorders disclosed herein, a disclosed conpound is

adm nistered to a subject on a myltiple daily. dosing schedyle._ln such
enbodi ment s t h& CHHPBUHRPQRMER csPRMEY BKeion | aNKiey v%om&ﬁl?g rdhen as

many as fb%ﬁw&h&ﬁ§f§86n¢kﬁﬁ&ofmﬂnﬁﬂ§«§§PeCt of multiple daily _
dosi ngschedul es, the conpound i1s admnistered to the subject on consecutive

days, such as fromtwo to five consecutive days. In one enbodi nent of the
net hod one or nore additional theE@peutic agents is admnistered to a
subject in addition to the presenfjly disclosed conpounds and formul ati ons.
For exanple, additional therapgytic\agenes,can that can be used include

m cr ot ubul e bi ndi ng agents, DNA ighirc Ig;ors or cross-linkers, DNA
synthesi s inhibitors, DNA and/or F?ég?nscr((fﬂ)t;ion i nhi bitors, antibodies,
enzymes, enzymne inhibitors, gene regulators, and/ or angi ogenesis
inhibitors. "M crotubule binding agent” refers to an agent that interacts
wi t h t ubutemptiongst abili ze or destabilize mcrotubule formation thereby

inhibiting cell division. EX s of m crotubul e binding agents that can
be used in conﬁJﬁ@PP%ﬁCRFPﬂm%ﬁghﬁFgﬁéﬁg}y di scl osed i sophosphor ani de

nmustard salts and anal ogs thereof include, without limtation, paclitaxel,
docet axel , vinbl asti ne, vindesine, vinorelbine (navel bine), the
epot hi | ones, colchicine, dolastatin ﬁS, nocodazol e, podophyl | otoxin and
rhi zoxin. Anal ogs and derivatives ofpsuch conpounds al so can be used and
will be known to those of ordinarX'skiXl in the art. For exanple, suitable
epot hi | ones and XT (A

with an alcohol R!'-OH in a reaction mixture under condensation conditions to
generate a compound of formula (B):

0
I

P
R1O71 X!
X' (B); and

b. adding to the reaction mixture amines XCH,CH,NH, and YCH,CH,NH; or
a salt or salts thereof under condensation conditions, wherein, independently for each
occurrence and as valence and stability permit,

X and Y independently represent leaving groups;

X!, independently for each occurrence, is selected from Cl, I, and Br,

R' is benzyl optionally substituted with one or more substituents, ¢.g., selected
from halogen, -R?, -OR? and -NR?,, wherein R%is independently selected for each

occurrence from H and lower alkyl.

In certain embodiments, R' is benzyl optionally substituted with one or more
substituents. In certain embodiments, R' is unsubstituted benzyl. In certain
embodiments, X' at each occurrence is independently selected from any of Cl, Br and
I. In certain embodiments, R' is unsubstituted benzyl and/or X' is selected at each

occurrence from Cl or Br, e.g., the compound of formula (A) may be P(O)Cl;,
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epot hil one anal ogs for incorporation into the present conpounds are
described in International Publication No. WO 2004/018478, which is

i ncor por aveaotvaries4sm by reference. Taxoi ds, such as pacl PCasskooans22ddbcet axel
are currently believed to be particul arly useful as therapeutic agents in

the presently gbscl osed conpoun s of additional Seflf| t axoi ds,
i ncl udi ng anal JYETG FREFH-11AK e ?S@“P%ﬁ mw COMBrISpAR gRENC %, 610,860 to

Hol t on, cé@a@nm&ﬁ)o@%ﬁ&ﬁ@t&taﬁhe b@i&qs%l%tgd 26 409 oiN-fiepR1 €t al . Each of
these patents is incorpor ated herein by reference. SUI tabl € DNA and/ or RNA
transcri ptiogpholisgutiathplas)ing, pytididic g duwptdnyiftthylamnuea@ gotrletlasdammrrym n D,
daunor ubi ci n, ggxoru erivatives.and ereof also are

suitable for © FW‘%’B?%‘PH& ‘Bﬁo‘\‘zﬁ T f%%sreeag@m ‘;90"3%@&? L fpounds.  DNA

i ntercal abgs r @B Fa8&Snd, RO ARMF 1 cbBRL cthchRtd, RERSRRNAtS end)t O the
di scl osed corrpounds include, without limtation, ci sgpatl n, carbopl atin,

oxal i pl at THIF, fioxansy N.NHMEUBMS, Mﬂmby&pﬁh@e blll@é‘fflw achletiforlambuci | |
Cyc'Ophos@&@ﬁﬁg@g@@g?gﬁrﬁ%%ﬁﬁXE% 204 3 ﬁgﬁx%aﬁﬁﬁ WENAH§%ntheSIS

i nhi bi tors sui use era eut't ¢ agen Wi t hout
limtati oacetcsrﬁﬁrﬂ@mwx@resenﬁfdﬂ dxamp}e'énmd@thmubmdlmgzo 30f $0Ja00atr L bf and
anal ogs t hereof. npl es of suitable enzynme inhibitors for use in

conbi nat i 81§ SRIVERt &YH@m@ Pesatan{algl @&P%@@aolaénfﬁwﬁasfqr SEIRIE 2bWtORGUL
limtatiog, Iggtgpgp&l €St s ggt%oa de, fornestane, trichostatin and

derlvatlves and anal ogs thereof. Suitable therapeutics for use with the
presently disclosed conpounds that
In some embodiments, phosphine oxide (A) and R'OH are combined under

condensation conditions, e.g., in a ratio in the range of 2:1 to 1:1.2 of compound of
formula (A) to R'OH, such as in a ratio in the range of 1.2:1 to 1:1.2, ¢.g., in
approximately equimolar amounts of the compound of formula (A) and substitution

reagent R'OH.

In certain embodiments, the condensation conditions comprise maintaining an
reduced temperature, e.g., in the range of about -50 to about -10 °C, or from about -35

to about -25 °C, or about -30 °C.

X and Y of amines XCH,CH,NH, and YCH,CH;NH, may be independently
selected from halogen, e.g., Cl, Br, or I or a sulfonate, ¢.g., toluenesulfonate,
methanesulfonate, 2,4,6-triisopropylbenzenesulfonate, or 2,4,6-
trimethylbenzenesulfonate. In certain embodiments, X and Y are independently
selected from CI, Br or I. In certain embodiments, X and Y are identical, ¢.g., both CI.
In any of the embodiments of the present disclosure, XCH,CH,NH, and
YCH,CH,;NH; may be employed in the form of salts, such as the HCI salt.

The amine may be introduced to the reaction mixture in a one-time dose, in
portions over time, or in multiple smaller doses. In certain embodiments, the amine is
steadily added to the compound of formula (B) over a period of time, ¢.g., with a

syringe pump, an addition funnel, or continuous feed.
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affect gene regulation include agents that result in increased or decreased
expression of one or nore genes, such as, without limtation, ral oxifene,

5- azacyt iwDre10/B482a- Tdeoxycyti di ne, tanoxifen, 4-hydr oPgTAISR009/082295

m fepri stone and derivatives and anal ogs thereof. The term "angi ogenesi s

inhibitor"” is sed her ei n, n | ecul e | lng, ,but not limted
to, bionol ecul @%ﬁﬁwgé“6@ﬁ?$§§?d%ﬁngwgmﬁ%g(gﬂgiﬁg@P%BGIysaccharides
ol i gonucl Q@HZQ?ENH?% diERR: ﬁBﬁlC&{éQhBt%@P MECK N S ardNd iSBR b} XW@B%H& es that

function to inhi'bit bl ood vessel growth. Angi ogenesis i$ inplicated in
certain patihdltbghmalespr. @c@ﬁéﬁHﬁﬂbmndﬁrChb§HzNHv,ambebb infroducsdrteléres such as

dermat 141 SR UEOPRAn CQt G prilend T S lgef 2ol AP RO LB g

tumors. AngiHUEOEKTE,CIINED it it dassl thl%’\ﬂ'éaétfbntrﬁ&uﬁfé in ddRY andlegs, of
sui tabl e angi ogenesis inhibitors include, wthout |imtation, angiostatin

Kl -3, st alietosissing ieconelaiien, nhneBﬁﬁ@@ﬁHdNﬁblsﬁéﬁﬂoxyprogesterone suranin,
interfer on- al p meéﬂﬂ!)oo ljéi"lgltltgltﬂg ?[:Ho?a{r eﬁ{gll%ﬁle s%tfghﬁ’ﬁ factor 4,
FBHD , fa

somat ostati n, ospon and derivati ves and
anal ogs tME]TEQ@iHZNHZhlﬁd ﬁd}@g(aﬁuﬂzlrelaagetmttﬁe cpapdundwfdotnyula(d) artt dr agents,

that may or not fall _ under one or nore of the classjfications above,
al so are E%HotlaﬁFeefaF%Fr ofagil 119 4 8¢ htlp seftaim cmbadimeats; WACTRIN K 2pfhd PEesent | y
di scl Osedle% 'Wl%y ano?e?&ﬁﬁpkcﬁm ﬂjglrﬂchatﬁ%r%éHQ@ﬁlﬁﬁ aftfr i anycin,
api genin, crn, |ne cl net i di ne erivatives and analogs

t her eof . YCHZCHZNHZ are cornpounds of the same formula, the ratio of amine components to
the compound of formula (A) is approximately 2:1. In certain embodiments, wherein
X and Y are not identical substituents, amines XCH,CH,NH; and YCH,CH,NH, arc
approximately equimolar to each other, and together are added in a ratio of

approximately 2:1 relative to compound of formula (A).

The condensation conditions may comprise an amine base such as N-methyl
morpholine, tricthylamine, pyridine or diisopropylethylamine. In certain
embodiments, the amine base is in a ratio of 5:1 to 3:1 relative to the compound of
formula (A). In certain embodiments, the amine base is in a ratio of approximately 4:1
relative to the compound of formula (A). The amine base may be triecthylamine in a
ratio of 4:1 relative to the compound of formula (A). It will be recognized by those of
skill in the art that more amine base will be advantageous when amines
XCH,CH,;NH; and YCH,CH,NH; are added in their salt form than if they are added
in their free-base form. Specifically, the condensation reaction will be facilitated by
the addition of two or more equivalents of amine base when XCH,CH,NH, and
YCH,CH;NH,; are used in their free-base form, whereas four or more equivalents of
amine base are preferred when XCH,CH,;NH; and YCH,CH;NH; are added as amine
salts (in addition to any amine base used in the condensation with alcohol R'OH, e.g.,

typically at least one further equivalent).

In certain embodiments the reaction mixture comprising the product of the
reaction of the compound of formula (B) to form the compound of formula (C) is used

in the hydrogenolysis reaction, e.g., without first purifying or partially or completely
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[1]. Preparation of |PMsalts and anal ogues thereof In one aspect, the
nmet hods are used to prepare conpounds of Formula (E): A+ O P-NHCH 2CH2X
NHCH2CH2WORBp1oar4smy salt, prodrug, tautomer, or isoner PChase@d/052berei n: X
and Y independently repr esent | eavi ng groups; and A+ is an anmoni um cati on.

In certain enbodi nent sf ]Fﬁﬂpresent di scl osure vi des net hods for
pr epari ng ec?&ﬂﬁb%??&%enéﬂr N R OE‘)mW%{et eﬁ%ﬁlﬁ @1 CrGRCHER BUEUEC Mt hepe 1.

Preparat i B@ ﬁREreh ?Me%ﬁgle%@h&ss %nQaI@BWp?&Hl%% otf I?l?é’ &%ﬂet@aﬁbﬂ &onjdlﬁdns XCH2 CH2NH?
?, ft ¢ i'P- i vru a NHCH2CH2X X1 X1

YCH CH NHEHN—t@IﬂBbJHthg\IH@Bﬂm@YtO(tA? hYCB))gQI@)ySQD)OH(im)OHG Eﬁforﬂlmgihdl ng to Scheme
L, PPoSPLRERAL Bl Dol R BB I B PIRGEOES
YCH2 CH2NHRn@n fatht Srtttd &ingBle soNdSROGaRE sdent Bf &R IréR%ion Hﬁ%‘r’e. In some
embodiments, the reaction mixture is filtered and substantially directly subjected to
hydrogenation conditions, e.g., the compound of formula (C) is not further purified or
isolated from the reaction mixture (e.g., no extractions, chromatography, or quenches

are performed).

In certain embodiments, the present invention provides a method for the
preparation of a compound of formula (D):
0
I

HO/T\NHCHZCHZX
NHCH,.CH,Y (D),

comprising treating a compound of formula (C):

0
[l

R107 | “NHCH,CH X
NHCH,CH,Y (C);

with a reducing agent under hydrogenolysis conditions, wherein, as valence and
stability permit,

X and Y independently represent leaving groups; and

R' is benzyl optionally substituted with one or more substituents, ¢.g., selected
from halogen, -R?, -OR? and -NR?,, wherein R%is independently selected for each

occurrence from H and lower alkyl.

In certain embodiments, R' is benzyl optionally substituted with one or more
substituents. In certain embodiments, R' is unsubstituted benzyl. In certain

embodiments, X and Y at each occurrence are independently selected from halogens
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condensati on conditions affording phosphordi am date (C). Phosphordi am date
(© is converted under hydrogeno lysis conditions to phosphordiamdic acid
(D). Phoswbandveamisdi c acid (D) is then converted to a s&CT/usgoowneavirent
with a base. In certain enbodi ments, the present invention provides a

met hod for the preparation of a conpound of fornmula (B): RIO I X1 X1 (B);
Compri si niB& BhHA e HETB ORGP I R??W?‘F-Feér?e%é&ﬁglor KU under
condensat kop. gfdtt i ons, wherein, as valence and stability permt, X1

i ndependently for each occurrence, is selected fromd, I, and Br, Rl is
benzyl, opti ondl ¢optagudrsbadimeets the reictonenigturerosrepsuigs thetpueducsof the g. |

| d fromh -R2, ~OR? - wher ej i s i t
el oot ed T8rHaLg R Edupoas (o TMRASTy Bl oG o Forpllia G FRRE M Y
enbodi men{rsthe B%tdﬂo@erhﬂfhl%ea&ﬂini, eRakithostiSt pirtlyRG oMphAialP@r B6mpRics,

substituents. In certain enbodinments, RL is unsubstituted benzyl. In
certai n eheuinesnlsentsdromthersaeticdaixtyrenta ckamplydidpeergting Mpxtyed @ex ed from

any of - %-I cert aj _%poi .of formula (A
"o (o) o 1 U et B By o FRRE LR e el SROP RN R 02 o
condi t i ongricowBubjsetimthasblogobasthe hidrogaiolwisconditione atfodingetht s, the am ne
base is selected fromany_ of N nethyl .

compound of formula E/D). The reaction mixture may be filtered by any method

known in the art to remove solids from the solvent of the reaction mixture. In some

embodiments, the reaction mixture is filtered and substantially directly subjected to

hydrogenation conditions, e.g., the compound of formula (C) is not further purified or

isolated from the reaction mixture (e.g., no extractions, chromatography or quenches

are performed).

The hydrogenolysis conditions may comprise treating the compound of
formula (C) with hydrogen gas in the presence of a catalyst. The catalyst may be
selected from any suitable hydrogenolysis catalyst, such as Pd/carbon, Pd black, Pd
EnCat (polymer encapsulated active metal catalyst) Raney nickel, Rh/carbon,
Ru/carbon, Re/carbon, palladium oxide, palladium chloride, PtO; or RuO,. In certain
embodiments, the hydrogenolysis catalyst comprises palladium, ¢.g., Pd/carbon.

In certain embodiments, the hydrogenolysis conditions comprise a partial
pressure of hydrogen greater than 1 atmosphere. In certain embodiments, the partial
pressure of hydrogen is less than or equal to 100, 75 or 50 psi. In certain
embodiments, the partial pressure of hydrogen is selected from between 10 psi and 50
psi. The partial pressure of hydrogen may be from 20-50 psi, such as from 40-50 psi.
Alternatively, the partial pressure of hydrogen during hydrogenolysis may be about 50
psi, or even between 50 and 75 psi.

In certain embodiments, the hydrogenolysis conditions may comprise an
aprotic organic solvent, e.g., toluene, xylene, benzene, furan, acetonitrile, dioxane,
tetrahydrofuran, chloroform or mixtures thereof. In certain embodiments, the aprotic
solvent comprises acetonitrile, wherein the acetonitrile may represent, for example,
more than about 10, 20, 30, 50, 70, or 90% of the solvent system, or substantially all

of the solvent system, for example about 95% or greater of the solvent system.
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nmor pholine, triethylam ne, pyridine or diisopropylethylamne, e.g.,
triethylamne. In certain enbodi nents, the condensation conditions may
conpri se WO 2avads4e or gani c solvent, e.g., acetone, 2-bRCRIS2@9/05220% |
acetate, ethyl acetate, acetonitrile, toluene, THF, dioxane, N N DWF, DMSO,

1, 2-di chl or oet Eﬂane, .or nei.hylene chloride.. In c rtgri n en].‘%)iogi rregs% s, the
aprotic organi & SERYeROERERE <8S SPRENIGACL e Reodygh Som tesipdl ca@bthii tril e
may repregaitved 9 thEXRRRISh ofPhKRid ﬁﬁrhnalgo«g]fheéiﬁ’ cogQiitioﬁQ, e.22QsinéQodRim 90% of

the solvent systém or substantially al the sol vent 'system for exanple
about 95%pdrogideat erotiudr babreinswdtere nhichysaeba pdrforgodin gtrbotiemesuléng phosphi ne

oxide A and R1 re .conbi ne nder condensat.i.,on conditions,.,e.qg.. , in a
Pati o+ oilemraRg gy PSR 4 e S e B TS S D e S o Sue
as in a radndvelsblidRomangs Rint &f the rdaction hiidtudo, preferably approxi mately
equi nol ar anmounts of the conpound of formula (A) and al cohol RLIOH. In

certai n enbodi Heerrgin ¢rakodimaafertsa sinarntion od the waduce brpy icsidustwiatidyst 15 ng a

reduced t tur o] 0 - 50),. out.. -10 OC, such
T T om aRURR A e rfalion b6, bF: LA Ly BRONS cRBidR, EBMing
enbodi mentrithytlitaingfo@ aedther bavE Rtd. Qi qaiay bakespreforailnadtictiosllyt hiadgeépar ati on of

a conpound of fornmula (C . fl RLO NHCH2CH2X NHCH2CH2Y ((%. conpr.i si ng
treating Qasgéﬁﬁbmlsgpropﬁl,emﬂlaém(lg))y proton sponge. The subsequent salt may be

dissolved into the reaction solvent and the residual catalyst may be filtered to remove
solids from the solvent of the reaction mixture.
In certain embodiments, the present invention provides a method for the

preparation of a compound of formula (E):

0]
[l

A* "0~P—NHCH;CH,X

comprising treating a compound of formula (D):

0
I

HO/T\NHCHZCHZX
NHCH,.CH,Y (D),

with a base under salt-forming conditions, wherein as valence and stability permit,
X and Y independently represent leaving groups; and

+ . .
A’ represents an ammonium cation.

In certain embodiments, X and Y at each occurrence are independently
selected from halogens such as —Cl, -Br and —I. In certain embodiments, X and Y are
both Cl.

In certain embodiments, A" represents BH' and B is an amine selected from
the basic amino acids, pyridine, N,N-dimethylaminopyridine, diazabicyclononane,

diazabicycloundecene, N-methyl-N-ethylamine, diethylamine, triethylamine,
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fl I RIO X1 X1 (B); with amnes XCH CH NH and YCH2CH2NH2 or salts thereof
under condensation conditions, wherein, as valence and stability permt, X
and Y i ndepenteéntsdy represent | eaving groups which may RPETIUSRISARRIDI
different; and Rl is benzyl optionally substituted with one or nore
substituents, e.g., selected fromhal ogen, -R2, -OR2 -NR2 2, wherein R2
i's i ndepeARARFIRY IRy @RS IMPBY- Bise AT FRERIIC Mt Ral A kyl . In
certain egRoHiMBAkSs(hfrokmBaPEMLLORILIIRNA MYdisEfigi-M@ted with one or nore
substitueg?'g. I'n ce%(t'g%?rﬁ _yzmrrbogl?rren?s, 1Rl I'S dnsugstiqzut ed benzyl. In
certain ehpbdkyatimtlzymixg, tat(2-dadtoxgetbubaame end &-inpdiepPrglacanhipe.del ect ed from

any of C .. and |. . In.certain enmbodi nent Rl is unsubstituted benzyl
and/ or xﬁ?%“%8@&%4lgﬁn§%é%@§a§@£%y%ﬂ9’®e@?%ﬂ% "or Br. X and Y of anines
XCH2CHZNHZ - and [nY&drafd-ahbddimeits ke kddapandeanlitions teapes dohtmihal ogen, e.g.,
a, Br, or I, or a sulfonate, e.g., toluenesul fonate, nethanesulfonate,

2, 4, 6- t ri FriGpYIEElY ey @ogRE 08 an amie bpsgand the gpmhguisk¢iAeredal f onate. | n
cor a0 ORI e o AR R A ARSI S Bphe  o
combined in a molar ratio in the range of 1:1 to 1:10. In certain embodiments, the salt-
forming conditions comprise combining approximately equimolar amounts of
tris(hydroxymethyl)aminomethane and the compound of formula (D).

In certain embodiments, the salt-forming conditions comprise a polar aprotic
solvent, such as N,N-DMF, acetone, DMSO, THF, 2-butanone, butyl acetate, ethyl
acetate, acetonitrile, and combinations thereof. In certain embodiments, the aprotic
solvent comprises N,N-DMF, wherein the N,N-DMF may represent, for example,
more than about 10, 20, 30, 50, 70, or 90% of the solvent system, or substantially all
of the solvent system, for example about 95% or greater of the solvent system.

In certain embodiments, the invention relates to a compound comprising a
crystalline salt of IPM or analog thereof wherein the IPM or analog thereof, and the
counterion, preferably tris (hydroxymethyl) amino methane (tris), are present in a
ratio from 2:1 to 1:2, preferably 1:1. In certain embodiments, the crystalline
formulation comprises more than one polymorphic form of crystals, such as two,
three, four, or even five polymorphic forms of crystals. In certain alternative such
embodiments, the crystalline formulation comprises a single polymorphic form of
crystals. In certain embodiments, such salts are more stable than IPM and IPM
analogs as free acids.

In certain such embodiments, the compound is a crystalline salt of a 1:1 ratio
of IPM and Tris. In certain such embodiments, the melting point of the crystalline
solid is between about 100 and about 110 °C, about 102 to about 108 °C, about 103 to
about 106 °C, or even 105 to 106 °C.

In certain embodiments, the compound, e.g., a crystalline salt of a 1:1 ratio of
IPM and Tris, is at least about 80% pure, at least about 85% pure, at least 90% pure,
at least 95% pure, at least 97% pure, at least 98% pure, or even at least 99% pure. In

certain such embodiments, no single impurity exceeds 1% by weight. In certain
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are both . In any of the enbodi nents of the present disclosure,

XCH2CH2NH2 and YCH2CH2NH2 may be enployed in the formof salts such as the
HCl sal t .wOhel0ztis¥e or anmi nes may be introduced to the eommsarnd/06529% or nul a
(B) in a single dose, in portions over tine, or in nultiple smaller doses.

In certaine dinents, the am ne js steadi added to the comound of
formil a (gjlggﬂﬁgm% PEHY SumEtsUE f,a“?é? ¥ AR TR Hﬁ@asfo'?"@ﬁa}ona syringe
punp or aghaded sthSNerhvbiMgbnts té.‘g., @Jﬁ%'t@wﬁpdﬂﬂﬁ ri@pa?ft @f“eﬁpﬂén%ce%ﬁbaﬁes_

XCH2CH2NH2 and YCH2CH2NH2 are different from one another, e.g., Xis d and
Y is Br, trmdldtionBr hyoptilivate sniktur¢)hpuraminmeshe necagured @ laHxGeiNeR datmeh

Br CH2CH2NH2,, can.he introduced t.o conpound of fornula (B) in ncert or,
ot ef o abl JFO9HE SE AR bMopRRLTE, AfsMe B ERy fh oGl kb i e

A CH2CH2NEEmpsund) bf BRI cE Of R SRTROUMD S Gic dof] h@%e(gB.)pHdelﬁUi@uéjose and,
e.g., after reacting to conpletion, amne BrCH2CH2NH2 1s added. In certain

enbodi ment@ntainig degradatiomprogucteelihe spapewndafthersbnexclydippotieNH2 and

YCH2 CH2NH [V rpula (B) is aratio in the range
of 2.5 :1%%8%%@{5:@35%%#% raﬁgﬁtgg%%o I %Ieaﬁ?gu wherein X and Y are | eaving
groups with the same nol ecular fornula, such that XCH2CH2NH2 and YCH2CH2NH2
are conpounds of the sane fornula, the ratio of am ne conponents to the
conpound E’P‘EMPHF%C%EONS approximately 2:1. In certain enbodi nents,
wherein X and Y are not identical substituents, am nes XCH2CH2NH2 and

YCH2CH2NHZ  ar eTRPR:O3JiRRURL s RIH fRh&T cxpRIRAVY AL ﬁﬁfowiﬁé‘ﬁ’oﬁ-ﬁﬂﬁﬁr{%&r are

added in a ratio of approximately 2:1 relativé to the conpound formul a
(B). The comgdesati on conditions may conprise an anine base such as
N- net hyl

Exemplary Formulations

L Formulation Development

IPM tris drug formulation comprises a blend of IPM tris salt, Microcrystalline
Cellulose (Avicel PH112), Sodium Croscarmellose (Ac-Di-Sol) and Magnesium

Stearate (vegetable source).

A. Batch formulation of 10 mg strength Tris IPM capsules

Table 1. Quantitative Composition of IPM Tris Capsule Drug Product — 10 mg
strength
Reference Aml;):tllthper Amount per
Component to Quality Function Capsule (10 mg
Standard (10 mg strength)
strength)
. In-house 1
IPM-tris salt standard API 1540 ¢g 15.4 mg
Microcrystalline
Cellulose, NF NF Diluent 19120 g 191.2 mg
(Avicel PH112)
Water-
Croscarmellose absorbing
Sodium, NF NF agent; 210¢g 2.1 mg
(Ac-Di-Sol) capsule
disintegrant
lgfzagfaetzlﬁ NE Lubricant 10.5 g 1.05 mg
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mor phol i n
enbodi nen

conpound w0 2bovorud4a (B) .

€,
ts,

triethyl am ne,

pyridi ne or diisopropylethylam ne.
the amne base is in a ratio of 5:
In certain enbodi nents,

In certai

n

1to 3:1relative to the
t he amPR@/USagne/0sx9$ n a

ratio of approxinmately 4:1 relative to the corrpound of fornmula (B). The
am ne bas r.*a,' be—t+iethyamrefna+atteoot—431relativetothe—<conppund
of formulia E)‘r It wil{l be recognized by tHose of skill|in the art thaf
nore am ng §@blgi | | He advant ageous when gm nes XCH2CHRNH2 and YCH2CHRNH2
are added Swrcmﬁra@m t formthap if they dre added in their free-base
form Spec?d5-Gally, the condensation reactilon will be facilitated by the
addi ti on [oTota or nore equival ents of am ne2@Fseg/hch XCHTHINRapmnik
YCH2CH2NHZS 26 €, phs@d 11 t Ogpsugélr ep- base form whereas folr or nore
equi val entgelafn@m@e Hage:ifdg &F Pf e?lio_éHCtV\henl@Wg@gg and YCHRGEZNH2| ar e
added as a@a&& e?dsﬁl% Ir‘coﬁﬁfrﬁﬁh& nﬁiﬁiﬁVﬁ%’nts, the p esem |nvent|on provi des
a net hod L v ﬁl( groeqy A H; )
NHCH2CH2X. el tagleoylar Veight ™ g fn%e iyer, moéﬁﬁ &WF&Y%H a (A:
with an aPRBRgPeuycalangreficnt 0J{%“t“ilaﬁr eﬁgl}?t nder condensatjon conditions
to gener ab®ly a@‘gﬁ%mﬁq@agﬁutlp%}rlﬁgﬂe e{rrB A Fot avallable NF = Nationa
Formulary.
B. Batch Analysis of 10 mg Tris IPM capsules
Product: Tris IPM capsules of Table 1
Lot Disposition: Stability, CTM
Stability Storage Condition: -20 °C, 5 °C or 25 °C/60%RH
Table 2. Batch Analyses of IPM Tris Drug Product
Test ¢GMP Batch
A Size 1 hard shell white opaque capsule, containing
ppearance white to off-white powder
Brittleness No cracking or breaking observed
Identification
(HPLC Retention Time) 0.999
98.3%
Potency by HPLC (Assay) (mean IPM active per capsule:
9.8 mg)
Purity 100.0%
&egl/f/[ds)s ubstances No impurities, 0.0%
Capsule 1: 285.46
Capsule 2: 283.69
Capsule 3: 289.99
Capsule 4: 286.17
Capsule 5: 287.22
Capsule Weight (mg) Capsule 6:289.43
Capsule 7: 285.23
Capsule 8: 286.80
Capsule 9: 277.25
Capsule 10: 288.25
Mean: 285.95
. 0
Content Uniformity gzg:ﬁ: ; 322‘2
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R1O X1 X1 (B); and b. adding to the reaction m xture am nes XCH CH NH and
YCH2CH2NH2 or a salt or salts thereof under condensation conditions,
wher ei n, \ivodepmnemmtly for each occurrence and as val eneeTarsdoooatizes ity

permt, X and Y independently represent |eaving groups X1, independently
for eaCh cnl aecrtad fram | ic han=zyvl

optional | y_substitut Qiﬁgtlerbhb;h:un'r' ‘rJr;;': 1<||Ih":'r Lt u%@VLP B\étclhd ”:;Il_ry:-;"r ed from
hal ogen, [R2, -OR2 and -NR2 2, wher/&iapsie 3i 93ilfdependent |y sel ected fof
each occufrence fromH and | ower al Kydpsule d: 282%ai n enbodi nents, Rl is
benzyl

coellrrane
COoOUT T LTTOU U,y

fal I (ad

each
ain

enbodi nents, Rl is unsubstituted be gulglgdmm%l i s selected at each
organi c splvent, e.g., one or nore f----a(-:-étﬂé}ﬁé3 sgc but anone, butyl acet af

optionally substituted wth |@wsde 5nbdL1Bubstituents. In certain
occurrence fromd or Br, e.g., the gﬁg nge gé, fornula (A) nmay be
P(0)d 3.1nh certain aspects, the cor 4L 18”9’F d|t| ons conprise an ani
base. In certain such enbodi nents, base is selected from any
et hyl acet at e, acetonitrile, tolueng. .THEMidi3dseme, N N-DVF, DVBO,
1, 2-di chl obo han% or met hyl ene chl3or.i.démihdl sec

1Isintegration 1 min 35 sec

enbodi nents, Rl is unsubstituted bemZpkule bN1@E9%ai n enbodi nents, X1 at
occurrence is independently sel ecte ﬁg]gg‘qa%m%f a, Br and | In cer]
N- net hy| nor phg! i ne- t i et hyl am ne- %ﬂ or rh i cnnr nn\ll et h\ll am ne-
e.g., triethylam ne. The condensat i|d S@ﬂﬁéBPP@ﬁ%Tﬁ%? conprlse an aprot
1 min 39 sec
1 min 48 sec

Water Content

Microbial Limits:

Less than 10 CFU/g of specimen

Total Aerobic Count 20 CFU/g of specimen

Total combined yeast and molds

P. aeruginosa

b e Absent

. Absent
S. aureus Absent
Salmonella sp. Absent

NA: not available; HPLC = high-performance liquid chromatography; CFU = colony
forming unit; RRT= relative retention time

Table 3. Summary of -20°C Stability Data for 10 mg IPM Tris capsules
Test Results
Initial 0.5 mo 1.0mo 3.0 mo
Identification
(HPLC) 1.00 1.00 1.00 1.00
0 0
O8.3% (rnean 105.3 @(rnean 102.1% (mean |103.1% (mean IPM
Potency by IPM active per| IPM active per . . ]
i ] IPM active per | active per capsule:
HPLC (Assay) capsule: 9.8 | capsule: 10.5 )
capsule: 10.2 mg) 10.3 mg)
mg) mg)
Purity (% area) 100.0% NA NA 99.9%
Related
Substances (% ND NA NA RRT 0.56 = 0.09%
area)
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certain e

the acetonitrile may represent,

nbodi nent s,

the aprotic solvent conprises acetonitrile, wherein

f

or exanpl e,

nore than about 10, 20, 30,

50, 70, owOo208w#s4the sol vent system or substantially @&Cir/uskomios229H] vent

system for exanple about 95% or greater of the solvent system In sone
enbodi mentss—phesphi-re—exi-de{Ar—andRitOHare conbined—under—econdensati on
conditions, e.Pest, iNlaratio in the range esplty 15 1.1 2 of conpound| of
formula (A _to RIOH, guchimd@alin g ra8.fendn the rddmo of 1.2: 3.0mo7:1 p
e.g., in dppdRelated el y eqﬁlgplar amoupt,s of the c ound |of f Ia (A) and
substi t ut Sobstapagent R1 In ceftain enbodi prents, ‘'t he condensadti‘on
conditionsvﬂ@ﬁgbhﬁﬁtnnlntaaagng an rgduged tenperagure, €.9., 3.5t he range
of about G LQhﬁRQP'ttrlaterHatQﬂal AP0/ QHBrmaffRetl ﬁl%%matégraﬂﬁ-y Ngh about
-30 0C. X_and4 ﬁ<i§ﬂ?ﬁe§dxgu%g?%§ﬁgn gﬁ may be T ndependently
sel ected from ha ogen <N or a su onate e.g.,
t ol uenesu thanesulf S henzenesul fonate, or
2 a6 s r MBI | benSURBRN A Ao St IH%’ ﬁf*?ﬂa‘f DiEb SRR v are
i ndepende d fromd Br |ln _cert Y
are identjcal & 9., |both O Ln any of t h #di nents of t he present
di scl osurge, XCH2CH2NH2 aniaiti@H2 CH2NHX.frayo be enpl bfadoin | he Bdrmoof salts,
such as t |hdentificationht . Thel I ne may be trodJcedntﬁ t he reactHgﬂ)nixtJre
in a one-{HRECYOSE, i|n portions gver t% : |pIe smal | doses. In
certain epbodi nents, [the gmome 13 98 2%, 94 8% 101.8%

Potency by (mean IPM  |[(mean IPM active| (mean IPM | (mean IPM active

HPLC (Assay) active per per capsule: 9.8 active per per capsule: 10.2

capsule: 9.8 mg) mg) capsule: 9.5 mg) mg)

Purity (% area) NA 99.9% NA 99.9%

Related

Substances (% NA RRT 0.558: NA RRT 0.56 = 0.08%

0.06%

area)

Total Related NA 0.1% NA 0.1%

Substances

‘Water Content 1.2% 1.3% 1.8% 4.2%

HPLC = high-performance liquid chromatography; ND = not detected; RRT = relative
retention time; NA: not available

Table S. Summary of 25°C Stability Data for 10 mg IPM Tris Capsules
Test Results
Initial 0.5 mo 1.0 mo 3.0 mo
Identification
(HPLC) 1.00 1.00 1.00 1.00
98.3% 95.4% 100.9% 79.4%
Potency by (mean IPM  |(mean IPM active| (mean IPM active [(mean IPM active
HPLC (Assay) active per per capsule: 9.5 | per capsule: 10.1 | per capsule: 7.9
capsule: 9.8 mg) mg) mg) mg)
Purity (% area) NA NA NA 99.0%
Related RRT 4.26 =
Substances (% 0.22%
area) RRT 0.57 =
NA NA NA 0.12%
RRT 4.56 =
0.14%
RRT 5.10=10.2%
Total Related NA NA NA 1.0%
Substances
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steadily added to the conpound of forrmula (B) over a period of tine, e.g.,
with a syringe punp, an addition funnel, or continuous feed.In enbodi nents
wher ei n Xvendioyiadsiam nes XCH CH NH and YCH2CH2NH2 ar e @#iC3iusna@w/052205n one

another, e.g., Xis d and Yis Br, or Xis Br and Y is |, the am nes,
eg C:I CI—I’)("I—I N2 :anrl Bt f‘l—l’)f‘l—l’)l\l—l’) v ha infrnrlllr-arl tn fhl rncr-finn

m xture iln ConeRft ory, nrpfprahl /1 |nycpr|pgesur’§ an pyam'\lp of a seria
addition, | the anine d cHloitp |s i ASmeuced to 1846 eactli on Imare jn
one dose AValer €ogtentaft er1.2¥acti hg t 2.8Bnpl et|i on, Zaftione Br|CH2CBHMW2 i s
added. | nCae Eaiinicehipiati maetid, HPhE =shighgkribohaice éiquidwht@ndtsgraphyaMNides
XCH2 CH2NH2 nahdet Yt RHZNHZc lag @dctn@ioh Bnfch B AC aopauneblef formula (A) are in a
ratio in the range of 2.5:1 to 1.8:1. In certain enbodi nents, wherein X and

Y are | eaving oup t n;gnf | a, such that XCH2CH2NH2
and YCJ-lZCJ—lZNHZagre ggir%o&ulrl\ﬂgﬁ e saﬁgﬂkgcn%) algyt he ratio of am ne
conponent Jabke &hBatnhrmrallmds aiTSOfmgfﬂrisdPﬂ\A)capmlespprom mately 2:1. In certain
enbodi nentss—whereln—X—and—Yarenet—identical “"b“*:tucnt: arnes
XCH2 CH2NH2 _and_ YCH2CHoNE®t ar o approximately equinof MR Bately. |, 5t hey and
t oget her ﬁp%ﬂ, gein aratio of appr oxi Piae &lhgrdxshell ppaguci sppsule coptepotll of
formula (A {\ e condensati on condi t i onswhigtocdfrpihits @owderani ne base such as
N- et hyl nBripthalesie, triethyl am ne, pyr|Noreckingdiibsapingppkatty!l am ne. | I n
certai n enRdiifesicn the amne base is n aratioof 5:1 to 3:1 relative to
the conpoliigef KAEMMPrid)- | n certain bR®bdi ments, the amine base is|in a

rati o of dﬁé’treﬁél{jﬂl .Ly(; ﬁAﬁa&]ul d[! Ve tO ilﬁ.@%@fﬁjﬂ{g/ﬁpsﬁf}er mota (A~ The

am ne bas f et Htetnyranthe—+1—=a&
Purity 7 100.0%
Related Substances

(LC/MS) Total impurities — None Detected

Capsule 1: 286.87
Capsule 2: 276.81
Capsule 3: 271.31
Capsule 4: 283.70
Capsule 5: 291.33
Capsule Weight (mg) Capsule 6: 277.61
Capsule 7: 281.76
Capsule 8: 27991
Capsule 9: 285.73
Capsule 10: 272.00
Mean: 280.70
Capsule 1: 102.0%
Capsule 2: 97.6%
Capsule 3: 97.8%
Capsule 4: 107.8%
Capsule 5: 111.4%
Content Uniformity Capsule 6: 101.9%
Capsule 7: 101.1%
Capsule 8: 104.2%
Capsule 9: 105.9%
Capsule 10: 97.9%
Mean: 102.8%
Water Content 2.4%

Microbial Limits:

Total Aerobic Count <l10cfu/g

Total combined yeast and molds 20cfu/g

P. aeruginosa
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ratio of 4:1 relative to the compound of formula (A). |

by those

of skill

in the art that nore am ne base w ||

t will be recog
be advant ageous

ni zed
when

am nes XCGMOChiMHZ84aNnd YCH2CH2NH2 are added in their sal Pcrarsaomiaeosf t hey

are added in their free-base form Specifically,
ha additi an
St CLD CHR NEDR
olircady nore equi val ents of

will be f
base when
wher eas f

XCH2CH2NH

am ne bas
| east one

of t
T

\I\n f\l‘ ﬁﬂlll

\vlﬂ ant

t he condensation reaction

:ar-lllfcaf ad h\l
Il-ul-\ru y

XCH?CH?NH? _a

are

fal
T IIIJI T o

:am n
- CTITC O \JI o i

used in ThBGM?BBH:hnan faorm

C

2S.cavoreWCH2 CH2 NH2

eSalamalellasp.he condensation wt
further equivalent).

am

are added as

In certa

R1CH,

nabssate are preferred when

afbseat salts (in addition to any
hABdenohol
i Abembodi ments the reacti on m x|

e.g., typically

at
ure

conprising the product of the reaction of the conpound of formula (B)

formthe conpound of formula (O

[ O

is used in the hydrogenol ysis reaction,

e.g., wtHable%irst Spmmzflymfgﬂlﬂc @tabilltall]a}a &or i!bngIIBMalTym@muhg sol vent s

fromthe
filtered
condi tion
condi tion
be filter
solvent o
is filter
condi tion
i sol at ed
or quench
provi des

IC(J.L’LIUII III}\L b e FGi’ }\(J.II}JI <, LIIC f \.’lﬂ{sull III}\L b€ IIJ._y U.
to renop&tsol i dsi—e—g——satt—by prod,ULg of —the—condensation
S, prior to subject] némrt] sol ution 9-3M¢e h\/rrnnanrp WRQ o
Edemtifisatipm GHPRE) CBRIoTIAQ8 60 108 mil a (MDA The reacti ohO%i xt ur
ed by any met hod| know®8i3ethe art to renove SC|IdS f t he
Poteney bedIRLON m Xingae IPMrcane enbod{ nents, t
edssapd substanti al | yedtamelel y gubj ect €4 to hyc gﬁ“ﬁper
s, e.g., the conpoundggfmfornulja (C) is not fLrPﬁ@W‘bé Ord
UPIR [hSareqpCli O MXTHEe (€. g, NO exiy actions, ChfRIRYL, 0gT a
et l.d.l ] tllUUUI ment S, l.llt resent—Tnvent
?D/la‘ftttﬁ(s)ﬁﬁ%thﬁée# F
o area
NA NA ND
Individual
Total Related NA NA ND
Substances
‘Water Content 2.4% 2.5% 2.0%
NA = not available; HPLC = high-performance liquid chromatography
Table 8. Summary of 5°C Stability Data for 50 mg IPM Tris Capsules
Results
Test Initial 0.5 mo 1.0 mo
Identification (HPLC)| RRT = 0.98 to 1.02 NA 1.00
98.3% ‘ 96%
Potency by HPLC (mean IPM ac‘flve NA (mean IPM active per
(Assay) per capsule: capsule: 48.1 mg)
9.8 mg) s
Purity (% area) NA NA 99.9%
Related Substances
(% area) NA NA 0.1%
Total Related NA NA 0.1%
Substances
‘Water Content 2.4% 2.4% 2.4%

NA = not available; HPLC = high-performance liquid chromatography

Table 9.

Capsules
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preparation of a conpound of forrmula (D):
conprising treating a conpound of formula (CO):
(Q w th wonretuaissyg agent under

HO PI

PR1O |

NHCH2CH2 X NHCH2CH2Y (D) ;
NHCH2CH2X NHCH2CH2Y
hydr ogenol ysi s condi ti oRET/USR@OM52295 as

val ence and stability permt, X and Y independently represent |eaving
groups; apdRti+sberzy—epptionallysubstituted with oneorrpre
substituents, e.pest Sel ected from hal ogen esultSo and - NR2 . whereiln R2
i s independently selected|for dnélloccudrenced-fmym H and | owkP ™ kyl . I n
certain ehdadifivetion (HRLC) sRBIz§98optiddnal |y sidstituted wi t hl.6he or ror e
substituents. In certain enbodi9gBMs, Rl is unsubstituted begﬁg}

certain epbmﬁbyrb LK and (bﬁeaﬁlmcalane@c urrence are i ncepend t'Py. sel ected
from hal ogegggpch as O, ?ggcg sulel N gert ai nNébodi matibgan IRM pcdive per
unsubst i tit ed” benzyl and/ b are |[both CL In certaﬁﬁpsélﬁbéﬁll“r?@git t he
formil o (IHELTG T f.?i,;'?’méilﬁﬁé."”? SR SV S L il
hydr ogenofyéted $'éféséi"?‘ifﬁ 2. g., without flirst purifyinglor partially or
conpl et el 9 7o WRB ng sol ve 1t s fromthe reaction m xture.| For exanple, the
reaction |m xture may NA NA 0.1%

Individual
Total Related NA NA 0.1%
Substances
'Water Content 2.4% 2.5% 2.8%

NA = not available; HPLC = high-performance liquid chromatography

D.

Batch Analysis of 10 mg Tris IPM capsules

Table 10. Summary of -20°C Stability Data for 10 mg Palifosfamide Tris

(Tris(hydroxymethyl)aminomethane (Tris)) Capsules <3 month

Results
Test
Initial 0.5 mo 1 mo 2 mo 3 mo
Appearance Conforms Conforms Conforms Conforms | Conforms
Brittleness Conforms Conforms Conforms Conforms | Conforms
Identificati Not
1.00 1.00 1.00 1.01
on (HPLC) tested
103.1%
Potency by | 98.3% (mean | 105.3% (mean | 102.1% (mean
Not (mean
HPLC IPM/cap: 9.8 | IPM/cap: 10.5 | IPM/cap: 10.2
tested IPM/cap:
(Assay) mg) mg) mg)
10.3 mg)
Purity(% Not
100.0% 99.9% 99.9% 99.9%
area) tested
Related
RRT
Substances RRT 0.555: RRT 2.198: Not
Not detected 0.560:
(% area) 0.06% 0.05% tested
0.09%
Individual
Total Not
0.0% 0.1% 0.1% 0.1%
Related tested
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be filtered to renove solids,

condi ti ons,

e.g.,

be filtered by any method known in the art to renpve solids fromthe

salt by-products of the condensation
prior to subjecting the solution to the hydrogenol ysis

condi t i orsOabfoomes4mg t he conpound of formula (D). The r@agtuiseevoms2ebur e nmay

sol vent efthe+egetton—-mxttre—tn——sone——erbodirerts—thereagtion—mxture
is f!Ipe'é@bﬁﬁﬁméubstantially directly subjected to hydrogenation
conditiofns, e g., [THe £O Qung of T ORI & (Rl f SRIQL, Turtner puritied]or
i solated{fromthe [reaction m Xture (e.%., no extrd% i ons, chromatography or
quenches|are perfagrned). The hydrogendiysis conditimens may conprise
treating|the conmpgund of femmila;(C wigh | hydrogenngas in the|presenceg of a
catal yst| The catdl yst may be |se ecteg from any S, i tabl e hydrogenol ysi|s
catal yst| such as |Pd/ carbor® Bd bl ack, "Pd |EnCat (pdi°yirer encapsul at ed
active nmetal catal|lys2) Rahey ni ckel, Rh¢carbdn, Ruhioarnbon, Re/carbon,
palIadiu1ﬂb%®5@@npalIadiuﬂkghlorgde, PL@ or RuO .,4kn certain enbodi ments,
t he hydr pg Rl g catalyst canprises palladium e.g., Pgf{garbonydn
certai n enbodi nentls, >t he” h{dr dgenol ysiPscaond? t i ons™Conpri se a|part! al
pressur e| ofRupypde ogen greatseec tthan 1 atmimsphere. [38s@elt aestecenihodestedit §, t he
parti al Jrggsur gf RQydrogen i|s I ess fhgn|or,equal 40]|100, 75|or 50 pgi. In
certain ¢ h nti|s, the partijal pressure|of hydrogen|is sel ected from
bet ween 10 psi and 50 psi>’sThe parti al ™@ressure ofshydrogen may be fragm
20-50 ps{, such ag fisom 40mbO [psi. Altexnatively,ihihe| partial pressurg of
gédgg?en during hydrogenoﬁ%a;s nmy qu%gput 50 psj.. O even bet ween 50 and
- 6 1 min 6 1 min
48 sec 17 sec
20 min
Mean %
20 min
LC: 78.1%
Mean % LC:
Mean
67.1%
IPM/cap:
Mean IPM/cap:
7.8 mg
6.7 mg
40 min
40 min
Mean % LC Mean %
Dissolution | 4" 7 Not LC: 66.4%
59.3% Not tested Not tested C: 66.4%
(HPLC) tested | Mean
Mean IPM/cap:
IPM/cap:
59 mg
6.6 mg
60 min
60 min
Mean % LC:
Mean %
53.4%
LC: 58.8%
Mean IPM/cap:
Mean
53 mg
IPM/cap:
59 mg
Water
1.2% 1.1% 2.0% 2.5% 3.5%
Content

HPLC=high-performance liquid chromatography; RRT=relative retention time
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In certain enbodi nents,
aprotic organic solvent,
acet oni t rwbep1odilgsdane,

certain enbo

di nent s,

t he hydrogenol ysis conditions may conprise an
e.g., toluene, xylene, benzene, furan,

t et rahydrof uran, chl orof orm or mPKTOISe@IBEPROS .

the aprotic sol vent conprises acetonitrile, wherein

In

the aceto ile re M. fo h t 10, 20, 30,
50, 70, &I é&ﬂ}olof% E’EPﬁzﬁ é§ff§’t‘é‘ﬁ’ﬁ§’lﬁ‘ B‘%‘P&%@Pgﬂ fayn@f) % the sol vent
system f ?frlﬁﬁﬁmﬂx?nfé%qfan%ﬁ?{ﬁﬂfhzﬂfeqqfrﬁf) @5 Jullg, £abvgftthsystem I n certain
enbodi nent s ration of the product fron1re3|dual catalyst is
achi eved| by the formhtion of a ba5|c sal t dhmehsaqueous condltlons e.lg.,
usi ng sodi um R¢Mdr oxi ge—or M“ other—base—+n—water; 9lun ey ﬁ§||U|H din
situ. The resulting >aItIHﬁV'be di ssol®BY in & sui 0N e solvent Y the
resi dual [cafal¥ahcdY Decdidhereq to.ammye sl dg fipm the selyenk off the
reaction{m Xxture. Injcertain enbadinents, the|separation of the produgt
fromres duanhaﬁmlyzt |@m&mh1eved byottfhensf or rat i Ommfefus a basi Cosfalnts under
anhydr ous unu t-ons—e—g——ustrgtrethylamheor—anethertbase,—e—g— an
am ne bas er %@P%b y a stgricallly hipgered base as 1.00
di i sopropyl I ne or proton sponge he subsequént sal{ may ‘be
di ssol ved_into the reaction solvent and the residual catalyst may be
filtered|to renove SJI91§9&@mmmthe9@6B0@ﬁmemﬁ t he Qeaction Ak OUr @ecahr
certain anﬂ%ﬂﬂﬁﬁﬁws, ﬁ Rgesent |nVﬁﬁé%on prJvﬁﬂégééﬂﬁﬁthodhﬁ%ﬂ(the
pr epar at AGompou BMSEaf or i alf(BeaPo - PR N RGER X Y (E);
conpri si pg tregtln a cogpewyd of| forgmghg) (D) o 10.2mg)
Purity (% arca) 100.0% 99.8% 99.8% 99.8%
RRT 2.546:
Related o 0.05%
Substances (% RRT 2.798: 0.08% RRT 0.382:
Not detected RRT 0.578: 0.17% | RRT 0.610: 0.05%
area) 0.07%
RRT 6.189: 0.05%
Individual RRT 6.085:
0.05%
Total Related
0.0% 0.2% 0.2% 0.2%
Substances
Vessel  Rupture
Time
7 1 min
43 sec
) ) 8 1 min
Dissolution 37 see
Capsule :
(Cap ? I min Not tested Not tested Not tested
Rupture 41 sec
Method) 10 1 min
35 sec
11 1 min
39 sec
12 1 min
48 sec
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P HO I

enbodi nent s,

Cllf‘h ac
J

hal ogens

NHCH 2CH2X NHCH 2CH2Y ) ;
wherein as valence and stability permt,
| eavi ng gwoupsyolasyd A+ represents an amoni um cati on.

X and Y at each occurrence are independently selected from
Cl

and ]

Dr
“ATTO

with a base under salt-form ng conditions,

- h—cert o

hodi mant o
.rllu\.l\fll meTit I,

A nd—VY

A ullu T

Ql‘ﬁ

X and Y independently represent
| RCTAISR@I9/052295

bot h

ad. Inc
fromthe
di azabi c
di et hyl a
tris-(2-

tris(hydr
ydr oxyet hyl)
>(hydroxynet

tri-(2-h
Bis tri
salt-form
of an anln
t he conp
ratio in
conditio

tris(hydr

m ne,

A\ A AN} AJI

ertai n enbod
basi ¢ am no
ycl ononane,
trieth
nydr oxyet hyl
oxymet hyl ) meg by} am ne,
an ne and hknetgyl-D-gluc

Bs%%fﬂ

ase and
Jund}ﬁﬂxnornula (D
t he range ol
NS conpri se
oxynet hyl ) a

%Ewﬁs, A+ re
&ﬁ&ﬂ%chyrid

@ﬁgblcyclou
[P

am ne, dii sd
Mﬁmﬁ@wkalhyd

thylam
DNSanCOBPr | Se

tye, conpound
and t

MganfPRligant - 1
CopbE Ni ng app
nnQiet hane g
Mean % LC:
53.4%
Mean

IPM/cap:5.3mg

N, AV fd

T GCCT l.ulll

éﬁé@@nts BH+

iNM@n % Il - di m
qgggene L/ -

opylethyla
rmeﬂﬁﬁwmbut
i met hyl -

n certa
d&mb%ﬂﬂhg ap
R0, f ormul a
he am ne bas
Mgqap IFdEgapfj-
mxi mately e
ndfihe conpo
Mean % LC:

57.0%
Mean

IPM/cap:5.7mg

and B is an
et hyl ami nopyr
Tedthigl - JV- et hy
MRS, % DO Sv

RSPS54

amegne. I n cer

mhgﬁbodinent
broxi matel y e

odi nent s,
qui ol ar anou

[ AHMaf  f or nul a

Mean % LC: 48.0%
Mean IPM/cap: 4.8

mg

Hran p HCo8 teai

e MaindPi@ahb.aed 1 n a nol ar

ag¥pe sel ect
i| iehe% LC:

6&‘8% ne

bi's?
Mean IPM/ cap:

etlwle) am ne,
t%&” enbodlr

<>,

Q Menoh &C: ant
Bg &pybodi nmer

Myen 1B cpp: or
nt 9 nif

66 B

Mean % LC:
51.6%

Mean IPM/cap:
52 mg

ed

rent s,

unt's
ts

m ng

Water Content

1.2%

2.9%

3.7%

3.5%

HPLC=high-performance liquid chromatography; RRT=relative retention time

(Tris(hydroxymethyl)aminomethane (Tris)) Capsules, <3 month

Table 12. Summary of 5°C Stability Data for 10mg Palifosfamide Tris

Test Results
Initial 0.5 mo 1 mo 2 mo 3 mo
Appearance Conforms Conforms Conforms Conforms | Conforms
Brittleness Conforms Conforms Conforms Conforms Conforms
Identification 1.00 1.00 1.00 1.00 1.00
(HPLC)
Potency by 98.3% 98.2% 94.8% Not tested | 101.8%
HPLC (Assay) |(mean IPM/cap: (mean (mean IPM/cap: (mean
9.8 mg) IPM/cap: 9.5 mg) IPM/cap:
9.8 mg) 10.2 mg)
Purity 100% 99.9% 99.9% Not tested 99.9%
(% area)
Related Not detected | RRT 0.558: NA Not tested |RRT 0.561:
Substances (% 0.06% 0.08%
area)
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In certain enbodi nents,
such as N N-DMF, acetone,
acet at e, wWOhylo/aesat at e,

aprotic s

enmbodi nen
r epr esent
sol vent s
about 959
i nvention
anal og th
pr ef er abl
ratio fro
crystalli
crystal s,
crystals.

formul atie
embodi nent
acids. In
1:1 ratio o
of the cr
t o about

certain enb
of I PM an
| east 909

ol vent ,

acet oni

tril e,

2- but an

the salt-formng conditions conprise a polar
DVBO, THF,
and conbi nati ons ®Ph@Esedos/os229tert ai n

one,

but yl

ts, the aprotic solvent conprises N N—DNF wherein the N N-DVF may
—for—exanple—rworethanrabout—10 50— 70—e+—90%oft he
yst eh§Stor dqubstantially all of th§e§HﬁVent system for exanplle
b or greater of (&G SO Ve s st MTaertajn odime Ne
relates tg a conpound conpr|5|nq a crystall]ine salt| of IBM qr
ereof wherein the IPMjor anal og thereof, and the counterion,
y trlS (hycroxynethyl) am no netlhane (tris)} are present in g
m dividyal” g 2, preferably 1:1. Iin certain epbodi nentls, the
”?othﬁkéfh!ﬂeat 1 ONn EGIPT 1 SeS [oRe 1han ofgypoly ”WoP{HsfedT or g o,
such as two, three, flour, or evjen flve pol ynor phic forns of
ISMmenMair alternative such enbodi nents, the crystalline
con -5 85 —a—StRg-e—RoF Yt pRHef-or m-of—efystal-s—iA—eertailn
sl VESIREH eV SERBPE™ | AT PR US d Nobiisiedar g5 Cseds e
cgcg iyt such efodi ngnt s, Tibdhe clonpolimg is p crystal|line salt of a
M and; T, 43158 Cler tighi1Sech amhedi gents, the I'ting pgint
ysﬂ@ﬂﬁmﬁe soIHd |% between about 1q0 and abput 110 QE, about (102
% ﬁ% abdut T tY apout *toe o€, ¥ el 105 to 106 0C. In
S, t henicOnspoupd,l ngn fsec @ dmyistédet i pe salt of a 1:1 ratio
d Tris, is |atleast abgut, 808 puye, at;Least about 85% pure, |at
ure,
PP 5 1min39sec |5 1min29sec|S 1 min24sec
6 1mind48sec |6 1minl19sec|6 47 sec
Dissolution |54 . Not tested Not tested |5 min 50 min
(HPLC)  |Mean % LC: Mean % LC: [Mean % LC:
67.1% 65.5% 72.9%
Mean [PM/cap: 6.7 Mean Mean
mg IPM/cap: 6.6 (IPM/cap: 7.3
40 min e e
Mean % LC: 40 min 40 min
59.3% Mean % LC: |[Mean % LC:
Mean [PM/cap: 5.9 59.0% 65.0%
mg Mean Mean
60 min IPM/cap: 5.9 [[PM/cap: 6.5
Mean % LC: e e
53.4% 60 min 60 min
Mean IPM/cap: 5.3 Mean % LC:  [Mean % LC:
mg 53.6% 58.1%
Mean Mean
[PM/cap: 5.4 |[PM/cap: 5.8
mg [mg
Water Content (1.2% 1.3% 1.8% 2.3% 4.2%

HPLC=high-performance liquid chromatography; NA=not applicable (None >0.1%); RRT=relative retention time
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at | east
99% pur e.
wei ght .

conpound
purity nma

95% pure, at

IwocerwmEisienbodi nent s,
conponents of the for rrul ation,

SSRGS nel

Vb e StwBaly

| east 97% pur e,
In certain such enbodi nents,

at | east

nmul at i

bfohores, Pt dE §

98% pur e,

or even at
no single inpurity exceeds 1% by
purity is nmeasured rel at Pg@&/useoloF220% her
whi | e in ot her enbodi nents (e.g.,
i]Jisate mxture),
St he compound

wher e

(e.g., phPﬁﬁﬁﬁ&@fb&yﬁ%ﬁ)ﬂhlﬂ%ﬂﬁ%ﬁq%isﬂmzﬁfsﬁfla'dC&—Slz%oﬁt'iie compound) or

| east

t he

by-products of "the manufacture of the conpound phosphor ouscont aj ni ng
degradatijon prcbestts of the corrpound) ther elReselﬁts:I ud| ng ot her conmponeft s
pur posef Ul | y added tO t IIC T I Il.l.li (J.LI JII \|_|vr I_I 1 I r‘ATI m\l Th I UI 6 UI Ily
di scl osurle is further e pla;[ MEdl hy th 6‘?‘?ovv|ng nof™i mi ti ng ex%pl es
Exenpl ar y| Fory ?#D@ftah&ns daromy at oncg}g&&goprrentcOth’Mst s dicdgorms
formul atijon ¢ rises a|blend of IPMtris salt| Mcrocrystlalline Cellulose
(Avi cel BH 1ittleSodi um Cr dsekmmel | pse Coriermpi - $ol )CorfusVagnebfigresStlesar at e
(veget ablle source). A Batch forrmulation of 10|ng strength Tri g.k&M
Capsu| es Fable 1 ﬁ|nnf it ative (‘nn‘n'\c| tionof IPM Tris Cansule W||n Product
- 10 ny stre‘ﬁ@@%ﬁ‘@ﬂo’@ of IPMOPis shit (1nQﬂ ecular \A)ep%ht 3 342. 11@)() i |
del i ver 100.0 (QIPit)l PM active pharnnceutical ingredient (nolecular weight =
221.0). API active pharmaceutical |[ingredient; NA = not gvailable; NF|=
Nat i onal Potency by HPLC 98.3% 94.4% 92.4% 97.9%
(Assay) (mean IPM/cap: [(mean IPM/cap:|(mean IPM/cap:| (mean IPM/cap:
9.8 mg) 9.4 mg) 9.3 mg) 9.8 mg)
Purity 100% 99.8% 99.8% 99.9%
(% area)
Related Substances | Not detected RRT 0.576: RRT 2.822: RRT 2.651:
(% arca) 0.13% 0.06% 0.05%
RRT 0.579: RRT 0.391:
Individual 0.06% 0.07%
RRT 8.294:
0.03%
Total Related 0.0% 0.2% 0.2% 0.1%
Substances
Dissolution (HPLC) 20 min 20 min 20 min 20 min
Mean % LC: 67.1% |Mean % LC: Mean % LC: Mean % LC: 68.4%
Mean [PM/cap: 6.7 |69.7% 70.8% Mean IPM/cap:6.8
mg Mean IPM/cap: 7.0 [Mean IPM/cap: 7.1 [mg
40 min e e 40 min
Mean % LC: 59.3% |40 min 40 min Mean % LC: 58.9%
Mean [PM/cap: 5.9 |Mean % LC: Mean % LC: Mean IPM/cap:5.9
mg 60.6% 57.6% mg
60 min Mean IPM/cap: 6.1 [Mean IPM/cap: 5.8 60 min
Mean % LC: 53.4% | 2 e Mean % LC: 50.8%
Mean [PM/cap: 5.3 |60 min 60 min Mean IPM/cap:5.1
mg Mean % LC: Mean % LC: mg
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Formul ary. B. Batch Analysis of 10 ng Tris |PM capsul es Product:
capsul es of Table 1 Lot Disposition:

Tris | PM
Stability, CTM Stability Storage

Condi ti orwO-280/0Q@415 0C or 25 C/ 60%H Tabl e 2. Batch An&Cyasg009f0512BM Tri s
Drug Product NA: not avail able; HPLC = high-performance |iquid

chr omat ography—CFJ——colonytormng—unt—RRF=relative retentiontirap
Tabl e 3. Sumrarr‘yesﬁ)f -200C Stability Data for %“lrtrig | PM Tris capsul esCTM =
clinical {trials materials Hf{{ar N 0h- PP MaMCe 1§ fgoid ghro rapny; ND
= not detlected; RRT = re¢lative retention tine; [INA: not avdilable Tabl e|4.
Summary of 50C Stability Data for 10364 | PM Tri®.lgapsul es [HPLC =

hi gh- per flormance |i qui d|chromat ogr apiys iPMRa5 stedaivechedi| RRT = rel atjve
retention time; NA: not |available Table 5. Sumpary of 250C¢ Stability Data
for 10 ng IPM Tris Capslil esCTM = cl ("Rical trial/8® material ;| HPLC =

hi gh- per flor masieeChhtamti d | chr oned,ogr aphy; 29, = not detegt ed;| RRT 359%el atjve
retention_tine; NA: notlavailable Cl Batch Anallysis of 50ing Tris | PM

capsul es T geonpace lgpidshappapnby: BRI g pie L™ p\ capsul esTabl e 7.
-2Q0C Stability Data for 50 ng IPM Tris Capsul es NA = not

Summary of
avai |l abl e;

of 50C St A8ble;

HPLC = high-perfaormance |iquid chronatograph
4y Symmarpet ZHCmjabibfy Pafator]Qmg Ralifppfami

Tabl e 8. Summary
Trigyai | abl e; HPLC

= hi gh- pepQEmpirdyhl et ithofinb TRl A" @GPl J%%lufes%3 mbifggary of 25 ¢/ 60%RH
Stabilit tDat(zi;l]@?or y50%%511 PM Tr i sé?%a(osu es = not available; HPLC =
hi gh- pertor rrTance lli qui d chr omat ogr aphy Results
est
Initial 0.5 mo 1 mo 2 mo 3 mo
Appearance Conforms Conforms Conforms Conforms Conforms
Brittleness Conforms Conforms Conforms Conforms Conforms
Identifica-
tion 1.00 1.00 1.01 1.00 1.00
(HPLC)
95.4% 100.9% 79.4%
Potency by | 98.3% (mean
(mean (mean (mean
HPLC IPM/cap: Not tested
IPM/cap: IPM/cap: 10.1 IPM/cap:
(Assay) 9.8 mg)
9.5 mg) mg) 7.9 mg)
Purity
100.0% 99.9% 99.9% Not tested 99.0%
(% area)
RRT 4.264:
0.22%
Related RRT 0.568:
Substances RRT 0.558: 0.12%
NA NA Not tested
(% arca) 0.06% RRT 4.562:
Individual 0.14%
RRT 5.104:
0.20%
Total
Related 0.0% 0.1% 0.1% Not tested 1.0%
Substances
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D. Batch Analysis of 10 ng Tris | PM capsul es Table 10. Summary of

Stability Data for

nnnthHPLC-hlgh performance |iquid chromatography;
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||f\l
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Nat o fAr
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da
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(None >0
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pr epar at
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of P(O Q|
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al cohol

of 200 m
To the c

ir oxymet hy
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Tabl e 118 .secS
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amot he¥ sfd
) were adde
the m xture
t he sol uti
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ry| of 50C §
‘hprret hane

bmat ogr ap
C Stabi l

hane (Tri
NA=not a
unmmary of
r Oloy restedy

d chr omg

dure for
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O L of ace
ask, 70.5
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becones
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ected //|
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(Tris))
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ty Data f
s)) Capsu
pplicabl e
250C
| Natriastsdef
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Synt het
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flask, 1
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bne
Dat a

DI
es

hane

DO ¢
The
7y |
tion
S,

and TEA
-30 50C
m Xture
151.3 g
char ged

yTa syrin

Thi s add
hvas al | owg
Of Cl CH 2CH
bver 140 n

Dissolution

(HPLC)

€ pumnp Wit

ition |asts
to stir fd

i was \
i Meay e Syrin

67.1%

Mean IPM/cap:

6.7 mg

40 min

Mean % LC:

59.3%

Mean IPM/cap:

59 mg

60 min

Mean % LC:

53.4%

Mean IPM/cap:

53 mg

el mtai i N
140 m n. Af
r 1 h at
vei ghed. Sub

ge punp whi

Not tested

g the react
ter the add

-30 50C. Tot

sequent |y,
| e mai ntain

Not tested

T 5P

hemdakbt:
BoH 1Nl
lO[gant he
IPM/cap:
7.0mg
40 min
Mean % LC:
61.3%
Mean
IPM/cap:
6.1mg
60 min
Mean % LC:
56.7%
Mean
IPM/cap:
5.7mg

I’Z%[ ure at
e—r-eact io
ovicanodtr
Bfso,TEA W
Mean
IPM/cap:
6.0mg
40 min
Mean % LC:
54.1%
Mean
IPM/cap:
5.4mg
60 min
Mean % LC:
49.1%
Mean
IPM/cap:
4.9mg

to

| »

.y

AS

Water

Content

1.2%

2.0%

2.6%

2.3%

3.8%

HPLC=high-performance liquid chromatography; NA=not applicable (None >0.1%); RRT=relative retention time
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tenperature at

-30 50C. After the addition,
allowed to warmto roomtenperature and stirred for

the reaction

m xture was

1 h. The reaction

m xture wWai© 2hioities4ed t o renove triet hyl am ne hydrochl or ipde/usadov/os22ds t he

reactor rinsed with 3 x 200 nL acetonitrile. The filtrate was taken on to
t he next t hout u ation. Pro ure for_the preparation
of benzyl g@p]\fgsaﬁ%?‘ B'[e{?f%) %ﬁ?‘ 4%5'[18 1P ?fﬁ’@“‘f ¢LiSstep I b above
was ”ansrﬁ%(ﬁ?dfd}tyﬁle@h ﬂﬁﬁGﬁﬁﬁ{dlﬁngﬁ@aﬁ&ul@&‘% 32 fadhepf Pd/ C was charged.
Hydr ogenolysi s” was conducted under 50 psSi of hydrogen. After 15h, the
reacti on|{was conpl ete and no Bz- IPM was obsRBewdts (Note The pH for the
reaction| m xt Je& was 3-4) “i k—up—and—+sotatt+on—of—t4 uuL, the
reaction|m xture was tran]g‘Fté‘?red i nt 0 M0 | asil and ?J‘H% contlent 000l bd o
Q0C to 100G JGHBE COOTEFhibRRACT 1[0N FURGHILC a5 agaferng0U | @3&8@ ol
1.1 equiy) oIf) TEA to lincrease thg pHto 9.5-10 (Note: Thig addition |agted
| ess tha1 5Bmittle)1essThe r dsanforinmsg M xt@oméorwas f|i | t Epefdrne r gnoveordatrad yst and
rinsed w 0O0—+nt—oef—acetonqt+riHe—Fhe fitrate—was—eoeledto 0BG to
100C, angd i@?ﬂflﬁcaf@nm (924. & mol|, RaUi V) OfN%:egte vas o | ower
the pHto 1- aﬂ(w)te Thi s ‘additign took 15 mjn) € resul{ting slufry was
filteredland the wet |cake was made into a slurry with two [portions of 400
m. of 5% vvater in acetoni®W.3%e, and s¥2.8%ed flor 5 m n eachH. The wet cake
was t hen sed with |3 x 200 nL df a;([er;onitrile to give 105.8871 g (73|5%
product . ‘ﬁ%cé' ure for'tH8 prepardft8h of I PMgaktidL): 'W{I&t% 2p0 i
3-neck f alqja(L@ AS69Y (9 olpr/@jlﬁ(hydrqpm@glﬁqyl )|- am nonet hang was a éed,
fol |l onwed| by addition |of 78.0 nL df . The mi xture wag then heated|to
1000C to| di ssol ve t hel bad8 Mgt er |a cBéamg)sol dtion forned, |the batch was
cooled tp 20-}25- 0€C{(a—sturry—thern—formed)-
urity
100.0% 1.6% Not tested Not tested
(% area)
Related
Substances (%
area) NA o Not tested Not tested
Individual
Total Related
0.0% 98.4% Not tested Not tested
Substances
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To the above slurry,
| PM anal ogue (K) (1766-026-1 1) was wei ghed,

N- DMF. Thworzbwroasstiwas stirred for

49.1322 g

1 h until

(98. 7% purity based on NVR, 0.2194 nol es) of

and rinsed with 48 nL of N

a cl ear

resulting solution proceeds polish filtration with Whatman # 1 filter

solpawiuseooos22esl. The

paper. The+ft+trate—wastransterredintoa 2+ flask—anrdtoi+t++—344m of
acetonitrile was added over 5 mn. To the bgie%‘HtSSSZ m. of net hyI tert-bputyl
et her (MIBE) W§§ i nt rloducRgf0 T qrm ClgRiidy saruti Sol i g see re
generated by scratchijng agalinst tlhe glass wal{l with a spatjula). The batch
was stirred for 1 h. (Tien lproduct vmsﬂncollected by filtratijon, followed|by
washing wth 242 nL of ELdna gL%f 72./13868 g (96.49 as white solid.
Resi dual | pal | adi um coV&Rt* Was <1 peﬁ% V1 CP|anal ysis. B. |Procedure fof the
preparat{on of |PMsal&.1{d): |Intqg 00 nL 3-{neck flask, 54.1043 g of
tri s(hydroxymet hyl) - amnamaihane (wasn gdged, flol | oned by addition of 158 nl
of NJV-OWF. The m xturle was then hHeated to 10Q0C to dissol Ve the base. After
a clear solution forned ™ he bat g s cooled to 20-25 0C|(a slurry then
forned). | To the above ®mirry, 100.40185 g (98.[7% purity based on NVR, 0| 4466
nol es) of | PM (1766- 028:.}lc.was |wel.ghad. and rinsed with 99 m. of -DMWF
The mi xt tir ePRERIUERN rried for 140 nin until acleal[(l,[solu |on ma[dtThe
resul ting so{ﬂlﬂs 91 o%’éé“ds pol i ¥t 1tration Ottetedy,
paper. The filtrate wadea irmsdher riedeah MMicag: 5 [L 1 ask, and to it, 293 nl of
acetonitfile was added r 5 mn.,ge the batch, a slurry |mxture of 0{3 g
of salt L in 4.8 nL of DW and 5. f\lm._ of acetjonitrile was [added. To the
batch, 1734 nmL of MIBEM®E introdu®ad The batch was stirrled for 1 h. The

Mean % LC: Mean % LC:

53.4% 0.0%

Mean IPM/cap: Mean IPM/cap:

53 mg ND *

Water Content 1.2% 2.6% 3.9% 3.5%

HPLC=high-performance liquid chromatography; RRT=relative retention time; ND *=No IPM peak was

detected
11 Synthetic preparation of IPM salts and analogues thereof
step 1a step 1b
@) _9_

@ OH E&N_ o—i_g CI(CH,),NH4Cl INTR™0
CI_FI’_CI + - I HN

Cl Cl I

Cl

(F)

(G)

(H)

()

Cl

Procedure for the preparation of benzyl isophosphoramide (J): Into a 2 L 3-neck
flask, 100 g of P(O)Cl; was charged, followed by addition of 400 mL of acetonitrile.
The content was then cooled to —30 + 5°C. Into another flask, 70.5 g of benzyl alcohol
and 90.7 mL of triethylamine (TEA) were added, followed by addition of 200 mL of
acetonitrile and stir until the mixture becomes homogeneous. To the cold solution of
P(O)Cl; was added the solution of benzyl alcohol and TEA via syringe pump while
maintaining the reaction temperature at to —30 £ 5°C. This addition lasts 140 min.

After the addition, the reaction mixture was allowed to stir for 1 h at —30 + 5°C. To
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product was collected by filtration, followed by washing with 494 nL of
MIBE in a yield of 146.7 g (96.0% as white solid. EQUI VALENTS Those
skill ed iwoth®/aus41wi | | recogni ze, or be able to ascert &Cm/U$009852205 nor e
than routine experinentation, nunerous equivalents to the conpounds and

met hods of use t hereof de crib ch equiyv nts are c | dered to
be wi t hi nteHEALIOBJBXBIC:t Iy 15 & AL e O g %fﬂf‘@dgweﬂﬁ%l tyo P 0 ng
claims. AL ef He v@é@oaﬁrg“eldt @&&rrﬂfoeﬁﬁ{l%s sﬁ'ﬂ% ﬁwlleOHﬁlﬂl&nE%@by

i ncorporated by reference.We claim 1. An oral fornulation of the conpound

of fornuIEHQEynmAﬁneachHGH 2ﬁkﬁxm$hmmﬂ@}mh%@ﬁmnomMmk&mmvmheﬂmmwdubation

conprises a lubricant, a dil | Sj rant, and the conpound wherein
X and Y |W&€Béﬂc§%‘?ﬁllt§ﬁn19%fﬁ‘i“é% Sﬁl%%?vg B ﬁ@ﬁ)éﬁac%%%uﬁ“e Wah!t AP um

cation, a%wgefrféfﬂ}laﬁﬂﬂe Chfydf&h%rf&% staﬂeaﬂduﬁfe' &Q&Bp rﬂhédl%ﬁﬂv 3andogligi nt egrant
may be a single conponent.” 2. The oral fornulation of claim1l1, wherein the

conpound adctérotriie ITahe (fHrati svas ¢gkce ve1te 8 oyt stbrewitbounfidher Purifibasioor al
formul ati on of any of claiw% 1 or 2, wherein the fgrnulation

\_@ Pd/carbon_ HN_Fl)_OH
g HNI 50 psi g HN\L
(J) ClI Cl (K) ClI

Procedure for the preparation of benzyl isophosphoramide (K): The filtrate
resulting from step 1b above was transferred into a hydrogenation reactor and 3.4 g of
Pd/C was charged. Hydrogenolysis was conducted under 50 psi of hydrogen. After
15h, the reaction was complete and no Bz-IPM was observed (Note: The pH for the
reaction mixture was 3-4). For work up and isolation of the product, the reaction
mixture was transferred into a flask and the content was cooled to 0°C to 10°C. To the
cooled reaction mixture was added 100 mL (719.4 mmol, 1.1 equiv) of TEA to
increase the pH to 9.5-10 (Note: This addition lasted less than 5 min). The resulting
mixture was filtered to remove catalyst and rinsed with 2 x 100 mL of acetonitrile.
The filtrate was cooled to 0°C to 10°C, and to it 76 mL (924.5 mmol, 1.4 equiv) of
37% HCI was added to lower the pH to 1-2 (Note: This addition took 15 min). The
resulting slurry was filtered and the wet cake was made into a slurry with two portions
of 400 mL of 5% water in acetonitrile, and stirred for 5 min each. The wet cake was

then rinsed with 3 x 200 mL of acetonitrile to give 105.8871 g (73.5%) product.

HO
? . OH

HN=P—OH HN-— HN

g HN\L g HN

oS cl

A. Procedure for the preparation of IPM salt (L): Into a 250 mL 3-neck flask
26.5791 g of tris(hydroxymethyl)-aminomethane was added, followed by addition of
78.0 mL of N,N-DMF. The mixture was then heated to 100°C to dissolve the base.
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conprises 0.25-5% | ubricant, up to 98%diluent, and up to 90% di si nt egr ant
by weight of the forrmulation. 4. The oral formulation of claim3, wherein
t he | ubriwenoviooonmsi ses the salt of a fatty acid, such RETRSBQIVOHF2205
stearate. 5. The oral fornulation of any of clains 3-4, wherein the
formul ation conprises at_ |east one of the foll ow %égiluents ln the

i ndi cat edA&isbaiRte] umf@mledef etl?ﬁéchfwwomtaﬁj) “25nk ¢ Blery dhey formed)cel 1 ul ose
5-98% ma.nlir el ‘t% ngu{Qy Jl@% O n'e ‘%g_@%ﬁa@%? e 194 rnole?) of IPM

hydr oxydi o i 'ox1 do- 0x0- phosp formul’ation of any of
cl ai ms 3- dnalodrer(&i) nllﬂéei)zcdiklh)wﬁs wighadi aeisrirtsedariﬂhoﬂ%mdLa)tf &, NMR. Ese

m crocrystalline cell ylose The or r mul on of. cl |m6 wherein the
for nul at i BHEESH Sl ot %a%\%rrﬂ) lae? %%@S@@%a 441 8. The oral

formul at i ?fbc@éds%ﬁbl{rﬁﬁpan% Qi Wh&t%nf#q remk @Bﬁe@ NTIROMRLISES tRRQ 1%
m crocrys line cellulose. 9. The oral fornulation of claim1, wherein the

formul at i oo edripflakeandtods-124 ndop hegediilewst aldedpecrdminafodhe I
0SS L b 05 P O B L PR ™ >
di si nt egr aYIR debdstW&e igBslirgal 8¢ saaR UM debistveé ghats WAl Wi afs@amu)arheo n):

batch was stirred for 1 h. The product was collected by filtration, followed by washing

with 242 mL of MTBE in a yield of 72.3868 g (96.4%) as white solid. Residual

palladium content was <10ppm by ICP analysis.

B. Procedure for the preparation of IPM salt (L): Into a 500 mL 3-neck flask,
54.1043 g of tris(hydroxymethyl)-aminomethane was added, followed by addition of
158 mL of N,N-DMF. The mixture was then heated to 100°C to dissolve the base.
After a clear solution formed, the batch was cooled to 20-25°C (a slurry then formed).
To the above slurry, 100.0135 g (98.7% purity based on NMR, 0.4466 moles) of IPM
(1766-028-11) was weighed, and rinsed with 99 mL of N,N-DMF. The mixture was
stirred for 140 min until a clear solution formed. The resulting solution proceeds
polish filtration with Whatman #1 filter paper. The filtrate was transferred into a 5 L
flask, and to it, 293 mL of acetonitrile was added over 5 min. To the batch, a slurry
mixture of 0.3 g of salt L in 4.8 mL of DMF and 5.7 mL of acetonitrile was added. To
the batch, 1734 mL of MTBE was introduced. The batch was stirred for 1 h. The
product was collected by filtration, followed by washing with 494 mL of MTBE in a
yield of 146.7 g (96.0%) as white solid.

EQUIVALENTS

Those skilled in the art will recognize, or be able to ascertain using no more
than routine experimentation, numerous equivalents to the compounds and methods of
use thereof described herein. Such equivalents are considered to be within the scope
of this invention and are covered by the following claims.

All of the above-cited references and publications are hereby incorporated by
reference.
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m crocrystalline cellul ose from5-90% starch 3-25% sodium starch

gl ycol ate 2-8% and sodi um car boxynet hyl cel | ul ose up to 15% 11. The oral

f or mul at iwo 20fo/eamsaione of clains 3-9, wherein the disi nPelBRe090622pF i ses a
wat er sol ubl e polynmer, such as sodi um car boxynet hyl cel | ul ose. 12. The oral
formul ation of claim1l, wherein the fornulation conprises up to 15% sodi um
car boxynet hyl cel l ul ose. 13. The oral fornulation of claim 12, wherein the
formul ati . Qgipri ses from 0.5-2. 0% sodi um car boxynet hyl cel | ul ose. 14. The
oral of any of clains 2-13, wherein the disintegrant is a desiccant. 15.
The oral formulation of claim3, wherein the formul ati on conpri ses:

magnesi um st ear,at e 25-1. 0% croc t i | 1 ul ose about 91% and
sodi um ca boxyé&%@q‘(?g?llllﬁﬁl%’s %orgp%é%i q(’% Iinﬁg &??dl cated anmount (by wei ght
of the formulation). 16. The oral formulation of any of clains 3-15,
wherein the fornulation further conprises an additional carrier selected
from a binder from 3-90% and a ccﬂrpression filler up to 98% in the

i ndi cated amount (by wei ght ofa"tdrePfnmcrpCatxon). 17. The oral fornulation
of any of clainms 3-16, further conwmszcngya %g):ond

wherein the formulation comprises a lubricant, a diluent, a disintegrant, and the
compound wherein

X and Y independently represent leaving groups; and

A" is an ammonium cation, and
wherein two or more of the lubricant, diluent, and disintegrant may be a single

component.

2. The oral formulation of claim 1, wherein the compound of formula (E) is

represented by the formula:

OH

0
+ [l
/—ENH3 "O~P—NHCH;CHzX
HO NHCH,CH,Y

OH

3. The oral formulation of any of claims 1 or 2, wherein the formulation
comprises 0.25-5% lubricant, up to 98% diluent, and up to 90% disintegrant by

weight of the formulation.

4. The oral formulation of claim 3, wherein the lubricant comprises the salt of a

fatty acid, such as magnesium stearate.

5. The oral formulation of any of claims 3-4, wherein the formulation comprises
at least one of the following diluents in the indicated amount (by weight of the
formulation):

microcrystalline cellulose ~ 5-98%,

46



di luent, a second disintegrant and a second | ubricant. 18. The oral
formul ation of claim11l, wherein both the diluent and the disintegrant are
m crocryswal2bioma4s#el | ul ose. 19. A nmethod for the prepar @aCirams2eb/os2ednpound
of fornmula (B) : RLIO X1 X1 (B); conprising treating a conpound of fornmula
(A): with an al cohol R1-OH under condensation conditions, wherein, as
val ence af@#"&fbility permt, X P%dependently for each occurrence, is
sel ected fgpnd, I, and Br, td 5shepgyl optionally substituted with one
or nore substituents sel ected from hal ogen, -R2, -OR2 and -NR2 wherein R2
i s sel ect edcium lpalcdxydowiioxidnroro-phonphotaned OH&0ker al kyl . 20. The net hod of
claim 19, wherein the condensation conditions conprise an am ne base. 21.
The net hod of claim 20, wherein the am ne base is triethylam ne. 22. The
nmet hod of gany ghe 6l fdulddiod bf alef @hitst N, wrBaUREdiafenf smptiRs 6A) 1S
P(O A 3. 23. The method of any of clainms 19-22, wherein Rlis unsubstituted
benzyl . 24arbgljelratetsaelapmicipsrysalling s¢lhdoseo- 23, wherein the condensation
conditions conprise an aprotic organic solvent. 25. The nethod of claim 24,
wherein the organic sol vent conprises acetonitrile.

7. The oral formulation of claim 6, wherein the formulation comprises from 80-

98% microcrystalline cellulose.

8. The oral formulation of claim 7, wherein the formulation comprises about

91% microcrystalline cellulose.

9. The oral formulation of claim 1, wherein the formulation comprises 0.25-1.0%

magnesium stearate and about 91% microcrystalline cellulose.

10.  The oral formulation of any of claims 3-9, wherein the formulation comprises

at least one of the following disintegrants in the indicated amount (by weight of the

formulation):

microcrystalline cellulose from 5-90%,

starch 3-25%,

sodium starch glycolate 2-8% and

sodium carboxymethylcellulose up to 15%.

11.  The oral formulation of any one of claims 3-9, wherein the disintegrant

comprises a water soluble polymer, such as sodium carboxymethylcellulose.

12. The oral formulation of claim 11, wherein the formulation comprises up to

15% sodium carboxymethylcellulose.

13. The oral formulation of claim 12, wherein the formulation comprises from

0.5-2.0% sodium carboxymethylcellulose.
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26. The nmethod of any of clainms 19-25, wherein the condensation conditions
conpri se approxi mately equi nol ar anmounts of the conpound of forrmula (A and
substi t utworzorogagsamt R OH. 27. The nethod of any of cl aPeB/UE002605229her ei n

the condensation conditions conprise maintaining a tenperature between -35

to -25 0C,  28. The hod of .claim 27, wherejin the condensation conditions
conpri se fki nt QP?IPWSE al%ye?‘rvﬁéarl%‘tsé ]5’8;‘6%})& disygyegrent IQQ%GW‘F‘?Q{ hod for the
preparation of a conpound of forrmula (C): R Q P\ HCH2CH2X NHCH2CH2Y (O ;
conprising treating a conmpound of formula (B): fl | RLIO X1 X1 (B); with
am nes XCH.CH Nkt aradl for@rROea NFRlaogn 3sehtrsin the f@ofulaiimdeompoiseiensat i on

condi ti ons, wherein val ence an t lity permt, X and Y independently
repr esent Hiaglé?fll%ﬁa?r(%%ps whi ch maygtgg I?l%é? same or di fferent and Rl is

benzyl ophii@BalybilimuRetilbstt ed W t haighie 90, hld € substituents selected from
hal ogen, -R2, -OR2 and -NR2 2 wherein R2 is selected in each occurrence

fromH an@pdlmgrbgp(klypthylcellulose 0.5-2.0%;

in the indicated amount (by weight of the formulation).

16. The oral formulation of any of claims 3-15, wherein the formulation further
comprises an additional carrier selected from:

a binder from 3-90% and

a compression filler up to 98%;

in the indicated amount (by weight of the formulation).

17. The oral formulation of any of claims 3-16, further comprising a second

diluent, a second disintegrant and a second lubricant.

18.  The oral formulation of claim 11, wherein both the diluent and the disintegrant

are microcrystalline cellulose.

19. A method for the preparation of a compound of formula (B):

i

P
RIOTT
X" (B)

comprising treating a compound of formula (A):

with an alcohol R'-OH under condensation conditions, wherein, as valence and

stability permit,
48



30. The nethod of claim 29, wherein the condensation conditions conprise
approxi mately equi nol ar anounts of am nes XCH2CH2NH2 and YCH2CH2NH2 or
salts t heweab10/@1841The net hod of claim 29, wherein the eocmdsSa@aF2O5
conditions conprise approxinmately two equival ents of am ne or salts thereof
per equival ent of the conmpound of formula (B). 32. The nethod of claim 29,
wherei n the condensation conditions conprise sequential addition of am nes

XCH2 CHZNH2 andXY%W %r i S&uhlaﬁéeegfsereetea e ynghgas, formul a (B).
33. The method of claim wherein X and Y are both 'hal ogen. 34. The

met hod of clai R wqenwwenp@pnalby mbdtltvtedrveﬂbmdpr@ho@SubsTmnmetmttddfomI ai m 29,

wherein t cond 20N c ons anr an a ase. met hod
of ol ai m Ja0Ehake R, pBd SRR hESE REMRE|ERATR s audREu Rt 30T or (e
preparat i me@fall@lcorrpound of for nmul a (C) R Q P\ HCH2CH2X NHCH2CH2Y (C);
conprising a . treating a conpound of formula (A): with an al cohol R1-CH
under condensation conditions to generate a conpound of fornula (B): R1O |

X1 20. The method of claim 19, wherein the condensation conditions comprise an

amine base.
21.  The method of claim 20, wherein the amine base is triethylamine.

22.  The method of any of claims 19-21, wherein the compound of formula (A) is
P(O)Cls.

23.  The method of any of claims 19-22, wherein R' is unsubstituted benzyl.

24.  The method of any of claims 19-23, wherein the condensation conditions

comprise an aprotic organic solvent.

25.  The method of claim 24, wherein the organic solvent comprises acetonitrile.
26. The method of any of claims 19-25, wherein the condensation conditions
comprise approximately equimolar amounts of the compound of formula (A) and

substitution reagent R'-OH.

27. The method of any of claims 19-26, wherein the condensation conditions

comprise maintaining a temperature between -35 to -25 °C.

28.  The method of claim 27, wherein the condensation conditions comprise

maintaining a temperature of about -30 °C.

29. A method for the preparation of a compound of formula (C):
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X1 (B); and b. treating a conmpound of fornula (B) with am nes XCH CH NH and
YCH2CH2NH2 or a salt thereof under condensation conditions, wherein,

i ndependewol2g10faus4each occurrence and as val ence and st &birlusegoopsa2edt, X
and Y independently represent |eaving groups; Xl independently for each
occurrence, is selected fromd, |, and Br, Rl is benzyl optionally
substituted with one or nore subs |tuents sel ected from hal ogen, -R2, -OR2
and -NR2 2 wherein R2 is sele éd currence fromH and | ower

al kyl . 38. The nmethod of claim |wher |n e condensation conditions
conpri se maintaining a tenperatur Sk n -(a@to -25 0C. 39. The nethod of
claim 38, wherein the condensation conditions conprise maintaining a
tenperature of about -30 OC. 40. A nethod for the preparation of a conmpound
of for mul sorphisind¥edrighi2dGisuHefHfxcindd (B) ; conprising treating a conpound
of formula (C): RLO PI NHCH2CH2X NHCH2CH2Y (C); with a reduci ng agent under
hydr ogenol ysis conditions, wherein as valence and stability permt,

0
Il

P
RIOTTY
X' (B);

with amines XCH,CH,;NH; and YCH,CH,;NH; or salts thereof under condensation
conditions, wherein, as valence and stability permit,

X and Y independently represent leaving groups which may be the same or
different; and

R' is benzyl optionally substituted with one or more substituents selected from
halogen, -R%, -OR? and -NR?, wherein R?is selected in each occurrence from H and

lower alkyl.

30.  The method of claim 29, wherein the condensation conditions comprise
approximately equimolar amounts of amines XCH,CH,NH; and YCH,CH,;NH, or

salts thereof.

31.  The method of claim 29, wherein the condensation conditions comprise
approximately two equivalents of amine or salts thereof per equivalent of the

compound of formula (B).

32.  The method of claim 29, wherein the condensation conditions comprise
sequential addition of amines XCH,CH,NH; and YCH,CH,NH; or salts thereof to a
compound of formula (B).

33.  The method of claim 29, wherein X and Y are both halogen.

34, The method of claim 33, wherein X and Y are both Cl.
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X and Y independently represent |eaving groups; and Rl is benzyl optionally
substituted with one or nore substituents sel ected from hal ogen, -R2, -OR2
and - NR2 wberw/n4$22 i s sel ected in each occurrence frompHTASAVMOFEPS al kyl .
41. The nethod of claim40, wherein X and Y are both hal ogen. 42. The

met hod of claim4l, wherein X and Y are both G . 43. The nethod of claim
40, wherein Rl is unsubstituted benzyl. 44. The nethod of claim40, wherein

the hydroggnol ¥gé f 0l A2 CRBInSHe BYHAMRDN 8BRdiABk Gnipideagencl ysis
catal yst.45. The nethod of clalim44, wherein the hydrogeno |ysis catalyst

conpr i sesamghe bage. The net hod of claim 44, wherein the hydrogenol ysis
catal yst conprises Pd/carbon. 47. The nethod of claim40, wherein the
reduci ng conditions conprise hydrogen pressure greater than 1 atm 48. The

nmet hod of 36! ai ThéhethtAQTRIdMm3BEWRERTSHE Bmirk U188 & thib@ilagfingqual to 50 psi.
49. A nethod for the preparation of a conmpound of forrmula (E): A+ O P-NHCH

2CH2X NHCH2CH2Y (E); conprising treating a conmpound of formula (D): HO Pl
NHCHZCHZX3J7\IHCH%C;{;%§P% if?r )}mp%%%ﬁ?&%gf é’@o‘%ﬁl&ouﬁa'&f&ﬁ{u‘i‘a &g: condi tions, wherein

as val encé ‘and s
o)
[l

R10™ | TNHCH,CH X

comprising

a. treating a compound of formula (A):

with an alcohol R'-OH under condensation conditions to generate a compound of
formula (B):

0
I

P
R'071 X!
X' (B); and

b. treating a compound of formula (B) with amines XCH,CH,;NH; and
YCH,CH,NH, or a salt thereof under condensation conditions, wherein,
independently for each occurrence and as valence and stability permit,

X and Y independently represent leaving groups;

x! independently for each occurrence, is selected from Cl, I, and Br,

R' is benzyl optionally substituted with one or more substituents selected from
halogen, -R%, -OR? and -NR?, wherein R?is selected in each occurrence from H and

lower alkyl.
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X and Y independently represent |eaving groups; and A+ represents an
ammoni um cati on. 50. The nethod of claim49, wherein A+ represents BH+ and
B is an awoneiwahksact ed from the basic am no acids, pyri @CmA[S2009/052295

, L/ - di met hyI am nopyri di ne, di azabi cycl ononane, di azabi cycl oundecene,

5./. gﬁm:o et h[yfpé "bnf ﬁﬁ@gfn? b49argv13$elpﬁ trh'ge%@zydﬁwla&mlﬂwoyarﬁ%msg

hydr oxy- tﬁ{aintaﬁfnglaqew&am&ébacv@wrmw% Ryl ) methyl am ne, V, V-di net hyl -
V- (2- hydroxyethyl)amne, tri-(2-hydroxyethyl)anne and

JV- et hyl - D- gl ucam ne. 51. The net hod of cl a| m 50, wherein B is

trls(hydr yme yl 52.., The of .claim,5l, wherein the
salt-for ﬁg ciﬁ%’%?ﬁﬂ@ éaﬂ%¥?§%§d%W%Pﬂ|ﬁ§ ) 8%Wﬂﬁt%?9§@8§ﬁW3f§P anount s
of tri S(hﬁﬁ[@aqﬁﬁﬁgtahy aatunosEidansgoaad t he conmpound of formula (D). 53. The
met hod of claim erein the salt-formng conditions conprise

N,Ndinethylfornanlde . 54. The use an oral fornulation of any of clains

L 18, in e MAMLAGH K1 S ofuef IR GAIENA.B LERALIDGR conditLon

characteri zed y norrra or di iation. 55. Use of a
conmpound of forrmula (E): O - PP—-NHCHZCHZX NHCH 2CH2Y (E); wherein X and Y
i ndependently represent |eaving groups; and

|
HO™ | ~NHCH,CH,X

comprising treating a compound of formula (C):

0
[l
R10™ | TNHCH,CH X

with a reducing agent under hydrogenolysis conditions, wherein as valence and
stability permit,

X and Y independently represent leaving groups; and

R' is benzyl optionally substituted with one or more substituents selected from
halogen, -R%, -OR? and -NR?, wherein R?is selected in each occurrence from H and

lower alkyl.

41. The method of claim 40, wherein X and Y are both halogen.
42, The method of claim 41, wherein X and Y are both Cl.

43.  The method of claim 40, wherein R' is unsubstituted benzyl.

44.  The method of claim 40, wherein the hydrogenolysis conditions comprise

hydrogen gas and a hydrogenolysis catalyst.
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A+ is an ammonium cation, in the manufacture of a nedicanent for oral

admnistration for treating a condition characterized by abnormal cel

growt h amsiOapioditiifser enti ati on, the medi cament conpri si n@CTAISRaNFaMt ,
di luent, a disintegrant, and the conmpound, wherein two or nore of the
| ubricant, diluent, and disintegrant may be a single conponent.

45.  The method of claim 44, wherein the hydrogenolysis catalyst comprises Pd.

46.  The method of claim 44, wherein the hydrogenolysis catalyst comprises
Pd/carbon.
47.  The method of claim 40, wherein the reducing conditions comprise hydrogen

pressure greater than 1 atm.
48.  The method of claim 47, wherein the pressure is less than or equal to 50 psi.
49. A method for the preparation of a compound of formula (E):

0]
[l

A* "0~P=NHCHzCHzX
NHCH.,CHY  (E),

comprising treating a compound of formula (D):

o)

[l

HO™ | ~NHCH,CH,X
NHCH,CH,Y (D),

with a base under salt-forming conditions, wherein as valence and stability permit,
X and Y independently represent leaving groups; and

+ . .
A’ represents an ammonium cation.

50.  The method of claim 49, wherein A" represents BH' and B is an amine
selected from the basic amino acids, pyridine, N,N-dimethylaminopyridine,
diazabicyclononane, diazabicycloundecene, N-methyl-N-ethylamine, diethylamine,
triethylamine, diisopropylethylamine, mono-, bis- or tris-(2-hydroxyethyl)amine, 2-
hydroxy-tert-butylamine, tris(hydroxymethyl)methylamine, N,N-dimethyl-N-(2-
hydroxyethyl)amine, tri-(2-hydroxyethyl)amine and N-methyl-D-glucamine.
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51.  The method of claim 50, wherein B is tris(hydroxymethyl)methylamine.

52.  The method of claim 51, wherein the salt-forming conditions comprise
combining approximately equimolar amounts of tris(hydroxymethyl)aminomethane

and the compound of formula (D).

53.  The method of claim 49, wherein the salt-forming conditions comprise N,N-
dimethylformamide.
54.  The use an oral formulation of any of claims 1-18, in the manufacture of a

medicament for treating a condition characterized by abnormal cell growth and/or

differentiation.

55.  Use of a compound of formula (E):
i
A* "O~P=NHCHZCHzX

wherein

X and Y independently represent leaving groups; and

A" is an ammonium cation, in the manufacture of a medicament for oral
administration for treating a condition characterized by abnormal cell growth and/or
differentiation, the medicament comprising: a lubricant, a diluent, a disintegrant, and
the compound,
wherein two or more of the lubricant, diluent, and disintegrant may be a single

component.
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