SYNTHESIS AND FORMULATIONS OF SALTS OF ISOPHOSPHORAMIDE MUSTARD AND
ANALOGS THEREOF CROSS REFERENCE TO RELATED APPLICATIONS This application
claims the bapefifoaf;4ha. Provisional Application Serial No. 61/137,538 fiterkdigyn®@192088, which is
incorporated by reference herein in its entirety. BACKGROUND Autopsies of soldiers killed by
mustard gas_in World War | ind| t [ ' ct.on rapidly
dividing ceu§m&%§i§s€&3§%§§?§&%%%{§%? %&%%E%%%g@? gg@r%c%ﬁgﬁggts. Indeed,
early researchers attempted to cancer by dlre‘gﬁnjectmn 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. CH3 sulfur mustard

Because of é%$< _ Y| fg]ﬁit rehANeARags, prodrugs, such as phosphoramide
Ev\i\%wlc %ﬁ&lﬁﬁgﬁg bytIérRhlg

compounds, concentration of phosphoramidases present in
neoplastic cells, habkisoaptidatiesttedhT horplioahHordiERTEs SR8l Ay GEeRtSCEHI b hosphamide
(CPA) and the, Sarmeyip eamppUnChiRsiamids (s derensiiatatiaifagtiveness in the
treatment of a broad range of‘solid tumors and hematological cancers (Zhang etal., Current Drug
Therapy 1: 58t84{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 ME@W&emic lupus erythematosus (STE) (Petri etal., Lupus 13:366-371 (2006);
Leandro et al. Ann s fRbeuien oPis1 Bds883:889 (200a) Merberpeatal xArthdtiaRheéam. 52: 421-424
(2005)). ,cH2cH2a CPR:/ON(CH2CH2C1)2 C%N\P'IPNH%%C 2C1 clgggosgg%@ide
(CPA)Ifosfamidir (&R hapedHRIOISSHSHSFERA ShER EB S hAYESEh descrhired In detail by Zhang
et at (Zhangrettaki foureatRiagnpberapynishhhed4d (2006)pr EFAtanthi@S artyprodrugs that are
activated intracellularly by 4-hydroxylation by, the.cytochrome (€Y. 50 oxi rimarily
CYP3A4, C\’r’?—‘sﬁ%él ﬁ%a@ﬁg%%q rﬁé %ﬁ%ecﬁ\r/lg?,lytbcy §%€%E&:“ egyt/]t%l%céf %urf%glg%%a?h&u%?gr?@ 'ggttn can react with
DNA. AcroleimistasbypiodustiofithisoreaetiomeFrdanivigoofiretdboliayieed cPryand$ROS also involves
inactivation by NAgcnolIRPIRyIBon Ry CRRANR AR BRI ASK rRDKRIRIon o the
nitrogen mustards, resulting 1n production of dechlorocthylated metabalites and the byproduct
chloroacetalelétiypaiev@AA). Acrolein and CAA are implicated in toxicities of CPA and 1FOS that are
unrelated to the cytotoxic mechanism of action of the nitrogen nystard molecules (Zhang etal., Current
Drug Therapy 1: 55-84 (2006)). Acrolein causes the urotoxicity, ﬁlemorrahagic cystitis, and liver
damage, and CAA causes ppufotoxiCity arfthas also beef imglicated ingenal toxicity.
Co-administration of the sulfhydryl compounds, mesna and amifostine, which react specifically with
acrolein in the urinary tract, caulfetogestaeiurotoxicity 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 mustardsand isoplebsyilsolentiide afuseatdnedaifastion anargiaringEgents that bind
covalently to ueizanlile,grane. ShAEIEIE AUHRALRI R TyeIAd A ealeGiatioated to produce
rea

carbonium ions tha covalently with N7 of guanine residues. The reaction is referred to as DNA
alkylation. BoftohetehaseiridesesrantberdsaRARE esariEdivmbean imycsisdeh hiiard molecule to react

with two guaning Fesidas (ARANt S talenfzURRN RBISLTREIRYHA PAr8h (2006} iBecause the

inter-strand crosslinks prevent strand separation required for DNA replication, DNA-%kylation is

considered teomE e hiEtemideETiSh haspsrapnstatcthel ipriBmsss of S8 EReGEH BYCPA and IFOS.

In addition to,thgantipseifgrativenteyostatineflestcihebiNA (amage alsCindueerapoptoss, i.e.,
programmed cell death (O'Conner et at Cangig{:rg{es. 1: gi}%& 6557, 1991& Bahtiﬁl eti%t, Clin. Cancer
Res. 1: 873-%@@@?}5)3.'%‘52%%&09@?: Bffets é‘snﬁ%é AEAUSEArAS afe Thainly
responsible fQthe amitumarcastivittiod G RA G Q& Andyby prsventingridrecficolifehative expansion
of autoreactive lymphocytes, also for the im suppressant activity of CPA in autoimmune disease.
However, crc?é@lﬁ‘ﬁf%i%lgfa@m}&amoﬁdﬁﬁgﬁl?%gﬁgs 5 hatis(r)li%reoi‘(f:jsee%C %ﬁ&é{tgiﬁgéugfjssg%’%%é%{gytotoxic,
mechanism-hagest eottdtenaldainege;s pacticul sty matold suihpriessidrsyesuliinguirsdeucocytopenia, which
is the principaﬁl}ﬁgse-limiti‘ fnematological foxicit I @ r rug Therapy 1: 55-84
2000, RO O HE Eo h S i e e Y i
isophosphor&hédennidistaird H3RiR N DReborittearhighiraffi e trar phokdphidtamide mustard
(Boal et al., J . Chem. 32: 1768-1773; 1989). Structural differences involving the intramolecular
distance between the chloroethyl groups and their orientation appear to be responsible for the different
affinities of the two mustards (Springer et al.,J. Orgl 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 1PM might

further reduce toxicity and allow metronomic administration of doses that are sufficient for both direct
m\vtotavicityy adainet the tiimor and antianadinaenic activvitvy lmonrovved methode faor formaiilatinn and




-0-P-NHCH2CH2X NHCH2CH2Y(B); is selected from a primary, secondary or tertiary amine. For
example, in certain embodiments, A of foiniula (E) represents at least one primary amine such as
lysine, argigypeoadaniya@: asparagine, aspartic acid, cysteine, glutamic acieiC Hiisaimnsis22iycine,
histidine, isoleucine, leucine, lysine, methionine, phenylalanine, serine, threonine, tryptophan, tyrosine,
vatine, 2-aminoethanol, or tris(hydroxymethyDaminomethénl_g.dp! certain embodiments, A of formula

. . Vi . .
(E) represents at least one secoridary amine such as dl(?\t]hylgmme, 2- (methylamino)ethanol, aziridine,
azetidine, pyrrofidine and piperiing In certain emb imag}té?A of formula (E) represents at least one

, N-d

tertiary amine, such as trie ylanﬂfe, trimethylaminey N 1 thytamine, and 2-
(dimethylamino)ethanol. '@arﬁ,(@é‘aﬂéﬂ/ mﬁw&@@}/

J2and er@ary amin sed herein refers to the
number of direct single bonds between a nitrogen and carbon atom(s), the remainder of the three
vatencies of the neutral amine bein fiIIed,g h gr gen atoms..A primary amine has only one direct
bond between nitrogen anGy&ll?SBH,gmﬁf@’ éé@{ ﬁ%ary t %ﬁ?&?%iﬂgﬁﬁbound to exactly two carbons, a

tertiary amine is singlyhaupstiteexactin teercsbans. Quakatbadymdemobiufheatiens have four
single bonds to carbon atoms, the fourth bond i 5v%lvi 8 tﬁj Igﬂgpag{ﬁfd_ %{gitrp en gtom as well as
the three vai%%b?&in%?ﬁ?ﬁ?@%ﬁﬁﬁe%ér; sechnaany; aht fBtisry aminks, Actordingly, as the
name impliegasuehhspegiebicaint tupeBitiveschaigeyintordey foe aymohecule(odd ElEEsified within a
particular amine type, e.g.,.pri . S€ or terti mj he mal nprise at least
one nitrogery W %@Fﬁf%&@eéﬁ%%%ﬂ%%%&g%%ﬁ E%F %&%ﬁ%l@%ﬁ%ﬁr@g&gﬁgine comprises
at least one diitcogenrifraiisssingyaboend titeXedy Sowlcirbon bpredustmbibsukiehay- however
comprise mqie than one. byps of AFEA G BAINGNIRGIIING, TURSeR,PAth primary and secondary
amine functi %fﬁ)}.lvo "hcerain em odiments, the amine is an aliphatic amine, such as an acyclic
aliphatic amirehéiocertajinembnaiaiis 4themhting 1B antieyditalisnatersaiie i€ g., an amine having
2:3 brancheg gt AL A Al subsitueats: e cal smbpAmenianoneh branehed o sraigh

chain alkyl SUbstRuent is a C3-C10 amine, such as a C3-Cs alkyl amine. In certain such

embodimenisyrondust shisreastthldaivBedfehdd drmieinmEfad s ilbtddnie g Sptionally
substituted, SHep A5, YtHFERSIAT FROTERYALRLY!E RS RN & BaniknPo Subfishiyrdrexyl substituents.

Exemplary amines (and their corresponding ammaonium igns) for use in the foli ions or methods of
the inventiomiﬁ@W%%@ONFN%ﬁ@Wm%ﬁ@ﬂiﬁggﬁ@é’léh%%’zége{,}lé@)abicycloundecene,
N-m(etfr:y';iNGAW%M%UQ§EBMWCM@H%H@T£ﬂ@giN CNtdﬁlﬁgﬁm@%eﬂgﬂﬁgﬂfﬁl?m@" his-, or
tris-(2-hydroxyethypamine, 2-hydroxy-tert-putylamine, trjs roxymethypmethylamine™V,
N-dimethyIN?ﬁﬁgﬁWﬁﬁi@iﬁﬁ){éfﬁW%&pW&% ﬁ%iﬂﬁ‘ir{%n%?ntgﬁ{ﬁﬁe %’ﬂ%é)qé%%%%?ﬁ’e. Ina
further aspeg; #hessaitsdesesiapshabovedimicinumi)ttan Wdldeatspeoiigdmingtor ammonium
group. In certain e_m_bo%iments, the com OLéindsJ&(j}isc%g?()egicier0 'r%gpo%lilg%uq]%&tggp one equivalent of
an amine forSSLABHLIDARTISY i€8PhG Kthide Mustard’of isophosphoramidc mustard analog.
Such embodifhafisdnghideottiosehaakignah-hieget. fatidsrofldmiAé-46398pAdBphoramide mustard or
isophosphoramide gustard analogs, 1 SeEBIn SIBAYITENIS,HNR.GOMAAUALS baye a two (o one or
three to one ratio of amine isophosphoramide mustard or gn iIsophosphoramide mustard analog. In
working emhisciineptsrsalisesrs qdoddanontaiintatraqasaicie bhdrmalsatetper equivalent
of isophosphoramide ustarel. Jp,some eodinyents, L aNGE dase Hsskia i sophosphoramide
mustard and |sopﬂ%splh anide mustard analog salts includes more than one amino group; such
bases can betaineddimritiasios frdrsaspeericamy cattdn ekampias GeiatiESc bases that can be
used have twg,aming. gLaLRS; SUETFERPRYAUS camheiRelerteshin.assdibasicinfrerexample, one
suitable dibasic molecule is N,Ndimethylaminop¥ridine, which includes two bgsic ino groups. In a

particular emfsorditheabbits dofionre kIS AR L EEHBE I THA GEREY ¥HBLShoramide
mustard or ap, ispRhgselarARIde-mysiard aR2iee@)y Beeequalent efrandibasidiaksine.  In one

¥

embodiment, the disclosed compounds include gne or more zwitteriopic bases. Ex les of such
bases includB" By i ARTIE W FigH e Q\V\H@ﬁorﬁpc{p%%t \éﬁ%‘@f : %}éﬁn 8¢ 151%2626 herein,
"aliphatic amipe: kefers: {6 ancompRENE Phikefofmnule: NRIIRZR 3 whedbitsanleastibhert Fe, R2 or R3
is an aliphatic group. . .. The term "acyclic aliphatic amine" refers to liphatic. amine as above,
wherein at le Snﬁi %Wb?é%ﬁ?%ﬂ?%’rfﬁ’i%t%ﬁ ﬁ\étﬁép &Q{? %@eﬁs{’a{%@g%g ganﬁ% tagllgr% "heterocyclic
amine" refersiguagsompeotid oé thedaimmie NRIRRRA, (WHareieray l@ast omerdt R IRSOPR3 is a
heterocyclic gr, . R2 and/or R3 taken togefher,with, thei itrogen atom form a ring.
The term "Iez%%)g)&iéﬁé’ %eaf}é{%‘r%1 fé%‘g%ﬁp%% (ggée%el d%ﬁlgggﬁggﬁrﬁ%%ophile. With reference to
the presently disclosed compounds, leaving group #efers to a group that can be displaced to form an
aziridinium intermediate, or can be directly displaced by a biomolecular nucleophile, such as a nucleic
acid nueleophile, to form, for example, a 7-alkylated guanidinium species. Examples of suitable
leaving groups include the halogens and the sulfonates (--SO2R). In certain embodiments, for 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
halonanence <irich ac a hromide and a chlaride |11 < Pat Nl AR 107 760 to <triick teachee methode faor



0.5-2.0%, Magnesium carbonate (heavy) 1-3%, Magnesium oxide (heavy) 1-3%, Magnesium lauryl
sulphate 0.2-2%, Sodium lauryl sulphate 0.2-2%, Calcium stearate 0.5-4%, Sodium stearyl! furnarate
0.5-2%, Pojyethpleraglycol 4000 and 6000 2-10%, Sodium benzoate 2-B%i/UKgHe%GRI@al oil 1-3%,
Hydrogenated vegetable oils 1-5%, Stearic acid 0.25-2%, and Glyceryl behenate 0.5-4%. In certain

embodiments, the formulation comprises m SIUM. S 0 perqgc& : jght of formulation
selected froﬁ#ﬁ’f%éicg%r?“ %{blo %frfo?(t)rﬁ %%@%%§§%/%Ft§§£%?%q%§%ﬁg _ : h%glg)a(%gﬁ%,g{fgormulation may )
comprise a slilifentcseleitésl HUHP Ay OHOS mbreyafiaczes hecrestHseiin e aensiese mannitol,
calcium hydrgpdioNidR SXRRIGShAIARG- (KRR AoBliFAS.SURRE, Starpiand derivaives, calcium
carbonate, dicalcium p (_)sb ate and magnesium carbonate. In certain embodiments, the diluent is
selected fromtmieroorystishine. ELuSE, HRaTHRBINE 26BN ARG s ues by the

hydroxydioq{@gggﬁqmg&lg@ssgggaggesl @ygﬁgﬁia sinhedinentscthedikentdsmmigrocrystalline cellulose.

In certain embodiments, the diluent comprises a carbohydrate, such as sugar,or,%i?ar alcohols (e.g.,

lactose, a-|RGsE I BHBHG NIRRT HHTRIPISPSBRAESI: SAcRN NS SE BERAer such as

microcrystaliing ¢alieseesiliciligdomicracnystaling celiulasexar prugetedpelulssds  The
formulation may comprise at least one diluent in an amount up to 98% by weight of the fommlation

such as frork? 48Nt 50-85% or about 50-75%. In certain exemplary embodiments, the Ib'ululation
comprises one or MakR @fthenfolawing dil uertarthaiei lodleatddamalsntbyheightipf the formulation:

microcrystailine cellulo €5-98%, mannitot10-90%, dextr P10, 98%..9lu > 98%, starch and
derivativesu T 8880 %E?BH%E%&R&%‘&E 0%5%%}3 Wgﬁl PR R AT R

phosphoramide mustard (Boal et al., J. Med. Chem. 32: 1768-1773; 1989). Structural
differences involving the intramolecular distance between the chloroethyl groups and
their orientation appear to be responsible for the different affinities of the two
mustards (Springer ef 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 [PM 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

H
AF "O“%”“N HCH2CH2X
wherein X and Y independently represent leaving groups; and A’ is an ammonium

cation.



WO 2010/014841PCT/US2009/052295 dicalcium phosphateup to 98%, magnesium carbonateup to
98%, lactoseup to 98% and calcium hydroxydiodioxido-oxo-phosphorane10-80%. In certain
embodimeris; ihe/faulation comprises from 85-95% microcrystallinc c@iasatPHE X mulation may
comprise from 88-92% microcrystalline cellulose such as about 91% microcrystalline cellulose. In
exemplary embodinents, Ine, [mnialioncomenisss fiaRsldmagneshim siariaid about 915
microcrystalline cefluigse 1R certain pafticular embodiments, the formulation comprises about 91%
microcrystatimepcslhiose andutdnftforsuniby redienm etemeharmarraiGIRAstidFRiay comprise at
least one disiniegrank. ggs. 3MaLerSoluble PolREn RISl TRA. AR ANORG WalRIsaluble polymer,
such as cell(ilosé or a derivative theredf or a salt thereof. In various embodiments, the disintegrant
may be seldEBAIBHRRAMESERIP FIOH of starch, microcrystalline cellulose, insoluble ion exchange
resins, sodium stasgh, glucelale SARIM 9&&%&&{1@&@%@%@%@um@pusbpa@rag&re guar and

xanthan, alginic acid, sodium alginate and povidane. In certain e bodimeg%ts, the 'ﬂntegrant

comprises anstest G@Mloaksomd arvsiehreRics BEoaiulass NSISSSTHRRE Molecules in which

one or more,of thahydraxyidenstinaaliiesof celldase ale hevnd de aomsiar guoufs of atoms other
than hydrogen. For example, the disintegrant may comprise carboxymethylcellulose (CMC) (e.g., a

cellulose defRANIRARFAT QFB%Fﬁ%ihyl groups (-CH2-COOH) bound to some of the hydroxyl groups of
the glucopyranose monomers that make up ﬂne cellulose backbone) or an anionic form thereof. In
certain embodiments, the disintegrant ig+af-eoryisessgdium carboxymcthylcellulose, which may
optionally be crossliniced. Preferably, the diﬁm@gg@ng{rs sedgﬁted 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. wherFheXend Mdndepardgrebrpresal RSSO WEiMel At iPanthBunt up to 90% by
weight of the forolation. 1 geHaindEsemRlancmbeaients,dhe formulation comprises one of the

following disintegrants In the indicated amount by We%]t of the formulation: microcrystalline
cellulose5-9uvsonvey Byrernaslvpie RIS OGATED QI%M-W%: m&arch glycolate2-8%,

sodium carbgxymeihvlealiosemmirdho%isolomuess thangiialgimioacitiarsgtianiieidinate4-6%, and
crospovidonel-5%. In certain embodiments, the djsint ragt IS %0 iurptﬁarltl)‘% trggtg}ﬁc%gutose. The
formulation ﬁ%ﬁ‘?%r%ﬁr@?réﬁ‘ﬁ%% %cﬁwgé%%gﬁ% fﬁf/f gfitifose’ M certain em%odiments, the
formulation ¢ereprises:-ahawidlde soditm:cahmyimetnytdatiulvsentiocerthideinlboditients, the
formulation comprises 0.5-2.0% sodium carboxymethylcellytose, 0.25-1% ' tearate, at
least about $89RHIOBIS ST gé%ih’i{gg%f Eﬁ%n&’ﬁorﬁugﬁ% %la t 18’1138 r%r]guﬁrig 0 %qu tﬁ%ﬁE). In
exemplary emmbosimeoisythelioimtation sonddrizeslaboitidss sodiwnadandexgmdethylcellulose, about
91% microcrystalline. cellylose, abput 0.5% ' t ‘ thpe compound of
formula (E): éﬁ@rgﬁl%- ‘!ﬁﬁ-{e&tﬁéféﬁg% ﬁ(‘)%%%?l E%E%Hﬁ%%g%ﬁ(%gﬁ %{g%q)li&a{ﬂving groups,
such as Br, &jtortdlmalvgxstipian.embodiment, the compound of formula (E) is: [OH /
'O-P-NHCH2CH2C1 HOOHNHCH2CH2CI The fontulation 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 dompriSelts cAFR&f eeddtiy frelags second diluent, a second disintegrant, and a second

lubricant. Other phaspageyticaly asceriablecaisrgureivlfonthese famoulatiensare conventional.
Remington 's Pharmaceutical Sciences, by E. W. Martin, Mack PUb”S[?;g]g Co., gaston, PA, 19th

Edition (199%)reiekeebadrrpsAantIS SHBHR TSP bt L eTHRIGHARAER B HES

compounds herein

disclosed. gipgeHal limeniss he fosnulationcanpiisesiacompossini:thaidperforms the
fiinction of two or more of a Jubricant, a diluent, and a dE}integra tqeq? adls as. both a lubricant and a
rsré'%?s aiine cell

disintcgrant. PEFeshbRPRST AR RARE RN MY BHPRsE RS tioSe as both the diluent
and the disintggras;n:eestainsuah-embosimentsn heremaymnrmaymotlbe onewor more additional
diluents and/or disintegrants in @ formulation, and/or the multi-acting c onent i tin an
amount equalBaME SHHETHS Qilf%ﬁ’ﬁ?épg%?ﬁ%%%/%ﬁ?g W do%aef %%&%%Cger@%gﬁ%ﬁrﬁgﬁé%gﬁain
embodimentss eusiiagiercompenetiaofdfe formidetismaidpact desadothreeoidaditgant, a lubricant and a
disintegrant. In certain e.r%1boqime ts O%%g)g g)nf ?zla I brit%%p _ gy}é%%ﬁgg_igiﬁ'{&&grcg%tf%%&ompounds that

are distinct it SHEHBRER S Braihact |({:"%Lﬁ{3 ormulations can also include one or more additional
active ingrediecitsiauchasis antimiecodsizliadetitsamiesnikipecstdis Yoot aREShEHEacand the like.

In one aspect, certain embodime aceutical fointulations are formulated into unit dosage
forms. Fo? e rlﬁ%lrée%’ﬁ a%%ng%sgégegﬁér]ﬁéggan contain from about 1 mg to about 250 mg, such gs
from about 5 mg to BboutaiDeuhggisestisasratpit 5f Agslapblit 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 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. In certain embodiments, the active ingredient of
crirch ctahle faormiilatione 1inderanec lace than 1004 decompnaocitinn nreferahlv lece than 804 204 Ar



Conditions that can bc 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 ofpyolfgraliyg disorders that can be treated using the disclosegepripabgsisa3d
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 myelocytig leukemia, acute myclogenous leukemia and
myeloblastic, promyclocytic, myelomorfbcitic, histfrftie’and erytluoleukemia), chronic leukemias
(such as chronic myclocytic (granulocytic) lelfkémia-ehronidimyelogenous leukemia, and chronic
Iymphocytic}e | I [ I Kig's di +hop-Hadgkin's lymphoma
(indolent anc %ﬁ%@%ﬁo%%g%% 0%%%?%%%%&2@ \ﬁa%%%’t%%%ﬁm ?:%&gl?)%lﬁli%emia, heavy chain
disease, myaiiykiplentc s phdeomea NalAERSHIRE ké Fafst A PRielat yapigsivch as IXgiditional examples
of cond|t|on%@%&?@gﬁﬁggggg}mgmﬁ@ggéaq%ggfm%qgﬁlﬁngi@rwgﬁﬁ@? include solid

tumors, such as sarcomas and carcinomas, include fibrosarcoma, myxosarcoma, liposarcoma,

chondrosardisi o Siebenidseliedita Al b EISarPhiaaIrsy RBASHA R es§tiSiorna, Ewing's
tumor, leiomyesaiGeMaHIHRRE0 YRS COMA: CRIRNIfAGIRAN A lymphoid malignancy, pancreatic
cancer, breast cancer, lung cancers, ovarian cancer, prostate cancer, hepatocellular carcinoma,

squamous cBIF RO ALET BRI ERRR O A HHB ABLRREMERS AR BiAd darcinoma, sebaceous
gland carcingmasdapill asyscaneinervad paptiary adenedasginmas, medullary carcinoma, bronchogenic

carcinoma, renagj cell carcinoma, hepatoma, hile duct carcinoma, choriocarcinoma, Wilms' tumor,
cervical can@%gmﬁ%ﬁ{mﬁfi ?ﬁ’é%%%er’ R 3%8?5@&8&%%%%%%5@& {'as"a glioma, astrocytoma,
medulLloblastatedimesaniophdiyegiom ) appredymomiapineatertiasheniangiohlastoma, acoustic
neuroma, O"t%% e?&gr%?# mrgéﬁjqnl%n ioma, melanoma, neurablastoma and retinoblastoma). In
certain embo m%nfg, e methods diselose hel%lﬁj%clfuﬁe?reating a subject having a CPA-resistant
neoplastic cahditibgtaithaetisophosphoramide mustard salt or analog thereof as disclosed herein.

inone embodiment of i Mieedd Sk admisisrec fom ebou G amalkaiday o about 20

mg/kg/day of a disc oramide mustard salt or analog thereof For example, from about
0.5 to aboutdiGehgiikgtdmyndsstves fronitetssorrdsabouePBmgikgraapiote disdipsesccompound can
be administeragh {98 sRIERLyral I ANGIEE SMbPOIMeRRLINAIBRINORAsybiRghisadministered from
about 10 to about 700 mg/m2/day, such as from about 20 to about 400 mg/m2/day or from about 100
to about 500AyARR ARt PendReiipta MHENECREHAIIT - -aBblE 2 SErARgATY M SUBRZAS from about 40

to about 90 mgAn2idax.QfawenepRd disalaseshgraininglyBARg RBbadingnt:of the method for
treating hyperproliferative disorders disclosed herein, a disclosed compound is administered to a

subject on aSHTORSIEHATH HESIRG SN SRS A e bR eI SHRSLHETS difinistered on at

least two daysuaRdan asalany; asflvedifieemhdaysedenanenaspect ofswdiiple:daibndesing
schedules, the ,cor’q ound is administered to, the sué)'
t

ect on consecytive %ay , such as from two to five
consecutive ALY PIRSGHLRIBBHMEEBE e AR Jf‘fgédah%ngfl%bbé‘gcéﬁ Ribral therapeutic agents is
administerechimaisyiectinhdpitian tarthe poeianthhdigseldseddeofopoundscakdddrmulations. For
example, adqitior}al dthg{égeautirc aﬁsgrts can y;at can b%. used ijréglu%e micrtoet 19”'% b}gging agents, DNA
intercalators of eross-lin lers,p B syr?ttﬁe5|53i%?1i%i%c‘ir]§, BRX hd/or ’RNA tran%rlg%lori inhibitors,
antibodies, ehzymesynayshednipibitons | gensceytigorsyidntioiaihgingdnedis dnhittitors:
"'V”C“’t“b“'ﬁa‘%%%@ ﬁﬁee%"&%ﬁ%% A0 a%%%%“%&'ﬂé%@s%% W HE’HHP?%T?EEE%U%?&E gestabilize
microtubute foimation't ere%y Inhibiting cel ivision. Examples of microtubule |nd|ngé gents that can
be used in cbefoddticnasith ehe prbsentiyndidcioskedulopAp Sphnerariaepriss tedosins el analogs
thereof 'n_Clu@%e‘@fﬁ%&ﬁé,‘@g.atﬂﬁnﬂ%glfﬂﬁﬁlmggﬁﬁ{ﬁﬁ%s ¥nRIaatng., vindssingi¥inoreikine (navelbine),
the epothilones, colchicine, dolastatin 15, nocodazole, podophylliotoxin and rhizoxin. Analogs and
derivatives dbB6iEPnabitipounds also can be used and will be known to those of ordinary skill in the art.
For example, suitalle.gpathilonesiakd:enrathilene analagsHardneamotationsnto.theipresent
compounds are described in International Publication No. WO 2004/018478, which is incorporated

herein by reféiiftis 2raiR6ide cstief S8 PaditsRty SHorauteiaxs e HENaT bERERR§-B be particularly
useful as thesapautichagrpts M he aresenttyadisclosad o pasadsnxamples:of additional useful
taxoids, including analogs of pactitaxel are tayght by U.S. Patent Nos. 6,610,860 to Holton, 5,530,020
to Gurram eF%.%@@@i%&%&ﬁgﬂ%ﬁr i‘% ﬁ%ag?y&%%étl%‘f%ﬁﬁﬁﬁi é?rﬁg%?ted herein by
reference. amBiditainte BNA and/dkRNAItANscaptibnied wiaterdinoatuding owitbaus fititation,
actinomycin D, daunorubicin, doxorubicin and deriyatives 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. DNA synthesis inhibitors suitable for use as therapeutic

agents include, without limitation, methotrexate, 5-fluoro-5'-deoxyuridine, 5-fluorouracil and analogs
tharanf Evamnlac nf cinitahle en7vme inhibitare far rice in eomhbhination with the nrecenthvy diceclacad



NHCH2CH2YNHCH2CH2Y (A)(B)(C)(D) 0 HO NHCH2CH2X NHCH2CH2Y Base A+
0--Fi'-NHCH2CH2X NHCH2CH2Y According to Scheme 1, phosphine oxide (A) is treated with

alcohol feOk},affgrginpggnonoester (B). Monoester (B) is treated with one cgdpareaRiiRemse.J.,
XCH2CH2NH2 and YCH2CH2NH2 or salts thereof in concert or in series, under condensation

conditions affording phosphordiamidate (C). Phosphordiamidate (C) is converted under hydrogcnolysis
conditions t@BRESFhYrd iEh4ERF .ﬁﬂfﬁﬁ&ﬁﬁ%ﬁ‘éﬁﬁﬂ?@%&lﬁf SRS USAVENEHE o a salt by
treatment wigh«obagge hydloxgeridinempedinents, therprésdridnvaniicanpigvides a method for the

preparation of a ¢ ou%of formu@ t2}%:?0 11 R10 1 X1 gB ; com risin%%eatingl%hcompound of
formula (A): x' I XI %ﬁq’ N &icShol %?Fﬁﬁ“&é?%%%n ENSRIOR CORUIGONE WhéFein, as valence
and stability foermiitiindepahcdndlythori each ac curlreirge;ridiselé¢tdd from Cl, |, and Br, Rlis
benzyt, optiopally substituted with one or more substituents, e.g., selected from halogen, -R2, -0R2
and R, L R e B R B e R it I
certain embethipheniss, kicthijddrenzytroptiplhalipsibiiditechwithlothe lammorssubstitsents. In certain
embodiments; R} is pﬁgﬁqwgg- enzyl. 0 certain embodiments, Xl at each occurrence is
%Siméide i of -G ; 3 iz

independently omany of -Cl, -Br and -I. In Certain embodiments, the compound of formula
(A) is P(0)Cidsendrox Richyisomioiaope, N, Nriterthif-Aspebisrepsctbriornsistin@onditions comprise
an amine baggy. fgﬁ@iﬁﬁg@ﬁ@ﬁ%@@@p@éﬁgﬁgﬂ@p base is selected from any of N-methyl

a

morpholine, triethylamine, pyridine or diisopropylethylaminc, e.g., tricthylamine. In certain
embodiments, the HbadEHERSAEHIBRIBIG Asas bsmise dhfaprstcEiganiteblent, e.g., acetone,
2-butanone, bityhiaceiale: aiivAsaialfoAcatopilie, delbenamehlhdi@xapsulNiRMEDMSO,

1,2-dichloroethane, or methylene chloride, In certain empbodiments, the aprotic organic solvent
comprises abBIRitRtEIdR HEHS A AE SBRTRHIN AL BRPESERT, RSB Plore than about 10, 20,

30, 50, 70, axQ0¥ sidhensh e syste Rogisybstanttal nattot the kel venisysieintenexample about
95% or greater, of the s‘ob\/ent system. In .sonke embodlmegts, hosé? ine OXidi? A and R10H are
combined urtarEoHgEndAYEs %8?1“&%%%%,%@85? APRHSC A IR FOE B S T Y. 9" of compound of
formula (A) tedridaphosuehiasimnarbiitalnghdrangaofritddineis] B¢ prefecabls dppraximately
equimolar amounts of th%%%rpé)g&nigat% {)q_rmula gAz ang alcohol :eLOH. In certain embodiments,

two o DNe Q. amne Yo 1sonhosphoramide mustard or an,
the condensation CoRditions comprise mam?&mmg a llfaé)uge%r?emperéltsure, e.g., in the range of about

-50 to aboutisdph@srucadefronstabiontalds. fo slvoun2snGodmenadh oults 3G1€ produchd certain

bodi ts, the ti 1on ' ] i dof f I
(00 R Cr PO R b g et o e BeLRe of ormuta (3, R10

| X1 X1(B); witstardine sox@ RGNS atitay Gl 2aid 28d 200 5al isotusradpisitide condensation
conditions, wheseln .88 NalsResrand SRR PR Mo, saltsaRdagdodenepdeniheranigsent leaving

groups which may be the Same or differer]‘t; and Rl is benzyl optionally substituted with one or
more substitens, . bawestadrbmmsdiogelibrs, - dRpeanraciNREy, GHaRFRPIESAfependently

selected for gaah,eGewIRAGRAEM bt anchipweralinino groups; such compounds can be
referred to as "dibasic." For example, one suitable dibasic molecule 18 NN~
dimethylaminopyridine, which includes two basic amineo 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 onc of R', R? or R? is an aliphatic group.



In certain embodiments, 12." is benzyl optionally substituted with one or more substituents. In certain
embodiments, R1 is unsubstituted benzyl. In certain embodiments, Xi at each occurrence is
independeniy; selegtadfrom any of Cl, Br and I. In certain embodiments, Riigigngwastteted benzyl
and/or X is selected at each occurrence from Cl or Br. X and Y of amines XCH2CH2NH2 and
YCH2CH2NH2 may, be independently selected from.halogen, e.g.,.Cl, Br, or I, or a sulfonate, e.g.,
toluenesulfonate, mEA SRR Sua DA (b DUST A Sb LR S AP e
trimethylbenztaesulfokatecin, cadair ferablgdihefith: Xlphdt¥ areuindependeantly selected from CI, Br

or!. In certain embadiments,. X.and Y, are identical, e.g., X and Y are both Cl. | of the
embodiments of th%%;?r:}eegennth&fg{:?ggﬁ!r%, QgﬁZE?Ef&Nﬁi%ﬁ%p Qaqafﬁﬁgﬁ\?}%ur%ay% yge%n’ployed in the
form of saltswurhimstiesiol@iaai, R” oFié aminewramlinesowrayrit ifkteddsediddha:compound of
formula (B) in a single i [ time, At i ltiple smaller doses. In certain
embodimen%g%h%%%ﬁﬁgg%a@ﬁé%%%%% at[f?é%c@r%g%rﬁr&i{ ‘of formula (B) over a period of time, e.g.,
with a continuous fébelicamsytnyapamproraisradelgismtanhel can bedispiberfibieats where X and Y of
amines XCHAOHZNH? o YGHACHRNH A e (1010, KTaone MBNRL g unbis Cland ¥ s B, or
Xis Brand Y is |, the amines, e.g., CICH2CH2NH2 and BrCH2CH2N1-12, can be introduced to a
compound JEfERBIAFEYINREfERROAISYarerBIYOIH a8k idinamdRisidi e a0s&Aabaddition, the
amine CICHZCHZNEZ IS tI0L6RAAE8 Lompesyia Ofirmmila (B iR el dasr sHidlee. ., after

reacting to completion, amine BrCH2CH2NHZ2 is added. In certain embodiments, the sum of molar
equivalents B Siin &Y KXo HR NSy HENEEXEHUR 75 st e PR SHBOIED 18 rmula (B) is a
ratio in the ranagohaibdd e hlckclt apitain embadinerie,whateiarXianehoaredeayiog groups with
the same maleculay formula, such that XCH2CH2NH2 and YCH2CH2N1-12 are compounds of the
same formufdS &b %{ ?jr? a%q;fﬁ)%g S LG S EP BRI a(B(?%Egpproximately 2:1.In
certain embogimenisoiyhenaiodnanidNudiegnolideiitieal syestitfientsnantings, X€H2CH2NI-12 and
YCH2CH2NH2 are approximately cquimalar to each.oth nd together are added in a ratio of
approximatetff/%%eefg%\ﬁ/%g% ﬁ%@%gr%%gﬁne éigflé)rrcﬁu?%e )E.ia'fflogCFﬁig“S géll'ﬁ Sé%?é %lhgggﬁ%%ons may
comprise ancaininte Hase BucNassNOhéttyiorhorphaling et iethiiainine rpiuidinecbrmixed
diisopropylethylamine. | i bodiments, the amine base is in a ratio of 5:1 to 3:1 relative to the
compound o?%%%%@%ﬁrﬁ%%}%gln@embodiments, the amine base is in a ratio of approximately 4:1
relative to th&. compouma/of dormdta BT hedarnitieshessé ey be triethylamine in a ratio of 4:1 relative
to the compound oforaiia (BlnJtanlhbe erranizea-Iase o ilinhe-Ar datmore amine base
will be advantageous when amines XCH2CH2NH2 and YCH2CH2NH2 are added in their salt form
than if they &Félslaaess fiomenraracE Jep A SisEeEafy it s ehsdtiBs Hdsction will be facilitated

by the additipp,ghiwa Al Rere SALVAIRALS S5 AINGHaSE WHEMKGH2GH2MIR.a8d YCH2CH2NH2 are
used in their free-base fonn, whereas four or more equivalents of amine base are preferred when

XCH2CH2NIS et Resaine shee altaisa Hhe Apmpadiaremay bej safmehBddiments, the
present inventien fira\idesls metheineistbe peparatioteatia epmphmRatofifermalfayR101--
NHCH2CH2X NHCH2CH2Y(C); congprisir" C%!.ﬁ]treatin% a compound of formula (A): 0 Xi-- | Xi X1(A);
with an alcoRoPRIS S hA SN RTiRHA §&F@8R%ensation conditions to generate a compound of
formula (B): 0 R1OKiLo(aBt)aiﬁlambodimeﬁﬁldhwfmnﬁlnaﬁeﬁeﬁmpmbﬁu@i&fﬁﬂh@ﬁ&)&@ﬂr@%&NH2 and
YCH2CHINUZ 1 a.salt of sl thereof under spndensatiancondiions, whegeln, inggpendently for
each occurréhce gna a8 Valence and Stabifity permit; X and'Y mdependetitly represent leaving groups;
Xl, independenttylfoieachy eocwrresnctrisxeelpttetl ¥reitOF 4,lamicBri, up ta 2% ddenzyl optionally

substituted Wi e 06 TO18 BN 10, SRIFEIRA O, NRlAdS o3 437 ARG -NR22, wherein
a Ikyl.

R2 is independently selected for each otcurrence from nd lower a In certain embodiments,
122 is benzyiroiptivtvefy swibstitisiatb gvitht oweh o thorebsussiifiertachrctapif Srishvdimelits, 12, is
unsubstitutcd bgngyhon Gortalh IRRFIPNIE: AheASHARAIIETER ISdndereRdenfly selected from
any of Cl, Br and I. In certain embodiments, Rl is unsubstituted benzyl and/or X1 is selected at each
occurrence FiieCromBiiSe Gi¢ Heepsirrnel d8imia (rintsaAnes m(Yosants apd certain aspects, the
condensatiopgangditions.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.  TREEHACHRAER EBhABORE ARsiecdRpHEuN 55 5080k Ganid 88t e.g., one or
more of acei@peodghitanenrhkivl @eiae . ethyhaseiate (@eBsanititentobiensen Tkt dioxane,
N,N-DMF, DMSO, 1,2-dichlorocthane, or methylene chloride. 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. In some embodiments, phosphine oxide (A) and RION
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 RIOH, such as in a ratio in the range of 1.2:1 to 1:1.2, e.g., in approximately

equimolar amounts of the compound of formula (A) and substitution reagent RIOH. In certain
oamhondimente the condencatinn condifione comnrice maintaininAa an rediiced temneratiire e A in the



The condensation conditions may comprise an amine base such as N-methyl morpholine,
triethylamine, pyridine or diisopropylethylamine. In certain embodiments, the amine base is in a ratio of
5:1 to 3:1 relatiyeémilg compound of formula (A). In certain embodiments¢thesamineizase is in a ratio
of approximately 4:1 relative to the compound of fonnula (A). The amine base may be triethylamine in
a ratio of 4:1 relative to the compound of formula (A). Itwill be recagnized by those, of skill in the art
that more e BB 1 56 Torg LR i S SRS S e Lo e
added in theif galtctonpotindrfiitmeylar®adddtanatveir frog.basetfammSpboifiddllynzhe condensation
reaction will be facilitate t diti t eﬁjiy I Amine hase

XCH2CH2N ua{jlr%J ?&’I—%%q&gﬁlﬁ% éﬁég%s%fgﬂ% %{gﬁ;ﬁeﬁé a’s’eg' f%?r%%@e% four (;}é’r, ?r%]re equivalents
of amine baserapeuprbdé frathwhER) XChAGHNZ aRgvOrREPRNMEALEEIdRE as amine salts (in
addition to any amine base used in the conggnsation with alcohol R1011, e.g., typically at least one
further equivalent). In certain embodiments the Peaction mixture comprising the product of the
reaction of the compound of foimula% fin A& EaMisolrttdf formula (C) is used in the
hydrogenolysis reaction, e.g., witholtfirstpuuifying ¥reaef#Y or completely removing solvents from
the reaction mixture. For example, the reaction mixture may be filtered to remove solids, e.g., salt

by-products WheFEncSfdnS AR M ETHaHBNK, (SRSt SomjdetinpaRwtutii & (e Biyddgenolysis

conditions affoyding.the.comprund of feimua:iohhbg 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 mixEiieoEaMAbepeaRRTEiReE By GIretns U4 RYabgenation conditions, e.g., the
compound of formulaceis Gabdurtherpurifiederdsolaigd fromutbgoeackan Rixtuee (&, No
extractions, chromatography, or quenches. are perfqitried). In cerfai odiments, the present
invention pr%ﬁ@%ef'%?ﬁ%af %%%Fgﬁﬁ?ﬁ?% BHSCHADBUNG S oﬁ%ﬁé ?%t;‘. ?—’fgxpﬁf H2CH2X
NHCH2CH2¥4RY);; camiprisiiig-iteatiagna sompabogaef foravular@inecsi i QiBHE2OH2X
NHCH2CH2Y(C); with a reducing agent under hydrogenaolysis conditions, wherein, as valence and
stability perr%}%g eglr‘\lg]@f}‘r{ﬁ qpué%%ér?ﬂiﬁ Fé%rlae%g%%%\%ha%%ﬁnp%? Egﬁlﬁf’ So%?s%%ﬁz@l optionally
substituted Viithzoare, po e Bubglitoelnt§)e g $6kG tedi fronbhrsdogenjeR2pigRe @ihd -NR22, wherein
R2 is independently selected. for each occurrence fr I . In certain embodiments,
Rlis benzyleh%%f?gﬁa f%%%es%ﬁ%?e[% %%thb%ﬁ%y{ﬁ%rin&b% @ka %%%%%%c%%ﬁagmbodimems, Rl is

unsu bstitutemhimdimmw,déﬁtéuhrémtbdﬁimgnﬁiwmlﬁat@a@ﬁéé@@mmﬁ%@ﬁé ifidependently selected
from halogeqs, ugh @ Glrd3handd: (b AEHAINEmBRmantS, R s upsubsiated rngybancUor X and

Y are both CI. In certain embodiments the reaction mixture comprising the product of the reaction
of the com p@bﬁ’@@fﬁorﬁmﬁ%%ﬁéﬁé@ﬁﬁﬂ@%ﬁﬁﬂ@érf%%f%ﬁnhl&‘{’@)“i’seﬁg@@’fﬁ%» MRirogenolysis

reaction, e.gg Withputfirskrusfyingarpastialyarsompirialyiemayving salugnisifiam the reaction
mixture. For example, the reaction mixture may be filtered to remove solids, e.g., salt by-products of

the condensBHEAEBIRITtIEHE i FIH AL SBRAAT RS sHIE o s theile fogemaHR%s conditions affording

the compourd:affeeiadDndhesactioraixiuce Maydediiewe Bynarytemnathagtknown in the art to
remove solids from the solvent of the reactjon mixture. In.some emb (iiments the reaction mixture is
filtered and STHRGAREN dieRIRASUR ST E5 YR BPSHER S 8‘8&%%8% ?tgﬁ’fiﬁﬁé%cgrﬁf)ound of formula
(C) is not furgascpurifiganatsdsolated from the reaction mixture (e.g., no extractions, chromatography or
guenches are perf ﬁfd ., _.The hydrogenolysis conditio comprise.treating, the compound of
foula (C) with hydrgfg% %}H&lﬁi{%rﬂ%&%% B8 ﬁ%ﬁ%ﬁ}%‘f il vep Eé{“y%ﬁea%gi%|‘e‘?:tt§‘e%| from any
suitable hydiadienelysisaatalystysigth aSiRdeanbmmoRPd black, Pd EnCat (polymer encapsulated active
metal catalyét‘)Il Ié\’aney nickel, Rh/carbon, Ru/car, n, Re/carbon, palladium oxide, palladium chloride,
Pt02 or Ru0Z. }n certain embodiments, the hydrogénolysis catalyst comprises palladium, e.g.,
Pd/carbon. Furedeitiaim dmbiddiments, the hjidrdy&holysis conditions comprise a partial pressure of
hydrogen gr$§§&rhthan 1 atmosphere. In certain ﬂ%?odiments, 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 betweefad 0B EIBO0 psi. The partial pfe&subécof hydrogen may be from 20-50 psi, such as from
40-50 psi. Algggg%y@x,cmgﬁg{gi%&%sure of ydrogen during hydrogenolysis may be about 50 psi,
or even between 50 and 75 psi. In certain embodiments, the hydrogenolysis conditions may
comprise an’¥pEBEEERGRHRSSBREHL, e.g., tolubnE®xylene, benzene, furan, acetonitrile, dioxane,
tetrahydrofingpoahipreformyokaikises thereof. dmegrtain 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 ofthe solvent system, for example about 95% or
greater of the solvent system. In certain embodiments, the separation of the product from residual
catalyst is achieved by the formation of a basic salt under aqueous conditions, e.g., using sodium
hydroxide or another base in water, which may be performed in situ. The resulting salt may be
dissolved in a suitable solvent and the residual catalyst may be filtered to remove solids from the

solvent of the reaction mixture. In certain embodiments, the separation of the product from residual
catalvvet ic achievved hy the foimatinn of a hacie ealtf iindar anhvdrorice conditinne e A 1ieinA



hydroxy ethyDamine, tri-(2-hydroxyethyBamine and N-methyl-D-glucamine. In certain embodiments, B
is tris(hydroxymethyOmethylamine. In certain embodiments, the salt-forming conditions comprise
combining gppreximoaiely equimolar amounts of an amine base and the cemposmdoaistamula (D). In
certain embodiments the compound of formula (D) and the amine base are combined in a molar ratio
in the range fdl:l ﬁ% 1:10. m c%artain embodirgﬁgﬁ, the salt-forming conditions comprise combining
approximate 39 é&ﬁ’i Sidr &otints of tris(hydroxymé&thyBaminomethane and the compound of formula
(D). In certaiteembostimments, the salt-fmming @€6ptfitions comprise a polar aprotic solvent, such as
N,N-DMF, agetone, DM THE, 2-butanon acetate, ethyl acetate, acetonitrile, and
combinatioi%oé?g%ggﬁr@%%%%nbodimentg?'t %brotic solvent comprises N,N-DMF, wherein the
N,N-DMF mBylyefirdsent!forleddinplal ¢fdfe thal’about 10, 20, 30, 50, 70, or 90% of the solvent
system, or sgg(ﬁgﬁﬂ%%u}éo%qeof the solvent systg_lgh/of’or example about 95% or greater of the solvent
system. In certain embodiments, the invention relates to a compound comprising a crystalline salt
of 1PM or ahétdyhesedilherein the 1PM orlahétog thereof, and the counterion, preferably tris
(hydroxymeifyh) araing-maihans d6is), are prasesy in a ratio from 2:1 to 1:2, preferably 1:1. In certain
embodiments, the crystalline formulation comprises more than one polymorphic foil," of crystals, such
as two, thre€!§¢if %6Heven five polymorphic Ié)i%%szgfﬁcﬁ%tals. In certain alternative such embodiments,
the crystallir@;}tggpg»ymi@ﬁae@mprises a singlegaelysmorphic form of crystals. In certain embodiments,
such salts are more stable than 1PM and IPM analogs as free acids. In certain such embodiments,
the compouli S ErSatada st Bredormualg LIPS RS Re Vi SUBH R ABYdIments, the
melting poinfief shesarystallinaiselis) ishetwetormb@ 1 80dntd abbuinll 05, @bidktot02 to about 108 C,
about 103 to abo t% 6 C, or even 105 to 106 C. In certain embodiments, the compound, e.g., a
crystalline sﬁﬁogfé' ‘I ratio of IPM and Tris, is at least about 80% pure, at least about 85% pure, at
least 90% pure, at Teastdsk fomnay atleastsd ynpuie; atibast 3886tplfmmorevencatrieast 99% pure. In
certain such mboMMents no:SINLe AUy, exeeedn 14 YWEIAN R e ergdiments, purity
is measured Télative to afl’ other ¢ mponents 6t the Tormu ation, w il in other embodiments (e.g.,
where the cpmppbndiis, plartoba phanwacettisal femiuat cleorayophitiBetemvixibraiipurity may be
measured iRt 9&9@%@9&%%%&&&1@ {06, Gomparad (8:CrRReRRARLOMS 6ARLAINING
degradation products of the compound) or by-products of the manufacture of the compound (e.g.,
phosphorousstsirdifiny degratiaidhngrediides oiianiompsting prasrby excluding other components
purposefullyadded jo,thexiarmulRtans FXEMPL EIGATION s dakeaning disclosure is further

explained by the follog non-limiting examples. Exemplary Formulations Formulation Development

1PM lIris dru@'ﬁfﬁ?ﬁiﬂﬁ%ﬁ%%ﬁ}ﬁ’é@s a blend of IPM tris salt, Microcrystalline Cellulose (Avicel. PH

112), Sodium Crosganmelpsaiatnin@oh antiMagnesHmSleanisueaetablessauseebrA.Batch
formulation of 10 mg strength Tris IPM capsules Table 1.Quantitative Composition of IPNI Tris

Capsule Dru GRS (gl &ty i EORE SRRIMIRUL Fe SIEE A8 OUAI SRR mction Amount

per Batch (10 mgeHiiRRGIDIAMNMAE REHERpSHIa (1A a6l BieRgINHR s salt barhause standard AP

154.0 gt 15.4 mg Microcrystalline Cellulose, NF , (Avicel PH112) NF
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 50-83% 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%,



Diluent 1912.0 g 191.2 mo ir, Croscarrnellose Sodium, NF (Ac-Di-Sol) NF Water- absorbing agent;
capsule disintegrant 21.0 g 2.1 mg Magnesium Stearate, NF, NF Lubricant 10.5 g 1.05 mg WO

2010/0148434B3Gd8432699/052295 Ph.Eur. (Vegetable , Source - Grade 9Q5r&@)2009/0484:2097.5
g/batch 209.75 mg/capsule Size 1, hard- gelatin white opaque capsule Capsugcl certificate of

conformanc%. T’r.oduc delivery 10,000 capsules 1 capsule 154 g of 1PM tris salt (molecular weight =
342.16) will S5REPTIVEE81PM active pharmaceutical ingt&digHt{molecular weight = 221.0). API =
active phatitaceuticahingrédient; NA = not available; NF = Natiorats,

lactose up to 98% and

calcium hydroxydiodioxido-oxo-phosphorane 10-80%.

In certain embodiments, the formulation comprises from 85-95% microcrystalline
cellulose. The formulation may comprise from 88-92% microcrystalline cellulose
such as about 91% microcrystalline cellulose. In exemplary embodiments, the
formulation comprises 0.25-1% magnestum stearate and about 91% microcrystalline
cellufose. In certain particular embodiments, the formulation comprises about 91%
microcrystalline cellulose and about 0.5% magnesium stearate.

The formulation may comprise at least one disintegrant, e.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 celluiose 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 carboxymethyleellulose
{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 carboxymethylcetlulose, 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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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 ofgly M Fris4Rr1g Product Test cGMP Batch Appearance Size | gy shel ydhite opaque
capsule, containing white to off-white powder Brittleness No cracking or breaking observed

Identification (HPLC Retention Time) 0.999 Potency by HPLC (Assay) 98.3% (mean IPM active per
capsule: 9.85H)'Purity 100.0% Related Substamcas (LC/MS) No impurities, 0.0% Capsule Weight
(mg) CapsulediyZ8aAthGapside:2: 283.69 Camsule 3: 289.99 Capsule 4: 286.17 Capsule 5: 287.22
Capsule 6: 289,43 Capsule 7. 2%5 %% Capsule 8; 2{58@80 Capsule 9: 277.25 Capsule 10: 288.25 Mean:
26595 ContN BT LSR8 006 BBESHR: 96.6% WO
2010/014843R&T/US2009/052295 Test cGMR®Bdieh 5Gapsule 3: 93.1% Capsule 4: 93.2% Capsule 5:
104.1% CapaﬁuleiG: 1 2'19%&%%?3 le 7t:696.70/ %??PS%I(? 8: 101.4% Capsule 9: 98.0% Capsule 10:
97.9% Meari: 98-396'Diin egra i VesSsel 1491 uﬁure Time 1 1 min 43 sec 21 min 37 sec 31 min 41
sec 4.... 1 mimo38osemsd min 39 sec 61 min 48-5éc

In certain embodiments, the disintgrant is sodium carboxymethylcellulose. The
formulation may comprise from 0.5-2% sodium carboxymethylcellulose. In certain
embodiments, the formulation comprises about 1% sodium carboxymethyleeltulose.
In certain embodiments, the formulation comprises 0.5-2.0% sodium
carboxymethyleellulose, 0.25-1% magnesium stearate, at least about 90%
microcrystailine cellulose, and from 5-9% of the compound of formula (E). It
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 !(I)
+
NH "0=P=NHCH,CH,X
HO oy NHCHoCH,Y
wherein X and Y are leaving groups, such as Br, CL, or I. In an exemplary
embodiment, the compound of formula (E) 1s:
OH
oo
NHz “O~P~NHCH,CH,CI
HO OH NHCH,CH,CI
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, e.g., acts as
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Water Content 1.2% Microbial Limits: Total Aerobic Count Total combined yeast and molds P.
aeruginosa E. coil S. aureus Salmonella sp. Less than 10 CFU/g of specimen 20 CFU/g of specimen

Absent Absgf Absenikspsent NA: not available; HPLC = high-performangepligisighsipsematography
CFU = colony forming unit; RRT= relative retention time Table 3.Summary of -20C Stability Data for 10

mg IPM Tris capsuyles. Test Resylts Initial 0.5 mo 1.0mo, 3.0 mo |dentification (HPLC) 1.00 1.00 1.00
00 Petomay i B e PATAAIE o AR U5 O BB SR acive por
capsule: 10 &,ivrgyd02iife (Birdssel R\b@btve prieaapsutae WA WgInt. In certain such

embodiments, there may or may not be one or more additional difuents and/or
disintegrants in a formulation, and/or the multi-acting component is present in an
amount equal to the amounts of all of the components 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
igredients 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 feast two weeks, at least one
month, at least two months at 5 °C, at {cast 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. In certain embodiments, the active ingredient of
such stable formulations undergoes less than 10% decomposition, preferably less than
3%, 2%, or even less than 1% decomposition, e.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 3 °C, at least 9 months at 5
°C, at least 12 months at 5 °C, at least 18 months at 5 OC; or even at least 24 months at

5°C, e.g., as determined by HPLC analysis.
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103.1% (mean IPM active per capsule: 10.3 mg) HPLC (Assay) Purity (% area) 100.0% NA NA
99.9% Related Substances (% area) ND NA NA RRT 0.56 = 0.09% WO
2010/014843BGhH4R999/052295 Test Results Initial 0.5 mo 1.0mo 3.0 paq/Toialdretated
Substances 0.0% NA NA 0.1% Water Content 1.2% 1.1% 2.0% 3.5% CTM = clinical trials material;
HPLC = high-perfoﬂgags%% ggl%%,cgreotg]rg}o‘g{eﬂﬂ@yﬂl@gls that the purity of the IPM salt or

analog thereof after a period of time {e.g., one month, two months, three months, six

months, one year, etc.) is at least 90%, at least 95%, at least 97%, or even at least 39%

of the imitial purity, which may be determined e.g., by HPLC using evaporative light

scattering detection (ELSD). Such an assay may be performed, for example, using a

C18 column and an isocratic system with a mobile phase comprising 0.005 M

heptafluorobutyric acid and 0.1% trifluoroacetic acid m water.

Pharmaceutical preparations that can be used orally include push-fit capsules
made of gelatin (“gelcaps™), as well as sof, 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 glvcols (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 mclude those
characterized by abnormal cell growth and/or differentiation, such as cancers and
other neoplastic conditions. Typical examples of proliferative disorders that can be
ireated 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 (granuiocytic)
leukemia, chronic myelogenous leukemia, and chronic lymphocytic leukemia),
polycythemia vera, iymphoma, Hodgkin's disease, non-Hodgkin's lymphoma

(indolent and high grade forms), multiple myeloma, Waldenstrom's
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= not detected; RRT = relative retention time; NA: not available Table 4.Summary of 5C Stability Data
for 10 mg 1PM Tris capsules Test Results Initial 0.5 mo 1.0 mo 3.0 mo ;ldentification (HPLC) 1.00
1.00 1.01 1Q8 heign¥hy HPLC (Assay) 98.3% (mean IPM active per capgy|es & a3g1638.2% (mean
1PM active per capsule: 9.8 mg) 94.8% (mean IPM active per capsule: 9.5 mg) 101.8% (mean 1PM
AV DT G i, e N O S Lo et Sbstances (10 area)
leukemia and myelodysplasia.
Additional examples of conditions that can be treated using the disclosed
compounds and formulations include solid tumors, such as sarcomas and carcinomas,
include fibrosarcoma, myxosarcomea, liposarcoma, chondrosarcoma, osteogenic
sarcoma, and other sarcomas, synovioma, mesothelioma, Ewing's tumor,
leiomyosarcoma, thabdomyosarcoma, colon carcinoma, lymphoid malignancy,
pancreatic cancer, breast cancer, lung cancers, ovarian cancer, prostate cancer,
hepatocellular carcinoma, squamous cell carcinoma, basal cell carcinoma,
adenocarcinoma, sweat gland carcinoma, sebaceous gland carcinoma, papillary
carcinoma, papillary adenocarcinomas, medullary carcinoma, bronchogenic
carcinoma, renal cell carcinbma, 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 embodinients the compound is administered on at [east

two days and on as many as five different days. In one aspect of multiple daily dosing
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NA RRT 0.558: 0.06% NA RRT 0.56 = 0.08% Total Related ;Substances NA 0.1% NA 0.1% Water
Content 1.2% 1.3% 1.8% 4.2% HPLC = high-perfonnance liquid chromatography; ND = not detected;
RRT = relative setenii@aitime; NA: not available Table 5.Summary of 25Ci5taitityobedsméer 10 mg IPM
Tris Capsules T est Results Initial 0.5 inn 1.0 mo 3.0 mo Identification 1.00 1.00 1.0 0 1.00 (HPLC)
Potency by “clzzl)alégufes, %hey 20%?13%?1/101 rlrge; mn%Mc%%l t!?e subject on consecutive days, such as
from two to five consecutive days.
In one embodiment of the method one or more additional therapeutic agents is
administered to a subject in addition to the presently disclosed compounds and
formulations. For example, additional therapeutic agents can that can be used include
microtubule binding agents, DNA intercalators or cross-linkers, DNA synthesis
inhibitors, DNA and/or RNA transcription inhibitors, antibodies, enzymes, enzyme
inhibitors, gene regulators, and/or angiogenesis inhibitors.
"Microtubule binding agent" refers o an agent that interacts with tubulin 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 intércaiators 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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capsule: 9.8 mg) 95.4% (mean 1PM active per capsule: 9.5 mg) 100.9% (mean 1PM active per
capsule: 10.1 mg) 79.4% (mean 1PM active per capsule: 7.9 mg) Purity (/O area) NA NA NA 99.0%
Related Sukgtans@fQarea) NA NA NA RRT 4.26 = 0.22% RRT 0.57 - 0.32%RRfeha8sy 0.14% RRT
5.10 = 0.2% Total Related Substances NA NA NA 1.0% WO 2010/014841PCT/US2009/052295 Test

Results N . )
DNA synthesis inthibitors suitable for use as therapeutic agents include,

without limitation, methotrexate, 5-fluoro-5'-deoxyuridine, 5-fluorouracil and analogs
thereof.

Examples of suitable enzyme inhibitors for use in combination with the
presently disclosed compounds include, without limitation, camptothecin, etoposide,
formestane, trichostatin and derivatives and analogs thercof,

Suitable therapeutics for use with the presently disclosed compounds that
affect gene regulation include agents that result in increased or decreased expression
of one or more genes, such as, without limitation, raloxifene, S-azacytidine, 5-aza-2'-
deoxycytidine, tamoxifen, 4-hydroxytamoxifen, mifepristone and derivatives and
analogs thereof.

The term "angiogenesis inhibitor” is used herein, to mean a molecule
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 ot 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,

HI.  Preparation of IPM salts and analogues thereof

In one aspect, the methods are used to prepare compounds of Formula (E):

|
A" "O~P—NHCH;CHp X
NHCHLHY  (E),
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Initial 0.5 mo 1.0 mo 3.0 mo Water Content 1.2% 2.0% 2.6% 3.8% CTM = clinical trials material; HPLC
= high-performance liquid chromatography = not detected; RRT = relative retention time; NA: not
available CBateh Hinakisis of 50 mg Tris IPM capsules Table 6- Batch anplygis@hp@aes ris IPM
capsules Test cGIVIP Batch Appearance Size 1 hard shell opaque capsule, containing white to
off-white powder B’s_rf!gt_ene s No cracking ar brea inig opserved Identification (HPLC Retention Time)
1.002 Potenty/By @?&%&W‘M@% %‘i’fﬁ%g‘? 88gsule. 1 Purity 100.0% E Related Substances
(LC/MS) Totahbrgiurities -None Detected Capsule Weight (mg) 1 Capsule 1: 286.87 Capsule 2: 276.81
Capsule 3: 271.318%%& 4. 2§§d70ﬂCaé)sule %12%133 C%))sug%@: 277.61 Capsule 7: 281.76 Capsule
8:279.91 Capsule 9: S.fﬁ%‘%psu & {07500 Mear-288 7o , » 1 Content Uniformity Capsule 1:
102.0% Capsule 2:/076% @apsulex8c8i8% Capsule 4: 107.8% Capsule 5: 111.4% 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%, Migrabiah bititsn:J alalAewakis Cruptatak samhingd yeAgkansifolds P.

aeruginosa <10 cfu / g 20 efu /9 _ )
compounds of Formula (E) via the pathway in Scheme 1.

Scheme 1. Preparation of IPM and salts and analogues thereof

I O  XCHoCHaNH. 9 ¥
xiFext RO gigrfoyxe | and R'O™FNHCH,CHoX P2, HO™H~NHCH,CH,X

X X g NHCH,CH,Y NHCH,CH,Y
A) {Bj ' ) D)

i 9

HO T NHOH,CHX B25% A+ O~ F~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) 18
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
i

P
R'07 X!
Xt (B);

comprising treating a compound of formula (A);

i

XX
Xt (A
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WO 2010/014841POWS 2009/052295 Test cGMP Batch E. coil S. aureus Salmonella sp. Absent
Absent Absent Absent Table 7.Summary of -20C Stability Data for 50 mg IPM Tris Capsules Test

Results InitjghQR 09449 Mo ldentification (IIPLC) RRT = 0.98 to 1.02 NALRQA Reigesyby HPLC
(Assay) 98.3% (mean IPM active per capsule: 9.8 mg) NA 101% (mean IPM active per capsule: 50.6

mg) Purity (A).area) NA NA 100.0% Related Substances (A) area) Individual NA NA ND Total Related
SubstancesW“h an alcohol R-OH under condensation conditions, ‘wherein, as valence and

stability permit,

x! independently for each occurrence, 18 selected from CI, I, and Br,

R' is benzyl, optionally substituted with one or more substituents, e.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 cach occurrence is independently selected from any of ~Cl, -Br
and —1. In certain embodiments, the compound of formula (A) is P(0)Cl; and/or R'OH
is PhCH,OH,

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

In certain embodiments, the condensation conditions may compgise aivapretic
organic solvent, e.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.

n 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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NA NA ND Water Content 2.4% 2.5% 2.0% NA = not available; EIPLC = high-performance liquid
chromatography Table 8.Summary of 5C Stability Data for 50 mg IPM Tris Capsules Test Results

Initial 0.5 ma:d . meildgntification (HPLC) RRT = 0.98 to 1.02 NA 1.00 Pgieng) fmdiRiaes (Assay)

98.3% (mean 1PM active per capsule: 9.8 mg) NA 96% (mean IPM active per capsule: 48.1 mg) Purity
0, 0, 0, 0
(0 area) NA NA 9,99 Relate Substanges (0 area) NA NA 0,49 Tota Related Subsiances NA NA

preparation of a compound of formula (C).

fi

R o’F{“NHCHECHzx
NHCHLCH,Y ()

comprising treating a compound of formula (B):

i
rio” T x
X' (B

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

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

R! is benzyl optionally substituted with one or more substituents, e.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 benzy! 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 benzy! 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 Cl, Bror I. In certain embodiments, X and Y arc identical, e.g., X and Y
are both CI. In any of the embodiments of the present disclosure, XCH>CH,NH; and
Y CH>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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0.1% Water Content 2.4% 2.4% 2.4% NA = not available; FIPLC = high-perfotinance liquid
chromatography Table 9.Summary of 25 C/60%RH Stability Data for 50 mg IPM Tris Capsules WO

2010/01484p6F/1dB2439P/052295 Test Results Initial 0.5 mo 1.0 mo |dengifieatiamérikes) RRT = 0.98

to 1.02 NA 1.00 Potency by HPLC ' Assay) 98.3% (mean IPM active per capsule: 9.8 mg) NA 97%
) _ : o
(mean 1PV actve per cageule: 43 4 MO PSSR NA NS A el L fystances (1)0 area)

period of time, e.g., with a continuous feed, a syringe pump or an addition funnel.

In embodiments where X and Y of afnines XCH,CH,NH; and YCH,CH-NH-
are different from one another, ¢.g., X is Cland Y is Br, or X is Brand Y 1s 1, the
amines, e.g., CICH,CH;NH; and BrCH,CH,;NH3;, can be introduced to a compound of
formula (B) in concert or, preferably, in series. In an example of a serial addition, the
amine CICH,CH,NH; is introduced to the compound of formula (B} in one dose and,
e.g., after reacting to completion, amine BrCH,CH,;NH; is added.

In certain embodiments, the sum of molar equivalents of amines
XCH,CH;NH; and YCH,CH,;NH; relative to the compound of formula (B) is a ratio
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 Y CH,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
cquimolar to cach 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-methy!
morpholine, triethylamine, pyridine or ditsopropylethylamine. 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 triethylamine 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,NHj; 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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Total Related Substances NA NA 0.1% 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 ofydQgsSHiakility Data for 10 mg Palifosfamide Tris (Tris(hydroxy@gthy)aminesgethane
(Tris)) Capsules <3 month Test Results Initial 0.5 mo 1 mo 2 mo 3 mo Appearance confoos conforms

Conforms Confonn Conforms Brittleness Conforms Conforms Conforms Conforms Conforms

(dentifcati on (HPLE) F06 BB 0B R abelr g mvontion provides a metnod for the

preparation of a compound of formula (C):

i

. o—"?‘“NHCHZCH?_x

comprising

a. treating a compound of formula (A):

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

O
fl

RIO7T X!
x*  (B); and

b. adding to the reaction mixture amines XCIH,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 cach occurrence, is selected from Cl, 1, and Br,

R’ is benzyl optionally substituted with one or more substituents, e.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
1. 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)ClL,
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Potency by HPLC (Assay) 98.3% (mean IPM/cap: 9.8 mg) 105.3% (mean IPM/cap: 10.5 mg) 102.1%
(mean IPM/cap: 10.2 mg) Not tested 103.1% (mean IPM/cap: 10.3 mg) Purity(% area) 100.0% 99.9%
99.9% Not tgeteri99:990 Related Substances CYO area) Individual Not deteateshRBRRF: 2555: 0.06%

RRT 2.198: 0.05% Not tested RRT 0.560: 0.09% Total Related

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

The condensation conditions may comprise an aprotic organic solvent, e.g.,
one or more of acetone, 2-butanone, butyl acetate, ethyl acetate, acetonitrile, toluene,
THF, dioxane, NN-DMF, DMSQ, 1,2-dichiorocthane, or methvlene chloride, 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.

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

syringe pump, an addition funnel, or continuous feed.
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0.0% 0.1% 0,1% Not tested 0.1% WO 2010/014841PCT/US2009/052295 Substances  Dissolution
(Capsule Rupture Method) VesselRupture Time 11 min 43 sec 21 min 41 sec 31 min 35 sec 41 min 35
sec 51 min g&Hseeck 4N 48 sec VesselRupture Time 153 sec 21 min 19geg b uas5ec 41 mm 10
sec 51 min

In embodiments wherein X and Y of amines XCH.CH,NH, and
Y CH,;CH,NH,; are distinct from one another, e.g., X is Cland Y is Br, or X is Brand
Y is 1, the amines, ¢.g., CICHCH;NH; and BrCH,CH;NH,, may be introduced to the
reaction mixture in concert or, preferably, in sez'iés. In an example of a serial addition,
the amine CICH,CH,NH; is introduced to the reaction mixture in one dosc and, ¢.g.,
after reacting to completion, amine BrCH,CH,;NH, is added.

In certain embodiments, the sum of molar equivalents of amines
XCH,CH;NH; and YCH,CH,;NH, relative to the compound of formula (A) are in a
ratio 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 formuia, such that XCH,CH;NH; and
Y CH2CH;NH; are compounds 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, are
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, triethylamine, 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 tricthylamine 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 sec 640 sec VesselRupture Time 11 min 38 sec 21 min 26 sec 31 min 38 sec 41 min 0 sec 51 min
26 sec 61 min 17 sec Not tested Not tested Dissolution (HPLC) 20 min Not tested Not tested Not

- tested 20 Mg sgidBafz o LC: 78.1% Mean IPM/cap: 7.8 mg 40 min Meapdd&affodHos

removing sofvents from the reaction mixture. For example, the reaction mixture may
be filtered to remove solids, ¢.g., salt by-products of the condensation conditions,
prior to subjecting the solution to the hydrogenolysis conditions affording the
compound of formula (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).

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

preparation of a compound of formula (D).

i

HO™ F’"‘ NHCH,CH X

comprising treating a compound of formula (C):

i

R O’T“NHCHBCHEX
NHCH,CH,Y (Cy,

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

X and Y independently represent leaving groups; and

R’ is benzy! optionally substituted with one or more substituents, é. 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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Mean IPM/cap: 6.7 mg 40 min Mean % LC: 664% Mean IPM/cap: 6.6 ma 60 min Mean % LC:
593% Mean IPM/cap: 5.9 mg 60 min  Mean % LC: 53.4% Mean IPM/cap: 5.3 mg Mean % LC:

58.8% MeawtPi{gaRnisst _ PCT/US2009/052295

such as Cl, Br and L. In certain embodiments, R is unsubstituted benzyl and/or X and
Y are both CL.

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, €.g., without first purifying or partially or completely
removing solvents from the reaction mixture. For example, the reaction mixture may
be filtered to remove solids, e.g., salt by-products of the condensation conditions,
prior to subjecting the solution to the hydrogenolysis conditions affording the
compound of formula (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
1solated 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, P’d
EnCat (polymer encapsulated active metal catalyst) Raney nickel, Rh/carbon,
Ru/carbon, Re/carbon, palladium oxide, palladium chloride, PtO; or Ru0;. In certain
embodiments, the hydrogenolysis catalyst comprises pailadium, e.g., Pd/carbon.

In certain embodiments, the hvdrogenolysis conditions comprise a partial
pressure of hydrogen greater than 1 atmosphere. In certain embodiments, the partial
pressure of hydrogen is fess 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, ¢.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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5.9 mg Water Content 1.2% 1.1% 2.0% 2.5% 3.5% HPLC=bigh-perfonna ce liquid chromatography;
RRT=relative retention time WO 2010/014841PCDUS2009/052295 Table 11. Summary of -20C

Stability Datgdon imgRalifosfamide Tris (Tristhydroxymethyliaminomethargexdsis))@apsules, 6-12
month Test Results Initial 6mo 9mo 12 mo Appearance Conforms Conforms Conforms Conforms

Brittleness Conforms Conforms Confoims Conforms Identification (HPLC) 1.00 1.00 1.00 1.00 Potenc
by HPLC (Assay) g‘ggq%aé% ggﬁo%mems, %he separafion 0?‘316 prod%ct(glem re)sﬂdua?catagrst i8 y

achieved by the formation of a basic salt under aqueous conditions, e.g., using sodium
hydroxide or another base in water, which may be performed in situ. The resulting
salt may be dissolved in a suitable solvent and the residual catalyst may be filtered to
remove solids from the solvent of the reaction mixture.

In certain embodiments, the separation of the product from residual catalyst is
achieved by the formation of a basic salt under anhydrous conditions, e.g., using
triethylamine or another base, e.g., an amine base, preferably a sterically hindered
base such as diisopropylethylamine or 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):

O

i
A* "O~P—NHCHZCHzX

comprising treating a compound of formula (D}):

0O
I

HO’FI"‘NH CH,CH,X
NHCH.CH,Y (D).

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

A" represents an ammonium cation.

In certain embodiments, X and Y at cach occurrence are independently
selected from halogens such as ~Cl, -Br and ~L 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, dicthylamine, tricthylamine,
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IPM/cap: 9.8mg) 96.3.3% (mean IPM/cap: 9.6mgQ) 94.8% (mean IPM/cap: 9.5mg) 101.9% (mean
IPM/cap: 10.2mg) Purity (% area) 100.0% 99.8% 99.8% 99.8% Related Substances CA area)
Individual NgiodeieaiedRRT 0.578: 0.17% RT 6.083: RRT 2.798: 0.08% RBRI1HL0::8R% RRT
6.189: 0.05% RRT 2.546: 0.05% RRT 0.382: 0.07% R 0.05% Total Related Substances 0.0% 0.2%
0.2%0.2% %&?s%%&%%?fpet%%?ﬁﬁgg 1'?1% élilgrgié\“/l SE%‘Q)(,'XE?S%?%%%%mme, 2-hydroxy-tert-
butylamine, tris(hydroxymethylymethylamine, N,N-dimethyl-N-(2-
hydroxyethyDamine, tri-(2-hydroxyethyl)amine and N-methyl-D-glucamine. In
certain embodiments, B is tris(hydroxymethylmethylamine.
In certain embodiments, the salt-forming conditions comprise combining
approximately equimolar amounts of an amine base and the compound of formula
(D). In certain embodiments the compound of formula (D) and the amine base are
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
tristhydroxymethyl)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 thercof wherein the IPM or analog thereof, and the
counterion, preferably tris (hydroxymethyl) amino methane (iris), 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 ratio of
IPM and Tris, ts 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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20 min  67.1% 79.4% 69.6%

Time 71 min 43 sec 81 min 37 sec 91 mth 41 sec 101 min 35 sec 111 min 39 sec 121 min 48 sec Not
tested Not tested Not tested WO 2010/014841PCT/US2009/052295 20 min 20 min 20 min Mean %

LC: Mean %lcGy;Wigamyo LC:

PCT/US2009/052295

embodiments, purity is measured relative to all other components of the formulation,

while in other embodiments (e.g., where the compound is part of a pharmaceutical

formulation or lyophilisate mixture), purity may be measured relative to degradation

products of the compound (e.g., phosphorous-containing degradation products of the

compound} or by-products of the manufacture of the compound (e.g., phosphorous-

containing degradation products of the compound), thereby excluding other

components purposefully added to the formulation.

EXEMPLIFICATION

The foregoing disclosure is further explained by the following non-limiting

examples,

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 Amﬁ::::thpm Amount per
Component to Quality Function Capsuie (16 mg
Standard (10 mg strength)
strength)
. . In-house 1
IPM-tris salt standard API 1540 g 154 mg
Microcrystalline
Cellulose, NF NF Diluent 1912.0 g 191.2 mg
(Avicel PH112)
Water-
Croscarmellose absorbing
Sodium, NF NF agent; 210¢g 2.1mg
(Ac-Di-Sol) capsule
disintegrant
Magnesium NF Lubricant 105¢ 1.05 mg

Stearate, NF,
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Mean % LC: 67.5% Mean IPM/cap: Mean IPM/cap: Mean IPM/eap: Mean IPM/cap: 6.8 6.7mn
7.9ing mg 7.0 mg 40 min 40 min 40 min 40 min Dissolution Mean % LC: Mean % LC: Mean % LC:

56.0% Meagy¥hianh943% 66.3% 58.6% PCT/US2009/052295

Ph.Eur.
{Vegetable
Source — Grade
905-G)

Total

2097.5 g/bateh | 209.75 mg/capsule

Size 1, hard-
gelatin white
opaque capsule

Capsugel
certificate of
conformance

Product

delivery 10,000 capsules

1 capsule

"154 g of IPM tris salt (molecular weight = 342.16) will deliver 100.0 g of IPM active
pharmaceutical ingredient (molecular weight = 221.0).
API = active pharmaceutical ingredient; NA = not available; NF = National

Formulary.

B. Batch Analysis of 10 mg Tris IPM capsules

Product:

Lot Bisposition:

Tris IPM capsules of Table |
Stability, CTM

Stability Storage Condition: -20 °C, 5 °C or 25 °C/60%RH

Table 2. Batch Analyses of IPM Tris Drug Product
Test cGMP Batch
Appearance Size 1 hard shell white opaque capsule, containing
white to off-white powder
Brittleness No cracking or breaking observed
Identification 0.999
(HPLC Retention Time) )
98.3%
Potency by HPLC (Assay) (mean IPM active per capsule:
9.8 mp)
Purity 100.0%
&egﬁ%? 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
Capsuie 10: 288.25
Mean: 285.95
. . Capsule 1: 99.0%
Content Uniformity Capsule 2: 96.6%
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(FIPLC) Mean IPM/cap: 5.6 Mean IPM/cap: Mean IPM/cap: 6.6 Mean IPM/cap: mg 5.9mg mg
59mg 60 min 60 min 60 min 60 min Mean % LC: 48.0% Mean % LC: Mean % LC:

WO 2010/014841 PCT/USZ009/052295

Test c¢GMP Batch
Capsule 3: 93.1%
Capsule 4: 93.2%
Capsule 5: 104.1%
Capsule 6: 102.9%
Capsule 7: 96.7%
Capsuic §: 101.4%
Capsule 9: 98.0%
Capsule 10: 97.9%
Mean: 98.3%

Vessel #/ Rupture Time

| 1 min 43 sec
s 1 min 37 sec
. . TR 1 min 41 sec
Disintegration 4o, 1 min 35 sec
S, 1 min 39 sec
G 1 min 48 sec

Water Content 1.2%

Microbial Limits:

Total Aerobic Count Less than 10 CFU/g of specimen

20 CFU/g of specimen
Total combined yeast and molds
P. aeruginosa Absent
E. coli
Absent
S. aureus
Salmonella s Absent
p- 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
G, ¢ o
O8.3% (mean | 105.3% (mean | ) 1o, 0 o0n 110319 (mean 1PM
Potency by iPM active per| IPM activeper | - . ) ] )
‘ . IPM active per | active per capsule:
HPLC (Assay) capsule: 9.8 | capsule; 10.5
. v 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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Mean % LC: Mean IPM/cap: 4.8 53.4% 57.0% nmg 51.6% Mean Mean Mean IPM/cap:
IPM/cap:5.3mg IPM/cap:5.7mg 5.2 mg Water Content 1.2% 2.9% 3.7% 3.5% HPLC=high-perfon
lance liquid giyematnggaphy; RRT=relative retention time Table 12. Summpahy@56s,&tbiity Data for
10mg Palifosfamide Tris (Tris(hydroxymethyl)aminomethane (Tris)) Capsules, <3 month Test Results

Initial 0.5 me-t+ra2-me-3-mp-Appearance-Conferms

Test Results
Initial .5 mo 1.0mo 3.0 mo
'Total Related 0.0% NA NA 0 1%
Substances
Water Content 1.2% 1.1% 2.0% 3.5%

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

Table 4. Summary of 5°C Stability Data for 10 mg TPM Tris capsules
Test Results

Initial (.5 mo 1.0 mo 3.0 mo
Identification
(HPLC) 1.00 1.00 1.0l 1.00

98.3% 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) me) 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 5. 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 activej (mean IPM active {(mean 1PM active
HPLC {Assay) active per per capsule: 9.5 | per capsule: 10.1 | per capsule: 7.9
capsule: 9.8 mg) me) 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=0.2%
Total Related NA NA NA 1.0%
Substances
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Conforms Confoiins Conforms Conforms Brittleness Conforms Conforms Conforms Conforms
Conforms Identification (HPLC) 1.00 1.00 1.00 1.00 1.00 Potency by HPLC (Assay) 98.3% (mean
IPM/cap: 958 tn@)o2342% (mean IPM/cap: 9.8 mg) 94.8% (mean IPM/caprOisusmpMottested 101.8%
(mean IPM/cap: 10.2 mg) Purity (% area) 100% 99.9% 99.9% Not tested 99.9% Related Substances
(% area) Not-detected Results

Test Tnitial 8.5 mo 1.0 mo 3.0 mo
[Water Content 1.2% 2.0% 2.6% 3.8%
CTM = clinical trials material; HPLC = high-performance liquid chromatography, ND
= not detected; RRT = relative retention time; NA: not available

C. Batch Analysis of 50 mg Tris IPM capsules
Table 6 — Batch analysis of 50 mg Tris IPM capsules

Test ¢GMP Batch
Size 1 hard shell opague capsule, containing

Appearance white to off-white powder
Brittleness No cracking or breaking observed
Identification 1,002

(HPLC Retention Time) )

Potency by HPLC (Assay) 102.8%, 51.4mpg / capsule.
Purity 100.0%

gfgﬁdsjs ubstances Total impuritics ~ 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: 279.91
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%
Capsuie 7: 101.1%
Capsule 8: 104.2%
Capsule 9: 105.9%
Capsule 10: 97.9%
Mean: 102.8%
Water Content 2.4%

Micrebial Limits:

Total Aerobic Count <10cfu/g

Total combined yeast and molds 20cfu/g

P. aeruginosa




RRT 0.558: 0.06% NA Not tested RRT 0.561: 0.08% WO 2010/014841PCT/US2009/052295 Test
Results Initial 0.5 mo 1 mo 2 mo 3 me Individual Total Related Substances 0.0% 0.1% 0.1% Not

tested 0.1%/Bissplwiiy(Capsule Rupture Method) Vessel Rupture Timepkirminw®@sees21 min 37 sec
, i1 min 41 sec 41 min 35 sec 51 min 39 sec 61 min 48 sec

Test [ czMP Batch
E. coli Absent '
S. aureus -Absent
Salmonella sp. Absent
Absent
Table 7. Summary of -20°C Stability Data for 50 mg IPM Tris Capsules
Results
Test Tnitial 0.5 mo 1.0 mo
Identification (HPLC) RRT = 0.98 t0 1.02 : NA 1.00
98.3% 101%
Potency by HPLC {mean IPM act.;_ve NA (mean IPM active per
{Assay) per capsule: capsule: 50.6 mg)
9.8 mg) psulel DU.6 mg
Purity (%o area) NA ' NA 100.0%
Related Substances
(% 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 5¢ mg IPM Tris Capsules
Results
Test Initial ~ 05mo 1.0 mo
Identification (HPLC)| RRT = 0.98 to 1.02 NA 1.00
98.3% 96%
Potency by HPLC {mean IPM ac%we NA (mean IPM active per
(Assay) per capsule: capsule: 48.1 mg)
9.8 mg) pspie: 26.1 Mg
Purity (% area) NA NA 99.9%
Related Substances
(% area) NA NA 0.1%
Total Related NA NA 01%
Substances
Water Content 2.4% 2.4% 2.4%

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

Table 9. Summary of 25 °C/60%RH Stability Data for 50 mg IPM Tris
Capsules
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vessel Rupture Time 11 min 10 sec 251 sec 31 min 5 sec 41 min 9 sec 51 min 29 sec 61 min 19 sec
Vessel Rupture Time 11 min 11 sec 21 mm24 sec 31 min 18 sec 41 min 1 sec 51 min 24 sec 647 sec
Not tested Na tastrd igsolution (HPLC) 20 min Not tested Not tested mg2wabpd@43ss Mean % LC:
67.1% Mean IPM/cap: 6.7 mg 40 nun Mean % LC: 65.5% Mean IPM/cap: 6.6 mg 40 min Mean % LC:
72.9%

Test Results

initial 8.5 mo 1.0 mo
Identification (HPLC)| RRT =098 t0 1.02 NA 1.00

98.3% 0
Potency by HPLC (mean IPM active 7% .

. NA {mean IPM active per

(Assay) per capsule: - )

9.8 me) capsule: 48.4 mg)
Purity (% area) NA NA 99.9%
Related Substances
(%o area)

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 hquid chromatography
D. Batch Analysis of 10 mg Tris IPM capsules
Table 10. Summary of -20°C Stability Data for 10 mg Palifosfamide Tris

(Tris(hydroxymethylDaminomethane (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 | Conlorms
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 | TPM/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
o 0.09%
Individual
Total Not
0.0% 0.1% 0.1% 0.1%
Related tested
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Mean IPM/cap: 7.3 mg 40 min Mean % LC: 59.3% Mean IPM/cap: 5.9 mg 60 min Mean % LC:
59.0% Mean IPM/cap 5.9 mg 60 min Mean % LC: 65.0% Mean IPM/cap: 6.5 60 min Mean % LC:

53.4% Meagy PM{§apis2:3 My Mean % LC: PCT/US2009/052295
Substances
Vessel Rapture | Vessel Rupture | Vessel Rupture
Time Time Time
1 1 min 1 53 sec 1 i min
43 sec 2 1 min 38 sec
_ . 2 1 min 19 sec 2 1 min
Dissolution 41 see 3 1 min 26 sec
(Capsule 3 1 ruin 25 sec 3 1 min Not Not
Rupture 35 sec 4 I min 38 see tested tested
Method) 4 1 min 10 sec 4 1 min
' 35 gec 5 1 min 0 sec
5 1 min 1sec 5 1 min
39 sec 6 40 sec 26 sec
6 1 min & i min
48 sec 17 sec
20 min
) Mean %
20 min
LC78.1%
Mean % LC:
Mean
67.1% ‘
‘ IPM/cap:
Mean IPM/cap:
7.8 mg
6.7 mg
) 40 min
40 min o
M o LC Mean %
Dissolution ean % LC: Not 1.C: 66.4%
5939 Not tested Not tested
(HPLC) tested | Mean
Mean IPM/cap: :
IPM/cap:
59 mg
6.6 mg
60 min
60 min
Mean %o LC:
Mean %
53.4%
LC: 388%
Mean I'M/cap: .
Mean
53 mg .
IPM/cap:
59 mg
Water
1.2% 1.1% 2.0% 2.5% 3.5%
Content

HPLC=high~performance Hquid chromatography; RRT=relative retention time
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53.6% Mean IPM/cap: 5.4 mg Mean % LC: 58.1% Mean IPM/cap: 5.8 ma Water Content 1.2% 1.3%
1.8% 2.3% 4.2% 1-1PLC=high-perfonnance liquid chromatography; N not applicable (None ?0.1%);
RRTre ,e re{entigniigy2010/014841PCT/US2009/052295 Table 13. Surppapyahdts=tability Data for

10mg Palifosfamide Tris (Tris(hydroxymethyDaminomethane (Tris)) Capsules, 6-12 month Test
Results |nl'[|?| 6mQ 9mo 12 mo App 12@ arance Conforms Caonfoiul.s Conforms Conforms Brittleness

AR CONRSRE £ 578 Cap B iecte il ElRsimmide) 6o 1.00

Conforms C
{TristhydroxymethyDaminomethane (Tris)) Capsules, 6-12 month
Resuits
Test
Initial 6mo 9mo 12 mo
Appearance Conforms Conforms Conforms Conforms
Brittleness Conforms Conforms Conforms Conforms
Identification
1.60 1.0 1.00 1.00
(HPLC)
98.3% (mean 96.3.3% (mean 101.9% (mean
Potency by 94.8% (mean
. IPM/cap: IPM/cap: . IPMVcap:
HPLC (Assay) IPM/cap: 9.5mg)
9.8mg) 9.6mg) 10.2mg)
Purity (% area) 100.0% 99.8% 99.8% 99.8%
RRT 2.546:
retared RRT 2.798: 0.08% 0%
Substances (% S RRT 0.382:
Not detected RRT 0.578: 0.17% RRT 0.610: 0.05%
area) _ 0.07%
RRT 6.189: 0.05% X
Individual RRT 6.085:
0.65%
Total Related
0.0% 0.2% 0.2% 0.2%
Substances
Vessel  Rupture
Time
7 1 min
43 sec
) . 8 1 min
Dissolution 37 sec
(Capsule i
? L min Not tested Not tested Not tested
Rupture 41 seo
Method) 10 1 min
35 sec
11 1 min
39 sec
12 1 min
48 sec
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1.00 1.00 | Potency by HPLC (Assay) 98.3% (mean IPM/cap: 9.8 mg) 94.4% (mean IPM/cap: 9.4 mg)
92.4% (mean IPM/cap: 9.3 mg) 97.9% (mean IPM/cap: 9.8 mg) Purity (% area) 100% 99.8% 99.8%
99.9% Relaigd subgianges (% area) Individual Not detected RRT 0.576: 3% RR3% 4822 0.06%
RRT 0.579: 0.06% RRT 8.294: 0.03% RRT 2.651: 0.05% RRT 0.391: 0.07% Total Related

20 min 20 1o 20 moin
Mean % LC: Mean % LC: Mean % LC:
20 min
67.1% 79.4% 69.6%
Mean % LC: 67.5%
Mean IPM/cap; Mean TPM/cap: Mean IPM/cap:
Mean IPM/cap: 6.8
6.7mg 7.9mg 7.0 mg
. mg
40 min 44 min 40 min
1o , 40 min \
Dissolution Mean % LC: Mean % LC: Mean % LC: 56.0% Mean % LC:
59.3% 66.3% 58.6%
(HPLC) Mean IPM/cap: 5.6
Mean IPM/cap: Mean IPM/cap: 6.6 Mean IPM/cap:
m
5.9mg mg ¢ 59mg
) ) 60 min
60 min 60 min 60 min
_ Mean % LC: 48.0%
Mecan % LC: Mean % LC: Mean % LC:
Mean IPM/cap; 4.8
53.4% 37.0% 51.6%
. mg
Mean Meari . Mean IPM/cap:
PM/cap:5.3mg IPM/cap:5.7mg 52 mg
Water Content 1.2% 2.9% 3.7% 3.5%

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

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

(Tristhydroxymethyaminomethane (Tris)) Capsules, <3 month

Test Results
Initial 0.5 mo 1 mo 2 mo 3 mo
Appearance Conforms Conforms Conforms Conforms | Conforms
Brittleness Conforms Conforms Confonms Conforms Conforms
Identification 1.00 1.00 1.60 1.00 1.00
(HPLC)
Potency by 98.3% 98.2% 94.8% Not tested | 101.8%
HPLC (Assay) i((mean IPM/cap: (mean {mean TPM/cap: (mean
9.8 mg) PM/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 (%o 0.06% 0.08%
arca)
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Substances 0.0% 0.2%0.2% 0.1% Dissolution (HPLC) 20 min 20 min20 min 20 min Mean % LC:
67.1% Mean IPM/cap: 6.7 mg 40 min Mean % LC:Mean % LC: 69.7%70.8% Mean IPM/cap: 7.0 Mean
IPM/cap: 7.3§136140:%i140 min Mean % LC: 68.4% Mean 1PM/eap:6.8 mg-#e & Mdeag % LC:
59.3% Mean IPM/cap: 5.9 mg 60 nun Mean % LC: 58.9% Mean IPM/eap:5.9 mg 60 mm Mean %

LC:Mean % LC:-60-6%576%Mean-1RPM/cap-6-1 - Mean|PM/can: 5.8 mgll2.60-min60-min ean %
LC: 53.4% Mean I8Micap]5.3 mg Mean % LC: 50.8% I‘&F&éﬁlﬁ‘PM/eap 5.1122 Mean % LC:Mean %
LC: Initial 0.5 mo 1 mo 2 mo 3 mo
Individual
Total Related 0.0% 0.1% 0.1% Nottested | 0.1%
Substances
Dissolution Vessal Rupture | Vessel Rupture | Vessel Rupture  [Not tested [Not tested
(Capsule Time Time Time
Rupture Imind43sec [} 1 minifsecil 1 m?n 11 sec
2 1min37sec 2 Sisec 2 1 min 24 sec
Method) 5 | indisec B IminSsec B 1min 18 sec
4 1min3Ssec 34 1min9sec ¥ 1minisec
5 Imin3%sec |5 1min29%sec|5 1 min24sec
6 1mindBsec 6 1min19seci6 47 sec
Dissolution m Not tested Nottested b min 0 min
(HPLC)  Mean % LC: Mean % LC:  Mean % LC:
67.1% 65.5% 72.9%
Mean IPM/cap: 6.7 Mean Mean
mg IPM/cap: 6.6 IPM/cap: 7.3
40 min e me
Mean % LC: 40 min 40 min
59.3% Mean % LC:  Mean % LC;
Mean [PM/cap: 5.9 39.0% _ 65.0%
mg Mean Mean
60 min IPM/cap: 5.9 [IPM/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
IPM/cap: 5.4 IPM/cap: 5.8
g 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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WO 2010/014841PCT/US2009/052295 Test Results Initial 6mo 9mo 12 mo 53.6% Mean IPM/cap:
5.4 mg 48.1% Mean IPM/cap: 4.8 mot Water Content 1.2% 2.6% 3.9% 3.5% HP LC gh-peiforn cc
liquid chromggpeirapivs RRT-relative retentio Table 14. Summary of 25C $tapilitsdeaiasfag 10mg
Palifosfamide Tris (Tris(hydroxymethyl)aminomethane (Tris)) Capsules 53 month Test Results - Initial
0.5 mo 1 mq_2 mo 3 mo Appearance Conforms Conforms Conform '

Table 13. Summary of 5°C Stability Data for 10mg Pa!ifes?amide Tris

(TristhydroxymethyDaminomethane (Tris)} Capsules, 6-12 month

Test Results
Initial 6mo %9mo 12 mo
Appearance Conforms Conforms Conforms Conforms
Rrittleness Conforms Conforms Conforms 1 of 6 capsules
cracked
Identification 1.00 1.00 1.00 1.00
(HPLC)
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:
(% area) 0.13% 0.06% 0.05%
RRT 0.579: RRT 6.391:
Individual 0.06% 0.07%
RRT 8.294:
0.03%
Total Related 0.0% 0.2% 0.2% 0.1%
Substances
Dissolution (HPL.C) 20 min 20 min 20 min 20 min
Mean % LC: 67.1% Mean % LC; Mean % LC: Mean % LC: 68.4%
Mean [PM/cap: 6.7 165.7% 70.8% Mean IPM/cap:6.8
mg Mean IPM/cap: 7.0 [Mean [PM/cap: 7.1 [mg
40 min e e 40 min
Mean % LC; 59.3% (40 min 40 min Mean % LC: 58.5%
Mean IPM/cap: 5.9 Mean % LC: Mean % LC; Mean IPM/cap:5.9
me 60.6% 57.6% mg
60 min Mean [PM/cap: 6.1 Mean IPM/cap: 5.8 60 min
Mean % LC: §3.4% [% e Mean % LC: 50.8%
Mezn IPM/cap: 5.3 |60 min 60 min Mean JPM/cap:5.1
img Mean % LC: Mean % LC: mg
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Conforms Conforms Brittleness Conforms Conforms Confoltus Conforms Conforms Identifica- tion
(HPLC) 1.00 1.00 1.01 1.00 1.00 Potency by HPLC (Assay) 98.3% (mean IPM/cap: 9.8 mg) 95.4%

(mean IPM/gap:§&ao94:100.9% (mean IPM/cap: 10.1 mg) Not tested 794%{mgamizidécap: 7.9 mg)
Purity (% area) 100.0% 99.9% 99.9% Not tested 99.0%

Test Results
Initial 6mo 9mo 12 meo
53.6% 48.1%
Mean IPM/cap: 5.4 Mean IPM/cap: 4.8
g g
Water Content 1.2% 2.6% 3.9% 3.5%
HPLC=high-performance liguid chromatography; RRT=relative retention time
Table 14. Summary of 25°C Stability Data for 10mg Palifosfamide Tris
{Tris(hydroxymethylaminomethane (Tris)) Capsules <3 month
Results
Test
Initial 0.5 mo 1 mo 2 mo 3mo
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: 1PM/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:
(.22%
Related RRT 0.568:
Substances RRT 0.558: 0.12%
NA NA Not tested
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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Related Substances (% area) Individual NA RRT 0.558: 0.06% NA 0.14% Not tested RRT 4.264:
0.22% ART 0.568: 0.12% RRT 4.562: RRT 5.104: 0.20% Total Related Substances 0.0% 0.1% 0.1%
Not tested 1,096, M/ £Q10/014841PCT/US20091052295 Test Results  Iniial 03,03Qd 459 2 mo 3 mo
Dissolution (Capsule Rupture Time) VesselRupture Time 11 min

Results
Test
Initial ¢.5 mo 1 mo 2 mo 3 mo
Vessel Rupture | Vessel Rupture | Vessel Rupture
Time Time Time
1 1 min 1 i min 1 57 sec
4% sec 10 sec ) 1 min
2 1 min o] 1 min 7 sec
Dissolution 37 sec 3 sec 3 1 min
(Capsule 3 1 min 3 1 min 14 sec
' . Not tested | Not tested
Rupture 41 sec 20 sec 4 39 sec
Time) 4 1 min 4 1 min
15 se0 25 sec 5 1 min
5 1 min 5 1 min 20 sec
39 seg G sec 6 49 sec
6 ! min 6 52 sec
48 sec
20 min 20 min
20 mi Mean % LC: | Mean % LC:
rain
70.2% 39.5%
Mean % LC:
Meszn Mean
67.1%
IPM/cap: IPM/cap:
Mean IPM/cap:
7.0mg 6.0mg
6.7 mg
) -40 min 40 min
40 min
M ' , Mean % 1.C: | Mean % LC:
DiSSOIUﬁOH ean % LL: ‘ 61.3% 54,194
' 5G .30, Not tested Not tested
(HPLC) Mean Mean
Mean IPM/cap:
5o IPM/cap: IPM/cap:
9 mg
6.1m 5.4m
60 min 8 &
60 min 60 min
Mean % LC:
53,49 Mean % LC: | Mean % LC:
o 56.7% 49.1%
Mean 1PM/cap:
Mean Mean
33 mg
IPM/cap: IPM/cap:
5.7mg 491
Water
1.2% 2.0% 2.6% 2.3% 3.8%
Content

HPLC=high-performance liquid chromatography; NA=not applicable (None 20.1%); RRT=relative retention time
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43 sec 21 min 37 sec 31 min 41 sec 41 min 35 sec 5 1 min 39 sec 1 min 48 sec VesselRupture Time
11 min 10 sec 21 min 3 sec 31 min 20 sec 41 min 25 sec 51 min 9 sec 652 sec VesselRupture Time
157 sec 21 yimd158¢:34 Min 14 sec 439 sec 51 min 20 sec 649 sec Not tgsteg:Natiasies . Dissolution
(HPLC) 20 min Not tested ' '

Table 15. Summary of 25°C Stability Data for 10mg Palifosfamide Tris
(Tristhydroxymethyaminomethane (Tris))Capsules 6-12 month

Results
Test
Initial 6m0 9mo 12 mo
Appearance Conforms Conforms Conforms Conforms
Brittleness Conforms Conforms Conforms Conforms
Identification
‘ 1.00 0.98 Not tested Not tested
(HPLO)
98.3% 32.8%.
Potency by {mean (mean
_ Not tested Not tested
HPLC (Assay) [PM/cap: IPM/cap:
9.8 mg) 3.3 mg)
Purity
100.0% 1.6% Not tested Not tested
(% areca)
Related
Substances (% ‘
area) NA o Not tested Not tested
Individual
Total Related
0.0% 9% 4% Not tested Not tested
Substances
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Not tested 20 min 20 min  Mean % LC: 70.2% Mean IPM/cap: 7.0mg 40 min Mean % LC: 59.5%
Mean IPM/cap: 6.0mg 40 min Mean % LC: 67.1% Mean IPM/cap: 6.7 1112 40 min Mean % LC:
61.3% Meay, HPM{gapis@:1mg 60 min Mean % LC: 54.1% Mean IPM/cap: peadmg doiithos

Resalts
Test
Initial 6mo Smo 12 mo
20 min 20 min
Mean % LC: Mean % LC:
67.1% .0%
Mean IPM/cap: Mean [PM/cap:
6.7 mg ND *
40 min 40 min
. . [¢) - ) .

Dissolution Mean % LC: Mean % LC: N

59,39 0.0% Not tested Not tested
(HPLC)

Mean IPM/cap: Mean [PM/cap:
59mg NI *
60 min 60 min
Mean % LC: Mean % LC:
53.4% 6.0%
Mean IPM/cap: Mean IPM/cap:

. 53 mg ND #

Water Content 1.2% 2.6% 3.9% 3.5%

HPEC=high-performance liquid chromatography; RR T=relative retention time; ND *=No [PM pezk was

detected

i Synthetic preparation of IPM salts and analogues thereof

step 7a step 1b
0 _n
HN—P=0,
Q oH EtN . CUCH ) NHCI
Ci"'F‘""CI +©/\ =2, ¢ §? O #,. HN
cl © Cl 1

) (G)

(H)

Cl

Procedure for the preparation of benzy! isophosphoramide (J): Into a 2 L 3-neck
flask, 100 g of P{O)Cls 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 benzy! alcohol
and 90.7 mL of tricthylamine (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)Cly 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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Mean % LC: 59.3% Mean IPM/cap: 5.9 mg 60 mmn  Mean % LC: 53.4% Mean 1PM/cap: 5.3 mg
Mean % LC: 56.7% Mean IPM/cap: 5.7ing Mean % LC: 49.1% Mean IPM/cap: 4.9mg Water Content
1.2% 2.0% %:6%)4@Yes318% HPLC=11 performance liquid chromatograppy:NAmohappiicable (None
?0.1%); RRT=relatiye retention time WO 2010/014841PCT/US2009/052295

the reaction mixture, 151.3 g of CICH,CH;NH;Cl was weighed. Subsequently, 362.6
mL of TEA was charged over 140 min vig syringe pump while maintaining the
temperature at —30 + 5°C. After the addition, the reaction mixture was allowed to
warm fo room temperature and stirred for 1 h. The reaction mixture was filtered to
remove triethylamine hydrochloride salt and the reactor rinsed with 3 x 200 mL

acetonitrile. The filtrate was taken on to the next step without further purification.

@ 8
HNMF;J“O\_Q Pd/carbon HN_F:,—OH
S HN\L 50 psi S HN\L
Ci i

(¢ © @

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-1PM 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 shurry with two portions
of 400 mL of 5% water in acetoniirile, and stirred for 5 min each. The wet cake was

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

HC
R - OH
HN—P—OH HN-P=0  Hyi
gHNI 3HN1 ho
“ o e ‘e

A. Procedare 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 NNN-DMF. The mixture was then heated to 100°C to dissolve the base.
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Table 15. Summary of 25C Stability Data for 10mg Palifosfamide Tris
(Tris(hydroxymethyDaminomethane (Tris))Capsules 6-12 month Test Results Initial 6mo 9mo 12 mo
Appearancax@onfarmssGonforms Confoillis Conforms Brittleness Confoiingcganfaiings&arforms
Confoiins Identification (HPLC) 1.00 0.98 Not tested Not tested Potency by HPLC (Assay) 98.3%

(e g S0 5 5 e Wap. 3 moUNOpsted ot e Py ) 100 0%
To the above sturry, 49.1322 g (98.7% purity based on NMR, 0.2194 moles) of IPM
analogue (K) (1766-026-11) was weighed, and rinsed with 48 mL of N,N-DMF. The
mixture was stirred for 1 h until a clear solution formed. The resulting solution
proceeds polish filtration with Whatman #1 filter paper. The filtrate was transferred
into & 2 L flask, and to it, 144 ml of acctonitriie was added over 5 min. To the batch
852 mL of methyl tert-butyl ether (MTBE) was introduced to form cloudy solution
(Solid seeds were generated by scratching against the glass wall with a spatula). The
batch was stirred for 1 h. The product was collected by filtration, followed by washing
with 242 mL of MTBE in a yicld of 72.3868 ¢ (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 tristhydroxymethyl)-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 NN-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 2 5 L
flask, and to it, 293 mL of acetonitrile was added over 5 min. To the batch, a shurry
mixture 0f 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 | 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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Individual NA Not tested Not tested Total Related Substances 0.0% 98.4% Not tested Not tested WO
20101014841PCDUS2009/052295 Test Results Initial 6mo 9mo 12 mo Dissolution (HPLC) 20 min 20
min Not tested Not tested Mean % LC: 67.1% Mean IPM/cap: 6.7 mg 40 min Mean % LC: 0.0% Mean
IPM/cap: ND* 40 min

We claim:

1. An oral formulation of the compound of formula (E):

|
A* 'O_i?_N HCH:CHo X

wherein the formulation comprises 0.25-5% lubricant, up to 98% diluent, and up to
90% disintegrant by weight of formulation, 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 ﬁ
+
NHz "O~P~NHCH;CH,X
HO OH NHCHCHzY
3. The oral formulation of claim 1, wherein the lubricant comprises the salt of a
fatty acid, such as magnesium stearate.
4. The oral formulation of any of claims 1-3, wherein the formulation comprises

at least one of the following diluents in the indicated amount (by weight of the
formulation):

microcrystalline cellulose  5-98%,
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Mean % LC: 59.3% Mean IPM/cap: 5.9 mg 60 min Mean % LC: 0.0% Mean IPM/cap: ND* 60 min
Mean % LC: 53.4% Mean IPM/cap: 5.3 mg Mean % LC: 0.0% Mean IPM/cap: ND* Water Content
1.2% 2.6% 3.9% 3.5% IIPLC-Ligh-perlbnnauce liquid chromatograpl y; RRT alive retention time; ND
*---No IPM peak was detected Synthetic preparation oflPM salts and analogues thereof step lastep Ib
Procedure forathetpreparation of benzyllis&fh@sphoramide (1): Into a 2 L 3-neck flask, 100 g of
P(0)C13 wag, &gaéged, followed by addgiop @%@})9 @i, of acetonitrile. The content was then cooled to
-30 5C. Into another flask, 70.5 g of bengyf)alcoﬁo?and 90.7 mL of triethylamine (TEA) were added,
followed by edditmnhyfiReQ dnidviabetonitple spidisticu Bl &6 mixture becomes homogeneous. To the
cold solution of P(0)C13 was added the solution of benzyl alcohol and TEA via syringe pump while
maintaining the reaction temperature at to -30 5C. This addition lasts 140 min. After the addition, the
reaction mixiure wadaboaléonoubtirdoo{ dnpo3thisE 1T wherseadiod mixturenpbited g of
CICH2CH2NH3G1 weighed. Subseguentl 6. of TEA was charged over 140 min via
syringe pumcgr\%ﬁl g%r?aelh%glc%rﬁla [fﬂgr?gn%/f?gﬁ;{ L?.}/Sezl?l?%e' 5C. After the addition, the reaction mixture
was allowed to warm to room temperature and stirred for 1 h. The reaction mixture was filtered to
remove tretyylaming hychaghloride saliand,ine teasiar insed il x 209 Rkcaceigniigle. The firate
was taken on to the next step without further pdr??!lcatlon. 6

98% microcrystalline cellulose.

7. The oral formulation of claim 6, wherein the formulation comprises about

91% microcrystalline cellulose.

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

magnesium stearate and about 91% microcrystalline cellulose.

9. The oral formulation of any of claims 1-8, wherein the formulation comprises

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

formulation):

microcrystalline cellulose from 5-50%,
starch 3.25%,
sodium starch glycolate 2-8% and

sodium carboxymethylcellulose up to 15%.

10. The oral formulation of any one of claims 1-8, wherein the disintegrant

comprises a water soluble polymer, such as sodium carboxymethylcellulose.

11.  The oral formulation of claim 10, wherein the formulation comprises up to

15% sodium carboxymethylcellulose.

12, The oral formulation of claim 11, wherein the formulation comprises from

0.5-2.0% sodium carboxymethylcellulose.
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H HN-P -0 HIV CI (j)CI HN-P-OH HN CI (K) CI Procedure for the preparation of benzyl
isophosphoramide (K): The filtrate resulting from step Ib above was transfentd 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). Fbewalkofipranef idelatich G, tvb qyenel thot disentemetibis mikiireanfas transferred into a
flask and the content was cooled to OC to 10C. 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 regultingTimdxitalcfovasifiltare ditcd sambyvetoatal/dtediodmiristdnwitinricdd0 mL of acetonitrile.
The filtrate C d to 10C, and to it [.6924.5 mmol, 1.4 equiv) of 37% HCI was added to
lower the pﬁ%gﬂe%ﬂ&g%g&?%is addition took fngrsr:rl}w) e resulting slurry was filtered and the wet cake
was made inte@eipsiglivicrcelolpwsrtions of 40binit 9F BYexdater in acetonitrile, and stirred for 5 min
each. The we %%M%W&H' ggg(‘nggg 3c Zggatﬁu}gf acetonitrile to give 105.8871 g (73.5%) product.
9-OH HN-P -OHHN-P -0 H3N CICI (K) CI(L)CI A. Proéedure for the preparation of IPM salt (L): Into a
250 mL 3-néckfiasiioadgzatogofisisghorfthetfypralaivomethane was added, followed by addition
of 78.0 mL of AT,N-DMF. The mixture was then heated to 100C to dissolve the base. After a clear
solution formed, the batch was cooled to 20-25C (a slurry then formed). To the above slurry, 49.1322 g
(98.7% puriyp basethomiMRIE:2104 phoksp HERNs dnbogile®h (h7 6602Bt1a) Websweighed, and
rinsed with é§n§%h§%fs 'E!nl\%ﬁmgnéﬁr&%rﬁ'éﬁg%ﬁ%c‘f‘éﬁsﬁ%}ﬁed for 1 h until a clear solution formed. The
resulting solution proceeds polish filtration with Whatman #1 filter paper. The filtrate was transferred
into a 2 L flaskipden to it, 144 mifrofrad&tohinilé was added over 5 min. To the batch 852 mL of methyl
tert-butyl etgqo%yggbwﬁﬁgptroducedu?tg)gg%:mudy solution (Solid seeds were generated by
scratching against the glass wall with a Spatula). The batch was stirred for 1 h. The product was
collected byfilfratiofictétidwadusy s shirghwifiiizimnletiMIBE 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 additidhcompdaian by, NIDMF sThé miktierwaimphisinhearegnd 100C to dissolve
the base. Afial a,fleaLsel tﬂﬂﬂﬁ%ﬁ?ﬁﬁaﬂ@a%%&%%ﬁ%’ﬁ?d to 20-25C (a slurry then formed). To the
above slurry, 100.0135 g (98.7% purity based on NMR, 0.4466 moles) of IPM (766-028-11) was
weighed, and rinsed with 99 mL of N,N-DMF. The mixture was stirred for 140 mm until a clear solution
formed. The resulting.selyigm-praasgds aaliah laliomn b e man Ll glerAggt S firate was
transferred into a 5 L flask, and to it, 293 nth of acetonitrile was added over 5 min. To the batch, a
slurry mixtugseoh@R ¢ vtahine dellalgsmL 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 11. 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. We claim: An oral formulation of the compound of foiladz (E):
-0-p-NHCH2CH2X NHCH2CH2Y wherein the formulation comprises 0.25-5% lubricant, up to 98%
diluent, and up to 90% disintegrant by weight of formulation, and the compound wherein X and Y
independently represent leaving groups; and AH 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. HO 0 11 NH3 -0 -F1)-N
HCH2CH2X NHCH2CH2Y OH
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3. The oral formulation of claim 1, wherein the lubricant comprises the salt of a fatty acid, such as
magnesium stearate. 4. The oral foillulation of any of claims 1-3, wherein the formulation comprises at
least one of the following diluents in the indicated amount (by weight of the foimulation):
microcrystalline cellulose5-98%, mannitol10-90%, lactoseup to 98% and calcium
hydroxydiodioxido-oxo-phosphorane 10-80%. 5. The oral formulation of any of claims 1-3, wherein the
diluent compyises g carhohydr such as microcrystalline,cellulose. 6..The oral formulation of claim
5, wherein t ée' forr%u%ﬁoﬁ%gg)rﬁaﬁ%gse?%?ni%9 g@‘%ﬁ’ﬁ%ﬁf?{%ﬁﬁiﬁl ge% lose. 7. The oral formulation
of claim 6, wherein the formulation comprises about 91% microcrystalline cellulose. 8. The oral
formulation of claim 1, wherein the formulatioB comprises 0.25-1.0% magnesium stearate and about
91% microcrystalline cellulose. 9. The oral fggmulation of any of claims 1-8, wherein the formulation
comprises at least one of the following Bisiftegratts A& indicated amount (by weight of the
formulation): microcrystalline cellulose from5-'§6@/"’o,2§f§%h3-2@%, sodium starch glycolate2-8% and
sodium carboxymethyleelluloseup to 15%. 10. The oral formulation of any one of claims 1-8, wherein
the disintegrant comprises a water soluble polymer, such as sodium carboxymethylcellulose. 11. The
oral folululatieRBEERIfcRIng B evadsthiaraida ddhprises up to 15% sodium
carboxymethylcellulose. 12. The oral formulation of claim 11, wherein the formulation comprises from
0.5-2.0% sodium carboxymethylcellulose. 13. The oral of any of claims 2-12, wherein the
disinteg,rant is a desiccant. 14. The oral forrﬂulation of claim 1, wherein the foul ulation comprises:
magnesium stearate0.25-1.0%, microcrx%al ' wagggbout 91%, and sodium
carboxymethylcellulose0.5-2.0%; in the indic@rC a&ﬁoyﬁt (by weight of the formulation). 15. The oral
formulation of any of claims 1-14, wherein the formulation f&}ier comprises an additional carrier
selected from: a binderfrom 3-90% and a compression fillerup to 98%; in the indicated amount (by
weight of the formulation). 16. The oral formulation of any of claims 1-15, further comprising a second

diluent, a se¥thd BishRdeiredHa iz orflitisRtanberein s brgasnd aiatibihydiemim 10, wherein

both the diluent ang} the disiiegeant:are ryecasyrialine golposed 0 | | A OINHCH2CH2X
NHCH2CH2Y(E); . . .
A" represents an ammonium cation;
wherein the salt-forming conditions comprise combining approximately equimolar

amounts of tris(hydroxymethyl)aminomethane and the compound of formula (D).

19.  The method of claim 18, 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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comprising treating a compound of formula (D): 0 I | HONHCH20H2X N HC H 20 FI2Y(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; wherein the salt-foiming conditions
comprise combining approximately equimolar amounts of tris(hydroxyinethyl)aminomethane and the
compound @ormule(ytiigl phelprethBovdiarmB 18 steréinzamedd yaatsydingnd 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- &Y. tris-Ehayehibredarfiglyammibb, whagaresedrtpuiaraineibosthsaroxixmndhyl) methylamine,
N,N-dimethy klgle{gyiﬁxq(mgéhyl)amme tri-(2-hydroxyethyl)amine and N-methyl-D-glucamine. 20.

The method of claim 19, wherein B is tris(hydroxymethyemethylamine. 21. The method of claim 18,
wherein the salt-forming conditions comprise N,Ndimethylfolinamide. 22. The use an oral formulation

of any of clajms 1-4f,ihe,uiapulactueof a¢aedioameant forieating m sandiion. dharacterized by

abnoimal cell growth and/or differentiation. 23. Use of a compound of formula (E): O |
-0-P-NHCHEEHoamgM EM 2eMize(Eyondit psisherapignized depengend eelh sresrk md/mg groups; and
A+ is an amgeniym.eation, in the manufacture of a medicament for oral administration for treating a
condition characterized by abnormal cell growth and/or differentiation, the medicament comprising:
0.25-5% lubricant, up to 98% diluent, and up to 90% disintegrant by weight of fonnulation, and the

compound, g\gjereigggvgfgrdg}g@g&r@ %Qgﬁpﬂ(ggiluent, and disintegrant may be a single component.

if
AT 'O_E’_NHC HzCHz X

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: (.25-5% lubricant, up to 98% diluent,
and up to 90% disintegrant by weight of formulation, and the compound,
wherein two or more of the lubricant, diluent, and disintegrant may be a single

component.
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