-1- COVPOSI TI ONS OF SMALL MOLECULE THERAPEUTI CS
Cross-Reference to Related Application This application

cl ai nms t hwopnilonpi7y of U.S. Provisional Application Seripalr/usSeo116007833, 781,
filed May 4, 2010, the 5 disclosures of which are incorporated in their
entirety herein by reference. Field of Invention Thi s
invention relates to conpositions of small nolecul e therapeutics with
enhanced phar macoki neti c properties. 10 Background of Invention

Smal | nol ecul e drug discovery is actively pursued by biotech conpanies to
conpl ement the therapeutic advances nage with protein based drugs such as
reconbi nant proteins and nonocl onal anti bodi es. Mdreover, small nolecul e
drug treatnents often reyrdsiTEONSOYF GoatL heneditksTriRabi@rts are al so nore
likely to acgept Qr avai | ecul e treatnents than the
typical inj e%trgfff eeg?ro &t gse&earl{éga ‘f"‘t@ﬁ'és now been found that the
phar macoki neti ¢ proper fires apblisgalén whhowsukes heemigeued dss cmovesicnpr oved

by the co- adebBiﬁiart%rl @Rrof1 GEr tealfuenhangeiss mdP SuBvRy,yed the Invention
Phar macoki_net | Cf erties of small nol ecule therapeutl Ccs such as the

taxanes and SHafi° ‘?se&ﬁl‘g‘l&PuagresHb%ﬂrBﬂ%dc’rra%F’f’i EBHEESRFAY 8 t he

Bi ophar maceutre€sre@kassi fi cati on System (BCS) as C ass 2-4 conpounds are
enhanced by the, addi $i.Q0.0f, an 25 al kyl N, N-di substituted-am no acetate in
free base or salt form A greater system c exposure, higher peak plasm

| evel s, and | onger meafhi L SIHUHAED tietBt e RO eomRe s (epaEl of small molecule
Particul arly cpeefent &b aieh eARNgQsE iR RIPEYiSI phRacidst axel and dodecyl
2- (N, N‘d'lﬂEtQXL@rIJ nn%)or%ri) |ogate (DDAIP) in , 30free base or salt form
The sol ubility and absorp V|'e(’)‘n Dt small nol ecul e drug substances classified
as BCS 2 and BCS 4 conmporiidselepnée phuti diskavdry émbanted yoyuode dpl

2- (N, N-di met hylannnQdmdah 08l Qaaéo%piéhekee&ebaﬁaaggua@ Ld\faQiEg& oRal LiicHl arly
preferred are the BCS Cl ass 2 conpounds, 35I ansograzo e, hal oper.i dol and

sul f asal azi n€°tHE BESIFHHgs ch. o5 TEEmRIRARSS Pratens| 1Y ARRPYPiosani ne;
and the BCS @hag®ddeconpotsodssy, fstuansemdﬁlanﬂughtﬁa@méntandﬁn may
Preferredsro r at r

Descri pt |q(55n gk?%' g\%\i %q%}l &I%JRE Plag?eana af]r(r)ea% ?oga r?éig%‘gis’gﬁtg a%ﬁ%gﬁéo%ahg

pacl i t axel cGHi‘:’éﬁP?“atﬁmﬁhk CheFHE Preasentsaipireshaftvetcar ariqPaldosi ng (5
ng/ kg) ; dat appeddihSbdsRpr &sgnt mﬁzﬁb \ﬁalvu%%naﬁdmari&rt bl@é%héﬁr&l’ceﬁﬂf&lét andar d
errors of the rreearrtllé/al Smal} mol CLISIE i S a aphi ca sppr esC}ergt at| on_of

pacl i taxel cORCBNLTaLIONS Th Taf°plashy 85 Cs “Ht ter 8heBis°Uso)
dosing (5 rrgFi%‘gl)n,lSélaatta%mfntcsrtraepr%@ememean vaI ues and error bars
representyost aaga-g & rtgg.smqfangllgg mean val ues. FIGURE 3 is anot her graphical
representation of 15 paclitaxel concentrations in rat plasnma sanples after
oral (PO dosing (5 ngfRP e Udrat PoPRERET DT €Sefta el sFatties and error

bar s repr esentespandarsdsertr ¢ Shef t4xfaeesrman smalllietalecule drug substankb&GURE 4
is a graphi C@LaJSQPEé‘dS%QE&I&lQQ Qf tﬂea% a%gée%&@g DAL 61§ gtays%mgast“ c
enptying in mce. 20F GUJ Is a Ical representation

phar macoki net‘P%g)pF‘%fcillaés&f 4 %ﬁ‘f@@b?dézﬁ% enRanfsg BY asreeSarptrest gt er oral
admi ni st eat i emky Nm-@ﬁéukyﬂtﬁh@i&i QDAbPaceBetalllneelrJAeasgé Rl 41 t0torfl. efzer red
Enbodi nment s erein, the term smal Ieculethera tic"
denotes a | oa‘?er%%gc sa‘ramlvcveie}é% SO AR e BRPD g"%as% ehh%s nrg‘}elfon ol yrrer but
bi nds wi t h rB¢a iroeldpnhe ghimafdannbe ylctloevadbl opol yner such as a protein, a

nuclei c acid, or pol ysa&&haﬁiag@yagmf@iaq atd ebspddie: and lcxrhgrxsmgifunftl on of
ecul e

t he blopolyrrer Theu cular wej limt for a small

t herapeutic P& abdit %8€§°£‘fyﬁoﬁs? %ﬁby]ilmﬁﬁﬂ\s BFERI@PFT uSPHH adfoss al |
menbr aned0 softdrabasnorasdlt| thmr. si tes of action can be reached. Very small
oligoners are al so Conﬂedggﬁq,ﬁ{@}l LnBUSEHL 8% & %malld'm?i’géﬁ_g\térql%

di saccharides, and the like. Illustrative ‘are paclitaxe l'i taxel,
mesal ani ne (PECARRYS CHASEREAG AS ol i aTOURSS e RRRRONDMA dere @aFB{Q%PblY
(Tarceve), 3b&gianaedlsyetodeSeni-pANY-disadHyDaminde, pzfdpriruxaa&'feahh EredAeRe(dy )
pravastatin sal% foénPr ayarcéqglLIa)rl SIrle eel!:]raefdI Lf @gé’téc‘gec{g cco§n tkclie s RNAs,
and the like Fax are diter penes Gt f19 zg?zl I'n’cancer
chenot heP%{pylarPQPfQ@&ParﬂaQOMlldOB @Flﬁe%jllffeﬁalpmpﬂ)s éhe gCst fmssr 2sent
invention are 5paclitaxel, docetaxel, tesetaxel, and m xture thereof.

Al so suited for purposes of t he pr esent invention are small nol ecul e

t herapeuti c conmpounds that are potent and pharmaceutically rel evant but
usual |y poorly soluble or insoluble conpounds. A Bi opharmaceutics
Classification System (BCS) is a 10 guide provided by the U S. Food and
Drug Administration for predicting the intestinal drug absorption. The
syst em correl at es i n VI tro dr ug pr oduct d| ssol ut| on and | n VI Vo



Class 2 - High perneability, Low solubility drugs. The 25 bioavailability
of those products is limted by their solvation rate. A correlation between
the in viwo2bilodyssl ability and the in vitro sol vati on eam/useoiftoowTd3
Exanpl e conpounds are | ansoprazol e, hal operidol, sulfasal azine, and
glibenclam de. Class 3 - Low perneability, H gh solubility drugs. The 30
absorption is limted by the perneation rate but the drug is solvated very
fast. Exanple conmpounds are atenolol, glucosam ne (or salts thereof), and
ci meti di ne. Class 4 - Low perneability, Low solubility drugs.
Those conpounds have a poor bioavailabplity. Usually they are not well 35
absorbed over the intestinal nucosa and a high variability is -4-

expect ed. Exaspban@snpaendslabed fqutesamits, athltae ddsi avisdes @afgdounds,

hydr ochl or ot hi azi de, .__.The drugs are classified in BCS on the
basi s of the flf)ﬁeg\/l\nd%ganga?rélr?é?te}?l&zl S sol ubi | i ty; 2. perneability; and 3. 5

di ssol ution. The cl ass Phefsrdadi eestépofsyinibistireyicy erpayed it t he hi ghest
dose strengt hugfur@Rebtdredi ate rel ease product. A drug is considered highly
sol ubl e when _t he hi ghest dose strength is soluble in 250 mlliliters (m)
or less of a&ﬁé%ﬁ?egr%'ﬂipél%é’f P1¥p? range of 1 to 7.5. The cl ass

boundari es for perneabiFEGURE aris bageghithli nebreeettarion dfheaeitentl of -
absorption of..a-gug: S140SIANGE JishHNEnRs and: U&gﬁt&' xp&ndggﬁqgméswenem of
rates of mass transfer across human intestinal menbrane. ternative

non- human sy SR i c&PRHPRIT PIREGPERY ABRT NaltisughalsssPhirsn FoRTAiAfRNS can
be used (suchtasddrf etk drUkhélmRanBiahaéls). A drug substance is considered
hi ghly 15 perneabl e wh e_extent of . ahsorption in humans .i.s_determ ned
Fo be 00br Moo of |t RECUZ it forien e SRRt 0" e ST ARG

det er m nat i ogongentpattionpait seh Hleswn sempleavefteusswoseancPne (dCasdodioandari es

for dissol uti@nd/pb) ARat ATRALAS &Ll LS GneRE OAUGESs tAgbercoNsider ed rapidly
di ssolving is when no | ess than 85% of the 20 _|abel ed amount of the drug

subst ance di $§BTSPER APRTH RO T Hutle s iRl Y1¥&P Di ssol ution Apparatus 1
at 100 RPM or Appar at usT@urat 353 RRMhen g@rapbldarerafre90fdtion dfess in a nedi a
of 0.1N HEl 1 j ¢ _f| ui f a pH,6. 8 buffer
or simnul e{?edgﬁ%%etg%‘%lﬁglgg?%%gio%ﬁ&rgsrgt 3{129%0%6§%1%§S£§e§ ggarlt i((%%l arly well
suited for cAfAPIS (F S SnboasE BGITEH seruesent M6A" PLeterPePHEPE Tl |
nol ecul e t herapssbhe stanPdNdtrappeRthfGeb $ah@edWHO Li st of Essenti al
Drugs, 16th Ed., revi sggsd\%%rghiszglofa ar tli cglr%g(lay Qrigrﬁ %rrgd ssomal Iolgnl ecul e
t herapeuti c conmpounds are ansopragzoPe, *Haf peri g1 ; And BU°SEF19248l azi ne
in Class 2; arerdpo? efamersgPucssaninemptyi@ aigsmice.and f ur osenm de and
chl orot hizazi de in C assidire s is a graphical [R&r@kétarNoNc@i substituted am no
acetates suitable for purposes of _the cE)resent dnvention are represented by
the fornul a: PP2ERCREFARC FPEHI93°f da3§orr2eeie in (oScPiaF RURRPPIRASTERh n i s
an integer havdngdminigturetion wive smhgétohtatmar. 4 to about 18; Ris a
menber of thg.a:que feQPsinlibA%Ob AL Q08 A odimed & C 5 al kyl, Dbenzyl and
phenyl; R and R2 are nenbers of the group consisting of hydrogen and C, to
C, alkyl; R and R4 ar®shEfBetgedt: the GroupFmebhdicderHg bPeudparsigén, met hyl
and et hyls Predieesed lakkydlechN dY- dé b Sérdabt € doapduna) wiaicet 8é estage C4 to Cl8
al kyl (N, N-dj it ut m - t.ates, and .t.0 C' al kyl
10( N, N- di subisjﬁi?%% e%Ha%ldrhﬂ) y%&%ﬁ?%ﬁ%f’ %P;y gé&m@%”ggyp %rang%:/%plftl?’r&%ﬁ Fyt
accept abl e saf t’sPEPkfitlerd vaEisicsaciter epfrol Besahizide apbeilf¢ @lters the
al kyl 2- (N, N- détsivlasf idrUt@ckagh N2) cRC 8L 8dAFméNC| wgle BB lnbh bdyTHB (dHGRH 1 3- . -
-2,10-G0 -G C <N <|>r|\ H CIH;B dogec¥1l 2- gdi met hyl am no -Ero i onat e ( DDAl P)
and FI1OH CHIYFI OF BH{TBH T mgecute FhgrpRsipic ¢s R°“F|H<ﬂ5%§’ LSS | PN,
N- di net hy? anthi)y's atat dt EEUSDRARrraék Pl nefbiddedi sulbsbt tinteascdfhd) acet at es
are known. For.cexafMleioflRdeaH r2sdnblaN- dEPPthyl 27 RQdmds0Riongte (DDAIP) is
considered small molecules, e.g., dinucleotides, disaccharides, and
the like. Illustrative are paclitaxel, DHA-paclitaxel, mesalamine
(Pentasa®), motexafin gadolinium, temozolomide, erlotinib (Tarceva®,

35 cinacalcet (Sensipar°), safinamide, simvastatin (Zocor®), pravastatin



avai lable from Steroids, Ltd. (Chicago, Ill). In addition, alkyl-2- -6-
(N, N-di substituted am no) al kanoates can be synthesized fromnore readily
avai | abl evoanmponsgsts as described in U S. Patent No. 4, 980TA%80t000dng et
al., which is incorporated herein by reference to the extent that it is not
i nconsi stent. As described therein, 5 alkyl-2-(N, Ndi substituted am no)
acetates are readily prepared via a two-step synthesis. In the first step,
| ong chain al kyl chl oroacetates are prepared by reaction of the

correspondi ng | ong chain al kanols with chl oronethyl chloroformate or the
like in the presence of an appropriatesbase such as triethyl am ne,
typically in 10 suitable solvent such as chloroform The reaction can be
depi cted as f@krhesol RI04 1GERB21iC, HA)pt i ddCmi bt its CltheCs {BNAs ClanRAtHRBO0H CH 3- (C
H2) -CG0 -C-C-C R4 whereinn, R R R, R and R4 are defined as above.
The reaction ]Ierrper ature may be sel ected from about 10 degrees Celsius to
about 200 degrees Cel siTasarns ped [dikerrgieh UtdbiAclep ERREH ENHFRICRET2PY -

preferred. Th—%rb‘ﬁ&&lgi‘lﬁ w0l \Laited $SoPRlurPERs. of frna ISJ:@sEEtntlnt/SndiSﬁdarea w de
variety of orp%anl c solvents may | be sel ect e% Choi ce & base is likew se

of
not critical PPrEFEFF edOBRERE T HECETR Ll er¥Caly BAT ndS§  Uch as
triethylam ne, pyridi nalandutibhed |fok purRessct pt)n:hm peesgenangkhtiopxawends from

about one houg,,{p nﬁo*ﬂéaﬁedaye%a 2R LR o88eOoRHEL SLED. pdkbE: 1489 chain al kyl
hal oacetate such as chl oroacetate is condensed with an appropriate am ne

accor di ng t o RPREMAseHEIREILY -rplepmsHpeasd lpppoorly, gpiple ST E1S°HURNRIR2 R4
R30H CH3- ( C Hjpourds- O A €1oﬁarﬁmmlﬁ4cmleiéhtﬁpn Rysted , (BBR), iR3aand R4 are
defi ned before Excess n t | t he base and
t he reac?ll%on qugd ﬁ\?‘élncfeén]f)f ;/phcgun&uc €d | nCi Bry |%td l+es)égotfs\elé’gntgérsuch as ether.
Thi s second sntreélqtsn@rtérﬁerraiblsylrﬁ}ndatg Pbmpt:e*?me?"m Fretemcereaighes in

tenperature nBRY Y &Mg ﬁea&éd emsédlnreldsﬁua& Ilyl vard eeoafv@@malm@u; paB&s aur to
several days. Conventi onal urification techni qcues can glp‘“ﬁﬁgd]fto r eady

the resul tingE8THFIPHINAE PR 4 SFREIIRR ATE €38 erWﬁS%ﬁ"’l Yée base

forms of the adrer bgdhnentedngpoeanesrar entPolligyi te-eatndarbient of erper at ure. The

sal t forng, %S%Fbengﬁ her hand, 3J1§s§e05| L ?Sd':@{ne%d% N SLEALh AN @nBadRat i ent,

both forms can be conbined with t nol ecul e therapeutic in a

physi ol ogi cal3-} &fcépt abPe”LeaF?'fléﬁl sfiféﬁsa%ormétkelropﬁ‘?m%ﬁﬁ‘e?lcsfﬂf‘iﬁent admi xt ure

dependi ng upailaterisetivhi: Itﬁeycafreuhel@:nafImnﬁiteeubﬂsctubercapeulutaonkn%

phar macol ogi cal |y, agcentabl.e r for_the ive.ipgr t and the

al kyl N, N-di sgibg%lxiot %t%oaé%bﬁé a}f:et g{lae caResbeléi&t) %3d9grﬁgb§)gl id. The

choi ce of the particul &Fcexdipgeie ke c!’ilel?fmrelélc%aa$ Icylabfg‘llftlﬁetla?élt PyaFem,

i ngr edi emno. E&egt@lbmadalaarmcemgs@aiéwaacmmwsbl e carri er" is

art-recogni zed and referls tQ aPp armce ti g ¥‘| Y. ﬁ elpttab e material,

conposi tion or vehicle 8%th as & 174G ld‘rlt%o g fs|° PR 104 TRt

exci pi ent, sdhventcovpoumde apIubveltli Rsardeerandl t;hqlmvaﬁ:apedtmm care yeng or

transportl ng Jh& Behiye i faedignt dd. O”AIQ'%Qam%regéQmpo%d PRy Ré%rgiolt he body,

to anot her organ, or portion of the body. Each carrier must be "acceptable"”

in the sense of being f%aisoﬁpat}ilﬁPepevﬁ“F?P’tlﬁéyaé‘PY’v@luﬁglr‘ééh Emesand™ ot

i nj uriousst o dibevyiatbianty SorBoex arpluess afs Ihbidelabhs tmbuzctaonwlser ve as

phal Maceut |3ty AGCERLAPLEFAIIELS haCLYUTio (hLaSUOE Sy U 85 LACT SO

gl ucose and sucrose; starc such as corn s?arc (5 otato

starch; (3) c'eltmlsséweatlaﬁd:qnt Re cfeptl@aﬁkvesl,e SerPleunds §é§€i|1@|ﬁ?ﬁ@%ﬁaﬁe%§/net hyl

?gl) | ul Iose, (gghlay&zfecrehéul eﬁpfaeadaﬁegl Lan@seh%ee&mdew) powder ed L r agacantg;
mal t ; gelatin excj_pi ents, as. . cocoa butter an

supposi tory waxes; (9) gf‘%s 3 SSIt?(‘S’hp TeARGY - (ﬁlﬁh gLPPbHSté’e o1, "S&ff 1 ower

oi |, sesdfe @ﬂobormllblwesoilimlte@rby oh¢ pandesdyheane oplt; tl(léj_@l)ruglgscol s, such as

propyl ene gl ek s:eh 1z, PeloOl SpSHeD c%pcglaageﬂe ot SQBEt O lBARLL O and

pol yet hyl ene gl coI f esters, such as ethyl oleate and et hyl T aurate;

(13) agar; (EF ﬁf’?’éer‘ifhg aé’Geﬁ’c“éetlg’tﬁ?h as magnesi um 10 hydroxi de and

al um num hydr oxi de; (1%)asd gl nimewagdtheal) {8ty pripegesifuberi njatitigs . ( 1Those

i sotonic sal Icgﬁ ou(‘x&g) &% ? bs.l.%L\liglngill(tlg) L%Lh JB/ %l’lg a?*le ncgt20)-31 phosphat e

buffer solutlons er non-t oxi c co bstances enpl oyed

in phar ma"éeutaPE%‘ibefio?‘fﬁﬁl B GﬁéeStAﬁaJr Imgagar afl‘ii\Pehm efers@?l\}em isarrier for

t axanes that 15is physiologically acceptable is a water-polyethylene glycol

(PEG adm xture containing about 10 to about 20 percent (v/v) polyethylene

gl ycol 300 (PEG 300) or polyethylene glycol 400 (PEG 400).

The anpbunt of taxane adm nistered to a patient can vary, but usually is in

t he range of about 200 to 250 ng/nR2. In one 20 enbodi nent, paclitaxel

(Taxol) was formulated in either 10% pol yet hyl ene gl ycol 400 (PEG 400) in

wat er, or i n aqueous sol ut| ons of DDAIP, or its hydrochloric salt,
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Usi ng Sprague Dawl ey rats as an ani mal nodel, the body 25 weights of the
animals were neasured prior to dosing to determne the appropriate anount
of test awOi20l1@13v373del i ver. Animal s were dosed (5 ng/ kgpcCoguseraloogayage
(PO or subcutaneously (SC) with the test conposition in the different
formul ations as a single bolus. Then bl ood sanpl es were taken via the

| ateral tail vein at 0.5, 1, , 302, 4, 8 and 24 hours follow ng the dose.
Bl ood sanples were collected into blood collection tubes containing
Na2EDTA, placed on ice and within 30 m nutes of sanpling the bl ood sanples
were centrifuged to obtain plasm. Thespl asma was separated fromthe

cel lul ar conponent and placed in mcrocentrifuge 35tubes and frozen, then
stored at - 8CGpamtdd. PPeopbsednfandarakydiroseni@e, hyhlbGMEARRIS | fufui d
chronat ogr aphy4DBSS sheGLLopetry with peptide mass fingerprinting).

St andard sanpl’es were created by addi ng known anounts of paclitaxel to

bl ank rat plasma. StandiedgrEs akrseiEidatePByonrlr y2Asng ¢the st andar d
sanpl es by LGolbbMagagutatistdi@:the sbruasinyt;ant @reamiunder ahdies.

chr omat OgrSaphc{i%sgleu%Egn.l nTgé)rglléIQs?. Iogri? avé'n'gg ftorxlesol&rllg%itgoggeggge Iogﬂ:h%f t he
sanpl es. Theé™ experi PenA sanples were anal yzed using the
sanme nmet hod dridh¢dtedaseassrenstbrott he wimedirtconrlapht erpeaks werdugsied in

conj unction WighBiddies Siandarsd1 GileY G8erd Ons HicHl Al BoddarcanREantd abi@ie10 of
paclitaxel in the san};j!&e,s. he k_ plasna concentrati ons

T ea ({) tglCmalO of
pacl i t axel were??harthsddea0-Tol @Tat1%8r S0P WS Ay 2aRE 2 - POIRY A1
subcut aneous «tositrg7i s DDA Rikd bootidatlieas ifom @sneanparedcrecbdded PEG
fornul atign. . of ¢ |_Px 0 ian gesulted i longgr,akgerption
phases an I5#2?%0%%[&0?&?.&%%%5&V\‘{%Oregﬁlr%ggdoglg oth oral y andh
subcut aneous|apdcdifsar Bl of othichBearygenintt pe PPEES f0br MASatFPgfer across
Tﬂe overal | sﬁﬁ?&@mnlee&)@ﬂgﬁlﬂeﬁbfﬂé@ %@@rr@ﬁegmoﬁaﬁlﬁr&ﬁesmlé?sid&@fl@l&ﬁ@ﬂ with
t he DDAl P- HCL rmul ation.as conpared to en the PEG 400 rmul ati on was
Used. Af ter CrSTRAR e A SR RPEI 20" CHESTDARP. LT Or AU aCEort ¢ he
overal | syst eritec exposier etdfodphac| ht dovel swimsansrcieaswdidpsdokigmyrel y 75
times andsaf ternsieUhRReOHs «JosicNgr ABREMDH: BRG] ¥urddst i MRS ceqpatied to the
PEG formul ations via the sane adm nistration routes. The nean residence
time (MVRT) if6redsed 13008 e iattercdriare dssFAP aAdFE B RBhTs 25 after
subcut aneous ddesimigawh@not hie Bbdali i@l tb crnmith@atavemousasosssedTicorpagsed to t he
PEG 400 formyl ation.(3.8 L$u 5 SQ); I blhonalk L e dosing
with DDAl P- HCL, t eeéygr Q%:Iho#gr.\llf(egnggﬁqt?%fm%%%%? %1§6€\?g4é |bn reat er
syst eni ¢ exp&SafEieTht giiei e dksialasneh 1P exhePsnan@ss oiger 8 WRYE ared to
DDAI P al aoe. 13be1 X pesuniest @he Jubesitst Snal @i gH-apkd Gakhih poesiented in
FI GURES 1 and 2. . . It _can _be conc] ud fromthese results that
the formul ati6on DOAIE: ﬁéﬁsoplru(tﬁ\l/?ndé pasrl?ﬁlé? iloragpﬁoérrsr%%oo i‘i{”nFé)ta‘lréabsr (%paetr tle)es to
paclitaxel c&Apaited YOurheoHEPYEt hyllese gl pcotdipPEG4D0)H opmetiaeiasnd
Addi tional |y gatfie DPAlR- 5Clpnf @79l add 0BndipaVE dedur rekOor SURETAQE
phar macoki neti c gr,ogertl es to paclitaxel conpared to DDAIP al one.
St andar d sanpPESSF 8P PO"4R1 i very of paclitaxel (Taxoll') fornulated in 10%
PEG 400, DDAl P and 40%cDBA! B-HCGlompeurelscaapett ibyl &rlgddé g skitmantanount s of
paclitaxel taohlank;sal AlRSIR; JBE Shandand Sa0pLesere ;anal ¥aad By
LC- MJ M5 and 'E)ﬁgé reéul tgnttﬁggg%st undj'erg]jtuﬂe chr omat og?apheig peaks were used
t o construct “ASEPSHELT GORRAUPES aPReari@guit $har@0%shb¥in of nFSFEBFEE PLYdst for
t he PO delivery.edQ dahlsed IvarResishds obrtheibfiVptderhaalysis mfiedhe
St andard Sa . tual Conc. Mean Area Rati i rst .lnjection Second
| nj ecti on n/enghgfﬁae%lrcef °r‘f€gs /ﬁ‘é&ﬁ?aé‘éﬁp’ﬁfzg%ﬁi 8’85%%"’%9%@' 6448 0.449 99.80 1

30 sulfasalazine in Class 2; atenolol, and glucosamine in Class 3; and
furosemide and chlorothiazide in Class 4.
The alkyl N,N-disubstituted amino acetates suitable for

purposes of the present invention are represented by the formula:

35
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wherein n is an integer having a value in the range of about 4 to

about 18; R is a member of the group consisting of hydrcgen, C, to C,
5 alkyl, benzyl and phenyl; R, and R, are members of the group

consisting of hydrogen and C, to C, alkyl; R, and R, are members of

the group consisting of hydrogen, methyl and ethyl.

‘Preferred alkyl (N,N-disubstituted amino)-acetates are C,

to C,, alkyl (N,N-disubstituted amino) -acetates and C, to C,, alkyl

10 (N,N-disubstituted amino)-propionates as well as pharmaceutically
acceptable salts and derivatives thereof. Exemplary specific alkyl-

2-(N,N-disubstituted amino) -acetates include

H 0 H CHs
I T /
CH3_(CH2)10_C|_O—C_(|;_N
H CHj CHg
15
dodecyl 2-(dimethylamino)-propionate (DDAIP) and
H O H CHj
| I /
CH3—(CH2)10—CIJ—O—C—(iJ———N
H H CHsy
dodecyl 2-(N;N-dimethylamino)-acetate (DDAA)
20

Alkyl-2-(N,N-disubstituted amino) acetates are known.
For example, dodecyl 2-(N,N-dimethylamino)-propionate (DDAIP) 1is
available from Steroids, Ltd. (Chicago, I1l). 1In addition, alkyl-2-
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(N,N-disubstituted amino) alkanoates can be synthesized from more
readily available compounds as described in U.S. Patent No.
4,980,378 to Wong et al., which is incorporated herein by reference
to the extent that it is not inconsistent. As described therein,
alkyl-2-(N,N-disubstituted amino) acetates are readily prepared via
a two-step synthesis. In the first step, long chain alkyl
chloroacetates are prepared by reaction of the corresponding long
chain alkanols with chloromethyl chloroformate or the like in the
presence of an appropriate base such as triethylamine, typically in
suitable solvent such as chloroform. The reaction can be depicted
as follows:

R3 (0] H
I |
CH3—(CHy), —C—OH + CI—C——C—CI —>

R4 R
R3 o
Il

|
CH3—(CH>), _CI—O_C_ —cl

A—0O—I

R4
wherein n, R, R,, R,, R, and R, are defined as above. The reaction
temperature may be selected from about 10 degrees Celsius to about
200 degrees Celsius or reflux, with room temperature being
preferred. The use of a solvent is optional. If a solvent is used,
a wide variety of organic solvents may be selected. Choice of a
base is likewise not critical. Preferred bases include tertiary
amines such as triethylamine, pyridine and the like. Reaction time
generally extends from about one hour to three days.

In the second step, the long chain alkyl haloacetate
such as chloroacetate is condensed with an appropriate amine

according to the scheme:



0.0 DDAIP O 0 0 0.0 0.0 0.5 2.963 3.215 3.1 0.1 1 3.323.0923.20.1 2
4.539 5.306 4.9 0.4 4 2.679 2.376 2.5 0.2 8 1.459 1.331 1.4 0.1 24 0.487

0. 556 0. 5w0.201143987DDAI P HC1 O PCT/US2011/000793
-7-
i P
|
CH3—(CHa), —cI:—o c cI: Cl + HNRR, —>
Ry R

R, o)
I Il
CH3—(CHy)n —cl:———o c

NRR,

D—O—=I

Ra4 .
wherein n, R, R,, R,, R, and R, are defined as before. Excess amine
reactant is typically used as the base and the reaction is
conveniently conducted in a suitable solvent such as ether. This
second step is preferably run at room temperature, although

5 temperature may vary. Reaction time usually varies from about one
hour to several days. Conventional purification techniques can be
applied to ready the resulting ester for use in a pharmaceutical
composition.

The free base forms of the foregoing compounds are

10 liquids at ambient temperature. The salt forms, on the other hand,
are solids.For administration to a patient, both forms can be
combined with the small molecule therapeutic in a physiologically
acceptable carrier such as water or water-solvent admixture
depending upon the solubility of the small molecule therapeutic. A

15 pharmacologically acceptable carrier for the active ingredient and
the alkyl N,N-disubstituted amino acetate can be a liquid or a
solid. The choice of the particular carrier is dictated usually by
the active ingredient. The term “pharmaceutically acceptable
carrier” is art-recognized and refers to a pharmaceutically-

20 acceptable material, composition or vehicle, such as a liquid or
solid filler, diluent, excipient, solvent or encapsulating material,
involved in carrying or transporting the active ingredient from one,
organ, or portion of the body, to another organ, or portion of the
body. Each carrier must be “acceptable” in the sense of being

25 compatible with the active ingredient and not injurious to the
patient. Some examples of materials which may serve as
pharmaceutically acceptable carriers include: (1) sugars, such as

lactose, glucose and sucrose; (2) starches, such as corn starch and
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potato starch; (3) cellulose, and its derivatives, such as sodium
carboxymethyl cellulose, ethyl cellulose and cellulose acetate; (4)
powdered tragacanth; (5) malt; (6) gelatin; (7) talc; (8)
excipients, such as cocoa butter and suppository waxes; (9) oils,
such as peanut o0il, cottonseed oil, safflower oil, sesame o0il, olive
0il, corn oil and soybean oil; (10) glycols, such as propylene
glycol; (11) polyols, such as glycerin, sorbitol, mannitol and
polyethylene glycol; (12) esters, such as ethyl oleate and ethyl
laurate; (13) agar; (14) buffering agents, such as magnesium
hydroxide and aluminum hydroxide; (15) alginic acid; (16) pryogen-
free water; (17) isotonic saline; (18) Ringer'’s solution; (19) ethyl
alcohol; (20) phosphate buffer solutions; and (21) other non-toxic
compatible substances employed in pharmaceutical formulations.

An illustrative water-solvent carrier for taxanes that
is physiologically acceptable is a water-polyethylene glycol (PEG)
admixture containing about 10 to about 20 percent (v/v) polyethylene
glycol 300 (PEG 300) or polyethylene glycol 400 (PEG 400).

The amount of taxane administered to a patient can vary,
but usually is in the range of about 200 to 250 mg/m?. In one
embodiment, paclitaxel (Taxol®) was formulated in either 10%
polyethylene glycol 400 (PEG 400) in water, or in aqueous solutions
of DDAIP, or its hydrochloric salt, DDAIP-HCL (40%).

Example I

Using Sprague Dawley rats as an animal model, the body
weights of the animals were measured prior to dosing to determine
the appropriate amount of test article to deliver. Animals were
dosed (5 mg/kg) by oral gavage (PO) or subcutaneously (SC) with the
test composition in the different formulations as a single bolus.
Then blood samples were taken via the lateral tail vein at 0.5, 1,
2, 4, 8 and 24 hours following the dose.

Blood samples were collected into blood collection tubes
containing Na,EDTA, placed on ice and within 30 minutes of sampling
the blood samples were centrifuged to obtain plasma. The plasma was
separated from the cellular component and placed in microcentrifuge

tubes and frozen, then stored at -80°C until processed for analysis
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by LC-MS/MS (liquid chromatography-mass spectrometry with peptide
mass fingerprinting). Standard samples were created by adding known
amounts of paclitaxel to blank rat plasma. Standard curves were
created by analyzing the standard samples by LC-MS/MS and using the

5 resultant areas under the chromatographic peaks in conjunction with
the known concentration of the samples.

The experimental samples were analyzed using the same
method and the areas under the chromatographic peaks were used in
conjunction with the standard curves to calculate the concentration

10 of paclitaxel in the samples. The peak plasma concentrations (C..,)
of paclitaxel were increased 10-fold after oral dosing and 2-fold

after subcutaneous dosing in-DDAIP-HCL formulation as compared to

the PEG formulation. Use of the DDAIP-HCL formulation resulted in
longer absorption phases and later onéet of T, times when dosed

15 both orally and subcutaneously compared to the use of the PEG
formulation.

The overall systemic exposure (AUC) and bioequivalence
were increased with the DDAIP-HCL formulation as compared to when
the PEG 400 formulation was used. After oral administration with

20 the DDAIP-HCL formulation, the overall systemic exposure of
paclitaxel was increased approximately 75 times and after
subcutaneous dosing approximately 20 times compared to the PEG
formulations via the same administration routes. The mean residence
time (MRT) increased to 9.8 hours after oral dosing and 11.5 hours

25 after subcutaneous dosing when the DDAIP-HCL formulation was used
compared to the PEG 400 formulation (3.8 hours PO and 8.5 hours SC).
Additionally, dosing with DDAIP-HCL, the hydrochloride salt of
DDAIP, resulted in greater systemic exposure, higher peak plasma
levels and longer MRT compared to DDAIP alone. The experimental '

30 results are graphically presented in FIGURES 1 and 2.

It can be concluded from these results that the
formulation DDAIP-HCL provides superior pharmacokinetic properties
to paclitaxel compared to the polyethylene glycol (PEG 400)

formulation. Additionally, the DDAIP-HCL formulation provided
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superior pharmacokinetic properties to paclitaxel compared to DDAIP

alone.

Standard samples for PO delivery of paclitaxel (Taxol®)
formulated in 10% PEG 400, DDAIP and 40% DDAIP-HCL were created by
5 adding known amounts of paclitaxel to blank rat plasma. The

Standard samples were analyzed by LC-MC/MS and the resultant areas
under the chromatographic peaks were used to construct a standard

The results are shown in Tables I-III for the PO delivery.

curve.

10 Table I.

Results of the LC-MS/MS Analysis of the Standard Samples.

Actual Mean First Second Mean Accuracy
Conc. Area Injection Injection | Measured
Ratio Conc.
0.5 0.00365 0.55 0.448 0.449 99.80
1 0.0061 1.045 1.274 1.1595 115.95
5 0.0215 4.475 4.565 4.52 90.40
10 0.0454 9.915 9.876 9.8955 98.96
25 0.1144 24.346 26.561 25.4535 101.81
50 0.2218 47.726 51.603 49.6645 99.33
75 0.33305 70.706 78.75 74.728 99.64
100 0.4797 102.494 113.091 107.7925 107.79

regression is represented by the formula:

The best fit straight line by least squares linear

Area Ratio

4.66E-3

R® - 9.97 E-01

(conc'n in ng/ml)

- 2.19E-03



39.7 4.7 22.2 24.71 Bi oequi val ence (AUC 40% DDAl P. HCAUC 10% PEG) 132.8 41.2
73.5 83.87 5 T112 MRT = 0.693 * MRT Standard sanples for Sc delivery of

pacl i t axewoformmsbzBed in 10% PEG 400 and 40% DDAl PHCL wecCes/use@atedby

addi ng 10 known anmounts of paclitaxel to blank rat plasma. The Standard
sanpl es were analyzed by LC-MS/ M5, and the resultant areas under the
chromat ogr aphi ¢ peaks were used to construct a standard curve. and in Table
IV and VI for the SC delivery. -13 - Table IV. Results of the LC M5/ M5
anal ysis of the Standard Sanpl es. Actual Conc. Mean Area Ratio First

I njection Second Injection Mean Measured Conc. Accuracy 0.2 0.0008 NV A
0.211 0.211 105.50 0.5 0.00135 0.426 0.463 0.4445 88.90 1 0.00285 1.063
1.114 1.0885 1888 5.5 Kes01ti8%5f the LC-MS/MS Analysis of the PO Samples.

Formula | Time (Hr.) R-1 R-2 Mean SEM
10% 0 0.232 0 0.1 0.1
PEGA400 0.5 0325 0.351 0.3 0.0
1 0.48 0 0.0 0.0
2 0 1.137 0.8 0.3
4 0 0.369 0.2 0.2
8 0 0.481 0.2 0.2
24 0 0 0.0 0.0
DDAIP 0 0 0 0.0 0.0
0.5 2.963 3.215 3.1 0.1
1 3.32 3.092 32 0.1
2 4.539 5.306 4.9 0.4
4 2.679 2.376 2.5 0.2
8 1.459 1.331 1.4 0.1
24 0.487 0.556 0.5 0.0
40% 0 0 0 0.0 0.0
DDAIP
g 0.5 1.401 1.159 1.3 0.1
1 4.168 3.652 39 0.3
2 5.169 4.872 5.0 0.1
4 9.699 8.008 8.9 0.8
8 6.009 5.124 5.6 0.4
24 3.012 3.057 3.0 0.0
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Table III. Derivation of Pharmacokinetic Parameters from the PO

Data.
Formulation Parameter (units) R-1 R-2 Mean SEM
10% PEG400 Cinax (ng/mL) 0.5 1.1 0.8 0.46
Trax (hr.) 2 2 2.0 0.00
AUC (ng* hr/mL) 0.9 7.8 44 4.85
Mean Residence Time (MRT, hr.) 1.6 6.0 38 3.06
T1/2pmgr (hr.) 1.1 4.1 2.6 2.12
DDAIP Crnax (ng/mL) 4.5 5.3 4.9 0.54
Tmax (hr.) 2 2 2.0 0.00
AUC (ng* hr/mL) 373 36.8 37.0 0.38
Mean Residence Time (MRT, hr.) 6.9 7.1 7.0 0.10
T1/2pmgr (br.) ’ 48 4.9 4.9 0.07
;I"C"/;’ DDAIP Coax (ng/mL) 97 | 80 8.9 1.20
Trax (hr.) 4 4 4.0 0.00
AUC (ng* hr/mL) 1249 | 1103 117.6 10.26
Mean Residence Time (MRT, hr.) 9.6 10.1 9.8 0.35
T1/2mry (hr.) 6.6 7.0 6.8 0.24
Bioequivalence (AUC ppaip/ AUC 9% peG) 39.7 4.7 22.2 24.71
Bioequivalence (AUC 40 pparp-1cL/AUC 10% peG) 132.8 | 41.2 73.5 83.87

T,/ MRT = 0.693 * MRT

Standard samples for SC delivery of paclitaxel
formulated in 10% PEG 400 and 40% DDAIP-HCL were created by adding
10 known amounts of paclitaxel to blank rat plasma. The Standard
samples were analyzed by LC-MS/MS, and the resultant areas under the
chromatographic peaks were used to construct a standard curve. and

in Table IV and VI for the SC delivery.
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Table IV. Results of the LC-MS/MS analysis of the Standard Samples.
Actual Mean First Second Mean Accuracy
Conc. Area Injection | Injection | Measured
Ratio Conc.
0.2 0.0008 N/A 0.211 0.211 105.50
0.5 0.00135 0.426 0.463 0.4445 88.90
1 0.00285 1.063 1.114 1.0885 108.85
5 0.01185 4.876 5.066 4.971 99.42
10 0.02335 9.705 10.103 9.904 99.04
25 0.0617 26.224 26.661 26.4425 105.77
50 0.1092 46.623 47.127 46.875 93.75
75 0.1765 75.029 76.672 75.8505 101.13
100 0.2335 101.111 99.734 100.4225 100.42
5 The best fit straight line by least squares linear

regression is represented by the formula:

Area Ratio =

R? =

9.99E-01

2.32E-03

(conc'n in ng/ml)

+ 1.98 E-04
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Table V. Results of the LC-MS/MS Analysis of the Experimental SC

Samples.
Formula Time (Hr.) R-1 R-2 R-3 Mean SEM

10% PEG 400 0 0 0 0 0.0 0.0
0.5 10.913 12.249 12.774 11.6 0.7

1 3.167 3.094 4.223 3.1 0.0

2 1.667 1.829 1.942 1.7 0.1

4 1.617 1.667 1.578 1.6 0.0

8 2.763 1.882 2.062 2.3 0.4

24 0.755 1.175 0.906 1.0 0.2

DDAIP 0 0 0 0 0.0 0.0
0.5 13.017 11.983 10.804 12.5 0.5

1 12.399 10.938 11.891 11.7 0.7

2 17.564 | 22.256 20.427 19.9 23

4 17.55 19.542 20.66 18.5 1.0

8 23.776 | 25.873 25.143 24.8 1.0

24 15.818 14.976 21.433 15.4 0.4
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Table VI. Derivation of Pharmacokinetic Parameters from the SC Data

Formulation Parameter (units) R-1 R-2 R-3 Mean SEM
10% PEG 400 Crax (ng/mL) 10.9 12.2 12.8 12.0 0.68
Tmax (hr.) 0.5 0.5 0.5 0.5 0.00
AUC (ng* hr/mL) 48.9 44.4 45.1 46.1 1.70
Mean Residence Time (MRT, hr.) 8.1 9.2 82 8.5 0.42
T1/2ugy (hr.) 5.6 6.4 5.7 5.9 0.29
40% DDAIP Crmax (ng/mL) 23.8 25.9 25.1 249 0.75
HCl Tmax (hr.) 8 8 8 8.0 0.00
AUC (ng* hr/mL) ' 459.1 4847 | 529.8 | 491.2 25.32
Mean Residence Time (MRT, hr.) 11.4 "~ 10.8 12.2 11.5 0.47
T1/2pmpy (hr.) 7.9 7.5 8.4 7.9 0.33
Bioequivalence (AUC 40 pparp-uct/AUC 20% pEG) 9.4 10.9 | 11.8 | 10.7 | 0.85

T.jaer = 0.693 * MRT

In another embodiment, paclitaxel (Taxol®’) was formulated
in either 10% polyethylene glycol 300 (PEG 300) in water, or in
aqueous solution of DDAIP-HCL (40%). Rats were dosed (5 mg/kg) by
oral gavage (PO), as above, with the test composition in the

10 different formulations as a single bolus and blood plasma levels
were determined. A 30-fold increase in AUC was achieved with the
aqueous solution of DDAIP-HCL over that achieved with the PEG 300
formulation, with no inhibition of P-glycoprotein (P-gp) up to 10mM.
The results are graphically represented in Figure 3.

15 EXAMPLE II

Two small molecule therapeutic compounds were selected
from each of BCS Class 2, BCS Class 3, and BCS Class 4 for oral '
delivery (PO) to jugular vein cannulated (JVC) male Sprague Dawley
rats (200-250 gram weight). The BCS Class 2 compounds were

20 haloperidol and sulfasalazine. Haloperidol is an antipsychotic
butyrophenone sold under the brand name Haldol® and sufasalazine is

an anti-inflammatory sulfa drug derivative of mesalazine sold under
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the brand name Azulfidine®. The BCS Class 3 compounds were
atenolol, and glucosamine (in the salt form glucosamine sulfate).
Atenolol is in the class of beta blocker drugs and is sold under the
brand names Senormin® and Tenomin®. The BCS Class 4 compounds were
furosemide (Lasix”) and chlorothiazide (Diuril®), both of which are
diuretics.

The compounds from BCS Class 2, 3 and 4 were each
formulated at 5 mg/ml in a liquid carrier of either an aqueous
solution of polyethylene glycol 400 (20% PEG 400), or an agueous
solution of DDAIP-HCL (20%). The BCS Class 2 compounds, haloperidol
and sulfasalazine, formed suspensions in either liquid vehicle. The
BCS Class 3 compounds, atenolol and glucosamine sulfate formed
suspensions in the PEG 400 vehicle and solutions in the water
vehicle. The BCS Class 4 compounds, furosemide and chlorothiazide
formed suspensions in the PEG400 vehicle and solutions in the water
vehicle.

Cohorts of three animals per group were placed in the
study. On day 1, animals from each group were dosed at 30 mg/kg (6
ml/kg) by oral gavage (PO). Animals were fed at the time of dosing.
Serial blood samples were collected at pre-dose, and after post-dose
intervals of 30 minutes, 1 hour, 2 hours and 4 hours. The blood
samples were collected into lithium heparin-coated tubes. At each
time point, 0.15 ml of blood was collected via left jugular vein
cannulae and processed for collection of plasma by centrifuging at
approximately 2,000 rpm for approximately 10 minutes. The cellular
fraction of the blood was discarded. Collection times and volume of
plasma samples were recorded and tabulated. Plasma samples were
transferred into clean tubes and snap frozen onto dry ice. Samples
were stored at -80 °C until ready for bio-analysis by LC/MS/MS. The
results are tabulated in Table VII. The drug concentration was
measured from supernatant after centrifugation of the dosing

solution
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and AUC BCSC1 Conpound 5 wg/nPK Agleniess Dodi mofteeketi on (20% Drug Conc.
mg/ M Sol .* over PEG AUC (Rumpip Reseayish Servigd9QMpgfnyese, CO)

The results show that the DDAIP-HCL improves the

solubility of the compounds when compared to water or PEG vehicle.

drug in the rat plasma.

In particular,

This improvement is also reflected in the enhanced blood levels of

the Class 2 and 4 compounds,

where solubility is a determining factor, displayed over a 400-fold

solubility improvement and over a 20-fold AUC improvement.

The data

show that formulations with DDAIP-HCL significantly improve the oral

20

by improving their solubility and, hence, their absorption.

delivery of difficult-to-absorb small molecule therapeutic compounds



Sol . Over H20 2 Hal operidol PEG 400 1.43 --- 1.3 0.001 1430 DDAl P. HCL
1.73 1730 2 Sul fasal azi ne PE400 <0.01 >446 24 0.010 O DDAl P. HCL 4. 46
446 3 G wo=ani13e37PEG 400 4.52 --- 2.5 551.000 --- DDACP/USI 14006493
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EXAMPLE III

Male CD1 mice were used {Harlan, USA) in this study and
weighed 20-24 grams at the time of use. A 1.5% agqueous
methylcellulose solution was made overnight with continuous heating

5 and stirring. To this, 50 mg Phenol Red was added to 100 ml of 1.5%
agqueous methylcellulose. Mice were pre-treated with saline or 20%
DDAIP free base (5 ml/kg) with and without lansoprazole (10 mg/kg)
15 minutes before challenge with Phenol Red at T, (150 pl/mouse).
Ten and thirty minutes after Phenol Red challenge, mice were

10 euthanized with isoflurane and the stomachs rapidly excised
(clamping the pyloric and cardiac sphincters to avoid loss of
contents). Stomachs were then cut into several pieces and placed in
15 ml tubes containing 2 ml water prior to processing for A, nm
measurements. Several mice were sacrificed immediately after gavage

15 with dye to act as an indicator of maximum dye retrieval (75 pg dye
was dosed to each mouse).

Data (n=3) for stomach emptying (i.e., the amount of dye
remaining in the stomach) 10 and 30 minutes after challenge are
shown in FIG. 4. Pre-treatment with DDAIP slowed stomach emptying

20 compared to pre-treatment with saline at both time points. The same
pattern was observed when lansoprazole was administered in either
vehicle. Mice that were challenged with dye and immediately
sacrificed had stomachs that contained virtually all the
administered amount of dye (75 pg). This experiment shows that

25 increased absorption is not due to faster gastric emptying so that,
in addition to improvement in solubility, protection of API in
stomach and/or increased absorption in the stomach and intestine are
other likely mechanisms.

EXAMPLE IV ,

30 A total of nine male Beagle dogs (three groups of n = 3
with body weights ranging from 9.4 - 10.6 kg) were used from Bio-
Quant’'s colony (originally sourced from Marshall Farms, North Rose,
New York, USA) and fasted overnight prior to an intramuscular
injection of pentagastrin (6 pg/kg at 0.03 ml/kg) one hour before

35 treatment with lansoprazole (15 mg per animal). Pre-treatment blood
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Fur osem de PEG 400 <0.01 >400 9.1 0.006 O

PEG 400 2.74 2.300 2.1 13.500 ---
DDAl P. HCL 4. 00

Chl or ot hivwoi2da/BE33400 <0.01 >363 18 0.300 O

10

15

20

-19-

DDAl P. HCL 6. 28

667 4

DDAl P . HBCT/US2011/000793

samples were taken prior to intramuscular injection with

pentagastrin (-60 minutes) and treatment with lansoprazole

(time 0).

Dogs were then treated with lansoprazole as detailed in Table VIII

below.

TABLE VIII: Experimental Grouping Table

Group Pre-Treatment | Dose Route Regimen Bleeds Overnight
(n=3) ' Fasting
1,23 Pentagastrin 60 pg/kgat | LM. Single Predose Yes
0.03 ml/kg (-60°) (-60")
Treatment Dose per Route Regimen Bleeds Overnight
Dog Fasting

1 Lansoprazole 15 mg 1 capsule

powder in 1 per dog

gelatin capsule
2 Lansoprazole 15 mg 1 capsule

powder in 1 per dog

gelatin capsule

containing Oral gavage Pre-dose,

0.625g of 100% with 30 min, 1 Yes

DDAIP+base Petfiller hr, 2 hr. 4
3 Lansoprazole 15 mg followed by | 5 capsules hr, 8 hr, 24

powder in 5 50 ml H;O | per dog hr. post-

gelatin capsules, dosing

each containing

0.625g of 100%

DDAIP+base

4

Formulations:

Group 1:

Group 2:

Group 3:

Dosed with 15 mg lansoprazole powder in a single gelatin

capsule

700 pl

(0.625g)

(size 00).

DDAIP+*base was mixed with 15 mg of

lansoprazole powder in a single gelatin capsule (size 00).

700 nl

(0.625g) DDAIP+base was mixed with 3 mg of

lansoprazole powder in each of 5 gelatin capsules (size

00) .

Blood Collection:

At each time point shown in Table VIII above,

0.5 ml

whole blood samples were collected from the saphenous vein into

heparinized blood collection tubes.

Following centrifugation at



3. 63 12 Notes to Table VII. 5*Solubility inprovenent fold over PEG 400
** AUC-i1 nprovenent fold for hourly period ***Reported solubility fromthe

| i teraturwo20rr1iSed7abi | ity i nprovenent fold over water. PETAUSRhAnNEEDKI netic
paranmeters were calculated 10with PK Solutions 2.0 software (Sunmmt
Research Services, Mntrose, CO The results show that the
DDAI P. HCL i nproves the solubility of the conpounds when conpared to water
or PEG vehicle. 15 This inprovenent is also reflected in the enhanced bl ood
| evels of , drug in the rat plasma. In particular, the Class 2 and 4
conpounds, where solubility is a deterggning factor, displayed over a
400-fold solubility inmprovenent and over a 20-fold AUC i nprovenent. The
data show t hab, doar Bpth aki ONT Wbt hoDMuPeHCblséngnbid;naatdeyei tqneve=d hed or al
20 delivery of dIffICU|t bsor b. snal Iec | e therapeutic compounds by
i nprovi ng t h&FPSoftibi®’; tyuﬁﬁﬂls AREhEES ]?yhgg dBsorption. -18- EXAWPLE 1]
Mal e CD1 m c@ewelite arsedofddasiem, USA) in this study and wei ghed 20-24 grans
at the time of use. A }:9%=29U8QYs Jﬁ%%&é’ér%&éch&h@&% splitibon Mas Jmde
overnight with continuous heating 5 and stirring. To this, 50 ng Phenol Red
was added3t o SIBRFTRRE G th . BORARRE6HS et Hy PERIASUl G&81e MX8°WErE pre-treat ed
w th saline apra2Q%uiDAkPaddtees baseh (a5 1./ kg, whd sandnweddiawtsdraBsopr azol e
(10 mg/ kg) 1 mnutes fore cha ge Wt Phenol at

pl / nouse) . Tgn SHRG" T hi* ?E B aezg a 3?erpﬁg%no eedagﬁqﬁon Oto,ng ce were 10
eut hani zed w(@kﬁﬁssefiruﬁarr@Panble ole3 sltZGrmehsa rrepellof exsudes) (Febalysing the

pyloric and gargisac, sphi neLeL:s Ttéo(’laa\f)?é dzx 0§:§i af rﬁ‘%’i‘&a@r&t1§) incPe QFRC RS wer e
then cut into several pieceS and aced r’r? tubes containing 2 m

wat er pril8r FGl‘tﬁsoce%tsl Py 5P ABSg hﬁH’Frfé‘a%Ur é’ﬁ%‘r‘ﬁss. REFBFEIOTRT & wer e
sacrificed | rapdisateley adéd etggriage: 1353tk herdty €n tudtachpras- eveakadi cat or of
maxi mum dye retri eval (75 pg dye was dosed to each nouse). Data (n=3) for
stomach enpt ?l ngf (i.e., the amobunt of dye remaining in the stomach) 10 and
30 minutes after chal | Erfe shivdy ShbwatrpresFF@t 4he mbarpyeeoiingiic wafhlODAI P

sl owned St0WH@_EI]_h&GDI)Yja@@ir?—i@t@?é@@&%g&gzdlregi5rs@@ﬁ:lﬂﬁ.@ﬁntym-yt hmS@ve@einat both
time poi e .sa tern was_observ en_ |l ansopr.azol e was

adnmi ni stgg edPF° &Yt rgg‘% |1(Q,]i1ec\’l¥a RPEE f‘f‘lat?‘ mg‘%(]rg‘u%%tdloPengté‘d %Iﬁelttﬁoﬁyéh%nd

i medi at el y saom fresddhaidhss orrach PorpRAtinc bivteapaedtivi ¢dpgal ¢/ eghibitthé

adm ni st er ed ;aoMWALa.Rh y AR bden Bgarmalmﬁle@w%&w&%ém@ﬁ ddARbr&P cbner eased

absorption is not due to faster gastric enpty so that, in addition to

i nproverrent PROWS| BHACFE Wltbr?ﬂ“éﬁ‘f}t 5ﬁr‘8“f1aAF5fn i°ﬁ %tGGﬁH%WDéﬁ%IPGr °%hcr eased
absor pti on i geldt@nséapracd ampledent @xiol&eendEearet Iaegsrelsekteicyver&ﬁhamha&ms
EXAMPLE LY 3 i J l t [ s of n 3 wth
body V\Blé tsg{rﬁéﬁg}:%g g or% 8%393 %bSB%gg elm\%ggzvagseeﬁ%?f%nqloé?o@ant s col ony
(originally BB{FiEEEERYRHVRE SHE huegr ﬁ%omanbrt h Rose, New York, USA) and
fasted overnrghile Pxi OPhiMnadBkideklirBissadtaks i1 8C1 iRBugf pentagastrin (6
pg/ kg at 0.03 m/kg) one hour before 35 treatnment wth | ansoprazole (15 ng
per animal). Pre-treatnent blood WD 2011/139373PCT/US2011/000793 -19-
sanpl es were taken priiagpup 0 | Ads amusful a...l Nj ¢ctioa Wt h pentagastrin (-60
m nutes) and treatnent w th | &sepl agol &x(di ng Oyhr.Dogs were then treated
Wi th lansoprazole as|detailed i#sTable VIII bel o®:-65 TABLE VIII:

Experi nental G ouping Table G od§ (n| = 3¢ Pre{Tréal®renf Dose Route Regi nen
Bl eeds 3 445 1.78

25 The foregoing discussion and the examples are
. . . . . . !
illustrative, but are not to be taken as limiting. Still other
variants within the spirit and scope of this invention are possible

and will readily present.themselves to those skilled in the art.



Overni ght Fasting 1,2.3 Pentagastrin 60 rig/kg at 0.03 m/kg I.M Single
(-60") Predose (-60'") Yes Treatnent Dose per Dog Route Regi nen Bl eeds
Over ni ghtwbasti/13ge73 Lansoprazol e powder in 1 gel ati n capsuius2@5/00q795r al
gavage with Petfiller followed by 50 mM H20 1 capsul e per dog Pre-dose, 30
mn, 1 hr, 2 hr. 4 hr, 8 hr, 24 hr. post-dosing Yes 2 Lansoprazol e powder
in 1 gelatin capsule containing 0.625g of 100% DDAl Pbase 15 ng 1 capsule
per dog 3 Lansoprazol e powder in 5 gelatin capsul es, each containing

0. 6259 of 100% DDAl Pbase 15 ng 5 capsul es per dog For mul ati ons:

G oup 1: Dosed with 15 ng | ansoprazol e;powder in a single gelatin 10capsul e
(size 00). Goup 2: 700 pl (0.625g) DDAl Phase was m xed with 15 ng of

| ansoprazol e cpetter in a single gelatin capsule (size 00). 15Goup 3: 700

pl (0. 625g) DDAPbase was Jiicsgg til, 3.0, ohnd A0S0RN S70hCnpaNAEL 10 each of
5 gelatin capsules (size 00). ood CDF ecton:
therapeutic and an alkyl N, N-disubstituted-amino acetate.
2. The composition in accordance with claim 1 wherein
5 the small molecule therapeutic is selected from the group consisting
of a taxane, and a compound classified under the Biopharmaceutics
Classification System (BCS) in at least one of Class 2, Class 3 or
Class 4.
3. The composition in accordance with claim 2 wherein
10 the taxane is a member of the group consisting of paclitaxel,
docetaxel, tesetaxel, and mixtures thereof. )
4. The composition in accordance with claim 2 wherein
the compound is a member of BCS Class 2.
5. The composition in accordance with claim 4 wherein
15 the compound is selected from the group consisting of lansoprazole,
haloperidol, sulfasalazine, and glibenclamide.
6. The composition in accordance with claim 2 wherein
the compound is a member of BCS Class 3.
7. The composition in accordance with claim 6 wherein
20 the compound is selected from the group consisting of atenolol,
glucosamine or salt thereof, and cimetidine.
8. The composition in accordance with claim 2 wherein
the compound is a member of BCS Class 4.
9. The composition in accordance with claim 8 wherein
25 the compound is selected from the group consisting of furosemide,
chlorothiazide, and hydrochlorothiazide.
10. The composition in accordance with claim 1 further
including a physiologically tolerable carrier.
11. The composition in accordance with claim 1 wherein
30 the alkyl N,N-disubstituted-amino acetate is dodecyl 2-(N,N-
dimethylamino) propionate.
12. The composition in accordance with claim 1 wherein
the alkyl N,N-disubstituted-amino acetate is dodecyl 2- (N,N-

dimethylamino) propionate hydrochloride.



At each tine point shown in Table VIIl above, 0.5 m 20 whol e bl ood sanpl es
were collected fromthe saphenous vein into heparinized bl ood collection

t ubes. FowDawimg9zrentri fugation at -20- 10,000 rpm at 2CTUSee11000703 nut es,
pl asma sanples were collected and stored at -80 C until analysis by

LCVS- M5. Results and Concl usion FIGURE 5 shows the pharnmacokinetic profiles
after oral 5 treatnent with | ansoprazole in all groups. Table | X details

i ndi vi dual paranmeters, such as T., C. and Th. In conparison to treatnent

wi th | ansoprazol e powder al one, the addition of DDAIP (0.625 g in 12
capsule or 3.125 g in a total of capsubes) resulted in higher C, longer 'n
(Table I X) and significantly increased AUC 10 values. T. occurred at 1 hour
in all groups. Furtheridre ThAUSmpasitgeonwer eceadrdlans ghnil ictant [lywidirkefier ent in

bot h DDAl P-t rt‘ﬁ@tﬁrglgrn@ig§ule therapeutic is aTlg!au?an%tMthé la‘iﬁ Ieﬂ &S that the
phar macokinetic profile of orally-admnistered |ansoprazole is

si gni fi cant | YPRFEOVEES AR ARfeteyist Aedesddi i BV G EBRL P8 t he
formul ati on. pkepiasdtdi on, the group treated with 3. 125 g DDAIP in five
gel atin cgpsul es exhi bi %ed Sk gcnl fi rltol1 o grgc goknl1 net IeCreln
properti es when conparéd to groups. reated Wit contro il B85 6" or

0. 625 g DDAl PherFrght pdPatienteaoahieic Theseatamgr ovetentagkak & Nepresentati ve
of human 20 aub&&@asuteqoﬂﬁg Sddtgee LR §od°e>éF’€rzl MR- VRS HheLdoed at

physi ol ogi cal t he hum%n st omach. Table I X: Pharmacoki netic Properties
in all Goupgrg?l@ﬁﬁtech’fd TGP ) (hr.) (hr.) 1 260 0.61 2 369 1 1.78 3
445 1.78 25The for egob nghdi sopssitdenaind atdrerdexanpliels canbn i1l Whsdteiat | ve,

but ‘are ngt 4. Bl 2hEReAR ol LL:LEOG: 51 IchoPHAGE, Vak! ANl s Wt i the spirit

and scope of this invention are possible~an readi |y present

t hemsel ves t G*TYRFSECWHRA| 30| Fethke dst dodecpl 2-W - ﬁ‘smethylamm) 1. A
conposi ti on whégibngonpri ses a small nol ecul e therapeutl c and an aI kyI N,
N- di substi t ut ed-am no 6cet A& com . . qlhng SJ t| 0

accordance with claim 1°uhéereif 8 Y& i ?ccor aer%:cﬁl "é”t rapeut‘i’cerleén

sel ect ed frofie Feafk ogpecdastisrapeptof & rarenietaxaidand chbapodmd ®Nassi fi ed

under thesBi le’sEfP&QH&laGﬁnQaae%Shéé qataaa@cwét%mﬁ Bt nk Nakilol €ast one of
Class 2, Cass . The conposition in

accor dance WPf?PlSP%ﬁ %"2‘%&?@?’%%%0 the taxane |s a menber of the group

consi sting of paclitaxetl., #osstaxialiontwsehaoebrisrda Maxbtd @adt Srekeofl

4. The corrpogll\;|dggugsrg1@lpccégrg§ﬁgeaggtgpecl aim 2 wherein the conpound is a
menber of BCS O ass 2. 5. The conposition in accordance

with claim4 wherein 1‘:38 t h&"T GRPRRATAL TS 18 AECEBRNPr Bt BER gy dUphednist st i ng
of | ansop? azote takaleoperd dohbersut ftﬂiﬁaéﬁalxbn&)nsaﬂtd].r@| bheael aixde,

6. The Conpoééctetggell ntgé:e(l\&g %ngreldvt\'glgt ures !:here gvher ein the COI’T’pOUﬂd Is a
menber of BCS C

‘19. The composition in accordance with claim 17 wherein
the alkyl N,N-disubstituted amino acetate is dodecyl 2- (N,N-
dimethylamino) propionate.

25 20. The composition in accordance with claim 17 wherein
the alkyl N,N-disubstituted amino acetate is dodecyl 2-(N,N-
dimethylamino) propionate hydrochloride.

2. The composition in accordance with claim 17 wherein
the taxane is paclitaxel and the alkyl N,N-disubstituted-amino

30 acetate is dodecyl 2-(N,N-dimethylamino) propionate.

22. The composition in accordance with claim 17 wherein

the taxane is paclitaxel and the alkyl N,N-disubstituted-amino

acetate is dodecyl 2-(N,N-dimethylamino) propionate hydrochloride.



7. The conposition in accordance with claim®6 wherein 20 the conpound is
sel ected fromthe group consisting of atenolol, glucosam ne or salt

t her eof , woadooiei7ddi ne. 8. The conpositi eaTius2@ac007daNCce
with claim2 wherein the conpound is a nenber of BCS d ass 4.

9. The conposition in accordance with claim8 wherein 25 the conpound is
sel ected fromthe group consisting of furosem de, chlorothiazide, and

hydr ochl or ot hi azi de. 10. The conposition in accordance with
claim1 further including a physiologically tolerable carrier.

11. The conposition in accordance withagl aim 1l wherein, 30 the alkyl

N, N- di substituted-am no acetate is dodecyl 2-(N, Ndi nethyl am no) propionate.
12. The conposition i n2accamndagegowitiibn clrakoedrdaher @iph tieiml4kyherein

N - i Substi tuig eg gl . B8&kAL fruBa d00RE M e 22dN; DiliameLhy Lbaggh ) pr opi onat e
hydrochl ori de . The conposition in accordance wth
cl ai m 1 wher éiltfetydasing) | PrRFIRRAHCe ther apeutl c is a taxane and the al kyl

N, Ndi substituted ami no 2aCet'I&Eecdn§>o§lﬂdeﬁ)/1n dcdMNabhel mietlh)ellam [BOYyhgHe@Pi Onat e.
514. The orrpS|t|o i N r nevvlthcamlwhrel mal | nol ecul e
t her apeut |%c i g’ a ]tébT(arfe g i ﬁﬁ %F% VAMRE NGFS L 5stT t‘ﬁotdg q E%N:cet ate is
dodecyl 2- ( NdNmelt hygehirloanprrp) optepi onate hydr ochl ori de. 15.

The conposition in accgsdangg wmgbsﬁllehmnl wheuehde 19:h Reasial Indmhigcul e
t herapeutic is paclitaxel and t al kyl N, Ndi substjtuted am no acetate is

dodecyl 2- ( NERE it et Y Maf HBF e ‘pﬁ”('jfﬁ‘c?ﬁ‘éf’% acetate is dodecyl 214N, Nppo
conposition |dnman@0mdma>¢eprhhna¢Ieahynra>chem¢ n the small nol ecul e

t herapeutj,c is a pacll xel..an | kyil t te ;o
acetate |£ dodecyl h@ h%e%ﬁngpglrﬁ%ﬁ}é lnpgl%%rg%g%e %%&%H‘Jor?h

17. A corrposutthiaomlkmulbw gbTHrEF Ses edr anaRaee it ap dedrgyl 2- (N, N-

N, N- di subst i tduh@:dxyaaﬂlﬂ@a&ﬁpa&ﬁte 18 The corrposi tion in
accordance with claim. 7 vvhglre n t axanedl S mer % a trtleeregroup
consi sting of paclitax 8e‘f°§3?8?1 lf’%slé’t aEl a‘écne i xtcu?%m t Hereof

19. The corrpGQiEtailémlimNaéwabéamewa@hn@laapmth?lmdewﬂ ehev al-ky|

N, N- di subst i tquh&0,aBhe) aGRIpab& teSnedeerids (N, Ndi met hyl am no) pr OIOI onate.
2520. The conposition in accordance with claim17 wherein the al

Kk
N, N-di substi tuted ani n6®acéPat¥ PSS dogRcyt 2L TRENR Hethytat ﬂo)’hed%éb’bl onat e
hydrochl ori dehe alkyl N,N-disubstitufdd-akhigo GoRpPOsi tsovdeaylaceoy dance with
claim 17 whery t he al kyl
N, N- di substi tg!tmgelC Ezg%]m%?(%%pggnag?gﬂl}{dgééﬁgég&‘?d 2- (N, N-di net hyl anmi no)
pr opi onat e. 29. Thy covResitaAP IS F?‘éﬂfdﬁ’i&f:ea@é%‘? FapEe Swrksreérai m 17
wherein tle taxaneyi wv,pagldubsxfluraddniAe aakkitle N NiodiespibSt it wt-ed- am no
acetate is d%dect\g 1am1(no r%l nmet hgl am no) propionate hydrochloride. -23-
23 The conpom? AT RCACESPARIEE with claim 4 wherein the al kyl N, N
di substi tut ed-am no acéPfat®rej somgosliecyh - pdbdidenet WikRmMlady Pprbgicdnat e.

24 The conpest tdi@p: in) Na@f:sqlﬁag@m@eauamn&laaeeaé vhejekbyokbeay @-kyl NN
di substituted-am no acetate i s dodec di met hyl am no) propi onate.

25 The conpgé?‘etﬁhé’ﬁa'i‘lﬁ’oéc%r@%%é ij[‘/'ﬂcr&ﬂ%f“?ﬁ ‘6 wherein the alkyl N N

di substi t2at ed- ami no acetate is dodecyl 2-(N,Ndi net hyl am no) propionate
hydrochl ori de. 1026 The conposition in accordance with claim7 wherein the
al kyl N, N di substituted-am no acetate is dodecyl 2-(N,Ndinethyl am no)

pr opi onat e. 27 The conposition in accordance with claim38
wherein the al kyl N, N disubstituted-anm no acetate is dodecyl 2-(N, N 15
di et hyl am no) propi onate hydrochl ori de. 28 . The conposition

in accordance with claim7 wherein the al kyl N, N di substituted-am no
acetate is dodecyl 2-(N,Ndi net hyl am no) propionate hydrochl oride.

29 The conposition in accordance with claim9 wherein 20the al kyl N, N

di substituted-am no acetate is dodecyl 2-(N, N dinethylamno) propionate.
30 The conposition in accordance with claim9 wherein the alkyl NN

di substituted-am no acetate is dodecyl 2-(N,Ndi net hyl am no) propionate
hydrochl ori de. 25



