DIKETOPIPERAZINE SALTS, DIKETOMORPHOLINE SALTS OR
DIKETODIOXANE SALTS FOR DRUG DELIVERY RELATED
APPLICATIONS [0001] The present application claims priority under 35
U.S.C. 119(e) to United States Provisional Patent Application Number
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| SAL FTODIOXANE SALTS FOR DRU RY
IS invention Is generally in the field o rug delivery related {0 both small’
molecule and macromoleculggdiHes aMane pagigularly it is related to
2,5-diketopiperazine salts, their use in the formulation of such drugs
[oomipdingtiberapeutipppteintantic pslitdirgresid Bgents, 1g@pitizinged States
PRI PP HABRISIRN NG BB FACHGROWND T ShIHE
INVENTION [0003] Drug delivery has been a persistent challenge in the
pharmaceutical arts, particularly when a drug is unstable and/or poorly
absorbed at the locus in the3Yedd 5 MRER BN Ol ministered. As a
remedy, one class of drug delivery agents includes 2,5- diketopiperazines,
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s4iLgiopnerazines haye heern shown o, be uselil ndrua delivery, - actic ang
‘partlcurarfi/ those Beanng acidic gré'gﬁs (%5 tSr E?{ %I'(ECU. .&93{3?“

diagne sEoPreNts] Sakitleng Sefnia SEnsERIR D iestbisipERdYRTE Drug Delivery
System;" 5,503,852 entitled "Method For Making Self-Assembling

Diketopiperazine Drug BelikepraystemiistiaNdox entitled
"Microparticles For Lung Delivery Comprising Diketopiperazine;" and

6 318 entitled "Carbon-Substituted Diketopiperazine Delivery
[0%%351 16 R S wen ISR CBrBor R TR FRpFefordRE PR SeRtie) arts
paftie ddrthatrieteaches iegastiblg dikdtwphpenszatssrbed at the locus in the body to

wiitkeloRiRRfAFRREe digtedrhiug dele pAs PIEIARIPEERARL S Rcludes 2,5-
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(frua‘%anzbe 41d¥0fbed. TRe Sombination of a 8rug and a o@l?efeo%i ecf'g}ﬂl?é as

sheuh RApMiiRE7Y drug stability. These particles can be administered by

various routes of administration. As dry powders these particles can be
delivered by inhalation to specific areas gf the regpiratory system,

depending on particle size. Additionally, thc e n be made small

enough for incorporation into an intravenous suspension dosage form.
Oral delivery is also possible with the parti co ted into a WO
2006/023943 PCTIUS2005/030026 susp&nsion, Fablets Bt capsules; or
dissolved in an appropriate solvent. Diketopipetazines

These 2,5 diketopiperazines have been shown {o be useful in drug delivery, particularly
those bearing acidic R groups (see for example U.3. Patent Nos. 5,352 481 entitled "Self
Assembiing Diketopiperazine Drug Delivery System," 5,503,852 entitled "Method For Making
Seli-Assembiing Diketopiperazine Drug Delivery System;” 6,071,487 entitied "Microparticles
For Lung Delivery Comprising Diketopiperazing;” and 6,331,318 entitled "Carbon-Substifuted
Diketopiperazine Delivery System,” each of which is incorporated herein by reference in its
entirety for all that it teaches regarding diketopiperazines and diketopiperazine-mediated
drug delivery}. Diketopiperazines can be formed into particles that incorporate a drug or
particles onto which a drug can be adsorbed. The combination of a drug and a
diketopiperazine can impart improved drug stability. These particles can be administered by
various routes of administration. As dry powders these particles can be delivered by
inhalation to specific areas of the respiratory system, depending on particle size.
Additionally, the particies can be made small enough for incorporation into an intravenous
suspension dosage form. Oral delivery is also pessibie with the particles incorporated into a



may also facilitate absorption of an associated drug- Nonetheless
diffisulties &% arise when diketopiperazines are diacids, or are. in diacid
form(s), due to the limited solubility of these diacids at nonbggggﬁﬁ&a@e&z&

| ot acid pH). Anather difficylty atises because these diacid
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SNCOTD St e ArGI P oREGE BB ML RNy sTIvE dBsihiLFspArgeganyfacture of
thpTensdbceaarersiivifies, which have an outer shell composed of either the
heterocyclic compound alone or in combination with one or more drugs.

The heterocyclic compoungigfdhesreseniansiion include, without

{dWatlonTglék%(s) n|{:)((ielr<c3‘}lz|nes, diketomorpholinesand diketodioxanes and
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B RS R PRGOS, Rk Jeamigrocyelc compound alone o in
carGinhiietaréil-ang mirobigtyias5Tdk feiesipeyaiine Bpbuwti¢sirhttenyledent invention
ingRIE ORI A iQIORIRSEIHBRZIne s, diketomorpholines and diketodioxanes and
3,6-di(glutaryl-4-aminobutyl)-2,5-diketopiperazine, 3,6-
thallr( ﬁ.‘lgﬁgmt}rf_)a _aélﬁlﬁﬁ% |6I| 51& %@@{@ﬁk@f@g}ﬁﬁ&gﬁé{f the present disclosure comprise
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considered withi C of the present disclosuré and as such are
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spRiiicafladenatasies, antivirals, vaso- and neuroactive agents.

{0007} Representative drugs useful with the drug delivery systems of the present
‘invention include, without limitation, insulin and other hormones, peptides, profeins,

polysaccharides, such as heparin, nucleic acids {such as plasmids, oligonucleotides,
antiseﬁse. or siRNA), lipids and lipopolysaccharides, anticoagulants, cytotoxic agents,
antigens and antibodies and organic molecules having biological activity such as many of
_.the anfibiofics, anti-inflammatories, antivirals, vaso- and neuroactive agents.



2 WO 2006/023943 PCTIUS2005/030026 [0008] In one embodiment of

the present disclosure; a pharmaceutically-acceptable salt of a

RELSYEPRRMEompound is provided according to Formula 1: :xeTfmnsusiashezs

wherein R1 or R2 comprise at least one carboxylate functional group, E,
[608%d E2 loompriseoiinemOcding phesalifuidhes,cofprisesaideastonattation,
of 4 RABRIRIECEORPAIAE N prifR e IRISFYRIF S HBRQYRY. comprises a

diketopiperazine. In yet another embodiment, the carboxylate group is

terminally located. In anothgy embodighent of tl"@ pharmaceutically

acceptable salt, R, and R2 cormypyise 4- obutyl and X is selected

from the group consisting of succinyl, glutaryl, maleyl and furnaryl. In still

another embodiment, the cation is selected from the group consisting of

sodium, potassium, calciumgtfiunm;-ii ine, butylamine,

diethanolamine and triethanolarnine. [F009] In ahother embodiment of the

present disclosure, the pharmacelég,g%lmaapceptable salt is not a lithium

salt of 2,5-diaspartyl-3,6-diketooioerazine or 2,5-diglutamyl-
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acceptable salt of & heterocyChe ROMBGNE HALS g0 BaRatel gmbodiment,
the, PRISTOFYRIC SPRPOMH BrRETEESca siksHieninatsaindaténfysictimisdrgzobpdimtent, the
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sigion, further, rises,a bioloqi ctive agent. Biplogically
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selegirstoxbmatiiengsoem tibistitimganttivirilima pisensem ABHGRAS, BNEROFISRyiamine,

butgBFhRACliMRHAWBRANR: 3Rd ABRAIAGNES;Hicreof. In one embodiment the
biologically active agent is insulin. [0011] In another embodiment, the

[00fR rapelitit"eBissodindn e tidbp rigient disktowsréisiformaedaiediin a liquid
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the i mposition of the present disclosure is a precipitate and tﬁe

3,6 dREABIpelainG ot the pre _ .
precipitate Is formulated into a solid dosage form suitable for oral, buccal,

[00fdktal, omvaginabagwinistiationclesseltdasags I MaY.0e.a sapsule,
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according to Formuia 1, wherein R, or R, comprise at least one carboxylate functional group;

&, and E? comprise N or O the salt further comprises at ieast ons cation; and the
composition further comprises a biologically active agent. Biologically active agents suitable
for inclusion in the compositions of the present invention include hormones, anticoagulanis,
immunomeduiating agents, cyiotoxic agents, antibiofics, antivirals, antisense, antigens,

antibodies and active fragments and analogues thereof. In one embodiment the biologically
active agent is insulin.

{0011] In another embodiment, the therapeutic composition of the present disclosure is
formulated in a liquid such as a solution or a suspension.

[6012] in yet another embodiment, the therapeutic composition of the present disclosure

is a precipitate and the precipitate is formulated into 2 solid dosage form suitable for oral,

buccal, rectal, or vaginal administration. The solid dosage form may be a capsutle, a tabiet,
and a suppaository.



[0013] In an embodiment, the therapeutic composition of the present
disclosure is a dry powder and the particles of said dry powder have a
di%iH et Héteen about 0.5 microns and 10 microns. In one BEBAGRBHiB026
embodiment the dry powder is suitable for pulmonary administration.
[0314] In brothiebainisoditnahtrapdite pregesitidisciosusesandathedrofs a dry
pawapediRDR %@ﬁwm@i@m&mmﬁ@a\&%&wm 665UPi$iRgerons and
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compound and a oglca ly active agent to form a dry powder wherein
fenesgiry powgeraf@kﬁasﬁﬁbadhmgiﬁﬁ%@%ﬁ(%@%ﬁ&énﬂ%lﬁe%mb&ddfgﬁdﬁhg a
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structure according to Formula 1 wherein R, or R2 comprise at least one
car?"boé’xﬁ &te functional group, E, and E2 comprise N or 0, and the salt
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posripasitenforedelivenagriategical yoativieahg atisd agievidaeshwbemiiment, the

%&B%&%&B&BI&E&%%%@?&%& e ASHRP apléaé%&hfe&g ccording to

heteroc clic compound and a biologically active agent spra orm
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acceptabie salt of a eterocycisc compound and a biclogically active agent spray dried io

form a dry powder such that the dry powder releases said biologically aciive agents. In one
embodiment, the pharmaceutically-acceptable salt of a heterocyciic compound has the
structure according to Formula 1 wherein R, or R, comprise at least one carboxylate
functional group, E, and £, comprise N or O, and the salt further comprises at least one
cation. In another embodiment, the particles of the dry powder are suitable for pulmonary
delivery. in yet another embodiment, the particies of the dry powder have a rugosity of iess
than 2.

{0018] In another embodiment of the present disclosure, a microparticulate system for

drug delivery is provided comprising a composition of phamaceutically acceptable salt of a



[0016] In another embodiment of the present disclosure, a

microparticulate system for drug delivery is provided comprising a

BahppeEiEmsof pharmaceutically acceptable salt of a 4 WO 2900823943026

PCT/US2005/030026 heterocyclic compound and a biologically active
hetegeydiacompbereianthe sompesijiatiolenies sadigheginnths HRAUMN eidases
2 b%semm&me%eme Wéﬁ@‘éﬁ%ﬂﬁﬂé\%ﬁﬁ%&nﬁ%ﬁﬁ%ﬁ&ﬁ NEISIREVCICH of a

compound has the structure according to Fo ere?ﬁ_als?egr
e RS E IR B EA BB RPRIIESHE GPEDHAE, WrRIeED oot Brisemprise
at iga@,mnmmmgmbm@rpdseéaamaﬁ mmmipm Jﬁm,kﬂndma_ﬂy further
corAHAR ATEULAHN bl NOrMQNER,1 S5 HARA HURAS, BN LR WA R ones.

agents, cytotoxic agents, antibiotics, antivirals, antisense, antigens, o
anh&%ﬁ%%%’i‘g% aﬁ%“éféﬁ?fé"?f%‘aﬁﬁ%n@g&%an YR thadepts: (oY icsy epniivirats,

antisRBth cPrUasHBCIIbAIES hed paivefrdiswotsuaas trmiommsdbition! of the

[00% roparéticugate gstem is a dry powder which releases a biologicall

" "active agent i%“ﬂ%%fﬁ%?ﬁ@ﬂ’g{g} TSR & EO PG ST RARSHiRERY e
m’%@?ﬁ)@?@%tfoseﬁ@ﬁurﬁna@yw@nwmﬁa relsasRssRidiplspipdly active agent in the
pulméneopaytiediateheysienesitian e absnsbeed delityshedyIIRIPErRAGH systern. The
coriEHRMonr Ahachlecaly:inihe lungeaftendealivery fo the q%&n%nar sstemic blood

._system. [OO?%(%Hn an embodiment of the present disclosure, t &
mr%%?%\%’bgﬁt?&h Ne e bRt RV S RN ERH B READSNEE™- for drug

[ocdefivery jangl avisrginiher ahseRrRtier Qi e RiRlegicalyactive.agent is

facili by the diketopiperazine. In one embodiment the liquid is ,
mlé\%%n%mps %‘Fe%”é}% y‘ﬁ&%%ir]aaﬁg%gc%m% RISFY G RFERR e absorption of
theghigrsically, aRbve s driGFBiptRe oite siisimiarsasinmenincom mitesiment the
liqydecpitatesanel\whaikein the absorption of the biologically active agent is

faﬁiTI:tated by the diketopiperazine. In one embodiment the precipitate is
P00 ministEtatr Brampriebosy Al & ersodiitrmuet the orassitaistibsure, a
mimmq@e dathﬁe_my @bpmﬁk#esao pttwe:mumormrty syistestn ighroxidedbtion of the
bi&&&ﬁﬂ%%b@%@%ﬁ@ﬂ%i}@a@WQH%“&R&:%%!&QE%.”E%ﬁdoﬂgat BRLnt the

an .?f ectlvg amgunt of a biologically active agent in the form of a dry
precioitaie IS adminis ared ] iﬁ. : : .
powder, the dry powde repa_red by spray drying a solution comprising a
reaxMposifion ahsodharmaseyiicaly aesapiable sallofa &%ﬂ(’%@@;ﬁgﬁici es 1o
theCQUM%B g%geﬁ\ Qéolg,?{&@gg/ &%xgsﬂ%e.mdmvme{gﬁg thveiadar gi%v ne{o a patien{ in

releases the biologically active agent i _t?}e.pufmongry system. 1n ‘one
NeRThloERATERE: AR BRERYNME QIRIIAIS: AckinieaaliyArires uael st jesidorm of a dry
powmpbarmhmvﬁw retRate e aepaNOihgity BosonutienlcanereingR, enfddsiion of a
phERFBBERRAY ST IReCAIP 0Ky IRLRer SO/ HOBEL AR BB driy CORDRIFR Noent,

or 0, and the salt further comprjses aft least one cation,
whereir gle dry powdter reneases thg Ssologtac:a ty active agent in the puimonary system. in

one embodiment, the pharmaceuticaliy-accepable salt of a heterocyclic compound has the
structure according to Formula 1 wherein R, or R, comprise at ieast one carboxylate

functional group, E, and E. comprise N or O, and the salt further comprises at least one
cation.



5 [0022a] According to a first aspect, there is provided a solid
pharmaceutically-acceptable salt of a heterocyclic compound according
to Formula 1: R2\E-: 0 2 C EZ R9 Formula | wnerein R, or R2 comprise
100220) o ea G EBRTERTGIRAT BTGB S0t EBCHHLE ogE s
of a hetegaicisatbiuriet conirisestatiedst one cation wherein R, or R2 are not
asoartic or glutamlc acia and whereRysaid sBkd pharnaceut caliy
acceptable salt is a cry powder formed by spray drying. [0022b]
According to a second aspect, there is provided a therapeutic composition
comprising a pharmaceutically acce@}ét%ésg of a-Reterocyclic
compound according to Formula 1: RZ-"-~~E1 O EZ2 R, Formula 1
wherein R, or R2 comprise at east one caffsomgidte functional group: and
comprise N or C. the salt further comprises at east one cation: wherein
saidpharmacedtically aceeptablesaliisa dncpawdesiormed by spray
drving=apd.said gamposition further comprises a biologically active agent.
10022¢ Accordln to a thlrd agpect there is provided a method of

F'éd sali u;‘tharc orses 2t jsast on dd
prepating 256N ‘composition for rug delivery comprising: preparing a

OB cOntaifih §CaBRAI0G K AR M 85 &Mfand a
phierarasatitigal hraveeptatity satepii b eténe @y/cticcoonsp oumed messalventns.
removing said solvent by . spray drying and wherein said pnarmaceuticaliy

[ﬂomﬁccepta;?é%ﬁﬁ#gﬁg a J%@oﬁé%%%{gdlctﬁé%gl@ %FA%%J&%%Q%%UH&%%&?&QJ %’P%Jfgmo

ormula | R2' Formula | wherein omprise a
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Formuia 1

whnerein Ry or R, comprise at least one carboxyiate functional group:

£, and £, comprise N or C,

the salt furihar éomprtses ai i=ast one cation;

wherern said pharmaceuiically acceptabie salf is & dry powoer formed by spray
drying: and

said composition further compnses a biologically active agent.

{0022¢} According to a third aspect, there is provided a method of preparing a solid composition

for drug delivery comprising: preparing a solution containing a biclogically active agent and a
pharmaceuticaliy-acceptable sal of 5 heterocyeilc compound 1In 2 solvent

removing saic solvent by . spray drving ang
wherain said pharmaceuiically accepiabie salt of a heigrosvelic compound

has ihe sruciure acooraing o Formuis 7

Formuiz 1

wherain R. or R, compriss at isast one carboxviate funclional grous
Zyand T, comprise N or O
said salt further comprises at isast one cafion: anc

wherein said pharmaceuiicaiiv-accepiable salt is a ary powds!,

S5&



said salt further comprises at least one cation: and wherein said
pharmaceutically-acceptable sal-, is a cry powder. 5a [0022d] According
to a fourth aspect, there is provided a method of preparing a dry powder

joofQaprug deliceryoppristigapeepating @ seldiancantainingrebhiglogisaliwder for drug
active a%ent and a pharm ceutical%n?ccae&ta%ble salt of a heterocycli

3 1rﬁg: repating z 8o noncﬁé)c%ﬁ% g So?u?%%ai %%me Sﬁ%{ﬁﬁ‘& &k I%?euticaliy

dehivery cony C‘is 1y
accgggrmg g o'ga a%- o\'(\?"i:"’ '"Sopr!l’aé/u ivan:
Seceptable salts & heferocydlic cBnipdfid and a biologically active
agent to fofATA WD OREeFOHIRBreinsasorn expResUticabl Hhescitpipsaideeto
netargriptbgioalstiund atitee biokagrishllyctetimeagenbis: keleasaeisand wherein
said pharmaeesGaly 36eR0 Biarsal PTLARRISOCYHIGEAMANUNG NASHS, scuve
aagg{%c‘té{ggsggc&rcdma to rormuis 1 R2~/ET\/p a E2 R, Formula 1 wherein -
"R, or R; comprise at least one carooxviate functional groUr-. and E,
comprise NBF & SO ST EAL e GEBRRm e & FsstBRE SappIpounc
najOuR PECAECEIINg tacd fifthiaspect, there is provided a composition for
delivering biologically active agents wherein said gomposition comprises
a pharmaceutically acceptable salt of\a\he/te?otsffﬁic compound and a
biologically active agent spray dried to form a dry powder such that said
dry powder releases said biologicall j e/agjenls and said
pharmaceutically acceptable salt ofa heterﬁéyclic Rrompound has the
structure according to Formula 1: Rz~/Ep. £),E2R, Formula | wherein Y,
or R, comprise at least one caruoxylate functional group: -i and E,
comprise N'OFE" antf saiPSASRFAHERE otz atte B CHE @apleY Sb
[0022fl AccerdirEteearsith traspectrthere is provided a microparticulate
system for dsugsglediviesy csaprpsisg=aL£enpPesition of pharmaceutically
acceptable salt of a heterocyclic compound and a biologically active
[0@geint, whereirmsiaid compiisitigraeierses phiolagicathrpetiveagete@rgng biologically

actﬁ%"ig@;%e&%‘é}’&}!%&9%%%&?%0%&%&‘%t%%ear%%%gur 1&2%;%(:5%1:%%%& of a heterocyclic
compound and a biologically active agent spray dried to form a dry powder such that said dry powder

releases said biologically active agents and said pharmaceutically acceptable salt of a heterocyelic

. compound has the structure according to Formula 1:

R Ex YO

N

o E; R
Formula 1

wherein R; or R; comprise at teast one carpoxyiate functional groun:
E, and £; comprise N or O ang

said salt further comprises at least one cation
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R2 Eti 0 EZ R1 Formula 1 wnerein R, or R, comprise at east one

carooxv;ate functional group. E. and E, comprise N or O: said salt further

comprises at east one catiom ane wherem saic cnarmaceuticauv

ceptabl is a on, nawder formed by soya,. drying. [002 ,

{Oﬁ%%cording%g%ucgg%%ﬁwsgiglpgs £ ggqrgrf:slsp 5?/}’(}1%3 ﬁ%ﬁsgggf%@g sysiem for drug delivery
COMBRA¥HRAh o STREARYGc 66 prbsreacsaiicot hietseopipblic sompbundeiarthgclic compound and &
biolsaRANaGHIKe Qlfgén’mQﬂi&@m%M%&%&%&WWe@fﬁ@@rgclﬁ&(ggﬁtﬂ% active agent, and said
hetepo%l%?cn%%%% m: \A/hs?reln said da%very is to be via inhalation to a patient

N Need of Heatmant an eracRa SHBUARE SFRYidiogically active agent in

the form of a dry powder, said dnRpawderprep by spray drying a

solution comprising composition of a pharmaceutically acceptable salt of a

heterocyclic compound and a biologically active agent; wherein said dry

powder releases said biologically timthe pulmonary system;

and wherein said pharmaceutically acceptable salt of a heterocyclic

compound has the structure according f"®#frhula 1: R2 E1 0 O EZ R,

Formula 1 whaseir R: or Rasameriseaideast ong carbgxylate functional

group; E, @%@%P%HB&L%%'\;‘;%;O; and said salt further comprises at east

one cation.nLaOOZZ*ﬁl According to an eighth aspect, there is provided a
pharmaceutaiy AEEEp ARV SHirbISEsheteramiAsi@ompound according

to Formula {97 -320 §F2"ReeRoralatwimreinR 0k R2 compsistiatzd by sora:
dnfeast one carboxytate functional group of the structure 4-X-aminobutyl
and wherein X is selected from the group consisting of succinyl, glutaryL

[04t28ky1 and “RAMERA; €2 SHEED R HpAkENSdrrovIdeidnsatsqigitR@harmaceutically-acaeptable
salcofipisesyalideasironai catihn raaafadiereist saitkdicament for the delivery of particles to the
pugllélﬁé ]Iaé'glg%ﬁlé g#&%é%%%t@g§§$g§ %%%\%ﬁ%j eJnf%rEn&% e%¥ irs1pﬂre%x ogggaqgient an effectve
amount of a biologically active agent in the form of a dry powder, said dry powder prepared by spray

drying a solution comprising composition of 2 pharmaceutically acceptabie salt of a heterocyclic compound
and a biologically active agent; wherein said dry powder releases said biologically active agent in the

pulmonary system; and wherein said pharmaceutically acceptable salt of a heterocyclic compound has the

Rg\/,E1 9]
1
0/\52 R,

Ferruta 1

structure according to Formuia 1:

wherein R, or R; comprise at ieasgt one carboxyiate functional group:
E, and E; comprise N or O and
said salt further comprises at ieast one cation.

[0022h] According to an eighth aspect, there is provided a pharmaceutically-acceptable salt of a

heterocyclic compound according to Formula 11 R -
33 . 2\/;‘1 0
| \*i/

?
o /\E 2//‘\%=
Fatmmsta 1

wherein R, or R, comprise at teast one carboxyiate functionat group of the structurs
4-X-aminobufyl and wherein X is selected from the group consisting of succinyl, glutaryl maiey anc

fumaryt;

Ey and E; comprise N or O

said salf further comprises at isast one caiton: anc

whnerein said pharmaceuticaily-acceptabie salt i a dry powder formed by sprav
arying. o

5c¢



[00231 Figure 1 depicts a laser deffraction particle size analysis of
particles made using a fumaryl dikopiperazine (FDKP) disodium salt
according to one aspect of the present invention. (A) preparation A; (B)
preparation B. 5d WO 2006/023943 PCT1US2005/030026 [0024] Figure
2 depicts particle size determination by laser diffraction of a formulation of
a FDKP disodium salt containing 25% insulin (w:w) made according to the
teachings of the present invention. [0025] Figure 3 depicts scanning
electron microscopy (SEM) of a spray drled microparticle preparation of a
FDKP disodium salt BRHEFIBESE! Z : wiRage according to the

anﬁhchlnﬁgmheﬂmmaﬂaat{&@@é‘a‘?ﬁ ?ﬁaﬁ&?@é%@&%dusmg

f tied r d a esofa FDKPds
?n vmlélmgﬁﬁ&iilgﬁ%ﬁﬁ#%g%é ISR A aSB%raﬁ?a%%éhe present

teachings oP fha Brdse ARARIAY Sippled) compared to control
lyophilized powder (hatched). [0027] Figure 5 depicts the effect of
solution concentration on insulin stability of spray dried microparticles of a
FDKP disodium salt/insulin formulation containing 25% insulin made
according to the teachings of the present invention compared to control
lyophilized powder. [0028] Figure 6 depicts SEM analysis of the
insulin/disodium FDKP salt microparticles formed by the
solvent/anti-solvent precipitation according to the teachings of the present
invention. [0029] Figure 7 depicts particle size determination by laser
diffraction of spray dried microparticles of a FDKP diammonium
salt/insulin formulation containing 25% insulin (w:w) made according to
the teachings of the present invention. [0030] Figure 8 depicts particle size
determination by laser diffraction of spray dried microparticles of a FDKP
diammonium salt/insulin formulation containing 50% insulin (w:w) made
according to the teachings of the present invention. [0031] Figure 9
depicts particle size determination by laser diffraction of spray dried
microparticles of a diammonium salt of succinyl diketopiperazine (SDKP)
containing 25% insulin (w:w) made according to the teachings of the
present invention. [0032] Figure 10 depicts SEM of the FDKP ammonium
salt formulated with 25% insulin according to the teachings of the present
invention. [0033] Figure 11 depicts SEM of the SDKP ammonium salt
formulated with 25% insulin according to the teachings of the present
invention.
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[0034] Figure 12 depicts an accelerated stability study of the spray dried
microparticles of a FDKP diammonium salt/insulin formulation containing

2% webiiasulin made according to the teachings of the greseRlgos /030026
invention compared to control lyophilized powder. [0035] Figure 13

[daeRjcts th@ggﬁ‘éﬁﬁf@é&&&ééhﬁu&%&%@%@%fma%@rad?ﬁ:%@rﬂ%‘# a formulation
sta%l@gstuag of the spray dried microparticles of'a FDKP diammonium

o W9 GBI STCRRIB256 81 FRIBAS ARG RIS teachings of

theameainihigv2BYeror 50% insulin made according to the teachings of the

ent | ti ared to. controll h|I|zed 03 ]F| ure
et e S S MEESRRIIEER o S anc
W@Jﬁ%ﬁﬁwfgm@%ﬁ@fﬁ%mfmhﬁu%ﬁ%ﬁm.ﬁ@%s%uh@unnw) made
atoadiz@ecordisachinghef teaghings pl-dngigeresent invention compared to

ntrol lygphili d Figure 15 depicts th tion of th
Bl qr URNE I EERAAED Sl Rl S G e es of

FikErojizadiote s sefténsidim moniiatin® DERaintting6tin ifeulinulation ecrut@ininde the
tedBirdasulinfoapeAceOrEIadR Repinashingsofthe RrespRbinyeMiMes powder

(hCQng red to control lyophilized powder. [0038] Figure 16 depicts the

aerodynamic performance of spray dried FDKP disodium salt/insulin
[asarticles Egotai fnngpmmasmansummmamﬁcahommadmmﬁmw@f spray

e &%@ﬁ%ﬂ@%i@%@%@&d%ems@%%lrﬁu% % L4 ASRICIS :ns iin made

aeroaé amic gerformance of spray dried FD diammonium-salt/insulin

AL LBt ﬁﬁ"r‘la%8F§5§ﬁ?%§lﬂ¥ﬁ%@ﬁ‘c@iﬂ%ﬁf$ﬂ§°ﬁ%{ﬁ@‘ WerbdRttPRyVder

aﬂm}eachmﬁ@fth@mem EheRation; @%HMH@%%%(‘;RM%M@JWM%
rior to setting for e invention, i e he rovi

foﬁnﬁ%érg §ﬁalnéiw?) cer[l]eﬁ(rjlvt(?enrt tﬁplg qubecﬁ%rgcg %eretlir% F‘éar{:%@ﬁﬂf Kgdpeesent
N lied herein, "acidic” refers to a pH range of from O, up to, but not

ding c S t a
T e

i AR §€5“‘1:‘3ME; S?JBIBW*“OM@PB i?é‘t&ﬁ‘ﬁ?é?é{ﬁ r%é"/wgas@adw W)
maeeaircotdiRe topipeicatiness driDKsEnchwegodiketopiperazines and

105621V RGaR £ QbR HaRR N SEE LRI SR SsSP ARRaRloR BT Uy ariea
miércparticles of a FDKP diammonium salt/insulin formulation containing 50% insulin (w:w)
made according to the teachings of the present invention.

{0031} Figure @ depicts particle size determination by laser diffraction of spray dried
microparticles of a diammonium salt of succiny! diketopiperazine (SDKP} containing 25%

insulin {w:w) made according to the teachings of the present invention.

Ja032] Figure 10 depicts SEM of the FDKP ammonium salt formulated with 25% insulin
according to the teachings of the present invention.

10033} Figure 11 depicts SEM of the SDKP ammoniunt sait formulated with 25% insuiin
according o the teachings of the present invention.

[0034} Figure 12 depicts an accelerated stability study of the spray dried microparticles
of a FDKP diammonium saltfinsulin formulation containing 25% or 50% insufin made

according to the teachings of the present invention compared to control lyophilized powder.

f0035] Figure 13 depicts the generation of the A, degradant during an accelerated

stability study of the spray dried micropariicies of a FDKP diammonium salt/insulin



[0046] Drug: As used herein, "drug", "cargo” or "biological agent" refer to
the pharmacologically active agent incorporated with the microparticles

diseusapsiPerein. Examples include proteins and peptides (whekaithos/oz0026
protein is defined as consisting of 100 amino acid residues or more and a

folRRIIR Solesnitgars 400 FRPAam FeRId URShraHE TARe RAIRLA0 e hresent
ones; polysaccharides, such as heparin; nucleic acids, such as ‘
s IR

e )

mvﬁ%rﬁ%%? ﬁ%‘é?é‘gﬁb Fsde‘?%vé, i SIRNA,; lipids and

[otipsipoly seigeharitession o Egpnis ateolaatig having bislggisabasdivilyroparticles
ibiotics, anti-inflammatories,../ W0,.2006/023943.

o Y o s A T AU CERRALS 2ond N e 2o o

the, 188 PhiNGAEeRRhIFREONSRRRSERR RN WRRTUiRRSHBNGISS agents,

[06XFPIOXICFRGRN s JRHRIQLER, SEHMARLS: ﬁqgéeﬁzﬁ%@%ﬁpﬁpﬂﬂ an accelerated
rjlt{bo ies. 5)0#}7] Dr 8gpw,oler: As used herein "dry povyder refers to a Vinsul
S, S e o PR A TR S58p @i BPTGEBITLP IR satinsuin

formeipttranentsniier2h dthelinioait: wciordiog teeheteadnngy of tenppletst invention

coRpSARre ebmtbiwaierimpelassias: [0048] Microparticles: As used herein, the
term "microparticles” includes microcapsules having an outer shell

[C83hposdiPticeth SFR B BRI EATICABTe BRace SnthfAtidieeFPKP disodium
satliinetipiperizésccanciong drareasgrigsiilt elsodneildes MiLoOspheTEsg to the

e SHBIING AR AiSRaISEs: throughout the sphere; particles of irregular
shape; and particles in which the drug is coated in the surface(s) of the

[O%ftkicle drigurs vbldsiamasintoasPiueatril: Asrissodrivereh, Snaavtrafled FDKP
didRHRERItena PAFRNGE Qlainast, dontiiifyt ReteiRFlYJing B [QRRAWSRIY made

ine; . in, "weakly alkaline" refers t H ff 8,
R R AR St e R R o o o

INVENTION [0051] The present invention provides improved drug delivery
systems comprising carboxyHEEMEQY 8F heRM®cyclic compounds in
[B@dhbinatioor witketing orimthecitirergsnint ome enmegdinte mrofitheapresenitanding

of Eremirntb e belaresy&lis ¢rmparrds form microparticles that incorporate
the drug or drugs to be delivered. These microparticles include

[0%idrocaphtifis, AhisahAageeian atidky Iatsiscisniprissenot aiftienmte up to, but not
indxefeepgyclic compound alone or in combination with one or more drugs.
The heterocyclic compounds of the present invention include, without

199 tation PAkSto P EFEZINES BikSRTROMBIRSINEs ARl dREf Alo%ames afto and

inddings Ubstitution analogs. The heterocyclic compositions of the present

[06'3 ntlong‘ﬁ%l%n?% Ql%q ré%éa,ggungalb%rtl&? with opposing heteroatoms and
unbonded elettronpairs.

{0044} Cargo: See “Drug” below.

10045] Diketopiperazine: As used herein, “diketopiperazines” or “DKP" includes

diketopiperazines and derivatives and modifications thereof falling within the scope of

Formula 1.

[0046] Drug:  As used herein, “drug”, “cargc" or “biological agent" refer to the
pharmacologically active agent incorporated with the microparticles discussed herein.
Examples include proleins and peptides (wherein protein is defined as consisting of 100
amino acid residues or more and a peptide is less than 100 amino acid residues), such as
insulin and other hormones; polysaccharides, such as heparin; nucleic acids, such as
plasmids, oligonucieotides, antisense, or siRNA; lipids and lipopolysaccharides; and organic
molecuies having biological activity such as many of the antibiotics, anti-inflammatories,



[0052] One aspect of the present invention includes a drug delivery

system comprising the carboxylate salts of heterocyclic compounds in
cavotugnatiomayith one or more drugs. In one embodiment of thepreswabhoozs
invention the heterocyclic compounds form microparticles that incorporate

arfthgtdlsugvakslrugsdo he daliveredgdhese g tiglesninelidgciude hormones,
ofTISRGERL RS aYe AD oWlEhehLagmeescaoletieniie . i

"Reterbcyclic compound. afon comb ation witti oné of more
anfRrSuETeREH ANRA5HPRSIAT a core material, This outer shell may also

roB4fiound gr.consfifste microsphergshatare ﬁdwb%rfsqgférgnﬁouomo Articulate

combination thereof, which contain one or' more drtlg%s dispersed

CHRSTHRBURAHHE P rRiRPEReR PRASSPE] ShibRiee %\&é"BPEh%’ GHSrauid. ttis
nct v aititer ishi ateipivdy a8s@iCe 20 86 0R80A®IRGIEA)S2005/030026

ound icro |cIe having irre shape elth Io,ne
[gggg blnatlocm %)ﬁ? e &)Fg%ieneﬁ%’rﬁ%j%%%sg}%? S. 8%1:‘!? f éeﬁl%%?re(ﬁ) sules
haiR® Giridat fOE P RRtaRy GEIRIBR) HEksiRpSETITR /8RS oM cambinedon of a
dikalopimnsdanabent terenuicioas idrdiametasdNHbrRiek ugiclolivesesysiamifing drug

daga%%dwmm% gﬁ@} J%Qﬁ%@@?z%%ﬂﬁé%%%%ﬁ ﬁ?ﬁ%%!s%%m&gthe drug

g) he heterocyclic compoun e present

argo tolerance. [
'Sﬁ‘?)ag ditsht hﬁ(ﬁﬁ'&%ce\f\ﬁ)tl’? HEPRdRH, WikeiBpilberaines, diketomorpholines

[084ast diketodionanes anetheisiaUbeiitiioRRRAIBISHHIHRSE HBISHPEY %, but not
ingg@p %ltlons comprise rigid hexagonal rings with opposing heteroatoms

thbonded electron pairs. The general formula for diketopiperazine
[oan0l its analagdyisiehownibeles iethia, cagypoarohéosmatiacla R2 Gyyddf from

8, Fﬂg ElﬂrﬁHHlﬁci%cng%%] In the compound of Formula | the ring atoms E,
and E2 at positions 1 and 4 are either 0 or N. At least one of the

S|de chains R, and R2 located at posmons 3 and 6 respectively contains

a carboxylate group GeASRPEACHIIIGMBSINRUNMENE®N present
loﬂﬁféntmnﬁkﬁewas@rﬁdnym@grem@@reemat@d aongdtiyside\chems ¢Rnprising
ca’il%l(ﬂét@%%t%oﬂ%l&%ﬂ?@@&ﬂﬁp&r@@qm&fmgmﬂtcm@&a’f@%}ét@&% ISin one

en%C%% er'w?tr{aiﬁg %reégnt ?%gn zonlgigﬁéé?r&acngeﬁzrorenrgﬁ%%ls m:cro rt:c|es that

ups are termina Fihe SyRthesTs

carboxylate
'nwﬁméﬁﬂ?sé%%ﬁégfaﬁé KhBVASH 2FRE arf 2% rﬁma@@ﬁ%é@&%ﬁwwmum
wih]thted\ﬁtaﬂesﬂtatemd’ﬂG$F5935®4ﬁleﬁ;50%5ﬁetaﬂﬁﬁiﬁ3&03%umdﬂI@lbne or in

CJW ﬁa@@ﬁ Qvﬁ'wt(:&‘é"‘ep 110 r@g&gtq&;}‘g ﬁé%@ot-lyci Ef%%%%lﬂgoé(fethwpi?esem invention

g erred embodiment of the invention tgg iketopiperazine Is a derivative
in %e \H]@o%n{‘ﬁwgams}l) %kgtop[perazmes iketomorpholines anc diketodioxanes and

their substitution analogs. The heterocyclic compositions of the present invention comprise

rigid hexagonal rings with opposing heteroatoms and unbonded electron pairs.

{HEEYS! Cne aspect of the present invention inciudes a drug delivery system comprising
the carboxylate salts of heterocyclic compounds in combination with one or more drugs. in
one embodiment of the present inveniion the heterocyciic compounds form microparticies
that incorporate the drug or drugs to be delivered. These micropariicles inciude
microcapsules, which have an outer sheli composed of either the heterocyclic compound
aione or in combination with one or more drug(s). This outer shell may surround a core
material. This outer sheli may also surround or constitute microspheres that are either solid
or hollow, or a combination thereof, which contain one or more drugs dispersed throughout
the sphere andfor adsorbed onto the surface of the sphere. The outer shell also may



diketopiperazine, which may be formed by condensation of the amino acid
lysine. Exemplary derivatives include 3,6-di(succinyl-4-aminobutyl)-

ecainvl diketopiperazine or SDKP), 3,6-di(ma|eyl-4-aminot§x -
3 6 di(citracony| -4-aminobutyl)-, 3,6-di(glutaryl-4- aminobutyl Esaocsiosnns

aminob t m aI 4-a nobutyl
e R e R e AR oL gy win e
g %ﬁﬁﬂb%‘?é@ﬂ@sﬁmf@(m Additionally, nonsymmetrical derivatives of
[Odgtﬁ aforgmentgned CampayRds %&ﬁl%r@{)tﬁéﬂ%ﬂ}eﬁmﬂ%%%ﬂteé are from

em{lcally noted herein that the lithium salts of 2,5-djasp arty

abgs0 O R ARG 2 TS o R S AR e e these
ml@e%ﬁﬂ@%@%@ﬁlﬁeﬁi@baﬁim daisitietvesenhialentiondamdyasaerahcare

eby sclalmed he f e 9 W 2006/023943

Tlussgb%océ%l?gé%é 5 GCas" % esghglgrc %?meHVSS“rHBdﬂ%%anﬂ*‘a%ﬁ %@i'on
d*"B@BWWW@ﬁinﬁe@%}ﬁ@Mﬂﬁ%Ia@ FikgledipreResNapO el $wositudon analogs.
Théser heiteozy i Carlpoxiiomst byh3iGdiio 1pipegagin rins) vatesispasisl Retetdtoms

Ohhpbiddy Qe fEHMHAAS T | formula f
an%v;iﬂ? % carbc()exy erm);/glﬁ 6- dlgxée %?E)aerg%uza -yl rﬁjr%%tl f[lgljg rgage[@agﬁsénalogs I
sh ﬁ%ﬁb@etﬁmﬁrﬁ%‘? fmula 2 will be referred to hereinafter as

2,5-diaspartyl-3,6- dlketoplperazme The compound of Formula 3 will be
referred to hereinafter as 55 = etopiperazine. It is
understood that all other heterocyclic conjpounds based on Formula 1
are considered within the scope of the pregsent invention. [0058] For
exemplary purposes, diketopi es sdlts.and their derivatives will be
described in detail, These c&mpoundgare the Breferred embodiments of
the present invention. However, this does not exclude other heterocyclic
compounds based on the compOlfr?&'Uf‘Fbrmula 1. [0059] The use of

Q P salts fo L r the dellver hosPhodlesterase Eype 5-inhibitors is
oo n the compound o Fcr ula 1 the ring atoms E, and E, at positions 1 and 4 are

either O or N. Atleast one of the side-chains R, and R; located at positions 3 and 6
respectively contains a carboxylate group {i.e., OR). in one embodiment of the present
invention these carboxylate groups are located along the side chains (R, and/or R,) as
pendent groups, in another embodiment the carboxylate is located intra-chain (an ester) and
yet in another embodiment the carboxylate groups are terminal.

F0056] General methods for the synthesis of diketopiperazines are known in the art and
have been described in United States Patent Nos. 5,352,461, 5,503,852, and 6,331,318
which have been cited and incorporated herein by reference above. In a preferred
embaodiment of the invention the diketopiperazine is a derivative of 3,6-di(4-aminobuiyl}-2,5-
diketopiperazine, which may be formed by condensation of the amino acid lysine.
Exemplary derivatives inciude 3,6-di{succinyl~4-aminobutyl}- (succinyl diketopiperazine or
SDKPJ,  3,6-di(maleyl-d4-aminobutyl}-,  38-di(citraconyl-4-aminobutyl)-,  3,6-di(glutaryi-4-
aminobutyl}-, 3,6-di{malonyi-4-aminobutyl)-, 3,6-di(oxaiyl-4-aminobuiyl)-, and 3,6-di(fumaryi-
4-aminobutyi}-2,5-diketopiperazine  (hereinafter fumaryl diketopiperazine or FDKP).
Additionally, nonsymmetrical derivatives of the aforementioned compounds are also
contemplated. However, it is specifically noted herein that the lithium saits of 2,5-diaspartyi-
3,6-diketopiperazine and 2,5-digiutamyi-3,6-diketopiperazine are not considered within the
scope of the present invention and as such are hereby specifically disclaimed. The free



described in co-pending U.S. Patent Application No. XX/XXX,XXX filed
August 23, 2005 and entitled "Pulmonary Delivery of Inhibitors of
Phrshi @ggﬂtéarase Type 5" and known to all by U.S. Provisigg?}[%%gg)&om
Application No. 60/603,764, which is hereby incorporated by reference in
its entirety. Pulmonary drug delivery using.D icroparticles is disclosed
e o O ATE T S ST o D R oery 1 Tha e 3
repRARNYPIArY System”, which is hereby incorporated by reference in its
entirety. [0060] Diketopiperazine facilitate transcellular transport of
biologically active agents agross bjplogicaltissuesdtowever they are not
penetration enhancers.denetrgtion 1
PCTIUS2005/030026 enhancefs are compoungls that improve drug
movement across biglegical ti S isrupting cell membranes.
Examples of penef?gtion enhancerd'are suffactants and soaps.
Diketopiperazines do not disrupt cell membranes either in vitro or in vivo.
In vitro studies demonstrate thatkF¥&R does not disrupt cell membranes
or tight junctionganehegatnals semrIgpiagiselyiakiitycid
Diketopiperazine/insulin powder compositions are (s)oluble at the _
physiological pH of the lung surface and dissolve rapidly after inhalation.
Once dissolved, the DKP fgcilitateg am transport of the
insulin. [0061] Applicants haverdiscovered improved diketopiperazine
compositions having greater sglubility at a neutral and/or acidic pH.
Applicants haviéPalso ch eutic complexes between
improved diketopipgrazines and drﬂ'g(s) of interest can be formed. [0062]
The salts of the pregent invention can be prepared by reacting the
diketopiperazine free acid with a solution of an appropriate base as
described in Examples | and 2 bato#s In a preferred embodiment, the salt
D A SR, B5n% Radin (M), pofassium

(K), lithium (Li); magnesi calciu [um, or mono-, di-

i-alk | lved from e APHLYL 't here ras
{Ogirset?]a yWEBR@HI’%hE@?{ gnupL from ﬁ'%ma@“é'%g%g VIS 1o, hereinatier a

thanolamine, triethanolamine, or pyridines, an e) salts of
2 hRsRRApdradindeirinsiaiiple. THe SAMRPWHCh AAYIE o, Wiinfigegpiemed to
hemitdfiglzercidihsaityid6-dlsetoppeterplatisd foreiketepipsralites ineterocyslic
cHHRiehNE R BN RAMRINPRUEH RN NG RF thE'QBe SR ALRESSRGRISAhn.

the invention, a basic form of the agent may be mixed with the DKP in _
[B&8r to foah SxerilpvanBreprsDIieiSDisR asaetheafrugnd theiicaeitalives will be
desdimadfithe=RKP. TH6 Adnaicdrdg delivery duntegicalyiretivieragentsher present

inﬂé\{lﬂénhaﬂ[}@e\f‘b‘?r%‘é%&s RaPBylagic ool Aing iEif'%CQé{mS&RQQ BSsed on the

vered using diketopiperazines. Essentially, the biologically active
coigRmne GBI with the diketopiperazine particles of the present

[0059] The use of DKP salts for the delivery of phosphodiesierase type 5-inhibitors is
described in co-pending U.S. Patent Application No. XSG XK filed August 23, 2005 and
antitied "Pulmonary Delivery of Inhibitors of Phosphodiesterase Type 5" and known to all by

LS. Provisional Patent Application No. 80/803,764, which is hereby incorporated by
reference in its entirety. Pulmonary drug delivery using DKP microparticles is disclosed in
U.S. Patent No. 6,428,771 entitled “Method For Drug Delivery To The Puimonary System”,
which is hereby incorporated by reference in its entirety.

[0080] Diketopiperazine facilitaie transceliular transport of biologically active agenis

across biological fissues however they are not penetration enhancers. Penetration

10



invention, As used herein, "associated" means a biologically active
agent-diketopiperazine composition formed by, among other methods,

capLesipiation, spray drying or binding (complexation) of thg rwesnesoseoze
diketopiperazine with the biologically active agent. The resulting

' i i icles. h t e . .

e P R Ot TG AkARE Bioaica s o

d*SfHB*‘BE&S{‘ RECRAIEM GrAResS ARTRILIR PbERcEs IR SYERFRISHANE Foaps-

Diketepinshiaxiees tha i aliasgo cialli orestasuerc titheofirp s cal i wiraprinevitro studies

defiBRiestdaranteRelemsy 'Hﬁ%ﬁ?&ﬁ%ﬁﬂ%@% ﬁ&“@%m&ﬂglﬁf%ﬂ&bes not
s

hyd ding, der Waal" d adsorption, [0064] Th
R, LN B T e
physdriagied ehtieé thecsatsirrastiondidisiodive bapidbeafiot Inhietiorn, Shynitisopived,

thel I I tRPROINSI G2 RECIRING. teinapyides wasipBumf other compounds,
including nutritional agents such as vitamins, minerals, amino acids,

[0084ibonyaraiicanisugars, diserrered iprerssrediketopingr s /ogmpagtions having
grdé@ﬁﬂd@ﬁﬁ%t@fﬁ)@@emnﬂmmmeﬁtﬁgtps.drm}im{wed@i@lawﬁaﬁ;mﬁm that
theREIINR BGh AR NeFeltartri he kgi%%QFQE%éél %m%%)t@m%& can be
fo frg(rjn the Gl tract following oral delivery. In other preferred "embodiments

e materials are biologically active agents that are to be released in the

[ooszpulatoTHesysias &llaveingrpsdmonaanasnasah dslvVerkpiicRtNe) reacting the
dikg{ﬁﬁgﬁgﬁﬂ%@d&@%‘eﬁ&% he,majerals, %5%9%’;;?3[%1 'f%%gg gscg\égcagggtt?i hat s 1

are release in the central nervous owing nasal delivery.

an\gBrlewally 2RI e eiingoliesaihitoa ghamprssstiraisaseentaiessalt such
as teetstdivagihal, andéeidu¢cnlitissnel Nomdiniingenad Rasiehiotgieatvnium,
or ARibR-208Nts dpclrde DEoiRingiGRd %Ot'ggﬁvg\’éfh%%w Qﬁ%ﬁﬁgaﬁﬂgf NEGBmine,
. consisting of 100 amino acid residues or more and a peptide is less than
AYEURHY LI FRISURTSS; SUcRYES s fff i dHifersAbintbifligtopiperazine, for
- exgobsacthariciisnsucbeas meparin dnucleimiaeils{suchigseplaseidsits are also

corRbapRiIsieRHERSIBHESENSE ARARNML B A0ddRIReN-aGelRHLSS A bup.
Besuch as many of the

[ lecyles having biological acti : 3 i
| in 8{%%%%6%8 %F gngsnvgr\llilsgﬁo al%ggéc%n%c%% aagﬁr[;g raﬂ%l %IW&%% g{[}pstng é%i(P in

anti anti-lnffamma ries, “vasoactl

oy {rafMeree e TstERINY arneihaidhe tves isgomesuBiseciionohtlieRiffy
[Oﬁ?mpl%mq}é ea%ﬁf&&dsbfb%&l%'ﬂﬁ Sagﬁr@m&%gﬁ né?’ d?uré[éc.%aagﬁg nt‘ixsérapeutic,

immunomodula mg\ggents, cytotoxic ﬁ(ilg_ents, ntibiotics, antivira .
PropRulafis:ies daaieatiesclivitRie prastanieivesth bbb ric apReaRRanEssentially,
. theabitivgitadyaamintsaoantigerspanttantithoitie sikelgome tietgrceseshs the present

invBRAEAIN RO ABHDoLlES REANIESAS WHISRGIANISE NI A IBE zine

coRGIRIRISIS By njecton to et o appropriaic respanse, More, "
ParfCalary Compouhde that EAnBa 9580 SR SATRT: SREtoPIERShEInding

(coppiRpBittions e tHikgirenemainceniibntivchidedisslfiracepadest. caltieordayiting
diktathpamattng aaibpoiddeen®age that have entrapped, encapsulated andfor been
coated with the biologically active agent. While the exact mechanism of association has not
been conclusively identified, it is believed that the assocciation is a function of physical
entrapment (molecular entangiement) in addition to electrostatic attraction including
hydrogen bonding, van der Waal's forces and adsorption.

[0064] The biologically active agents that can be associated with the diketopiperazine
particles of the present invention inciude, but are not fimited to, organic or inorganic
compounds, proteins, or & wide variety of other compounds, including nutritional agents such

as vitamins, minerals, amino acids, carbohydrates, sugars, and fats. In preferred
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and fragments thereof, growth hormone, erythropoietin, glucagon-like
peptide-1, somatotrophin-releasing hormone, follicle stimulating hormone,

cromalyiaAgiponectin, RNAse, ghrelin, zidovudine, didanosifgey yissa0s30626
tetrahydrocannabinol (i.e., cannabinoids), atropine, granulocytes colony

enthBBMIBHRT factay, ?W&H&%‘%%ii%%ﬁ?”&%&%” é’EHQt VSJS%”BQ (BRI in the

Iutelnlzmg releaS| ormone alactosidase and Argatroban.

clreiRs HiRiEhATPS 9@[@8"?&?‘@% B I*&‘iﬁIy’%i&?réhﬁeb‘ée&’ss@c?ﬁi%p’ﬁfemd
enghaiimsetsbibbweeteif0 amhbRY0SY grdivs guenimote! @865 bmagmged in the

cirdsRIS '%té@d%nﬁ%ﬁ#@'%urﬁgw%\/%é%%iqml%er@d'QP&FIH?;?Q@F}E% eodiments
radiolucent age aso be incorporated mtg d|k iperazine del very
B L Ao nefious

the, TBIGHETS RIS R &S%gsagwae ABBIR ASeitRh RS il centra
sysserietionnd dieandeirentiufdditenally, feridrg £a8 bheSshidrisooeB]mucosal

tishedEionadly de-f Wﬂ;ﬁnﬁarh;lﬂﬁdﬂ maﬂ@uas&rénsmauqm@y BeAAMRdor biologically
acmpl%cg:lé!ﬁg ?ngpuedtea | 93N e% %eg ‘Bf{@% %JFO e Q‘ng‘l%edc! 4 dor% tﬁlg of 100

salts,"amines or organic ca quaternary ammonium

ar@ﬁ%@%@%&“ﬁ@d’ééﬁf”ﬁ)@@ﬁ IP?&B?ﬁésef?ﬁ?o@'ﬁﬁeW ﬁﬁ@”&?@ﬁ%"lfﬁfﬁﬁ%’s ), such as
inditlogrehlbyhactheragenispthatzareddidee, keleased ot cinguleitoncigystemh as

@Jﬁﬁay@@g&%&g&m&h%@@'ruﬁma@&?trﬁ&mmfa&a@g&ﬁav\é@s and organic
2006/023943 PCT/US2005/030026 de veg/ In other embodiments, t

MYRSUGR AR AR RIS Rh ALY (8458 AseRERY i the %?P@&&?Brf%&é’i@?ﬁ'mames
vafisiaphive gagehtsotiratydingn agentd edisashytd riredl] ererite tisbistientsnthaeuroactive
agRiQipgicaivaRlivieagenisaimpreselaasad i@téb@u@,erﬁahmeéouge%g@mams,

Q94EOW|n%{1asal nqueryvngr Addltlonaelht@e dr K%?gmcan be %?sorb tgrouqahnﬁviraﬂs
Mucgsal tigsue suc srec{‘aﬁ glnal a Bucchl tigsue. %8 Some

angpifRis bisRa: ﬁ@ﬁ%@?@%t&ﬁl@“ﬁ’?'@é@ﬁica&?i@?aiﬁﬁﬁé SiBifsnse agents,
artiyentg agaskitbotistinal Rearabranescarehpqotieiseluize 3 phyisidlegicahntigens
wilbh &HQASMsQ%&&‘ﬁE@@Ib% H&rﬁﬁ@é@?@ﬂ%@ﬁ?&&%ﬂ%é{hm %’BFB%HE%S%@B%S@

tract. The biological agents are combined with the diketopiperazine salts

M e R TR Ei?bﬁ"i‘fé?ﬁ REPHARES IS S SIEHGRRA BB P ositions
ofghearpsdnt inpreferradiatainsdimdrparndiketcsiperthmemimepanthyroid hormone
10lgd W@ CliNeran el aiemibRNaA 8if pr@ﬁ@ﬁg@ﬁ dN&eptide-1,
arRiolegiraltactingaund gro tha&%' 'mih
the llg]tlr(}:%%ents 0069 To afslgmg e &n ore drugs Wtt dP ofi
som gat%)gdrug andjgne%?z sal are pre era Ir§/9m| GI?FS(?\:U fgﬁy Iponacin,

Rfélﬁ'é%e@f?ﬂ@ﬁ‘ %&%&%dﬂf@ﬁﬂ?’ﬂ?néat@%ﬁéﬁw Stem &G PROriSEniRePine,
granlibeyosrssuspansibelstingitierentzambahe enisithe: poxade ishsprayadiiediactor,
|u@En:%/%"FQ!&&%J%%Q&@PB%Yacymmo&@aég%rﬁﬂﬁi@%%éﬁ'”@mﬁﬁmmﬁ a wide

to form, load or d
range of moiecuiar welght can be associated, for example, between 100 and 500,000 grams

per moie.

{0065] Imaging agents including metals, radioactive isotopes, radiopagque agents, and
radioiucent agents, can also be incorporated into diketopiperazine delivery systems.
Radicisotopes and radidpaque agenis include gallium, technetium, indium, strontium, ioding,
barium, and phosphorus,

[0066] Additionally the drugs can be in various forms, such as uncharged moiecules,
metal or organic salts, or prodrugs. For acidic drugs, metal salts, amines or organic cations
{e.q., guaternary ammonium) can in some cases be used.

[0067] in some embodiment, the drugs include biologically active agents that are to be

released in the circulatory sysiem after transport from the gastrointestinal tract foliowing oral
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particulate solids from a variety of solutions or suspensions. The use of
spray drying for the formation of dry particulate pharmaceuticals is known

ingheREiAuever in the past its use had been limited by its POTIUS2005/030026
incompatibility with biological macromolecular drugs, including™ protein,

jde cleic.acid e to the nature of the spray drying process.,
T i e SR
Cifia9sh SYSIFRIREaNEE sHnanEN pasesd thelveik alRcliteatopisemhsdiments, the
biﬁm}@;&aﬁic@eﬁ@@ﬂﬁb@&f oy t@i&@lﬂbﬁﬁtﬁ@t&tﬁfei&ﬁ&u&ﬂ@@?&fem ﬁl@wﬁng nasal
de@@éﬂ@leﬁg&@ﬁﬁsﬁﬁddﬂﬁgl pa%I(Hg %g&@g&@%@gﬁ &Qéggé?%'s;ru%eégéﬁta reclal,

mgerature is the temperature of the gas stream leaving its source an

te
VAL A YO SRISELEF S sed upon the lability of the macromolecule being
[otemted. Bamowlahiae Relisls is@niyngtionofthe iH'%Em%a}%ﬁuégesuoway
g A A S R A K R AR

présefit INventors have inexpectedly determed R TRSRR  orpldor are
SUpreREie ineniGintndvstasioayndinie pbibirminaeiadicitmbiaegisahagents are
coinbireaswity tontiitiafiparbinlegisalli gotvrtagent whishhasnek:bes ;ﬂrﬁg%ior to

i ' respir ction (%rf), the percentage o

;jfﬁi%&ﬁ’fﬁ%%@ﬁ el FEN e L e R are o

HRIB PG R 85t e ERt fivE KD iR RipPritre £Ethe TPRERAWSREaTS-
[ogather th%:a-gg‘%i@émd@f T@é BXReGHRH -J@@ﬁeégﬁ?tuéimgg%@ﬁé*%% it are

e present invention IKetopiperazine microparticies can npe rorme
R S e
be RRREPABReSABOSHORRBIEI8 AR EE TR0 SPTOSITB0BABE [DORRY is spray dried of

iyohtlitlité@nally, the present inventors have surprisingly determined that spray
dried FDKP disodium salt/insulin compositions have increased insulin

ity aPe TERBeRuanblorh e RERY 8 SHaIRH S8t thdostartpey o dry
pasigiviiensricietises: Btagility schgiomeassirgetbyidnsulindass afteprdy cayis &dr the

forfidedr( oY ke lative R SR LEXRMP R YA ti{ésgli%\&@e%é?% HRMast its use
gImL solids (tota

powder spray dried from a solution containing 37 m k )
"SGR o R OK o CATNSUIG, Sy BRSO B st docicng
PrOGRRfRRRLBEIVERY rifsieip aridel drsnioatiselriure ciriteinTgyAd ving/mbcsetidDuring
spedyda2yiFif msutmim|9§$6éﬁﬁibfp%Wdﬁﬁfpﬁﬁbb dfﬂ@ﬂeﬁ@fﬁ_r&@ﬁ“ﬁ@%oiizaﬁon and
| I r.observation, inlet
::%‘;é’ B R N R I L Bl i ermpor water

m ) _ | .
aﬁ%ﬁiﬁ%ﬁ"cé&é“ﬁwaﬁm%ﬁ PRARRPTHIgME! BERE M erstides simsoliseieshsifg inlet
tenpetatempe teeUrenasraigasdibd Pysissulim lessiajtes ddudaymatd0OET 5%elected

baB¥id- dph BBl Bbe Avkinsulinas eyt fromupowder sREAMARR Al is 2

i re of 180C comparison, <1% insulin was lost from

an nIe; &gmﬁ)e{ tu . _
funct } i i
5 os\c/nvragr i gré ye d%?eﬂepgtiaéur{emité% ﬁgat load required to dry the product aiong with other

factors.

10671} The present inventors have unexpectedly determined that the particles of the
present invention, have aerodynamic performance which improves with increasing content of
a2 biologically active agent which has not been seen with other particles. The respirable
fraction (%), the percentage of particles between 0.5 and 5.8 microns in diameter, of the
spray driec particles of the present invention increases with increasing insulin content, rather
than decreasing as was expected. Therefore using the methods of the present invention,
diketopiperazine microparticles can be formed which have higher biolegically active agent
content that was previously achievable.
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temperature of 200C. [0074] In an embodiment of the present invention,
microparticles suitable for delivery to the pulmonary system are provided

v@@ggjj@,&%@icroparticles have a rugosity of less than 2. A Q}Pfﬁgﬁﬁg)gﬁ%z(
of the present invention influenced by spray drying is the partic
rphol measyred b osity, which the ratio of c rea
the SUPAISIY e St GEpers IR thepatiale S i 5h Tl ?{ﬁ? ARg ey dred
F%rtuéléoémltya*vﬁétdm@@p@?a%% TRP b@@@ﬁﬁ%ﬂ|eww*fprovﬁi%lr|@& the
cofatielesnheiving paricWias@haragtar stiesstately askugasiiyreRugostytifty was

meRALAEARARIGES J7 2 MEAHIG Q&tﬁ%mpr@w@@mm S%QP&%%FQGB 5%

particles, such as the degree 0f folding or convolution

‘“SHPB\Yi’&aéﬂ?tbfé%H BoSAGhEREY 4B AativeD ﬁ%ﬁ%‘éﬁj@ﬁ WQHP&eﬁD{’BS (total
weghtadn flitfctisodiittn sofficientispersalpititis¢o,fé rifea fseis: floasing ifowdeewder

spéw&r@d% t@%oar@&r@%mangorz% bij/ enprogicedpastieles suiiaes st from

ylmonary de 07 The microparticle

Wlth
pog r?ﬁu‘f’é??b%%egf}/t%’g %rseoélér?tn o ﬁjlstered as a liquid or
joead form. alhesercaisanalisie Sﬁéﬂtﬁbﬁp‘e@ﬂﬁ@%&ﬂ&mﬂw POWARESTisIng effects

onﬁ%ﬁ}stﬁ%ﬁ% '%h%ﬁ‘?&’%ﬁ&’%% Qtl‘%ﬁﬁirﬁo&%ﬂﬁ g 9&1}8@ Ynéi‘éﬁjsérs‘ew:th

ese fferent orms o Istinct, but overlap plng advanta
A

INGERRRIRbIRNTR ﬁ@fBB?ﬂ%‘%&nﬂ?e’ﬁ@ﬁPE?&letP%ﬁﬁ%é?%ﬁﬁFuég @éﬁ%ﬁ&é@” For
exthellestaizilityd % heyuianwals tobeffomesivieo s praor ejpiadticlesremidb legiperature of

18@@'”§§r%ﬂﬁbgﬁsma@“,9ﬁx%&ﬁﬁ'f@|w§i theRASEhAMICAR8OLAGE It WA iniet

pe ud| é)&); size of the micropartice. Diketopiperazines can also
*'ch Itate “absorption of the associated drug even when delivered as a

josaiution.Samerpbthedakd? walise{bat mamp&e riigcpaditios and:petasauivery to
tnesaﬂr?% %%f g}%o qued seluhiliy atnsuial Sl%"c?eslﬂa\’}"% i@go Rr%?f%% than

026 pH as compare t ree acid, whic

mﬁﬂ‘?ﬂ)@ﬂ %?8§8Pp?foﬁ‘ﬁ1 RFFé%ibfﬂé‘%!ﬁ*?ﬁ Bﬂﬁﬁﬁmusﬁ%’ﬁé’d 4¥ig fisrife. particle
m¢QB3 LRI keapipeddrinegsaitycobintetheatitm sfrtiaysbedielectedito meuiee area

ca&%|§e€5}bﬂﬂgth\é%¥m&1e39%bﬂi§kﬁ§utﬂa%%%FME‘Q&&{H@}"t% @%@anon may
result Tfﬁglfferenc S n ssolutlorb rate and/or |ntré15|c§olub|ht

e PRI R AR oF B ELSAEa LR R Ao Br Y S SHra o=y
Rugestitive B ﬁtw r@@f@dﬁﬁ bénatieeredis g beeentoier 6 prowigtace of the

pafrms@wIatkar&h&w%imeﬁiaﬁeg@ﬁdéamuﬁained release profiles. For
example, sodium salts of or anic comﬁoun s are characteristically highly

10QGHble it B?&&@?déﬂﬁ%f&% TWHAR BAIRMPSAIRS ZheVEral RS ERSHEANy order ©0
obGiypshigieb/ gt DB aiedii dlggicabiysteriver Ehluse dlofgngulatian. cBonpissedly, the
pr&de i HBeRE Ay S AIE LOMMRIRRTIQRWRUIG IOWRAIR Badialedivg rugosity

beiow 2

{0076} The microparticie formulations of the present invention can be administered as a
liquid or solid form. These can include solulions, suspensions, dry powders, tablets,
capsules, suppositories, patches for transdermal delivery, and the like. These different
forms offer distinct, but overlapping, advantages. The solid forms provige convenient bulk
transport of drugs and can improve their stabiliiy. They can alsc be formed into
microparticles enabling administration by inhalation specifically to the nasal mucosa or deep
iung, depending on the size of the micropariicle. Diketopiperazines can aiso facilitate
absorpiton of the associated drug even when delivered as a solution. Some of the DKP salts

{for example, the sodium and potassium salis) offer improved solubility at neutral and acidic
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absorption, while a formulation comprised of a DKP calcium salt/drug
combination would provide slower drug absorption. A formulation
GRBIRIRG;, sombination of both of the latter formulations could be u

sed
to provide immediate drug absorption followed by a perlod ofF S48 g%n IR

S 8] Diketapipera ine sa It rmulatlo bl0|0 ically active
p}g%e?\(gg\%%%# Q(g?hé ﬁelenlg eBke oral?antdﬁlcgrgpa'q?c ﬁé’ﬁﬁiﬂ ‘Bﬁxﬁgomam of
O@HM&FW&?S@%@% are absorbed through the epithelial lining of the

[am?tm'n@&B@@%&:@%@%W&Bl@&dééf%ﬂg‘rﬁéy%@ (Flggﬁﬁy Mduce sgits having

Alter tlvféﬁ the COI’T]pOSItIOﬂ can he adminiStered as a SO IOﬂ inw

VA RISREBCLLRSs e VESR S 3R SR SH SBP R B rBsH el g TaEaRRsAIRjSSolution
ratthenpicippiasiciel tiin By adniioistetod et DEjfensicisosiatisolithe atagedrug
abfs@FﬁtEdhla{ErSﬂﬁSﬂiMe@Rﬁn%ﬁﬁ&Wganﬂ\%lr@@%ﬂrb@éilw following diSaalEANte provide
BT FIE IS sl sion, Miagpariccsfese fan ve
MICTONS read I SR AR SR DElsss EanmaRggrdium salts
of StApNfecHRa @tﬁaﬂ%@ﬁ@@twim@ﬁiw@mmatt@ibgﬁeir@d@ameyvmte
calal@rkseinann dicannestialy availanghibisianly, miserrRatciasear bernus, a

foﬂﬂlﬁ&f@ﬁé&?ﬁﬁﬂ@é@i@?g ﬁkp%@ﬂrﬂ%ﬁﬁ}grﬁ%%ﬁcy larv%étﬁd 3rov dje lmmedlate drug

mtraperltoneally Additionally, the micro es can
AbRorBlR Akl qR VRIE ARl fEsrerSe g ena P ERa s %t?@i?@ﬂ‘@e%@ﬁ?ﬂaﬂm would
PrGa86ioer topcaisoritiansdefonabiation misttaition, sniorapastiolesieambe the iatier

forflRRRACRMUR BeSWitable PRATHRARGHIGRICAFIE AN ANDINSHANN ASINGeriod of

ethgd ?Pﬁgrolprlate for the carrier and site of administration. For
SUS aine
ropartlcles are administered to the eye in a buffered saline

{Bmytlon Ditetopidend Appreximasehuibihrer it apiqiisnant %@ﬁ%a%getﬂ@%kay be
admilntsg@cfd&sﬁ?e W!&&Qﬁ@@%d%%&#d ﬁ%mﬁg“&%ﬁ&% oeased 8%ze. are

well as the rate of release. THe microparicles. or Agoregat g of
b RTRRS RS T S RiTpRI ey & t‘é?SIéi%StrWﬁWWEB’rﬁ@Fété@Oc%ﬁ&?ﬁﬂf%m or
lyreehalvesaetaninidtered theeth e sk esiiointrre bt sseamst@epatsh. sSuitablewhich

epbaﬁ%ﬁeééﬂfe%.l cAHiarsR" i ngo
" e jally 15 WO 2006%/%(239 Iég%s%m%dogégggq{ é’?a.ﬁ%f" lcropartic

UCOSAl Adminietratonr el BERE4PsFaGifum Bt sishniygt completely and is
ab%iﬂh%fﬁﬁ%’ﬂb@\q‘s‘?saléifpﬁontemplated [0081] Pulmonary delivery can be

foofahy eﬁ%w&%%%%%%%%%%ﬂg& ﬁ%aﬁldl%rsso Em sorprfjon - microns readily

micropatrticles of the invention and can O rapl

pa%%r!fh%ﬁBr?(%‘?88%%%%"%5}%}’bé\%@?ﬁﬁﬁ%rs%kﬁo%wﬁ@wwm for
- exgapticutidsrsaitabldtardtaleiisy stem sarerd escribetietdisy pataiible.  Simitariy,

m@@@é@@%n B&s. @3/6%}@@% apd 1:9{&%@&@35%9%%8399 qutaR8§&Jlariy or

Ies an Inhaler ich are hereby incorporate
mtrap oneally q\E)JX ona e mlcropart\a/{\é es can %e ptaced in anp:mpiantabie device to

facilitate sustained andfor controlied delivery.

{00807 For topicat or transdermal administration, microparticles can be suspended in a
suitable pharmaceutical carrier for administration using methods appropriate for the carrier
and site of administration. For example, micropariicies are administered io the eye in 2
buffered sailine solution, at a pH of approximately 7.4, or in an cintment such as mineral oil.
The dosage will be dependent on the compound fo be released as well as the rate of
release. The microparticles, or aggregations of microparticies into films, disks, or iabieis,
with incorporated compound can be adminisiered to the skin in an ointrment, cream, or patch.
Suitable pharmaceutical carriers are known to those skilled in the art and commercially
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by reference in their entirety. Information on pulmonary delivery using
microparticles comprising diketopiperazine can be found in U.S. Patent

’\@0@&%@2?974% entitled "Method for Drug Delivery to the Pulmanamt,qas/os002¢
System," which is hereby incorporated by reference in its entirety. The

aJ%IL%Y&'”%é?s’élpéﬁﬁxﬂt&%%ﬂ“ n@dﬂ%@%@&”ﬁv‘é Al OFsCE) %%d'meﬁ’rﬁtn% ration is

e Invention and are not meant to [imit the'i ntion to that whic
23R EIBEIHEfow. EXAMPLES Example 1. Preparation A of FDKP

[a@asydlurmﬁ%tg%&wm% qt@rtbs}otaﬂée@@@{t daks&m%@.@% 'ﬁk@n@:%%))wders

uiy.) were placed 3-neck round bot
BRI R L LB BUREEF AbRalo e B aomorpion no te
citpdptisnThieatsiRREe JAOPPWERT O \GRIeE &mowo de thamodpheadionarte suitable
inbkRD s?%@r@tﬁtér?%@fiﬁwf@ qgthhygr@é'tdﬁt (ébﬂltI&@ucﬂn %@Mﬁtﬁﬁ@ &Qﬂ@gggs 153,
e OW. S tio as ated to
baﬁ%ﬁtﬁpf g)ﬁo%?sé eles%lalt"%? as t ﬁt‘ere(f tan%%%r\?gy hgorporated
btné@éﬁftﬂ%em%t&% W@Watet“fﬁﬁg%‘&%&%@ﬂ@ﬁ??ﬁé daitvipne ‘tﬁ'&?oﬁ?{f’mmcm
cm@r@ﬂ&ntoﬁtm&mm&&d:@@dﬂﬁwetesd Patkin te §acommaeni«d0dsthod for

nsbes of {%@'ﬁ&l%%f@y@@J%%'ﬁs%éB?ﬂw@é@%Y&QJ%%@%% in its

content Karl Fischer) and sodium content Qelemental analysis and

eniony fPfE"(}IE%e RS G AP B S WS Bl §8YPdiments of the
inkgolivoHaE Fermabiiae RO H2E NMNH20BRD. 808! MRICH Boddsatisreldpédavl.

Fischer titration: 5.1 % Elemental Analysis: Caic C 45.92 H 5.58N 10.71

Na 8.79 Found C 45.05 H 5.23Nghi\gfbia;9.18 Titration: 97% disodium
: salt (Weight percent) 16 WO 20067023943 PCTIUS2005/030026 Table 1.

isippar bé P ismaivgiSaRreparation A particles): Xao iXa
.90 Xas 1 GSA.',. Preparation A11.60 pm 1.44

[ﬂ\% 5 60 SHTER AT 8 0 T SR8 Ok 28 il | S, were
plﬁe%twcb.?éﬂlzni B-Reslseangs ot frsbregrirne drvibtiorePraparsnioer Anagnetic
sthIAVHBRSAYNRIACTHY MELTo Abyhen Mesiag ditagsgsﬁeétr@g&ere Water (150
m%?gggfég?é%ﬂ%%g%%g%:4§é?‘mee%m5’.5e éa}'[aagggeg ggq'fxer%atly to the flask.
The resulting yellow solution was heated to 50°C and heid for 2 hours. The solution was
then hot filtered to remove any insoluble material. The water was removed from the sample
via rotary evaporation. The recovered solids were dried in the vacuum oven (50°C, 30
inches of mercury) overnight. The salt was then assayed for moisture content (Kart Fischer)
and sodium content (elemental analysis and tiration). The vield of the salt was from about
80% to about 95%.

Molecular Formula: CooHaeNaNa,0y1.4809 HL.O
% Water by Karl Fischer titration: 5.1%

Elemental Analysis:
Caic C 4592 H 5.58N 10.71 Na 8.7¢
Found C 4505 H 523N 10.34 Nz 8.18

Titration: 97% disodium sait (weight percent)
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[0083] Thirteen grams of FDKP (28.73 mmol, 1 equiv.) and ethanol (150
mL) were placed into a 250 mL 3-neck round bottom flask equipped with
D fogen atmosphere. The sty was heated (o b CSOURIR 20
O A B s St (bR s s s n

ersheh cualed(io b

Y SRR PR - i

5 7

" 2OHZeNANaZOBT. 42 7O 6 WAlE] Dy Ra GO 59 ‘
ETeaantalahalyeid 30 Al ¢ 45 97 BERAN 1070 Na 8.8 FSUABYE 46.28 H

VIBL26 Nolifre Oriidi=h. AGineteationn 38;8%eisedidrasalbéwsight percent)

Table 2. Laser deffraction particle size analysis (Preparation B particles):

Exarf®iwDWebaraibi BSoKebreDRMRATEASS- M Cites : GSDg: Preparation
A 1.36 pm 3.11 pm 5.53 pm 6.64 pm 14.04 pm 3.76 pm 1.75 ;. andC e
[9838e:. RPBeRMETBIRGDARKR 2RtadRMebxk SaHiv:): 20q <@Bmehi)I50 mL) were
pléRegiiaati N7 33k 8L 3 Yo tt66. 0490 MM ac ol e e disn Hasnatfignetic
(552 meeunaiHtriandarddevial |
ZIP%TIm 2005030020 i %iiﬂ.%rs%@r%gﬁ?gQ‘o%g%gkgé%ﬁﬂ?ﬁﬂ?ﬁ?‘sgﬁe stumy
§3%$eﬂ grams Its’?gﬁ‘.'f@’rﬁ BIYY RBIGPHASAYED (7 bfaw 8P eauiv.)
wag ekl pildb evrentstia 2 00hm FeSuliegks koanetdsatisimnafl &SRefpuip pedravitiie reaction
cor@éhix aeRdensetoniagietititihacmapdiherpomsiel- Lhaleaclion Wasied by
vaEHUrH'ﬂgr%&x.mtirﬁg?encg\yggg Qa?@éslr\}vgs gg %vrl tee{L%%lé’f {300 mL} and acetone {150

mL) and dried in the vacuum oven (50°C, 30 inches of mercury) overnight. No further

purification was required. The salt was then assayed for moisture content {Karl Fischer) and

sodium content (elemental analysis and titration). The vield of the salt was from about 80%
to about 85%.

Motecular Formula: Cz[}HZGN.QNaQDB“‘I 4503 HO
% Water by Karl Fischer titration: 5%

Elemental Analysis:
Calc C 4597 H 557N 10.72 Na 8.8
Found C 46.28 H 5.26N 10.60 Na 8.98

Titration:  98.8% disodium salt (weight percent)

Table 2. Laser deffraction particle size analysis (Preparation B partictes);

EESE DR TR T SNl i

86.01%

Preparation A 47 .37% 80.13%

VMD = Volume median diameter; GSD = geometric standard deviation.
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an aqueous solution of lithium hydroxide (1.81 g, 1.95 equiv.) in 40 mL of
Water was prepared. Once all of the lithium hydroxide had dissolved, this

%ﬂ\éy gded in one portion to the aqueous slurry of F L8
resulting so utlon was heated to 50C and held for 1 hour. The reac-tg%n:S 030026

é:onte were. tht ¢oQ 98 Brﬂgjenté Imperature and filtered to remove
Ao ba 3% removed from the sample via

[00tR8Yy evapergtio. afhmmmnedﬁﬁhda ware/dripd @ vackiuvateredre placed

;A%O&&Prﬁﬂ%hﬁécﬂoﬂﬂﬁ "t C{%%&gﬁ@@{}%@ﬂ%ﬂ'&%ﬁﬁﬁ@&%&?&&y%fjﬂénc stir bar,

moisture content Kar Fis lum content (elemental ana YSIS

aé‘ﬂcf*‘tﬁ?@ﬁ&‘?j“rh@?n@%%‘?QH‘@%&W&Q%@O&‘FQS@G NRSBRANES: PO ifBarate fiask,
a0 2sti26M44620m 00 80iiH 2QdidsdeF ($dtie g, 01399 e Rilornemtdd Anlalpsigater was

p@éﬁ&r@ ShadeibAEN k203 hiddfid %@@i%é@@%&ms%&fl%lq-%vgg’édded in one

1 t|on 98. 3% d|||th alt (we rcent Exa
B R S e TR B et e g and hel
fepd. Boumnide Teagion 9qm@résmwmwmtm®wémﬁwrmt@nﬁttem to
riagkeguippesissitiea fRilibesontresesionagaelieslisdabranBe sampie via rotary

&%&Pﬁﬂ?teﬁfhgh%zgﬁ%? éﬁﬁ@g %Qel%g é%n”'ér%%%ﬁ‘u%m&\? (ﬁpt%&%e ﬂ30 inches of

Potassium hydroxide equiv.) was adde

B IR EBIutiSR %%%@%@W%ﬁ%f R 5 S9MERG (b Fischer) and
itbmctantsaneiiccsnietetaigsitaan titertiperatneeyantidhiberatiorasabout 98%.
removed from the sample via rotar evaporatlon The recovered solids
were driddqigHa" VMmN ove 35O HEreury) overnight.
The salt Was Erveheas8ayéd for moisture content (Karl Fischer) and
potassiumigasianiialgsental analysis and titration). The yield of the salt
was from abouit95% to abait 98%. Melewmdar Ferpula: Li 2.98
C20H26N4K2080.4529 1260.8&r| Fisché74No8% @k lemehital. &nalysis:
Caic C 44;#5ibh5.98N0 Qi 456 R Gadd 88 H 4.74N 10.36 K
14 34 Tltratlon 97. 0% dlpotaSS|um salt (weight percent) 18 WO
BREoR/eX z yafiple 5. Preparation B of FDKP
{g?ﬁg]t ass| 8e§ )J\fl(\%gn%Go]T FBQFW& gzoinlfn%ﬁp (3%;%»} 9 v%@oplalcegaq}#t\é )aa% mi. 3-
neck round bettom flask equped with a reflux condenser, magnetic stir bar, and

thermometer. The reaclion was run under a nitrogen atmosphere. Potassium hydroxide
(0.5N, 105 g, 1.98 equiv.) was added fo the flask. The resulting solution was heated to 50°C
and heid for 2 hours. The reactants were cooled to ambient temperature and the water was
removed from the sample via rotary evaporation. The recovered solids were dried in the
vacuum oven (50°C, 30 inches of mercury) ovemight. The salt was then assayed for
moisture content (Karl Fischer} and potassium content (elemental analysis and titration).
The yield of the salt was from about 95% to about 98%.

Molecular Formula; CopHlasiNaK050.4529 H,0
Karl Fischer: 4.98%

Elemental Analysis:
Calc C 4475 H 5.05N 10.44 K 14.56
Found C 44.88 H 4.74N 10.36 K 14.34

Titration: 97.0% dipotassium salt (weight percent)
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into a 250 mL 3-neck round bottom flask equipped with a reflux
condenser, magnetic stir bar, and thermometer. The reaction was run

URdRicdshitegen atmosphere. The slurry was heated to 50C ,Rotassitisenas
hydroxide (1ON, 4.64 g, 2.10 equiv.) was added in one portion. The

5L gigg:,% ] held at.50 : gg %Jml um of 3 hours. The reaction
xcon Eents were coo - .'. THIen £ peng re (20-30C) and the solids
[00G86jated Wmmﬁmmﬂ ‘Hemregovezqains aHndashaashie Bovwith) ettrandhced

mt@&@smkal@%a@%md&%%mq agsm;nfaa y&mmea&&ﬁ%néﬂc stir bar,
anéu%hes of mercur gé overni t No furthﬁ?éoun ication was required

TR addky AT RS £ (I&WT’—'?S@W@%%‘?&%OTQ?SW was
heé@ﬁé@wﬁﬁ(aerﬂeﬁmmé}um@caﬁd%ﬁc% TR Giethivd thessaitievds framportion.

ThakeshifdPsilenaResh8d%: sholesulanimaimyls: Tddis 128D A6 20806884 were

Karl FIS her: 2.13% tal A aIyS| CaI 44 47 H5.0 .
el B R e O Ao R b o lion. e
reChpRts SRNYY 83 VARBRY Nt RIBARPEN Sfh pik) 62 o paiitfo R0 P Dishdidred in &
vablRKRxlasybiorbicopanteles {RESA) Taverage: a half@mﬁz@m@&mas required,
Thglsé%qudvrgssﬁ! éPre r%'?@rArplovi\é Ica:lgn gn'tn %59 he eakg rpvgtlatags?m content
magnetic stir e matenal was suspende n 75 mL &f defonized
etwa?@ifaﬁ ARG BLiyRiras J@aé&%%@mﬂ@%ﬁ%éeews%@ tpragout 98%.
resulting slurry was titrated to a pH of 8.3 with NH4OH to form a solution.
The FD¥eegidauiasrsiEt and instiiN defetibidR@siBrought to a volume of
100 mLruitlrdetenizedwater and filtered through a 0.22 pm
polyeth&rsukotz Anegszrane. The solution was spray-dried using a BUCHI'
Mini SprayCBleyer B-19L(Bfiéfii LabditdePiitk MS7Switz&rlahdy under the
following cBAdifons. Inlét FeftheratdfeX84Mt 178€ outfetPé&hperature =
75C Aspirstoon raité.8se adsimadatimeigitopaization = 600 I/hr of dry
nitrogen Feed pump rate 25% of maximum (8.5 ml/min) Nozzle chiller
[ 10 Dlsodlum FDKP-insulin
Y (Preparation B)
00833 placedolmitﬁi%@ambrdﬁwBermh a,magﬁeamts(am@mﬂbe malesialayes in a

255%9%@%‘? e mg—gﬂéamwa%d m@t%téﬁgmgs@u%%xmg added {08 7ed

P salt suspensmn he resulti slurry was titrate
water Insulin (0.84 g} was added to the FDKP salt suspension. The resulfing slurmy was

fitrated to a pH of 8.3 with NH,GH to form a solution. The FDKP disodium salt and insulin
solution was brought {o a volume of 100 mL with deionized water and filtered through a 0.22
um polyethersulfone membrane. The solution was spray-dried using a BUCHI® Mini Spray
Dryer B-191 (Buchi Labortechnik AG, Switzertand) under the following conditions.

Ex

Iniet Temperature sef at 170°C

Outlet Temperature = 75°C

Aspiration rate 80% of maximum

Atomization = 600 /hr of dry nitrogen

Feed pump rate 25% of maximum (8.5 mifmin)
Nozzle chiller returmn water 22°C.

Example 7. Preparation B of Disodium FDKP-insuiin Microparticies

10088} Five grams of FDKP disodium salt (Preparation B) was placed in 2 250 mi.
beaker with a magnetic stir bar. The material was suspended in 75 mL of deionized water.
Insulin (1.68 g) was added to the FODKP salt suspension. The resulting slurry was titrated to
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WO 2006/023943 PCT/13S2005/030026 a pH of 8.3 with NH4OH to form
a solution. The FDKP disodium salt and insulin solution was brought to a

VRhgs&i508 mL with deionized water and filtered through a,0-22:0/s /636026
polyethersulfone membrane. The solution was spray-dried using a

a P ci;e i IéQnM'H'E-ﬁ@W% Qﬁﬁear s%la‘[%% (%Eméﬁ@%é%ﬁm%é%gwgéﬁﬁ'é&%n was

r the following conditions. Inlet Temperature set at 1
breeghbh & afurBlumss e AR iratioHa feiSs B WA Nl ARG PR =% 02 v
pdfjetiersteifonitrogenbFeed plrasohtin? 59606 prayiriad (806 ralBi)i® Mini Spray
gazgleg%@éﬁ%m@aﬁﬁ{k%&sﬁ?@éﬂ%@ﬁé@@{@&%@nf&ﬂ%%&%@d'um
DKP-Insulin Microparticles [0089] The microparticles described in
Examples éntgid swerelwabriactt®otaser diffraction particle size analysis
(Sympatec@m@t—lré&gm)z(ﬂﬁs 1A and 1B). The particles of Example

6 displayed agﬁygéa}geerﬁﬁpl ﬁm%%%%g n (according to the USP
0 S

definition o 8 micron % with a standard deviation of

1.60 and a SNFYLHEIH TN AEPEST 1.82. The particles of
Example 7 Besplayed aatcareagertedpiralie Sfraiction) of 81.36% with a

standard deyiationqfié &8 and-fYeledkof 5.16. Example 9. Pulmonary
Admlnlstratlon of Dlsodlum FDKP-Insulin [0090] A dry powder containing

ltgs&ulln |§é|wg,aled pt me bejqnlng of meal.
f fhfe dry powder are preferanity he range of
{oapwoximaﬁelyrﬁhﬁapért&mlermwsmﬁm;ﬂm@ dasapeniste subjected to laser

mﬁf’-"atr';ﬁ&ﬁ S;Pa%féc Sl %%Q@E?é'ﬁs%&%é&%@f etrddyNiERi8L NHlig R R) The

dose. The insulin absorption from this dosa regimén mimics

P RlghAraRIS s SR 81 B4EE IR e SRIBH A BSOS HaNg ot USP

defluitosekgcutsidris nitanaplkd 30 .9RYe pattatosiafdanCikaddliosagd Boramd a %CV

(R reBf @Xr%@@ﬁi) gfspgﬁu WTF?%%PQ%%'EW@ 7 ‘i‘ﬁs%é&&' Qﬁ%&@lfage respirable
S p nto apsules can

ff%%%%&%ig?édﬁ# t%ﬁqﬂﬁ?aféa%la %e 1@@ Sﬁt/lnsulln

powders prepared in Examples 6 and 7 were 25% insulin by weight and
Exgsulia @dninhovea ' SILE Wiguld be on the order

300 |cantl la g th Y t | e Ab ut 2- £
[ot%fg DK sarlsflf?lsuﬁin pov%\;d!er s&nn‘?e(f%‘%ﬁ artIlaur]o mst’ i 'Eﬁ? ghgt e
begjenivg af gl KRB RRATT6'eR é'“&?ﬁ%ﬂﬁ@&lé@elﬂﬂh’@%éﬁﬁ%wfﬂiébﬂ’éﬁlfﬁﬁ range of
appasand@ly 0.5 — 5.8 microns in size. The exact dosage Is patient-specific, but generaliy

on the order of 5-150 Units of insulin per gose. The insulin absorption from this dosage
regimen mimics physiclogic firsi-phase insulin reisase, and attenuates post-prandial blood
glucose excursions.

Example 10. Preparation of an Oral Dosage Form

16091} Spray-dried disodium FDKP/insulin powder as described in Examples 6 or 7 is
packed into hard gelatin capsules. The capsules can contain approximately 50-100 mg of
powder. The FDKP saltfinsulin powders prepared in Examples 6 and 7 were 25% insulin by
weight and insulin aclivity was about 26 units/mg. Thus, 50 mg would be on the order of
1300 units, significantly larger than a typical dose. About 2-30 mg of the FDKP salt/insuiin
powder is mixed with methyl cellulose (other bulking agents are well known in the art) o
make up the balance of the desired mass.
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WO 2006/023943 PCT/US2005/030026 Example 11. Oral Administration

of Disodium FDKP-Insulin [0092] Capsules containing the FDKP salt and
ineulmoangsaken before a meal. The exact dosage is patientyspegifigeitoozs
generally on the order of approximately 10-150 units of insulin is

eafmiistered RehHRESHJNS BRRRRGHSIHRSWIyADSOrption attenuates

ost- prandial blood glucose excursions. This oral insulin formulation is
[06R34d to fefnaiespranipiig ifisufiRiifezalbasdrinsulieats teltardieiuree. meal. The

exAddivienel iy, pasinmhaerhed doreugly tﬁ?ﬁ’tk@&&ﬁ@ﬂ Mm@hmﬁmmm units of
in&AfageAsIRsUln.secistion. Endeasn o -aﬁem&;% g&et{fgn '%%Fnuates post-

pancreas into the portal circulation. Insulih absor owmg ora
Pr%lzi’ﬁﬁhﬁ@ﬁﬁﬁ&f%ﬁ’s%jﬁ‘é@f&ﬁrem %ﬁﬁé%ﬁé@fm&d@ﬁdﬁwum@ HpRiagpapre-meal
inggintengdaisslirmapkaiiénistratio ndidiedieers ingdlimtailis siteliof astiabdn Elh&)ugh the

galivemtedprHNGA AR 49-FR 0L BlUiHC esE-LauRISeWhile gt ﬂglﬁ%sfse B¥Geted

ex osure to in uI Or I|nsuI|n ellve using a combination of nsulin
ha BREER dlacﬂﬁ% rEH o‘ﬂgﬁlﬁgﬁg‘ ﬁ?ieré%ﬁ'ﬂ&?t RSRBSF J8IAUNG Brtrrmbigation
a*%a&m@m@mdw PRl ravial sireviatiosf thEhgaistheimtebtinideticnsTie &Didstration
deBMts iRQIMeVEls @r@\@d@oﬂommhbuﬁ@flrwf@fft@cﬂwm@;@%ﬁégées%%ﬂ%ggmme jevels

mple r atio i-Sodiu

Wil %ﬁﬁﬁg"%ﬁ% ‘i%.ﬁetgg.ﬁ%zma”kaﬁsw 358 iy heton o
'n%’aﬁwmﬁ ?C@M)FQ OSBRI RY FRRIRSRIGR Pty ﬁmhag%a diacid in
therimmohH 98ieguivn) wete:chatgeckdstimail Hiter, JmeEkKroyatkbatiemdtaskovide a

lo@AHIRRARL Wb A Fa K RIRAGASE LiQURRGRM, Slrg nitrogen inlet, and

thermometer. The mixture was heated to 50C to achieve a yellow solution
and ethanol (650 mL Was added over 15 minutes. When the addition was
ExaniipideeCineamlion GRS R BeBedumSsl - 60 minutes. The reaction

[om@}ture Wﬁ? Y;?&Hé”@f fﬂ“ﬁ@ﬂﬁ@dﬂﬁé%@@%ﬁwﬂ%@‘?m washed &\QH\! ), water
(2%6@‘503?5‘ mLz) c ton ( 50 mlLN %% then dried in a vacuum oven gt
inches o mer FOFO 8T e gHE NG U Rh 8P HER W diere charged to

3 fdben ré’d‘@ﬁe@&%&ﬁ@%@sﬁ%‘d%@f%@tﬂf@ coreéut (kadeRscherpdedd stirrer,
n:t&miufmm@mﬁmttnééiﬁcﬁﬁﬁﬁ‘éw aﬁ?Vﬁi&t@ml fiatienled htg yield of %!Slaét a yeliow

I t F| er: 7.1 ementa

o 0 B LA e Mo & e 80 R on v
CDW%*@ N 8\ Wi dgshalgy a(?om%&od?&’rﬁl@aﬁ@mérmeaé‘?eém%ma&wuum
filtéodidwnr ghareoiatsd ssipsorassessties evitveethaithi e fard icanaros®ne (150 mL x 2)
thdREREBHANS=ef SReRERSBEINYBNHAL 2df mercury) overnight. No further purification

was required. The salt was assayed for moisture content (Karl Fischer) and sodium content

(elemental analysis and titration}. The vield of the salt was from about 80% i about 95%.

Karl Fischer: 7.19 %
Elemental Analysis;
Caic C 44.91 H 570N 1047 Na 86
Found C 45.29 H 547N 10.598 Na 824
Titration: 98.8 % disodium salt (weight percent)

{0094} The following are various processes described with regard o various
formulations of the present invention.
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WO 20061023943 PCT/US2005/030026 Example 13: FDKP salt/insulin
powder prepared by spray drying [0095] The disodium salt of FDKP (5 g)

[0083hg thd fellbvadigne satl ikidTis<H iegteamdsahived iR 06CnRedlekter (150 ml.) and
indBAARS A1 Yitva8 QeudMomiZatian gRSuSRAJIST Na/Rk;RISESS 9amith 88%onium
h of max?%}peispr.a nozzl? was ¢ o\IMed to SC%%O 6] d;];&e ({et%uggptmL with
YOI S arE MG IS For AP LB T e RIE s AR e o a are
dejepeptoddis Rag|Berefable SolpiinouRsmRy siiseraias Bedpiayfierieenditions:
disodium FDKP/] ' les,, f,{! empty /ar Till mntadF ~sd
onle@ C/asL Ar ltl‘l“‘:%I\I/IJ%Irglg@KF?‘Ig?}zjogdium salt with 25% insulin (w:w) 44.5
85.6 38.1 3.1 1.996b'IBRSEIE 18§97] Table 3 shows the respirable
fraction (%rf), whichitstibe @ere@otager dffparticles between 0.5 and 5.8

microns in diamgjigt. dbgRereepiagmalippwder that empties from the

cartridge upon discharge (% empt é the percentage of respirable fraction
per fill (% rf fill, i SRrgﬁé'\ghzﬂfi “P?ﬁ): Or%lggg%?egs%e % of the respirable

[opasticles Tadhespeavd paeionied d eniieccrrttidgesdhrynass Pegdiities and the
e gggy{p%qgg %i ler (mmad), the inlet C (the inlet temperature in
elsiu:ﬁ]% [

egree

e percentage of load (%load - the insulin content of

epeassda

- U e

@dﬁ;ﬂﬂ@dﬁ@@kp&mwure_of the

ZEA

sinemeasiiet:hy Jaseridiffraction demonsttated a size fange of
apeximaiehypm - 15pm.andahe datzeare displayedin Pablel 2a0d |n 5.4
Figure 2. Table 4 5 the Particle ftto W-M R <X X" UMt? TOSD Fra tsore
(<58hi 4nis50 _..90' ‘

10037] Tahle 3 shows the respirable fraction (%rf), which is the percentage of particles
between 0.5 and 5.8 microns in diameter, the percentage of powder that empties from the
cartridge upon discharge (% empty), the percentage of respirable fraction per fill {% rf fill, %r{
X %empty — this measures the % of the respirable particles in the powder emptied from the
cartridge, the mass median aerodymanic diameter (mmad), the iniet°C (the iniet
temperature in degrees Celsius), the percentage of icad {%load — the insulin content of
particles i weight %), and the ioss on drying {LOD), a measure of the resldual water in the
powder expressed as the % volatiie material removed when the powder is dried in an oven
avernight.

{0088} Parlicle size measured by laser diffraction demonsirated a size range of
approximately 2um — 15pum and the data are displayved in Table 4 and in Figure 2.

Table 4

e Paiticle .
FDKP disodium sait
with 25% insulin {w;w)| 168 :2.14 um

49.21 %
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FDKP disodium salt with 25% insulin (w:w) 168 2.14 pm 5.88 15.16 pm
7.76 pm 2.10 49.21 % 22 WO 2006/023943 PCTIUS2005/030026 [0099]

woannngselectron microscopy (SEM) was utilized to study pgrliclessosmso026
morphology. A representative SEM is shown in Figure 3. The patrticle

{Gom?rphommﬁlg‘%ﬁbﬂﬁ%}ﬁ%@cﬁp _ Qﬂ%e\ga'éoﬂﬂ}%ﬁptﬁ%ﬁﬁd&%%?&ér pr%rpho!ogy.

stability of t isodium salt/insulin, particles was evaluated under | )
A e R S Tr S oG D70t PeOp ISR sl wits

coliarssp) hellomisaReeto a control formulation prepared by lyophilization, the
ray-dsi icles demon superiar insulin stability as measured
{m%@ insul?rﬁ %Ie%?a{)ﬂ\%oﬁ (ggurggﬁéﬁg}lgﬂ Yo !5 aﬁ?ﬁéc%gnt‘:ﬂéﬁtrgﬁ%Ha(t)‘?c{hgnder
BB R BRI RSV SHIT S GATER riBletee s iR hvampared to
congvial iremedatamitpeffectionfinghpdtiderstabditypidhieidata fnighse A:rsbrdwsied
sundik inaulinseiailiac onslie-aaRiCIR I EasSs AN giasino solution
concentrations as measured by insulin loss after 17 days at 40/75% RH.
(01§ ampléhestabnerrnsatiatirent b GpkRtidisaharsshittsitoftBDIEBIution prior
to spadfiasyio wémeaiasmg@_miﬁ RORSH: [er@ﬁ]lai-r B&i%@%@fﬁﬁﬁn W%;cf‘a%é“{f%% 5)
[ n asonic atomization. Alternate cavitation methods as
e R e et e e iR S P
as MERs RO BYURT RIS PR B ays RILOURE6ITEY in deionized water (80
mL). Insulin (0.65 g) was added to the solution to produce a suspension.
Exafiipée pHd of Sbpesusnensient wascadiusiedia Suwish MH4QRH 00RLh avitn an
oraldignLLhat was diluted to 100 mL with deionized water and filtered. The
_gm‘rTl‘c‘lé_s‘Vvere precipitated by pumping the insulin/disodium salt of FDKP
[0184lutionTand prevareliom awas raticthikal ghsmg uakinistiatonizatien Hemization.
AlteViRIBIE Bk TRHURREY: ) recin Was
ol qcted in a media boﬁ?ﬁ%ﬁ%&%‘irﬁﬁg Eﬁ:‘%ﬁﬂr 4?8?) I_!r%?lc_f) n g%%ieg‘r%%?éﬁa?%naiso
P& Raterial was washed with ethanol and dried via rotary evaporation or
10148} bubbling déseigendhiraugioiie (supPRRSIaRTREPRAICIBRENAE 80 mL).

2 596 insul ight, Particle morphol luated by SEM
e e o S I R S R s und et e

SUSPSAKOR) iR dHiHSERd 13 MitbrHfande ohtmie atseianrieg misedtidad IGO0 mL
witi’ﬁ@eiarﬁﬂga avedeF I@nc_ﬁ[ﬂlgtérem( x)'!p@rt:qsbeﬁsci@s thexi0 @.eé@im@fosyrm@,@ the
instﬁﬁ%d&ilﬁﬁ%ﬁ‘%?wgmt%ﬁse%%n& Rke%e‘?lé”r‘éﬁg t‘igrsout at tr}ieuei inlet
dg/l ] rnetho%s utilized in this study resulted In recrystalization the
ato%zriﬁggr—\y orn vidrating at a frequency bétween 20 kHz and 40 kHz. The precipitate was

collected in a media bottie containing ethanol (200 mL). Post-precipitation the material was

washed with ethanol and dried via rotary evaporation or by bubbiing nitrogen through the

suspension. The particies contained 12.5% insulin by weight. Particie morphology was
evaluated by SEM (Figure §).

[0104] The particles illustrated in FIG. 6A (10k x) and FIG. 88 (20K x}arzinthe 1 to 5
micron range while at lower magnification (FIG. 6C, 2.5k x and FIG. 8D, 1.0k %) pariicles in
the 10 to 40 micron range are seen. itis the non-binding hypothesis of the bresent inveniors
that the drying methods ufilized in this study resulied in recrystalization of the primary
particles into much larger secondary particles and that the use of a method that maintains a
constant ratic of organic to agueous components throughout the drying process, such as

spray drying, can preserve the primary particles to the exciusion of the formation of a
significant number of secondary particles.
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particles into much larger secondary particles and that the use of a
method that maintains a constant ratio of organic to agueous components

thipyabrukibg drying process, such as spray drying, can presemMgdags/ ozoos
primary particles to the exclusion of the formation of a significant number

EobaRROTIaly RadiseRoARMEIABRRMAIBINS BimliAier 005/030026

Example 15. In situ diammonium salt formation and formulation. [0105]
RBRIP or SPIKPSERERyEERIPY AR h iR mIReYmiseUins i fardsieerare formed
tioepred dhyngprayrebydsghiAtive presediadikegivesaoune: is e afondher Bitfhsulin
f@rﬁ?ﬂiﬁ?i@i%ﬂrﬁé\ww% formulation containing 25% insulin. [0106] FDKP

(5 g) was suspended in deionized water (150 ml-) and titrated to a pH of
(16610 8.0 RRAKP dnoh e+ais surspatidsd dre dRieMEBE Wates (liF0( nibtagy emwiddedpH of

e tb%.teﬁaﬁia&wwggﬁotﬁﬁ&g%xmﬁw.alﬁgamem;‘f%ﬁg>T\p§.m§dé§g%me resulting

suspe s adjusted to 8. ium roxide . 0 .
B B e ceto DB L St o i © &3 wis
FMBRSENT REaRE SN 1h e GiMseR! 1 EpRdy aryirrgdieedon B8R MhdéihtHeionized
vialtovdng fieneitions injeiempsraivirice200C priletipipelatusetiddOtnder the
@Wé%g&gﬁg - 600 liter N2/hr Process gas - 80% of maximum The

spray nozzle was cooled to 28C [0107] The %rf of the diammonium salts

is about 10% hight themeatad®ér 28Ghe disodium salt. The counter cation

has a large effechon-partisledaadargpagce. Also, the 50% FDKP

ammonium salt/insulin powder h Y%rf comparable to that of the
corresponding Z%M %1an$|rﬁ%t:ilcl)ia}irtnersg;\i thsulin powder. This is

surprising becauBECHish 836 pSRSisnprEptred by iyophilization from the
FDKP free acid, the %prhdacrersesasdliee tbdh content increases.

[0108] The resultant particles were analyzed for their aerodynamic
[Br8pkrtiesTandHec diitn RS raprivee S AT HolebBUT 4Bte Biohes gt dmidert of the
queperiesoTpray e dadameon ikigerdRd? binsiin e HaEBA0TIER) the 50%
3 KFEJA%}%HJHM %A@W&?{Rlﬁo%%%@{%@’a‘y Qﬂrr "é&%{:‘%%@%dta '@1'&‘ &%leg gclﬁgppoﬂding
7-1r V1 FDKP diammonhium salt

25% FDKFP ammonium saltfiinsulin powder. This is surprising because with the powders

prepared by iyophilization from the FDKP free acid, the %ff decreases as the insulin content
increases.

[0108] The resultant particles were analyzed for their aerodynamic properiies and the
data are reported in Table 5.

Table 5. Aerodynamic properties of spray dried diammonium FDKPAnsulin and
diammonium SDKP/insulin

FDKP diammonium salt
with 25% insulin (wiw) | 52.1 ] 88.7 | 48.2 28 |19 200 (2500: 6.6

FDKP diammoniurn salt
with 50% insulin (wiw) | 55.7 | 854 | 475! 28 |48 200 | 5000 62

SDKP diammonium salt _
with 25% insulin (wiw)} | 86,0 801 [ 857 | 3.0 |20! 200 | 2500 38

[0109] Particle size measured by laser diffraction and the data are displayed in Table 6
and in Figures 7-8.
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with 25% insulin (w:w) 52.1 88.7 46.2 2.9 1.9 200 25.00 6.6 FDKP
diammonium salt with 50% insulin (w:w) 55.7 85.4 47.5 2.9 1.8 200 50.00
620 SiMdd2:giammonium salt with 25% insulin (w:w) 56.0 90.1p58ufs 6838026
200 25.00 3.8 [0109] Particle size measured by laser diffraction and the
Ahpia are displayed in Table 6 and in Figures 7-9. 24 WO 2006/023943
P S26 0026-Table-6-16-yy=F Lot Bune X10.X50 - =Xyal
5°a frir ¥ FD
v):-07871 [F8Bm Top .48
FiPerttittensizeioh agittepargtion of t
WSS Fnisaliiin((ew) WeRS det@brinedi by
-a size range of approximately 1.7pm - 8.4pm for the FDKP affimonium
salt formulated with 25% insulin (Figure 7 and Table 7). Table 7 !,Rug
10319 X SpPrrfrigeizeoN a-prvpeiBmsorite (arsmoniip BRKE BRifRmontainng 25%
inSalt Witwp Opasnastinriined) K7 Gaded M BAY &iéMaBnddd RMsikdlange of
ap%@ogiﬁ%{elplr% Qrggﬁrﬁ €& % a?ﬂﬁ Eﬁgﬁéqgn?ujr%hga I?gnnm%rt]g*ém %?lég“;e insulin
FDKP containing 50% insulin (w:w) was determined by laser ifffaction
(FIgEe deAnBah'5ted a size range of approximately 1.6pm - 8.8pm for the
depé(}? ammonium salt formulated with 50% insulin (Table 8). Table 8 rte
_Particle_Lot# Run X,0 X~0 X90 VMDGSfractron~( 8prail SDKP

T

2 oy
N

Rl i S e o | T R A hh T eha) S

FEP _- .l. ._" o INSUlN (W:

t with 50% insulin (ww) | 076 {1.57 pm@.51 pml 8.79 pm l4.9? um| 1.91 65.95%
[0111] Particle size of a preparation of the diammonium salt of FDKP containing 50%

insulin (w:w) was determined by laser diffraction and demonstrated a size range of
approximately 1.6pm ~ 8.8um for the FDKP ammonium salt formulated with 50% insulin
(Table 8).

Table 8

SDKP diammonium sait
with 25% mnsulin (wiw)

0B4 ]1.66 umid.Sé ym! 9.27 pm (517 um| 1.92 64.69%

i0112] Particle size for the SDKP diammonium salt formulated with 25% insulin (ww)
was determined by laser diffraction and demonsirated a size range of approximately 1.7pm
— 8.3um for the SDKP diammonium salt formulated with 25% insulin.

[01413] Scanning electron microscopy was utifized to study particle morphoiogy.
Representative SEMs are shown in the Figure 10 (FDKP) and Figure 11 (SDKP). The

pariicle morphology is consistent with a collapsed hollow sphere.

[0114] The stability of the in situ salt formation and formulation of the diammonium
saltfinsulin particles was evaluated under accelerated room temperature conditions (40°/75%
RH). Compared to a control formulation prepared by lyophilization, the spray dried particies
demonstrated superior insulin stability as measured by insuiin degradation (FDKP, Figure 42
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was determined by laser diffraction and demonstrated a size range of
approximately 1.7pm - 9.3pm for the SDKP diammonium salt formulated

Wil 3@idoasedin. [0113] Scanning electron microscopy was uji Mﬁ%ﬁ%smsooze
study particle morphology. Representative SEMs are shown In the Figure

aﬂ@éﬁ@(@g%d‘i %H&%()]njna(t?b'%%P %11151:195 %ﬂsté% ty O}WIQP gz{ylﬁg%nﬂaherg t13 and

SW|th a collapsed hollow sphere. | salt
U1 formulation of the diammonium salt/insulin particles was
evaluated under accelerated room temperature conditions (40/75% RH).

Eamipaeddieeacrniiivkionsuiationsarepasedriydyophilization, the spray
ried particles demonstrated su&erlor insulin stability as measured by

1 15%“[’1 degiZAafBRIFDRIE, Frilifestin 2 nafie S0 gisnengRiep @ Tisurpising  and
UNSFEQOR] 08I 6 an@@m FigtwerirandForviationaktreedesaniincontaining

mAeeradraRt (Ah HEDIEER FdQHéﬁ WW@%%C@%@&@CE§%BI@% insuiin
h a%hgract?zrlsc}lc%]s of d‘S réslyso rle Mlcro rtrl?mes a_gIS%] é) dried FDKP g
Salt/msulif particles emongﬂatg a su ing ARG THRE SECensrRlgg ifecrease
a%{@?éfﬁ@/ﬁ&rﬁﬁﬁ@@%\%mem@vmﬁy%m@danEgﬂlmxemmﬁammg"/erf (respirable
fraviicroplartiches, e hadibeenwiay rergifiam PR dreeacihaninronsrtisleScaded
pe%'f:%é’v hil-g}] éB?%U'Qn&agfnﬁﬁC?%ﬁ %98 gg%}ﬁjc gse s%lt\é%qt rtlar@u ve%\e %)eoowﬁ frend is

lyophilization, demonstrated decreased aerodynamic per Horma

O ENESSIAY iRifvioasirsrasssy GRHARTBRESEe %rf (respirable fraction) for

[0258p ||0a@ﬁ%ﬂ@@%&%égfgfﬁ@?ﬁ@“@é&?@;ﬁxtQQt%fIér@ %6&%@%% insulin
icle s r microparticle aini in

cé%?éﬁ% o’?"’t EQE/ li%dﬁ / % Yo |g“fo pq:r 8%%%% g? %%F j lil é%creases with

opposite tren |s observed’ s insufi d in
'”f@%@ﬁ]%?frﬂy‘éﬁi&d powders of the FDKP disodium salt were prepared with

iﬂl‘ﬁsﬁlm CQ\@WE %;‘t& \ﬁz{s? ’a{%% Qr{%e%%&’ %)’s. ra?rodxg o{? %}ﬁzﬁfr{gz}%ﬁw saltfinsulin

shows that %rf increases with increasin % sulin

PYREISE WHY B WL RRIVEMSs SFad 'otted BBRE o 8191(?10?\" uvR-S&tAnattin The %rf
inpf@@k@r\ylﬁavm@mmmﬁmrﬁéﬁﬁs of 11.4%, 50.0%, 70.0%, or 90.0% (w:w).

{ %rf | cre aﬁd with ms{ul n Ioa g#égf;% J)0118] The starting
co centra ion°of the FORP' i dlum tiSRepHBY 5 Isﬁf}é‘i}'ocﬁ‘r)ﬂﬂﬂ to spray
Oryias WoRIBEvE eer s ‘@ff@%@%@ﬁﬁ@?b&ﬁi@@mﬂm steiility.. ThReddiatandicate that

insioticataitinat msmmmmhwaaemlmm%sm@ease&%hdmrmﬁgzs measured
bﬁﬂléﬁl&”i&@%ﬁ@?@'%?rsa&%@r%@%@y 'Eé}'"én los?eag%r/l msu wag ant from

40/75% RH. For example, 8.5% insulin was 1ost fr owder spra
PYWSIR RIBHABRCC BB AirSg 4P I GPRiR B HRY B@e(faﬁma%i%on By, Sﬁ}mﬁﬁéﬁﬂm 4.5%
inguis Wt feshirpowmbeidspsRyasridrtkdr drona s ehititen cantaining 46magfinlsciids and

2. 3Qlids ARGvas icst from powder spray dried from a solution containing 67 mg/ml solids.

[0119] The inlet temperatures used to spray dry solutions of the FDKP disodium salt
and insulin to form particles containing 50% insulin was evaluated for its effect on final
particle insulin stability. The data indicate that insulin stability in the powder increases with
increasing inlet temperature as measured by insulin loss after 17 days at 40°/75% RH, For
example, about 4% insulin was lost from powder spray dred at an inlet temperature of
180°C. By comparison, <1% insulin was lost from powder spray dried at an iniet
temperature of 200°C.

[0120] Additionally, the present inventors have unexpected found that these particles,
which are suitable for pulmonary delivery, have a rugosity of approximately 1.
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2.7% insulin was lost from powder spray dried from a solution containing

67 mg/mL solids. [0119] The inlet temperatures used to spray dry
segtmusnbde FDKP disodium salt and insulin to form partiges usaees/saoezs
containing 50% insulin was evaluated for its effect on final particle insulin

foseability. Thesdadehsnsigatadiaatonsyl mﬁlfﬂbélﬂﬁy éﬂpﬁlégslmg}’\@ﬂ el %ﬁ‘i’r‘?gredlents

d I I f
Zjé}“:g‘;éﬁt"%%?%%% e e e WP 8 R st e

SRR LRI RS t@rﬁﬁéﬁ%ﬂﬁ?@%ﬂ gsdet nsmmﬁfhws@hma@%amw?e term
“aleas losténingp\wdiess praiyatisic th dtendntelytanspamkiens 2006:e[0 $20orth in

thmgmﬁéwemm %&%ﬂ&fétam@awﬁéﬂ%%ﬁ% Eﬁ@&ébﬂﬁ% % céepend:ng

par hc %, W ich are suitabl forz%%monar delivery, have a ru
PR prSxTRAEE IO%Wé ﬁ’?@@?ﬁl@éﬁ%@f@%ﬁ%‘“%ﬂm At the very
leaghare R ansitamdicistdatdlleneppiberioe b tbssingriariitesoénts to the scops

of ihgredieniHad apeEies: wﬁh@éﬁ%%@m% yeighe %QHQ&QQ%H{%%@R%W
of ?8;;(%'8 ng?ﬂ n{ fhegilication and claims are to. b Ederswo tandi
being mo in a mstancsés%’f fie fermalbgl n%g FUiHGT, ﬁﬁﬁ‘g%s anaing
‘ﬂ“@ﬁ&?&dté@%%éaea?ﬁr%w PHEMRIGE realsbieidberbraet fnens the invention are
apfotisiviaigpspebificationiandatieched plaims ane appsmsimalinnssthat Mdbred as
pré@aél?%%e&‘?éékgteupﬁ%%:ﬁ@ﬁéfﬁ%@(&@%@é@?“%%Pgn%e %Q;‘TA Ned b at!?zeerrors

resent inve '[JOI’] e very least, ahd not as an attenpt to
eIl Brifl oPBOGRA e ARY I Re BPe "bf‘ﬂ?ér cf&ﬁﬂ%dé’&cﬁes“"g

mﬁ?ﬁﬁﬂf@ﬁ@a‘.lﬁaarameter should at least be construed in light of the number

Jeport ficant digits and ppl or dlna roundin technlques

Wlths?gﬁd‘gméfh%aﬁﬂagnumerﬁlgg ranggnsgan ibéergfﬁ'é(fg?s%%?ﬂw g Rntext of
deﬁ‘?&%‘?@é’&%& io5r (asesRabnifotareniaprb tim liowinaseimsimseidabe construed
to \alues seh forthsingiter specific eparplenisse GRORRE GRIRERSISABIAS or clearly

coR@ssile; %mgﬁ\eﬁ&a s{%'%f w@'gf gm&eeé%@l;g CO”ta'”F CEOialn BITOS. o as

necessarily resu tlng from the standard deviation oun ﬁ"?/elr respective

2 saethy Ea?e%f&%%?f‘[%m‘f%xém%%samafgrvewﬂm@ viHp the range.
Unigssilathestdse frsticaigddeisinheacb meiafadesesibingdheiawentionhe specification

as (BspRerIMdRidIgIcoBERKE PR fokﬁvﬁ‘{égw%' S AR KD AN DeiRimed in

an)c,osv Bpt%'@e sm ular and. the 4ural less otherwise indicated herein

AT bR & rahgesss: osribsTRararigied by

orc ear contra ted by CORtEX R
copltelf hﬂéﬁ?jéfj%/ @@me'!a@t@§mrtﬁaﬁwmﬂm@me@erfm lidibichetligrovided

heteiracintsegal ateryaltechtalingumithinetiie: iARgRIoAMIMESHENRIMISE: 2 iimitation on
thé@&é‘ée& eI Gi0:RRANIRGNIdY QL Y, gg 'Ng?éggaﬁéeﬁll Ato iaeec fication shouid be

ecn;[():atlon as if it were individually recite

SRR B TLrRIALAN BEeABIstTmea s st ie 8}%8%&?@@ BeniENgREn.

[oRgicated eI iy OO MIRMASECIOaRX SRNFAHESB¥Nts of the invention disclosed
herein are not to be construed as limitations. Each group member may be referred o and
claimed individually or in any combination with other members of the group or other
elements found herein. It is anticipated that one or more members of a group may be
included in, or deleted from, a group for reasons of convenience and/or patentability. When
any such inclusion or deletion occurs, the specification is herein deemed to contain the

group as modified thus fulfilling the written description of any and all Markush groups used in
the appended claims.

[0124) Preferred embodiments of this invention are described herein, including the best

mode known to the inventors for carrying out the invention. Of course, variations on those
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context. The use of any and all examples, or exemplary language (e.g.

"such as") provided herein is intended merely to better illuminate the

iNYéntiBAEpd does not pose a limitation on the scope of the imverntems/o30026

otherwise claimed. No language in the specification should be construed
prafeiiedicztibepiangnisowic| aarrecke lpmaeatie Ssdhtisd tof thedipeaeticl ahthre art upon

reHMRN IR foledRl @é@&iﬂf@’? Oﬁﬁét%oéﬁ%?se@wt&%@mgg%@?&@r%ﬁoy such

vatrba I(l)nventlon dISC| Sand eerienlg ac()ersn% to he construed as Iltr)nltatlon
S RTBer Ay 5o 8 Y& S s T BiAn JF iIRURNBRTLIR RS AR eligpd otherwise

'{h%ﬁﬂﬁﬁﬁ%ﬁ dasstereheritn epeiingly.ghisu i anbne nceiden e teddifinations and
edubigtimidt 95 maticipriadibaioneil MOIBREIRCED SR Orkﬁ?é%aé/s%mltted by
adgﬂggg%w %oqgé%?‘ H? %rﬁbm (T%R g? RE a%o -gés%%gg m{%%%%tgrl]n a?i possible

patentability. When any suchinclusion or Sleton oecurs
vagglioirc hirserls *%éf&?f‘lﬂ@é?ﬁ%obro‘%ﬁwﬁm@ ilsED albenverisgiatas herein or
otfglfitlivegrtbaiywittendgsdriptionieftany and all Markush groups used in the
[gﬁgendeg (%_!ﬁums OlZOe]WPreferred mbodlments of this invention are
cribed RereM i RclHRG e BRE PREUERABIMABIEAL AV MIHEYopublications
s Hist sheciicvivtionE ©F b ihseahemiatitirsrofertitose 28 Widled publications

ar2Gef2sa43 B TiknO0RDs PRS- REefpried-embeagiments will become
6‘5@: arent to those of ordinary skill in the art upon reading the foregoing

riptidh SPHBIY BrifoPe WRsEEioskitaRt BirisatredmenipRiyinaupKention disciosed
heyeiriatie i sls:tyspod ineatanapiesthitinyeaters intengbiorcheinvertiandastfat may

bePERGHIGHREL GIReMNiSe ihan fo&ﬁ@”i}é\%%%ﬂbeﬂ\ngr%k?w“\?%‘? Q% :etmﬁz not of

“mqv ntlo |ncI degoal mog ica tlons and equivalents of the su
iR RS NRiRRY SRR ER 8 Hg?e?Beﬁgr}Bé'?Wf@& Bﬂﬁya’b%ﬁ{?ﬁﬁg I&\ﬁccmdame

W‘Nﬂ é‘?éd@@‘?h‘ﬁﬁﬁl keAbinAtRINdBoinC shpras et soringdnele noe itsit all that precisely
aspossiblenyasadipag thereof is encompassed by the invention unless

otherwise indicated herein or otherwise clearly contradicted by context.

[0125] Furthermore, references have been made to patents and printed

publications throughout this specification. Each of the above cited

references and printed publications are herein individually incorporated

by reference in their entirety. [0126] In closing, it is to be understood that

the embodiments of the invention disclosed herein are illustrative of the

principles of the present invention. Other modifications that may be

employed are within the scope of the invention. Thus, by way of example,

but not of limitation, alternative configurations of the present invention

may be utilized in accordance with the teachings herein. Accordingly, the

present invention is not limited to that precisely as shown and described.
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CLAIMS 1. A solid pharmaceutically-acceptable salt of a heterocyclic

compound according to Formula 1: :xx, Formula | wherein R, or R2

comprise at least one carboxylate functional group: E, and E_ comprise N

or w,. said salt further comprises at feast one cation, wherein R, or Rz are
CLAI gt aspartic or giutamic acids; and wherein said solid pharmaceutically
===acceptable salt is a dry powder formed by spray drying. 2 The

pharmaceuticaliy-neeentahle-saltabolia: iwhereiddhe:-heteseeyeitcording to
FormE@Mpound comprises a diketopiperazine. 3. The

pharmaceutically-acceptable salt compound 0E1claim bwherein said

carboxylate group is terminally located. #~Fhe
pharmaceutically-acceptable salt or clai wherejn R; and R2, comprise
4-X- an7inobutyl and wherein X is selec om roup consisting of

succinyl, ,glutaryl. maleyl and fumaryi.ol'he pI‘%rmac tically-acceptable
salt of claim 4 wherein Xis turnery. 6. The pharmaceutically-acceptable
salt of claim 1 wherein said cation is selected from the group consisting of
sodium, potassium, calcium, lithium, triethylamine, butylamine
o S e Sy acceptable
saft 8Fclaift 6 ihéréin said cation is sodium. 8. The
phamhiateuticalty-aceeptablessale oficlaim 1 wherein R, or R2 comprise at
leastrene: carhoxylate dunction grewup0ithe shucture 4-X-aminobutyl and

wheeeln, Xis selected-fromthe, group.gonsisting,of SUECIYl, ARV, yring

maley! and fumaryl, 5 Afnerapeltic compogiion COmBIEGA, - cic copcound
pharmacedutically acceptable s a hetérocyclic compound according to

COMPESHAGIR YRR #FB¥mula | wherein R, or R2 comprise at least one
carboxylate fumctisraligroupr28iE: sandoEpcomprliseiN or 0y thessdltarboxyiate
grourfdriheneomprses at least one cation; wherein said pharmaceutically
acceptable.salt.is a dry.-powder formed:by SRIaY: wherein 7, and R, comprise 4-%.
aminebulyl and wherain X i selectad from  the groun  consisting  of  succimyl, glutaryl,
maleyi and fumarnyl.
£, The pharmaceutically-acceptabia sall of claim 4 wherein X is fumaryi.
g, The pharmaceutically-goceptabls salt of claim 1 whereln  said cation s

selecied from the group consisting of sodium, potassium, calcium, lithium, thethyvlamine, butylamine,

7 The pharmacsutically-accaptable sall of claim B, wherein said cation is sodium.

8. The pharmaceutically-acceptable salt of claim 1 wherein R, or R, comprise at least
one carboxylate function group of the structure 4-X-aminobuty! and wherein X is selecied from the
group consisting of succinyl, giutaryl, maleyi and furmnaryl.

9. A therapeutic composiion comprising 2 pharmaceutically acceptable sait of a

heterocyclic compound according o Formula 1

R2 E, 0
o) E; R
Formuis 1

wherein R, or R, comprise at ieast one carboxylaie functional group;
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drying; and said composition further comprises a biologically active agent.
10. The therapeutic composition of claim 9 wherein said biologically active
agent is selected from the group consisting of hormones, anticoagulants,
iammunomodulating agents, cytotoxic agents. antibiotics, antivirals,
antisense, aq}igens, antibodies and active fragments and analogues
thereof. %\f heé TRerapetid composition of claim 40 wherein said
biologically FetivE sHepPreshprises isuinzn2 . The therapeutic
compositiorraf claimoBavirereiinsaidcopposition is fosmulatee ifrmed by spray
suspensignnd-3:nfhe therapeutic composition of claim 9, wherein said dry
powder |§afg%@rg+%§§%%% L8 solid dosage forngﬁssugg@e for oral, buccal,

Tomprses 2 Binlogie aciive agent, .. .
rectal, or vaginal administration. 14: The th%rap%uhc compaosition of claim

13 Whereil sRid 861 do Sy & FEm'iS ¥Blett8as HEnAR gIotip Borgigtimgs
seleCiBf ol Gapstfte FEtADRST=EHI a Buppositery . Z18cFiseithierapeutic vompositiensnts,
cyiotcafcclaimiQ wherein: saich.compositop:compeisessaidiyicpowderde Thements ancd
anaiotefapestic composition of claim 15 wherein the particles of said dry

powcer have a dameter between about 0.5 i ons and abouten

microns. 17A method of preparing a $olid composition for Grig-deiivary® 29en
COMPEinpidifg. preparing a solution containing a biologically active agent and

a pharmdeeutivally-scceptablecsalt ofia: Heteroeycliecompourichin: Solventsd in
suspdi@moving said solvent by , spray drying and wherein said pharmaceutically

acee ptab#s&a@%@%&g%@i& gompaund. hashe struchire according to,
‘ Formu;a 30RZE1O (P Z R1 Formula | wherein R: or R, comprise at

SOl (A one CABoXy At TuRCTGNAT Grotib P& ARg & €5HiBtise N or 0: said
salf' furth&rchiiprisés atTeastvne eation? afidrohersindaidesage from is selected
from pharraeeidically-acceptable isaltisa dryupewder. 1s. The method of claim
17furthericomprising. the-step.of micsonizing.said.selid-tofarm,, %cﬁ“%‘%a% a dry
pewdgpwder.
18, The therapeufic composition of claim 15 wherein the pariicies of said dry powdder
have & alameter betwaen about 0.5 microns and about ten microns,
17, A method of prepanng & solid composition for drug delivery comprising: preparing =
solution containing a biclogically active agent and a
pharmacsutically-accentable salt of a heterocyolic compound in & solvent:
removing said solvent by | spray drving and
wherein seid pharmaceutically acceptable sall of a haterpoyelin compourd

has the structure acoording 1o Formuia 1
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19. A method of preparing a dry powder for drug delivery comprising,
preparing a solution containing a biologically active agent and a
pharmaceutically acceptable salt of a heterocyclic compound in a solvent;
spray drying said solution of said pharmaceutically acceptabe salt of a
heterocyclic compound and a biologically active agent to form a dry
powder wherein upon, exposuré er to a biological fluird,
the biologically active agent is released; and wherein said
pharmaceutically acceptable salt of 4 heteracyclic compound has the
structure according to Formula ko*xx, Faimula kwherein Rr or R2
comprise at least one carboxyiate functional croup; Er and E2 comprise N
or O; and said salt further comprises 5¥T84<t one cation. 20. The method
of claim 19 wherein the particies of said dry powder are suitable for

pulmonagy, delivery, .= 21, Jhersthod,of claim. 19 wherein. the particies of

Q;r%igocgg%ty of less than 2. 22. A composition for

said dry powder have a
deIiverin"g"'§5f10|ocgiic‘faﬁy{56tive agents wherein said composition comprises
a pharmé&tedfitally acceptabie &t vraséteroéyelic compound and a
biologicalli=actived agent=spraytireddadorm:4 dry powdersuch this, said
dryspowdet releases saieh biologically-active :a068tS-ARSAILn: sais solid 10 form
a dry ngcgégaceutically acceptable salt at a heterocycilr: compound has the.,
structure according to Formula 1: 31 RZ El O O Ey Ry Formula | wherein

R,'Gr R, Comprise at TA&tone tATBaRy At farctishargroup e, and E2
compris@’ NP8y D; and skid Salefiiftheredmprisescatcastornecation @ eutically
accenldie compeositionot claim22whereiththe particles of said dry powder are
suitable forpulmenary;delivery - 24. T he.compesition ot claim 22 wherein
hete’»&r&%é%%@ri%glﬁgﬁﬂgfa%%ig Qé}é&coé’;‘{g g&;@g \:ége% Eg %Or%tg dry powder
wherein upon exposure of the dry powder to & bivlogical fluid, the hiclogically active
agant is reteased; and

wherein saig pharmacsutically acceptable salt of 2 hetercovelic compound

RzIEfO
o 4 Ry

Formuia 1

has the slructure according to Formula 1

whersin Ry or Ry comprise at least one carboxyiate functional group;
£ and B, comprise N or O and
sald salt further comprises at lesst one cation.
20, The method of claim 12 wherein the particles of saig ory powder are suitable for
puimonary delivery.
21 The method of claim 18 wherein the particles of said dry powder have & rugosity of
less than 2
22 A composition for delivering biologically aclive agents wherein sald composition
comprisas a pharmaceutically acceptable salt of & heterccyelic compound and 2 bivlogically active
agent spray dried © form a dry powder such thaer said dry powder releases said biologically active
agents and said pharmaceutically acceptable sall of 8 heteroovaiic compound has the structure

according o Formule 1
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of less than 2. 25 A microparticulate system for drug delivery comprising a
composition of pharmaceutically acceptable salt of a heterocyclic
compound and a biologically active agent wherein said composition
releases a biologically active agent and said heterocyclic compound has
the structure according to Formula | RzE O O Ey Ry Formula 1 wherein
Ri or R2 comprise at least one B ional group; E, and E,
comprise N or O ; said salt further comprises at least one cation; and
wherein said pharmaceutically acceftable salt is a dry powder formed by
spray drying. 25. The micropartitulate Bystem#if claim 25 wherein said
biologically active agent is selected from the group consisting or
hormones anticoagulants, immunomddl f’a"Thng agents, cytotoxic agents.
antibiotics:eanfivi ais:;antisense;, iantigens;rantibodies-and:-active

fragments and:- analogues thereph 27. The rnicroparticuiate system of

claim 25 Wherglnr%wd com 05|t on is a dry. gowder which releases said
TUrtner ompr é&%& SELONE G

blologlcasif active agent in the monar system 28. The nlicro artlculat

e §ystem G ci’ﬁ’ﬁ"ﬁ@sé?*i'/\ii}'fecf%iﬁ é‘éu‘ﬂ”ﬁ?‘ﬁg tzﬂ@lﬁie?ﬁ}i“‘r’é £ the PuRrtirarg® suetle
for pulsystends29eThe microparticulate system of claim 25, wherein the

bielogicaliy:activesagent is:to zbe.abspribedinto-the systemicbleotk s & rugosity
of lesSlFgulation. 32 30. The microparticulate system of claim 25, wherein the

blgLoglca/j\y active age entis to act local%n the Iung 31. The

Qnar a8 delivary S oomprisl commosition  of
mlcropartlcuia{ersystem Ofgé? |m 2% wherein said com OSIP%n comprises a

Wa"ﬁiﬁ*ﬁ I T0F Bfig dehiven: Whereinalisorption oftlhe biotatiek§Factivesaganten
d jsrtodseidacititated bysaidicdiketopiperazinen32sThemicroparticutated has the
smx@yﬁ&m@&g{aim 3dizwherein said liquid is to be administered orally. 33.
The microparticulate system of clalm 25 whereln said composition

comprises a precipitate, wherelf he biologically active
agent is to be facilitated by said

Formuia 1

wherein K. or R, comprise at least one carboxylate functional group;

Ly oand &, comprise N or O

said gall further comprises 2t least one cation; and

wherein said pharmaceutically acceptable sall s a dry powder formed by spray

drying.

28, The micropariiculate systern of claim 25 whereln said biologically active agent s
selected from the group consisting of hormones, anticosgulams, immunomodulating  agents,
cvitotoxic agents, antibictics, antivirals, antisense, antigens, antibodies and active fragments and
analogues thereof

27. The microparticulate system of claim 28 whersin said composition s 2 dry powder
which releases sald biclogicatly active agent in the pulmonary system.

28, The micropariculate system of claim 286 whersin sald drug delivery s o the
pulmonary system.

29, The micropariculate system of claim 25 wherein the biologically achive agent i
be gbsorbed info the svstemic biond cirouiation,
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diketopiperazine. 34. The microparticulate system of claim 33 wherein

said precipitate is to be administered orally. 35. The use of a

pharmaceutically-acceptable salt of heterocyclic compound in the

manufacture of a medicament for the delivery of particles to the pulmonary

system: wherein said delivery is to be via inhalation to a patient in need of

trédtment SrTEHRRAITR 51R GYTEBA BToficaratile sigosicaitrsthisraeet is to
act logaly i B Ati8r, said dry powder prepared by spray drying a solution

co% rising BRI PES BRI P BRI At Weé{b??é?)fﬁﬁl@%ﬂ“cﬁor&p”sesa liguid
for arjad 8’&&%@%%6??&5“%% Bro Qg R a & aREAt, TvifeRSiiagHIai Py said
d'kemﬁé’\% E?$Ieases said biologically active agent in the pulmonary system:

i G SRR AR A CUEHEAA, SECo e Sl o Rty SR o isore
Ora”ycoggupou has the strlljcture according to Formula 1: RZE1r0 OEZR1
reci Itate W%I’EEI e:g)ratlo? of 1 StePﬁ Orflgcg at;g?iisg%%ﬁ% Sﬂg ?(W%SFLR? tﬁ %"ﬂ%r SeE;Salz
zlkei;% IR Shprise N 1A 82 AR UrtiercAnpAsietas Y

%ton gatlon 36. A harm ceutl %acgg table salt ofaheterocycllc

mpoun acnégfo A tEoF' uia 17 R R1SFDrRIGIRES" 1 to be
admmls er

wherein orS%ZOQ%pp%rlseaégJﬁaat S FAROHEL M RS e
manu?t&(lj%%rfea rﬂie lc%nméﬂ t 2] g r]u\fer partlclesl% t% eCu H ou
consistngdlshceiny, dyiard b§@£exks}£&%ﬂ Bty ﬁ fomprce N

o oL I SPIUSE LOTPISE: SRR B a0 o A oo
NS B e S R S e
a hete?f‘g’cychc compeund and a biologically active agent;

wherein said dry powder releases said biologically active agent in the puimonary
sysiem; and

wherein said pharmaceutically acceptable salt of a heterccyciic compound has the

structure according to Formula 1:
0 E: R4

Formuia 1

wherein R, or R; comprise at least one carboxylate functional group;
E;and E; comprise N or OQ; and
said sali further comprises at ieast one cation.

36. A pharmaceutically-acceptabie salt of a heterocyciic compound according to
Formuia 1:
R Eq O
o Ez Rs
Farmula 1

wherein Ry or R; comprise at least one carboxylate functional group of the structure
4-X-aminobutyl and wherein X is selected from the group consisting of succinyl, giutaryl, maleyl and
fumaryl,

E4and E; comprise N or O;

said salt further comprises at least one cation; and

wherein said pharmaceuticaily-acceptable salt is a dry powder formed by spray
drying.
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